Supporting Capacity-Building in Public Health: Measuring Values using BestWorst Scaling

by
Lauren Elizabeth Wallar

A Thesis
presented to
The University of Guelph

In partial fulfilment of requirements
for the degree of
Doctor of Philosophy
in
Population Medicine

Guelph, Ontario, Canada
© Lauren Elizabeth Wallar, May, 2016

ABSTRACT
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Advisor:
Professor A. Papadopoulos

Greater capacity in public health is needed to maintain and improve population health.
Building capacity may be enhanced by having a better understanding of populations’ underlying
value systems, particularly those who are intended to benefit from capacity-building efforts.
Underlying value systems can be revealed using a relatively novel methodological approach in
public health, termed best-worst scaling (BWS). BWS statistically relates choice information to
underlying values by assuming that these values motivate choice, which can be directly
observed. This dissertation investigates the components of public health capacity, and the
underlying values relating to some of these components. This dissertation utilized data from a
qualitative review of reports made after the 2003 Severe Acute Respiratory Syndrome outbreak,
and three BWS experiments. These data were used to: 1) identify some of the components of
public health capacity; and determine the relative importance of 2) community well-being
indicators; 3) environmental health information management system features; and, 4)
environmental health professional competencies.
Seventeen components of public health capacity were identified, and then organized into
five tiers: human resources, foundation, program, integrative, and enhanced public health.
Underlying values relating to three of the capacity components, namely enhanced public health
(community well-being), data and information (information management system), and human

resources (discipline-specific competencies) were further investigated. With respect to community
well-being, local citizens considered healthy populations to be most important relative to other
aspects of community well-being, followed by living standards, time use, education, community
vitality, leisure and culture, environment, and democratic engagement. Key features of an
environmental health information management system that were evaluated using BWS were
software that can be used in all practice areas, and that can be used off-line to collect new data and
view past data. Communication was considered most important relative to other types of
competencies, followed by public health sciences, assessment and analysis, policy and program
planning, implementation and evaluation, partnerships, collaboration and advocacy, legal and
regulatory, leadership, and diversity and inclusiveness.
These findings may help to guide capacity-building efforts by elucidating underlying value
systems that can be used to better tailor these efforts, and ultimately enhance population health.
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CHAPTER 1
Introduction
PREAMBLE
Today, the average Canadian can expect to live over two decades longer than someone
born 100 years ago. [1] This impressive increase in life expectancy over a relatively short period
of time in human history can primarily be attributed to advances in public health. [2, 3] Public
health refers to collective policies and actions that aim to maintain and improve population
health rather than individual health. [4] In the early 2000s, the need for greater capacity to
maintain and improve population health was revealed by a series of crises, including bacterial
contamination of the water supply in Walkerton, Ontario, and the Severe Acute Respiratory
Syndrome (SARS) outbreak. [5] At that time, capacity-building efforts included the creation of
the national Public Health Agency of Canada, and provincial Public Health Ontario. [5, 6] While
these efforts have helped to build public health capacity, more is needed to effectively respond to
current and future crises.
This dissertation focuses on supporting capacity-building efforts at the local and provincial
levels by gaining a better understanding of the underlying values that people have in relation to
some of the components of public health capacity. In doing so, capacity-building efforts can be
tailored to those who may benefit from these efforts, ideally increasing the effectiveness of
public health policies and actions. Underlying values are measured using a relatively novel
methodological approach in public health, termed best-worst scaling. The following introduction
will provide background information on:
1. Public health in the Canadian and Ontario context
2. Capacity and capacity-building in public health
1

3. Best-worst scaling and its use in public health
Lastly, the introduction concludes with the rationale for and objectives of this dissertation.

INTRODUCTION TO PUBLIC HEALTH
Over the past 100 years, public health has achieved a number of notable accomplishments
that have improved population health and prolonged life, including vaccination, water
fluoridation, and infectious disease control. [2, 3] However, many of these achievements are now
threatened by poor and counterproductive societal actions (and inactions) resulting from
complacency, mistrust, and misunderstanding of the importance of public health. [5] For
example, infectious diseases such as measles and whooping cough that were nearly eradicated by
vaccination efforts in the 20th century in North America are now returning at alarming rates as
people choose to no longer vaccinate themselves or their children. Chronic underinvestment in
public health by government has weakened its capacity to respond to public health threats,
resulting in historical public health crises such as the 2003 SARS outbreak, and current crises
such as rising rates of obesity and related chronic diseases. In the 21st century, public health
remains vital to maintaining and improving population health so that future generations can
similarly expect to live long and healthy lives. [7]
Public health policies and actions can be categorized into six main areas of function:
health promotion, health protection, disease and injury prevention, population health assessment,
surveillance, and emergency response. [5] Health promotion aims to collaboratively increase and
equalize people’s control over their own health through healthy public policies, healthier
environments and communities, and education. Health protection seeks to reduce or eliminate
health risks, especially as these risks relate to the environment. Disease and injury prevention
2

relates to reducing disease and injury incidence and mitigating their consequences if they have
already occurred. Population health assessment seeks to understand the relationships between
health determinants, disease risk factors, and health outcomes. Surveillance refers to monitoring
disease and health trends to inform action. Lastly, emergency response relates to the actions
taken to control emergency situations and mitigate their impact on communities. [8] These six
areas define public health and differentiate it from other health sectors such as primary
healthcare, which tend to focus on individual health and disease.

Public health in Canada
In Canada, public health is organized at three levels: national, provincial/territorial and
local. At the national level, there are two main federal bodies that deliver public health services:
Health Canada and the Public Health Agency of Canada. Health Canada is a federal department
that seeks to maintain and improve Canadian health according to the Canada Health Act. In
relation to the six areas of public health, Health Canada is primarily involved in health protection
and health promotion in regulatory and educational capacities. Health Canada protects health by
regulating health products, legal medicinal products, and tobacco, and setting standards related to
food safety, nutritional labelling, and the environment. Health Canada promotes health by acting
as an authoritative source of health information and promoting smoking cessation through their
Tobacco Control Program. Health Canada is also responsible for delivering both primary
healthcare and public health services to First Nations and Inuit Communities.
The Public Health Agency of Canada is a federal agency that upholds all six areas of
public health, according to the Public Health Agency of Canada Act. The Agency was created in
2004 as part of the federal government’s response to the 2003 SARS outbreak. The SARS
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outbreak was a flashpoint in Canadian public health as it revealed an under-prepared and underresourced federal public health system that was unable to effectively respond to the outbreak.
This motivated extensive and comprehensive reviews of the Canadian and Ontario public health
systems, as the majority of SARS cases occurred in Toronto, Ontario. These reviews identified
numerous deficiencies stemming from a systemic lack of capacity to maintain and improve
public health. One of the outcomes of these reviews was to create the Public Health Agency of
Canada to bolster, renew, and lead federal public health. The Agency does so by providing
national-level public health services, and collaborating with international, federal and
provincial/territorial public health partners to meet public health needs.
At the provincial/territorial level, public health is structured within provincial/territorial
government ministries and/or provincial/territorial health authorities. For example, in Ontario,
there is the Ministry of Health and Long-Term Care and Public Health Ontario, formerly Ontario
Agency for Health Protection and Promotion. The Ministry is responsible for Ontario’s health
care system, and Public Health Ontario is responsible for supporting health protection and
promotion, and building health equity. [9, 10] Similar to the Public Health Agency of Canada,
Public Health Ontario was legally established in 2007, in response to a series of outbreaks in the
early 2000s, including the Walkerton, Ontario waterborne outbreak in 2000 and SARS outbreak
in 2003. [6, 11, 12] British Columbia, Alberta and Prince Edward Island are the three provinces
with provincial/territorial health authorities. A health authority is a private organization that
delivers all health services including public health services within a particular geographic region.
Health authorities are governed by a board of directors, managed by executives, and funded by
the provincial/territorial government. [13] All provinces and territories also have a Chief Medical
Officer of Health (CMOH) or equivalent who is responsible for overseeing public health within
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their respective province and liaising with provincial/territorial governments and their CMOH
counterparts.
At the local level, public health services are delivered by regional health authorities in
most provinces including British Columbia, Alberta, Saskatchewan, Manitoba, New Brunswick,
Nova Scotia, Newfoundland, and Northwest Territories. In Quebec, these services are delivered
by integrated health and social services centres. [14] Ontario operates a unique local delivery
model that will be described in detail in the next section.

Public health in Ontario
In Ontario, public health services are delivered by 36 boards of health to the population
located within their public health unit or defined geographic region. For example, WellingtonDufferin-Guelph Public Health is the public health unit that serves residents in Wellington
County, Dufferin County, and the City of Guelph. These boards of health are separate from the
local health integration networks (LHINs) which are similar in structure to regional health
authorities but do not deliver public health services in Ontario. Boards of health are mandated by
the provincial government through the Health Protection and Promotion Act to deliver public
health programs and services in their communities. [15] Mandatory programs and services which
all boards of health must deliver are defined by the Health Protection and Promotion Act and are
elaborated by the Ontario Public Health Standards. The Ontario Public Health Standards
categorizes these programs and services into five areas: chronic diseases and injuries, family
health, infectious disease, environmental health, and emergency preparedness. [15] Boards of
health are also required to deliver other programs and services based on an assessment of
specific community needs.
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Of the 36 boards of health in Ontario, 26 are autonomous boards meaning that they
operate separately from municipal council whereas the remaining boards of health are part of
their municipal council. The size and composition of boards of health can range from 3-13
municipal members and 2-12 provincially appointed members, so long as there are more
municipal than provincial members, according to the Health Protection and Promotion Act. Each
board of health is responsible for appointing a medical officer of health to lead the
operationalization of the Health Protection and Promotion Act within their respective public
health unit. Boards of health are also responsible for staffing each public health unit with the
necessary personnel, which may include public health dentists, inspectors, nurses, and
nutritionists, epidemiologists, health promotion specialists, media specialists, and administrative
staff among others. [15]
Funding for boards of health is acquired through a unique funding model compared to
regional health authorities in other provinces which are 100% provincially funded. Boards of
health are funded at the local level, and the Ontario Minister of Health and Long-Term Care may
reimburse part of the costs of public health services through financial grants as long as boards of
health meet their minimum legal requirements as set out in the Health Protection and Promotion
Act. Currently, in Ontario, the Ontario Minister of Health and Long-Term Care reimburses up to
75% of these costs and the remaining 25% is funded by the municipalities within the defined
geographic region of a board of health.

CAPACITY AND CAPACITY-BUILDING IN PUBLIC HEALTH
Improving population health outcomes is dependent upon having enough capacity within
the public health system to effectively and sustainably deliver public health programs and
6

services, and within communities to utilize these programs and services. [15-18] The term
“public health system” refers to the governmental, non-governmental and other organizations
that contribute to maintaining and improving population health outcomes at the federal,
provincial/territorial and local levels. [15] In contrast, defining what constitutes “enough
capacity” is more challenging given that capacity itself is multidimensional and exists at multiple
levels, and the relationship between capacity and performance is unclear. [17, 19] For instance, if
capacity is multidimensional, then what dimensions should be built up? Are certain dimensions
more directly linked to performance than others? Is the relationship between capacity and
performance linear such that more capacity always equates to better performance? Or is there a
certain capacity threshold where further investments in building capacity yield smaller dividends
in performance? Despite these as-yet-unanswered questions, what was made very clear by the
2003 SARS outbreak and other public health crises is that there is not enough capacity within the
public health system and that more is desperately needed to create a better, more robust system.
[5]
To build capacity within the public health system, it is first necessary to have an
understanding of capacity as a concept. [19] The United Nations Development Programme
defined capacity as “an ability of individuals, organisations or systems to perform appropriate
functions effectively, efficiently and sustainably”. [20] Milén, as part of the World Health
Organization, expanded upon this definition in the health context by appending “so that the
functions contribute to the mission, policies and strategic objectives of the team, organisation
and the health system” to the United Nations definition. [19] These definitions highlight
important characteristics of capacity: It exists at multiple levels (individual, organisation,
system); it is linked to performance of particular functions; it contributes to effectiveness,
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efficiency, and sustainability; and, it is context-specific in that it relates to mission, policies and
strategic objectives. [17] LaFond suggested that capacity exists at the individual/community
level as well, which aligns with previous work on the role of community capacity in public
health. [17, 18]
Building capacity within the public health system also requires an understanding of
capacity-building as a concept. Similar to capacity, there is no universal definition of capacitybuilding as it occurs in different contexts. [17, 21] In the context of international development,
Milén defines capacity-building as a “continuing process by which individuals, groups,
organisations, institutions and societies strengthen their abilities to perform core functions, solve
problems, define and achieve objectives and understand and deal with development needs in a
broad context and in a sustainable manner.” [19] In a health context, LaFond defines it as a
“process that improves the ability of a person, group, organization or system to meet its
objectives or to perform better.” [17] Capacity-building is a continuous process that can occur at
different societal/organizational levels; it leads to better and sustainable performance; it is
context-dependent; it can be built in different ways; and it requires an integrated approach. [16,
17, 19, 21]
In public health, several capacity-building frameworks relating to public health or a subdiscipline of public health have been developed. [7, 22, 23] One example is a framework
published in 2005 by the Canadian Public Health Association in response to the SARS outbreak.
This framework was intended to support collaboration, education, systems, policy and research
development, and advocacy and evaluation efforts. [7] It identified requirements, indicators and
outcomes of an effective public health system, but did not prescribe how capacity should be built
within the system. [7] Previous work by Crisp et al. identified four approaches to capacity
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building, namely: top-down organizational, bottom-up organizational, partnerships, and
community organization. [21] The top-down approach refers to changing organisational policies
or workflows whereas the bottom-up approach refers to human resource development. The
partnerships approach refers to creating and using organizational ties to build capacity, and the
community organization approach refers to independent, participatory involvement of the
community in building their own capacity to improve their health. [21] Depending on the context
in which capacity is being built, any one of these approaches, or a combination thereof, may be
appropriate for operationalizing a public health capacity-building framework.
When building capacity, there are a number of critical success factors that have been
identified including having visible and accountable leadership, fostering strong and committed
partnerships, being clear, transparent and intentional about the capacity-building process,
investing sufficient resources, understanding the context in which capacity is being built, and
taking a participatory and sustainable approach. [19, 20, 22] While it is not known what critical
success factors are most important to capacity-building, taking a participatory and sustainable
approach may be particularly essential given that capacity-building always has an end-user who
will ideally benefit from increased public health capacity. These end-users may be internal such
as public health human resources or external such as the communities served by a public health
unit. By taking a participatory and sustainable approach that includes the end-users as
stakeholders in the capacity-building process, capacity can be more successfully, specifically and
sustainably built to meet their needs.
To characterize end-users as part of a capacity-building process, it is necessary to collect
information about them. For example, when building capacity to more effectively deliver public
health programs and services in a particular community, it is important to understand the
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community’s preferences related to these programs and services as the community is the enduser. [24-26] When building human resources capacity in a public health organization, it is
advantageous to measure current skill levels, and identify gaps between current and desired skill
levels so that public health employees gain maximum benefit as the end-users. [27, 28]
Information can include both quantitative and qualitative information, and can be directly
collected from the end-user or sourced from a secondary data source depending on the type of
information being collected.

Determining end-user values
A familiar quantitative approach to collecting end users’ values (e.g. preferences, level of
agreement, level of importance) is to ask them to rate or rank items. A community end-user may
rate their preference for a particular public health program on a Likert scale. A public health
employee may rank a set of skills for which they are from most to least competent. While rating
and ranking techniques are common measurement tools, they have inherent limitations that are
important to consider when characterizing end-users of a capacity-building process. Ranking is
primarily limited by the number of items that can be reliably ranked, which is estimated to be
around seven to eight items. [29, 30] If the number of items is too large, then end-users may have
difficulty ranking items without error, particularly for middling items. [31] Rating scales have
several limitations that relate to the systematically different ways in which end-users respond
using rating scales, which can introduce bias. Response styles refer to a systematic response
pattern that is independent of the item that is being rated. [32] There are a number of different
response styles including (dis)acquiescence, extreme response, midpoint responding, response
range, non-contingent responding, and social desirability. [32-34] These response styles relate to
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end-users being more or less likely to agree with particular statements, using the mid- or extreme
scale points, using a smaller or larger number of scale points, paying more or less attention to
their responses, and responding according to cultural norms, respectively. Unlike ranking, rating
scales do not force end-users to necessarily discriminate between items such that all items could
be ranked at the same scale point thus yielding potentially less actionable information. [35] Thus,
ranking and rating measurement techniques have several limitations to characterizing end-users
as part of a capacity-building process.

OVERVIEW OF BEST-WORST SCALING
Here, we describe another approach that overcomes some of the inherent limitations
associated with ranking and rating. This approach is termed best-worst scaling. Best-worst
scaling is a discrete-choice method that quantifies the subjective values associated with a set of
items by relating these values to best-worst choices. It was developed by Jordan Louviere in the
late 1980s, and was first described in an academic journal in the early 1990s. [36] In a best-worst
scaling experiment, respondents are typically asked to repeatedly choose one best and one worst
item from a subset of 3-5 items. The subset of items is drawn from a master list of items, and
systematically changes in each question according to the experimental design. “Best” and
“worst” are generic terms that can refer to any continuous subjective value such as importance,
competence, or agreement. “Item” is also a generic term that can refer to any discrete object to
which a subjective value can be assigned. Examples of items include statements, traits, images,
policies, people, or products. [37] An example best-worst scaling question is shown below:
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Considering only these 5 indicators, which is the Most Important and Least Important to you?
Most
Important

Wellbeing Indicator

Least
Important

Having nutritious food
Feeling safe while out at night
Regularly voting in the municipal election
Volunteering at least once per year
Reducing income inequality

Choices can be analyzed using descriptive statistics, regression analysis, or Hierarchical
Bayesian analysis. [37, 38] Based on these analyses, nominal choice data are converted into
continuous numerical values representing the subjective value associated with each item. These
numerical values can be used to rank the items, and indicate the “amount” of value that each item
has. Choices can be analyzed at both the individual-level and aggregate level. [37, 38] In turn,
information about subjective values can be used to make evidence-based decisions that better
reflect value systems.
Best-worst scaling overcomes the number-of-items limitation associated with the ranking
technique as it can be used to measure scores of items provided that respondents make enough
best-worst choices to gain sufficient choice information related to each item. It also overcomes
the response bias that may occur when using rating scales as best-worst scaling is scale-free and
simply asks respondents to engage in the natural process of making choices. Thus, it is a viable
alternative approach to ranking and rating techniques that are commonly employed when
collecting end-user information in the public health capacity-building process.

Theoretical framework
The theoretical framework for best-worst scaling is derived from two main theories,
namely: Thurstone’s law of comparative judgement and McFadden’s random utility theory. [39,
12

40] Utility is a term commonly used in economics to represent value gained. [41] Thurstone
proposed a mathematical description of paired comparisons in which an individual
comparatively judges a pair of items according to an underlying subjective value scale, and then
chooses the item of greater subjective value within the pair. [39] McFadden generalized
Thurstone’s law of comparative judgement to comparisons of three or more items. [40] Based on
Thurstone and McFadden’s work, we can define two theoretical assumptions related to bestworst scaling: 1) Individuals have unobservable, subjective utilities (values) that exist on a scalar
continuum, and 2) Individuals make choices according to this continuum that maximize the
utility associated with their “best” choice and minimize the utility associated with their “worst”
choice. [36] Thus, by systematically observing the best and worst choices that individuals make,
information about their underlying utilities can be inferred. In other words, in each best-worst
choice, the item that has the highest utility is assumed to be chosen as “best” and the item that
has the lowest utility is assumed to be chosen as “worst”. By observing repeated best-worst
choices over a set of items, the utilities associated with that set of items can be scaled from
lowest to highest utility. [37]
According to McFadden’s random utility theory, utility (u) is composed of two parts: a
systematic component (v) that can be inferred from the choices that individuals make, and a
random error component (ε) that reflects unobserved variability. [40] This can be mathematically
written for individual i who has an associated utility value for item j as:

uij = vij + εij
The random error component is assumed to be independently and identically distributed
following an Extreme Value Type I distribution, which is also known as a Gumbel distribution.
[40] This distributional assumption yields McFadden’s multinomial logit model which
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mathematically relates utility and choice behaviour. [40] This model assumes that utility is
proportional to the probability of an individual making a particular choice: As the utility
associated with a particular item increases, the probability that that item is chosen from a subset
of items also increases. This relationship can be written for best and worst choices as: [29]
The probability of choosing item i as best from a set of j items is equal to:

Pi = eu(i) / Σ eu(ij)
The probability of choosing item i’ as worst (i ≠ i’) from a set of j items is equal to:

Pi’ = e-u(i’) / Σ e-u(i’j)
These two equations state that the probability of choosing an item as best (or worst) is a simple
proportion: The numerator is the antilog of the utility associated with item i and the denominator
is the sum of the antilogs of the utilities associated with all j items in the choice set. In other
words, for best choices, the greater the share of the total utility that is associated with a particular
item, then the greater the probability that that item will be chosen as best. For worst choices, the
greater the share of total negative utility that is associated with a particular item, then the greater
the probability that that item will be chosen as worst. These equations also state that the utility
associated with the worst item is negative the utility associated with the best item.
Based on this common theoretical utility framework, there are two main types of models
that reflect different cognitive decision-making processes that individuals undertake when
making best-worst choices: The maxdiff model and the sequential choice model. [37] Depending
on which cognitive model is hypothesized to best reflect individuals’ decision-making behaviour,
the best-worst choice data is statistically modelled differently.
The maxdiff model was originally proposed in the early 1990s, and is considered a
difference model. [36, 37] In its original form, individuals were assumed to evaluate all best14

worst item pairs in a particular choice task in terms of the difference in utility between the best
and worst item in that pair. Based on their evaluation of utility differences, individuals would
select the best-worst pair that had the greatest utility difference. [36] More recently, the maxdiff
model was updated by Marley and Louviere in 2005. [42] In its updated form, individuals are
assumed to simultaneously and independently choose the best item and worst item in a choice
task with a probability related to the utility of each item that can be modelled as a multinomial
logit model. If the two items are different, then that is the best-worst item pair selected by the
individual. If the two items are the same, then the items in the choice task are re-sampled until
two different items are chosen. [37, 42] The maxdiff model can be mathematically expressed as:

PBW(ii’|X) =

exp[𝑢(𝑖)−𝑢(𝑖 ′ )]
Σ𝑗,𝑗′∈𝑀 exp[𝑢(𝑗)−𝑢(𝑗 ′ )]′
𝑗′ ≠𝑗

This expression states that the probability of choosing item i as best and the probability of
choosing i’ as worst in a choice task containing X items is equal to the share of the total utility
differences between all best-worst pairs that is associated with the ii’ best-worst pair. In other
words, the greater the difference in utility between two items relative to the differences in
utilities between all of the other item pairs in a choice task, the greater the probability that that
pair is chosen as the best-worst pair. Thus, the maxdiff model of decision-making behaviour is
most appropriately modelled statistically using a paired model (described below) where bestworst choice pairs are the dependent variable.
The sequential choice model assumes that individuals independently and sequentially
choose the best item and worst item in a choice task such that the same item cannot be chosen as
both the best and worst item. The mathematical expression for this model is the same as for
McFadden’s multinomial logit model:
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The probability of choosing item i as best from a set of j items is equal to:

Pi = eu(i) / Σ eu(ij)
The probability of choosing item i’ as worst (i ≠ i’) from a set of j items is equal to:

Pi’ = e-u(i’) / Σ e-u(i’j)
These expressions state that the probability of choice is related to the share of total utility of all
items in the choice task that is associated with a particular item. The greater the share of positive
(or negative) utility that an item possesses, the more likely it is to be chosen as best (or worst).
The sequential choice model of decision-making behaviour is more appropriately modelled by a
marginal model (described below) where individual best and worst choices are modelled as the
dependent variable.
The sequential choice model can be sub-divided into two types of statistical models,
which differ only in how the choice data is coded. While coding is explained in further detail
below, coding of a “true” sequential choice model reflects the fact that the same item cannot be
selected as both the best and worst item in each choice task. Note that this assumes that an
individual chooses the best item first followed by the worst item. In a “Maxdiff-independent”
model, this exclusion is not made in coding the choice tasks. [43] One benefit is that no
assumption is made about whether individuals choose the best item first and then the worst item,
or the worst item first and then the best item. In one study, the “Maxdiff-independent” model
was found to inflate utility estimates and wrongly identify the number of latent classes relative to
a true sequential choice model when latent-class analysis was conducted. [43] Latent classes
refer to groups of individuals who are homogenous with respect to their subjective values. [44]
However, another simulation study found that the “Maxdiff-independent” model was able to
recover unbiased estimates when Hierarchical Bayesian analysis was conducted. [29]
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While much is unknown about the cognitive decision-making processes that individuals
undertake when making best-worst choices, there is some evidence to suggest that the maxdiff
model does not reflect the underlying cognitive process. [37, 43] Despite this, researchers have
found that it is still a useful approach for modelling best-worst choices. [37] Thus, it may be
largely inconsequential whether a maxdiff or sequential choice model is assumed to underlie the
cognitive decision-making process of best-worst choices.

Experimental framework
When designing a best-worst scaling experiment to measure value associated with
discrete items, there are five main steps: 1) Ask a relevant research question; 2) Generate the
master set of items; 3) Create choice tasks by systematically arranging the master set of items
into subsets of items; 4) Collect choice information; and, 5) Analyze choice information.
Best-worst scaling can be used to answer any research question that relates to scaling
items, attribute levels, or profiles on an underlying, subjective scale. By items, attribute levels,
and profiles, we are referring to three types of best-worst scaling “cases”. [37, 45, 46] Case 1
refers to scaling items. Case 2 refers to scaling attribute levels. Attribute levels are sub-features
of an attribute. An attribute is a product or service characteristic. [35] For example, the attribute
“colour” may have attribute levels corresponding to “red”, “green” and “blue”. Case 3 refers to
scaling profiles. Profiles are products or services that are described by their attributes and
attribute levels. For example, a profile of a car may be described by its brand (Acura), its colour
(black), and its engine type (6-cylinder). For the purpose of this dissertation, an experimental
framework relating to Case 1 best-worst scaling will be presented.
The master set of items can be either pre-established or researcher-generated depending
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on the research question. An example of a pre-established set of items is the 36 core competency
statements developed by the Public Health Agency of Canada that are listed in the Core
Competencies for Public Health in Canada for a best-worst scaling experiment measuring
competency of public health human resources. [47] If a pre-established set does not already exist,
then it must be generated by the researcher. It is important that the master set is comprehensive
in that it includes items that are salient to the research population and/or items that the researcher
wants to measure which may not necessarily be salient but are important for answering the
research question. Common methods for generating the master set of items include literature
reviews, expert consultations, and qualitative methods such as interviews and focus groups with
research participants who are representative of the sample population. [48] It is also important to
ensure that the wording used to describe each item is understandable to the sample population.
Pilot-testing with a small number of representative individuals is highly recommended to ensure
that there is no ambiguity or confusion when interpreting item and question wording.
Once the master set of items has been generated, individual items must be systematically
combined into subsets of typically 3-5 items. A minimum of three items per subset reduces the
number of choice tasks relative to paired comparisons, and a maximum of five items per subset
balances the precision of utility estimates with respondent fatigue or inattention. [29] The
systematic arrangement of items into choice tasks can be determined using published
experimental design arrays or commercial design algorithms. The most common experimental
design is a balanced incomplete block design. [37] This combinatorial design “blocks” subsets of
items together in discrete choice tasks in such a way that every item appears the same number of
times, and every item appears with every other item the same number of times across the design.
[49] These design characteristics contribute to increased statistical precision and possibly
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reduced measurement error. [30] Commercial design algorithms, such as the one used by
Sawtooth Software, a marketing research company, can also be used to create experimental
designs that optimize four properties: Frequency balance, orthogonality, connectivity, and
positional balance. [29] Frequency balance refers to each item appearing the same number of
times, and orthogonality refers to each pair of items occurring the same number of times (similar
to balanced incomplete block designs). Connectivity is related to the ability to infer transitive
relationships between all items. Finally, positional balance refers to each item appearing in each
row of a question the same number of times (see exemplar question in the “Overview of bestworst scaling” section). To increase the precision of utility estimates, Sawtooth Software
recommends that every individual completing a best-worst scaling experiment sees each item
three to five times across their choice tasks. [29]
Once items have been systematically combined into subsets of items, data can be
collected using several collection methods: In-person, telephone, mail, paper-and-pencil, or
online. The collection method chosen depends on a number of factors including cost,
convenience, time, and accessibility.
Best-worst choice data can be analyzed in three main ways: Descriptive statistics,
regression analysis, and Hierarchical Bayesian analysis. Descriptive statistics are used to
determine crude best-minus-worst scores for each item, and both regression analysis and
Hierarchical Bayesian analysis are used to determine more precise utility estimates for each item.
Previous work has demonstrated that best-minus-worst scores are highly correlated with
multinomial logit estimates and Hierarchical Bayesian estimates, and thus are a reasonable initial
measure to use when analyzing best-worst choice data. [37, 50]
Descriptive statistics of the number of times an item was chosen as best, the number of
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times an item was chosen as worst, and an item’s best-minus-worst score can provide a crude
analysis of the best-worst choice data. Best-minus-worst scores are calculated by subtracting the
number of times that an item was chosen as worst from the number of times that an item was
chosen as best, and these calculations can be performed at the aggregate or individual level.
Higher best-minus-worst scores indicate that an item had greater value, while lower scores
indicate that an item had lower value relative to the other items in the best-worst scaling
experiment. Best-minus-worst score distributions can be described using common measures
including minimum value, maximum value, mean, standard deviation, standard error, skew, and
kurtosis, which can help to detect subgroups in the study population that descriptively differ in
their best-minus-worst scores. Subgroups can be formally investigated using cluster analysis.
Individual-level score variance can also be calculated by squaring each score and summing the
squares. The variance distribution can be used as a measure of internal consistency with a leftskewed distribution indicating greater internal consistency. [37] By ordering the mean bestminus-worst scores from largest to smallest, a crude ranking of items from most to least valued
(relative to each other) can be determined.
Best-worst choice data can be modeled using multinomial logistic regression, rank
ordered logistic regression, or weighted least squares regression. [37] Multinomial or rank
ordered logistic regression is used to model aggregate or individual-level data, whereas weighted
least squares regression is used to model aggregate data. [46] Between the two types of logistic
regression, rank ordered logistic regression requires that a full ranking of items is known which
is directly observable for best-worst scaling experiments where each choice task contained three
items, and can be inferred for choice tasks containing more than three items by asking additional
questions (which may increase respondent fatigue). [37] Thus, multinomial logistic regression
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may be the most preferable method for modeling individual-level data regardless of the number
of items in each choice task.
Multinomial logistic regression can be used to model best-only choices, worst-only
choices, and best-worst choices. [37, 42] Best-worst choices can be modelled as best-worst
choice pairs (paired model) or as sequential best and worst choices (marginal model). [46] Paired
and marginal models reflect differences in the hypothesized cognitive decision-making process
when making best-worst choices. A paired model assumes that individuals jointly select the best
and worst items whereas a marginal model assumes that individuals sequentially select the best
and worst items. [46] Paired models have more observations than marginal models and thus tend
to have smaller standard errors; however, marginal models are more parsimonious. Previous
work has suggested that the choice between a paired and marginal model is “largely an empirical
matter”. [46] For the purpose of this dissertation, modelling sequential best and worst choices
(marginal model) rather than best-worst choice pairs (paired model) will be discussed further as
this was the approach taken in the research chapters.
To model sequential best and worst choices, the dependent variable is “Choice” and the
independent variable is “Items” where (N-1) items are dummy-coded as 1, 0 or -1. [51] The
remaining item is the referent item whose utility is arbitrarily set at zero to avoid linear
dependence of utility estimates. [29] The dummy-coding scheme is as follows: 1 indicates the
item was in the choice task and could be chosen as best, 0 indicates the item was not in the
choice task, and -1 indicates the item was in the choice task and could be chosen as worst. In this
way, best and worst choice data are pooled together in the data set. [51] Using maximum
likelihood estimation, the probability of observing the best and worst choices is maximized by
assigning numerical utility values to each item that best fits the observed choices. These utility
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values are the beta coefficients or parameter estimates in the multinomial logistic regression
model. [52] Statistically significant estimates indicate that the utility associated with that item is
significantly different from the zero utility associated with the referent item.
Individual-level best-worst choices (typically as sequential best and worst choices rather
than as best-worst pairs) can also be modelled using Hierarchical Bayesian or HB analysis. [51]
HB analysis is considered by some to be the gold standard for estimating individual-level utility
values in best-worst scaling experiments as it can account for population-level utilities when
estimating individual-level utilities which may yield more precise estimates. [50] HB analysis is
based on Bayes’ theorem which describes the conditional probability of an event A given some
other event B, and can be mathematically expressed as: [53]

P(A|B) α P(B|A) P(A)
Substituting Bayesian terminology, the relationship can be expressed as “The posterior
probability of the utility estimates is proportional to the product of the prior probability of the
utility estimates and the probability of the best-worst choices.” In more general terms, HB
analysis begins with initial estimates of the utility values associated with each item, and then
uses the best-worst choices to refine those estimates yielding final estimates of the utility values
associated with each item. These initial and final estimates are probabilities which reflect the
uncertainty that we have about what the true utility value for each item is. These probabilities
can be described using probability distributions with a mean and variance. The mean value
represents the estimated utility value, and the variance reflects the uncertainty about that
estimated utility value. [52, 53]
The “hierarchical” in HB analysis refers to a hierarchical model that has an upper level
and a lower level. [51] The upper level describes a multivariate normal distribution of aggregate
22

utility values (β) for the items in the best-worst scaling experiment for the sample population.
This distribution can be described by its mean (α), variance and covariance (D), and can be
mathematically expressed as: [51]

βi ~ Normal (α, D)
The lower level is a multinomial logistic regression model that estimates individual-level utility
values for each item by maximizing the probability of observing the best and worst choice data
for each individual. [51] This can be mathematically expressed for best choices as:

Pi = exp(xi’ βi) / Σ exp(xj’ βi)
And for worst choices as: [51]

Pi = exp -(xi’ βi) / Σ exp -(xj’ βi)
This notation is similar to that introduced when describing McFadden’s multinomial logit model
in the “Theoretical Framework” section. [40] In this case, ui has been replaced with (xi’ βi) where
βi is a vector of utility values for individual i, and xi is a vector of items in the best-worst scaling
experiment. [51]
HB analysis iteratively estimates three variables: α and D in the upper-level model, and β
in the lower-level model. In the first iteration, these three variables are assigned values of zero.
In the following iterations, these three variables are estimated using two Markov Chain Monte
Carlo procedures. Gibbs Sampling is used to estimate α and D, and Metropolis Hastings
Algorithm is used to estimate β until the process converges on the best-fitting estimate for each
variable. [51]
Gibbs Sampling is a type of conditional estimation procedure where the value of one
variable (e.g. α) is estimated conditional on (or given the) values of the other two variables (e.g.
β and D). In each iteration, conditional estimates for α, D and β are determined, respectively. The
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Gibbs Sampling procedure is guided by “probabilistic transition rules” which define how new
conditional estimates are made in each successive iteration. These transition rules ensure that
each successive iteration yields better and better estimates that more closely fit the data by
building on the previous iterations. [51]
The Metropolis Hastings Algorithm estimates β values (item utility values) for each
individual by comparing the posterior probabilities of the β estimates in back-to-back iterations.
If the new β estimates have higher posterior probabilities than the old β estimates, then these new
estimates are carried forward. Similar to Gibbs Sampling, the estimation procedure is guided by
a “jumping distribution” which determines how different the new β estimates can be relative to
the old β estimates. This ensures that successive iterations eventually converge on an optimal
solution. [51] Recall that the posterior probability of the β estimates is proportional to:
Prior probability of the β estimates * Probability of the best and worst choices
Thus, a higher posterior probability can result from a higher prior probability of the utility
estimates and/or a higher probability of the best-worst choices. The prior probability of the β
estimates reflects the probability that those individual-level β estimates were derived from the
population-level multivariate normal distribution in the upper level of the model. [52] (Recall
that α and D which describe the multivariate normal distribution were estimated prior to β). In
other words, the closer that individual-level estimates are to the population-level aggregate
estimates, then the greater the prior probability of those individual-level estimates. [52] The
probability of the best and worst choices reflects how well the β estimates fit the individual’s
data (or describe the best and worst choices that the individual made). [52] Thus, the Metropolis
Hastings Algorithm simultaneously optimizes how closely individual-level utility estimates are
to the population-level aggregate estimates and how well those individual-level utility estimates
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describe the best and worst choices. [52] Therein lies the strength of HB analysis - information
about the average utility values in the sample population can be combined with information
about each individual’s best and worst choices to determine the utility values for each individual.
This is particularly advantageous for modelling best and worst choice data at the individual-level
as we typically have sparse individual-level information relative to the number of item utility
values that are being estimated. [51]
Typically, 10000 or more iterations are conducted before convergence of the estimation
procedure is assumed. Convergence means that the Gibbs Sampling and Metropolis Hastings
Algorithm have arrived at the optimal solution for the α, D and β estimates. This can also be
visually monitored by plotting the β values over time. A relatively horizontal band indicates that
convergence has been achieved. After these “burn-in” iterations, the estimation procedure
continues for another 10000 or more iterations. The results of these iterations can be averaged to
yield the final model estimates. [51]
In summary, best-worst choice data can be modelled in different ways. It can be modelled
as best-worst choice pairs or as sequential best and worst choices. Different methods including
descriptive statistics, regression analysis, and HB analysis are available for either crudely or
precisely determining the utility values associated with each item in a best-worst scaling
experiment.

Best-worst scaling and best/worst choice-based conjoint
Best-worst scaling is similar to another discrete-choice modelling approach, known as
best/worst choice-based conjoint. [35] In best/worst choice-based conjoint experiments,
respondents repeatedly choose their most and least preferred product (or service) among a
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changing set of 3 – 5 products. These products are described by multiple attributes that can take
on different levels. For example, colour may be an attribute used to describe a car, and colour
can have blue, red and white levels. Respondents are assumed to consider attributes and their
levels conjointly (i.e. together) when choosing among products. [35] By analyzing respondents’
choices, their preferences for attributes and their levels can be quantified. [35] The conjoint
consideration of attribute levels for each individual product, and the selection of entire products,
are the main differences between best/worst choice-based conjoint and best-worst scaling. In
best-worst scaling, attribute levels, which are akin to “items”, are independently considered and
selected. [35] Furthermore, in best/worst choice-based conjoint, preferences for attribute levels
are separately scaled for each attribute. Using the car example, one can conclude that a red
colour is more preferred than a blue colour, but one could not conclude that a red colour is more
preferred than a 200 horsepower engine. [35] In contrast, best-worst scaling scales all items on
the same scale such that preferences for levels from different attributes could be directly
compared. [46] Thus, best-worst scaling is similar to choice-based conjoint methods, but several
differences between these approaches exist that must be considered when designing a research
study.

LITERATURE REVIEW
A review of best-worst scaling in public health
Although best-worst scaling was initially developed in the early 1990s, it has only
recently gained traction as a discrete-choice methodology such that the majority of articles
identified in this chapter’s review of the formal literature were published in the last ten years.
[37] In a longitudinal survey of all users of a commercial marketing software, the percentage of
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users who reported using best-worst scaling in the last year increased from 8% in 2005 to 68% in
2015. [54] Despite its dramatic increase in popularity over the last ten years, this review will
demonstrate that its application in public health lags behind the times. As best-worst scaling
becomes increasingly accessible and acceptable as a research method, there is great opportunity
and potential for public health academics and practitioners to use best-worst scaling in their
contexts. This review will be structured according to the five-step experimental framework
described previously. The first section (“Ask a relevant research question”) will examine what
others have already focused on in each of the six areas of public health: health promotion, health
protection, disease and injury prevention, population health assessment, surveillance, and
emergency response. [5] Sections 2-5 will examine how others have conducted best-worst
scaling experiments in public health. The information in these sections is entirely dependent on
the methodological details reported by studies, which varied dramatically between studies. In
Section 6, main conclusions will be summarized, and a gap in the literature relating to best-worst
scaling in public health will be described. In the final section, best-worst scaling experiments in
primary healthcare, relating to individual health, will be summarized as a comparative sector to
public health.

1) Ask a relevant research question
In total, 26 peer-reviewed articles that described the use of best-worst scaling in public
health were identified by searching four databases – Pubmed, Proquest, Ebsco, and Web of
Science – using search terms related to best-worst scaling ("Maximum difference scaling",
“Maxdiff”, "Best worst", "Discrete choice", "Stated preference", "Stated importance",
"Preference elicitation"). Except for one article published in 1992, all articles were published
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from 2008 onwards. (Figure 1.1) The number of identified peer-reviewed articles indicate that
although best-worst scaling was developed in the early 1990s, it has only recently led to
publications in formal public health literature.
As previously discussed, public health can be sub-divided into six areas: Health
promotion, health protection, disease and injury prevention, population health assessment,
surveillance, and emergency response. [5] To determine the distribution of research across these
six areas, the 26 articles were sorted by area (Table 1.1). In descending order, 11 articles were
related to health protection; nine to disease and injury prevention; three to population health
assessment; two to health promotion; one to surveillance; and none to emergency response.
Thus, within public health, best-worst scaling has been unevenly utilized across the six main
areas.
1a) Health protection
In health protection, there were three main research themes: Food safety (n=6), food
labelling (n=3), and zoonotic disease (n=2). Related to the food safety theme, there were two
articles where food safety was the primary research focus. Erdem et al. (2012) investigated
perceptions of responsibility for farm-to-fork safety in chicken and beef supply chains according
to consumers and farmers, and Finn and Louviere (1992) determined levels of public concern for
general food safety and for specific food safety issues, and prioritized possible government
actions related to food safety. [36, 55] In the remaining four articles, food safety-related items
were included in the best-worst scaling experiment, but food safety was not the primary research
focus. Erdem et al. (2013) measured levels of control and concern related to food and non-food
risks, Lagerkvist et al. (2012) determined how important kale quality attributes were to Kenyan
consumers, Murphy et al. (2015) determined the importance of American pork quality attributes
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to international importers and sellers, and Lusk and Briggeman (2009) investigated food values.
[56-59]
With respect to food labelling, Costanigro et al. (2015) investigated how dependent
nutritional quality beliefs are on food labels. [60] Maubach et al. (2014) measured purchase
likelihood as a function of food label information. [61] Lagerkvist et al. (2013) determined how
important different types of food information were to consumers that should therefore be
included on food labels. [62] Of note, both Costanigro et al. and Maubach et al. used images of
food labels in their best-worst scaling experiments to more closely mimic food labels that a
respondent may encounter in real-life.
Bovine tuberculosis and Escherichia coli O157 were the two zoonotic diseases that were
investigated using best-worst scaling. Cowie et al. ranked various bovine tuberculosis control
strategies based on their perceived practicality according to hunters, cattle farmers and
veterinarians. [63] Cross et al. similarly measured practicality of risk-reduction interventions,
and also assessed their perceived effectiveness to various expert stakeholders. [64]
1b) Disease and injury prevention
In disease and injury prevention, research studies focused on lifestyle factors (n=4),
cancer screening (n=3), and sexual health (n=2). Two lifestyle factors were studied in particular:
Exercise and smoking. Franco et al. (2015) determined what mobility-limited older adults
preferred with respect to exercise programs. [65] Two studies by Hoek et al. evaluated how
branding and packaging affected tobacco product choice among young adult smokers. [66, 67]
Marti (2012) also investigated young adults in relation to their concern for potential smoking
consequences. [68]
Evaluation of two different types of cancer screening – colorectal and cervical – was

29

either proposed or conducted using best-worst scaling. The importance of colorectal cancer
screening test characteristics was evaluated by Imaeda et al. (2010) among patients who were
being screened. [69] Both Swancutt et al. (2008) and Wittenberg et al. (2015) published their
proposals to conduct best-worst scaling studies that measure preferences for colposcopy service
features among patients, and preferences for cervical cancer screening test features and barriers,
respectively, but no results have been published for either of the studies. [70, 71]
Two articles describing the same study on physician and female consumer preferences for
contraceptive features were published by Knox et al. in 2012 and Weisberg et al. in 2013. [72,
73]
1c) Population health assessment
The three articles in this sub-section relate to the development of the ICECAP
(Investigating Choice Experiments for preferences of older people CAPability index) measure.
The ICECAP index quantitatively measures wellbeing attributes, and can be used in the
monetary valuation of health and social care programs and policy options. [74, 75] A separate
capability index has been developed and valued for adults, as described by Flynn et al. (2015),
and for older adults, as described by Coast et al. (2008) and Flynn et al. (2010). [74, 76, 77]
1d) Health promotion
In the area of health promotion, two studies were identified relating to healthy public
policy and nutritional choice. Gendall et al. (2015) measured the public’s perceived effectiveness
of various policies intended to reduce obesity in a national population. [78] Mielby et al. (2012)
determined the level of desirability of various unhealthy and healthy snack choices among
adolescents. [79]
1e) Surveillance
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One article describing an active tuberculosis case finding program was published in 2015.
O’Hara et al. used best-worst scaling to determine healthcare workers’ preferences for various
features of this case finding program in West Africa. [80]
In summary, although best-worst scaling has had limited application in public health thus
far, these articles demonstrate that best-worst scaling can be applied to very diverse research
areas ranging from food safety to smoking behaviour to wellbeing economic evaluation. This
diversity demonstrates the flexible and adaptive nature of best-worst scaling suggesting that it is
a useful research methodology that could be applied in all areas of public health.

2) Generate the master set of items
A number of different approaches were used to generate items (Case 1), attribute levels
(Case 2), and profiles (Case 3), either solely or in combination. These included:


Qualitative research methods: A number of studies used various qualitative research
methods including interviews and focus groups. [57, 58, 62, 70-74, 79, 80]



Literature search: Conducting a literature search to identify relevant best-worst scaling
items or attribute levels was cited by a number of studies. [36, 57, 62-65, 68, 69, 72,
73, 78]



Expert consultation: Consulting with experts was frequently used to either identify
items or attribute levels or refine lists generated from an initial literature search. [36,
63-65, 68, 69, 72, 73, 78, 80]



Policy or product review: Several studies identified relevant policies or products
which were used to inform the design of their best-worst scaling experiment. [62, 67,
72, 73, 78, 79]
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Pre-existing items: Maubach et al. (2014) used pre-existing nutritional quality rating
systems to construct nutritional labels in the best-worst scaling experiment. [61]

3) Create choice tasks
Choice tasks were created using three main experimental design approaches:


Orthogonal main effects plan (with or without a foldover plan). Orthogonal main effects
plans refer to combinatorial designs where every pair of items or attribute levels occur
equally often across the design, thus allowing for the uncorrelated estimation of all
items’ or attribute levels’ utilities. [49, 81] A foldover plan refers to the mirror-image
plan of a given orthogonal main effects plan which can be used to double the number of
choice tasks. [76] Orthogonal main effects plans were used by a number of studies. [36,
58, 59, 61, 68, 72-74, 76, 80]



Balanced incomplete block designs (as previously described) were also used by a
number of studies. [60, 66, 67, 71, 78, 79]



Proprietary commercial design algorithms were used by several studies. [57, 62, 63, 69,
80]

Prior to collecting information, the recommended practice of pilot-testing best-worst scaling
experiments was conducted by a number of studies to evaluate comprehension and ability to
complete the experiments. [55, 65, 68, 70, 71, 74, 76, 80]

4) Collect choice information
Two main types of sampling frames were used in these studies, namely: Random sampling
and non-random sampling.
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Random sampling [59, 72-74, 76]



Random sampling from an Internet panel [67, 72, 73, 78]



Non-random sampling [36, 55-57, 60, 62-66, 68, 69, 73, 80]

Best-worst scaling data can be collected in the same ways as standard survey data collection
methodologies. In these studies, data collection approaches included:


In-person [36, 57, 65, 66, 68, 74]



Computer-assisted personal interviewing [58, 60, 71, 76]



Paper-and-pen [55, 56, 59]



Online [62, 65, 67, 72, 73, 78]

5) Analyze choice information
Best-worst scaling choice data were analyzed using four main approaches: Descriptive
statistics, regression analysis, latent class analysis, and Hierarchical Bayesian analysis.
Descriptive statistics included best-only counts and best-minus-worst scores. Regression analysis
included binomial logistic regression, multinomial logistic regression, rank-ordered logistic
regression, ordinary least squares regression, and random parameters logistic regression. Latent
class analysis included general latent class analysis and scale-adjusted latent class choice
modelling.


Descriptive statistics [36, 58, 60, 68, 76, 78, 79]



Regression analysis:
o Multinomial logit [36, 56, 59, 65, 66, 68, 72-74, 80]
o Random parameters logit [56, 59, 68]
o Ordinary least squares [68, 70]
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o Rank-ordered logit [60]
o Binomial logit [61]
o Generalized linear model [79]


Latent class analysis:
o General [57, 80]
o Scale-adjusted [67, 76, 77]



Hierarchical Bayesian analysis [55, 57, 62-64, 69]

6) Gap
Based on this review of best-worst scaling in public health, there are a number of
conclusions that can be drawn: 1) Best-worst scaling is an uncommon methodology in public
health, but has been applied to a breadth of research foci; 2) The majority of studies that have
been conducted to date have been done in health protection and disease and injury prevention
with few to no studies published in the other areas; 3) There are a number of different
approaches to designing, implementing and analyzing a best-worst scaling experiment which can
provide guidance for future academics and practitioners who wish to utilize best-worst scaling.
The primary gap identified in this review is that there is a dearth of public health studies
that use best-worst scaling as a methodological tool, particularly for building capacity by first
understanding end-user values.

7) Best-worst scaling in primary healthcare
Also, in addition to public health, best-worst scaling has been applied to a number of
different areas in primary healthcare including case management, health economics, evaluation
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of policies and new medical advancements, and preferences for health outcomes. The
perspectives of different stakeholders including caregivers [82-86], patients [87-91], physicians
[92-95], and society [96-98] have been included. Best-worst scaling has been used in health
economics to develop and refine health states. [99-103] Various policies including those related
to healthcare reform, insurance coverage, and user fees have been evaluated using best-worst
scaling. [97, 104, 105] It has also been applied to new advancements including genetic testing,
health technologies, and personalized medicine. [96, 106, 107] Finally, best-worst scaling has
been used to assess and improve healthcare service delivery. [98, 108] These examples have
strong parallels to public health where different stakeholders are regularly engaged, policy
options and programs and services must be developed and evaluated, and service delivery can
always be improved. These studies serve as useful starting points for public health academics
and practitioners to utilize best-worst scaling in their own contexts.

RATIONALE AND OBJECTIVES
Best-worst scaling is a robust methodological tool that reveals the underlying subjective
values that motivate the choices that people make, and measures these values on a single scale to
support their direct comparison. This information can be used to predict future choices, and
design and implement public health interventions, accordingly. [50] Best-worst scaling
overcomes several limitations of ranking and rating methods, and has been successfully applied
in other sectors. [109] To date, it has had limited application in public health, but there are many
opportunities for its use. Understanding end-user values is essential for building capacity in
public health by ensuring that limited resources are directed to what public health service users
prefer, ideally promoting greater uptake and utility of services. This is aligned with the ideology
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of evidence-based public health where the “viewpoints of the affected population are at the
forefront of decision making regarding public health interventions.” [24] Thus, the overall
objective of this dissertation is to support capacity-building in public health by gaining a better
understanding of the underlying values that end-users possess using best-worst scaling as the
primary methodological approach.
To achieve this objective, we first introduce a public health capacity framework that
identifies the individual components of public health capacity, and organizes these components
into progressive levels that reflect increasing organization and complexity in the public health
system (Chapter 2). The following three chapters present individual case studies that use bestworst scaling to build capacity at different levels of this framework, and in two different public
health areas. In Chapter 3, we assign importance to indicators of overall wellbeing at the local
level, and determine whether importance varies by sociodemographic characteristics, to help
inform the actions of a local public health organization. This will potentially enhance capacity
related to population health assessment by guiding the design and delivery of local programs and
services that reflect wellbeing values of different communities. In Chapter 4, we identify the
features of an environmental health information technology system that should be included in
any future system as part of a provincial effort to revamp public health units’ environmental
health information technology systems. This will potentially enhance capacity related to health
protection and surveillance by improving the ability of environmental health professionals to
collect, analyze, utilize, and share local-level data to improve environmental health. In Chapter 5,
we determine the most important environmental public health workforce competencies to the
profession to help determine the professional development opportunities that should be
developed and offered in the future. This will potentially enhance capacity related to health
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protection by aligning the training and skill development of environmental health professionals
with important professional competencies. Lastly, in chapter 6, we critically discuss the overall
findings and implications of this work, and offer some suggestions for using best-worst scaling
as a capacity-building tool in public health.

CONCLUSION
Best-worst scaling is a methodological tool that has been underutilized in public health.
However, its growing popularity in public health, as evidenced by increasing publications,
suggests that academics and practitioners are beginning to take note. There is opportunity in
public health to make better use of best-worst scaling to build capacity and improve population
health outcomes.
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FIGURE
Figure 1.1
Distribution of public health-related publications citing best-worst scaling as a
study methodology across time.

44

TABLE
Table 1.1
Summary of public health-related peer-reviewed articles that describe the use of
best-worst scaling as a research method
Public Health Area
Health promotion

Health protection
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CHAPTER 2
Development of a tiered framework for public health capacity in Canada1
INTRODUCTION
In the early 2000s, successive Canadian public health crises revealed that public health
systems were ill-equipped to meet unexpected, increased population health demands. In 2003,
the Severe Acute Respiratory Syndrome (SARS) pandemic created a panicked state of
preparation in anticipation of a high mortality rate and broad geographical spread. Although this
was not realized, large gaps in capacity to meet potential emergency health demands were
revealed. [1]
After SARS, the first and only comprehensive and objective review of the Canadian and
Ontario public health systems was conducted. It strongly emphasized the need for enhanced
public health capacity and a strong public health workforce to prevent the occurrence of future
crises. Over time, these efforts have been hampered by a muddied understanding of what public
health capacity actually means. [2-4] The objective of this study was to regain a clear
understanding of the components of public health capacity, and how they relate to a stronger
public health system.
In this study, twelve publicly available Canadian or Ontario SARS reports published
between 2003 and 2006 were identified using a key informant (Executive Director of the
Association of Local Public Health Agencies (1998-2004)), and were accessed from Internet
websites between October 2012 and January 2014 (n=12) using the names of the reports, or the
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reports’ commissioners or committee chairs as key words. For a complete listing of these reports,
see Appendix 2.1. Manifest content analysis was used to analyze the use of the terms “capacity”
and “capacities” related to public health. [5] Tables of contents, chapter headings, executive
summaries, recommendations and terms that were unrelated to public health (e.g. bed capacity)
were excluded. The remaining terms were coded by report name and type of capacity by Lauren
E. Wallar (LEW). For example, epidemiological capacity was coded as “epidemiological”. All
coding was independently reviewed by Sarah E. Garland (SEG). Disagreements between
reviewers related to the addition, deletion and naming of codings (n=90) were discussed and
consensus was achieved. Similar codes were deductively organized by LEW into families that
represented separate components of public health capacity. Families and their codes were
reviewed by SEG and consensus was achieved through critical discussion. These families were
then organized by LEW and Andrew Papadopoulos (AP) into a tiered public health capacity
framework where capacity within each tier builds upon the capacities within the preceding tiers,
and moves from the individual to the systems level. Here, we present this framework of public
health capacity that identifies individual components and suggests how they relate to and support
one another for the purpose of enhancing overall capacity in public health systems.

TIERED PUBLIC HEALTH CAPACITY FRAMEWORK
Seventeen components of public health capacity were identified and organized into five
tiers, namely: human resources; foundation components; program components; integrative
components; and, enhanced public health (Figure 2.1). This framework arranges the components
of public health capacity from the individual to the systems level.
Human resources form the bottom tier of the capacity framework as they provide the
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necessary manpower, skills and competencies to support the succeeding tiers, and ultimately
maintain and improve population health and wellbeing. Their critical importance was discussed
by all of the reviewed reports. As the National Advisory Committee on SARS and Public Health
noted, “No attempt to improve public health will succeed that does not recognize the
fundamental importance of providing and maintaining in every local health agency across
Canada an adequate staff of highly skilled and motivated public health professionals.” [6]
The foundation components of public health capacity provide the necessary underlying
infrastructure by supporting one another to effectively fulfil the programmatic and integrative
public health functions, and maintain the smooth functioning of the public health system. For
example, research and K* capacity is supported by partnerships and collaboration between
various public health stakeholders on the same tier level. This tier also supports succeeding tiers.
For example, epidemiology and surveillance capacity is supported by timely access to quality
data and information, collaborative linkages, investigative research, common reporting
structures, and modern disease information systems.
The program components of public health capacity represent more traditional public
health functions that support the integrative capacity components which combine these functions.
For example, emergency management is supported by public health laboratories that are
equipped to handle high volumes of testing, field epidemiologists, surveillance systems and
networks, infection control standards, and training of front line workers.
The integrative components of public health capacity include systems-level, complex,
and inter-connected public health functions that require the integration of human resources,
foundation and program capacity components in order to be effective. Emergency management
refers to planning and preparedness, detection and response, and control and mitigation of
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outbreaks, emerging and resurgent public health threats, unforeseen events, epidemics, and
health crises. Population health management refers to meeting community needs and responding
to public health issues and challenges within the local and provincial public health systems.
Delivery of programs and services is primarily discussed in relation to Ontario’s public health
units although the need for human, physical and financial resources applies to public health
organizations as well. Governance is related to policy and planning procedures, strategic
capacity, leadership and management, performance management, and risk assessment and
planning. These complex capacity components require the integration of the lower-tiered
capacity components to impact local, provincial and federal public health capacity.
As the Standing Senate Committee on Social Affairs, Science and Technology noted,
“Capacity enhancement is a broad term which encompasses a number of areas: surveillance
systems, emergency preparedness and response, human resources, public health laboratories,
information technology, communications, and research.” [7] Public health capacity exists at all
societal levels, and is supported by human resources, and foundation, program and integrative
components. As each component is enhanced, public health systems are able to more effectively
meet public health needs.

APPLICATION OF THIS FRAMEWORK
This study presents a cumulative conceptual framework of public health capacity where
each capacity tier builds upon the capacities of the underlying tiers from the individual to the
systems level. This organization is consistent with the United Nations Development
Programme’s capacity assessment and development framework and LaFond, Brown and
Macintyre’s health sector capacity framework. [2, 8] By organizing public health capacity
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components in this way, it emphasizes how individual capacity components relate to and support
one another. This is in contrast to other discussions of capacity in public health that have a more
singular focus on specific capacities such as epidemiology or health promotion. [9, 10] Based on
this framework, capacity-building efforts are predicted to be potentially more impactful when
directed at the lower tiers (human resources, foundation) as these tiers support capacity within
the above tiers.
This framework is intended for a diverse audience including public health professionals,
organizations, academia, government, and professional associations who are interested or
engaged in assessing and enhancing the types of public health capacities that are present and/or
absent within their respective units. We suggest that this framework can be applied by each actor
using an iterative, developmental approach according to the following steps: 1) Identify the
capacity components that individuals, agencies, and systems should possess given their particular
mandate; 2) Identify the capacity components that individuals, agencies, and systems possess,
and examine how these components relate to the other capacity components in the framework; 3)
Identify the components that individuals, agencies, and systems do not currently possess in
relation to the ideal state; 4) Examine the potential for building these capacities internally or
externally via strategic partnerships with other actors who already possess these desired
capacities. This conceptual framework provides a common structure of public health capacity
components that can be utilized by any actor to better coordinate and target capacity-building
efforts to specific components identified using the framework.
This framework has some limitations. It is descriptive in nature rather than prescriptive
with respect to how each component should be enhanced in current public health systems. It is
incumbent on each user of this framework to decide how best to modify and apply it to meet
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their particular needs. The framework is based on government and government-commissioned
SARS reports that reviewed the Canadian and Ontario public health systems with an emphasis on
community public health outbreaks and emergencies. Certain components such as maternal and
child health were not addressed in these reports and are therefore not included in this framework.
Lastly, this framework has not been validated using any real-world applications or scenarios. As
this framework is implemented, it will be important to collect and receive feedback on its utility
and applicability.
As public health continues to meet new and existing challenges, enhancing public health
capacity with a renewed focus on where individual capacity components exist within the system,
and how these can be effectively leveraged through strategic partnerships will strengthen the
ability of public health systems to maintain and improve population health into the future.
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FIGURE
Figure 2.1
Tiered framework of public health capacity and its components. The
components of public health capacity were identified through analysis of the usage of public
health-related “capacity” or “capacities” in post-SARS reports. These components were
organized into five tiers from the individual to the systems level. K* indicates knowledge
exchange, management and transfer. Bold font indicates the five tiers.
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CHAPTER 3
Determining the relative importance of community well-being indicators: A best-worst
scaling experiment
INTRODUCTION
Ensuring population well-being is central to the core mission of public health. [1] In
order to promote well-being, it is necessary to define well-being, measure changes in well-being
over time, and allocate resources according to population priorities. [1, 2] These priorities should
reflect the importance of various aspects of well-being to a particular population. While much
work has been done to define and measure well-being, less is known about the importance of
particular aspects of well-being to a population. [3, 4] This community-based study aims to
address this gap, in part, by quantifying the relative importance of well-being indicators in a
local context.
Well-being is a multi-dimensional construct that includes both subjective and objective
health- and non-health-related factors that contribute to a high quality of life. [2] Subjective
factors, such as life satisfaction, relate to internal perceptions of well-being whereas objective
factors, such as economic or environmental measures, relate to measureable conditions. [5-7]
Subjective and objective factors exist at both the individual-level and population-level. [6] At the
individual-level, these factors include individual quality of life, health status, and income level.
[6] At the population level, these factors include aggregate life satisfaction, population health,
strong communities, and access to quality education, among others. [2] Population well-being, in
particular, is an important outcome of an effective public health system that has the capacity to
enhance well-being through the delivery of programs and services, and creation or promotion of
supportive societal conditions for population well-being. [1]
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To enhance population well-being, it is necessary to measure it to track changes over
time, and evaluate the impact of public health interventions. [2] Historically, the economic
measure, Gross Domestic Product (GDP), has been used as a proxy for population well-being. [8,
9] It has been assumed that there is a positive correlation between GDP and well-being, that is,
as GDP increases, well-being also increases. [6] Thus, actions or policies that strengthen a
nation’s economy and increase its productivity should, in turn, improve population well-being.
[9] However, it appears that this relationship is one of diminishing returns once basic human
needs have been met. [9] In developed countries such as Canada, increasing GDP no longer
translates to increasing well-being. [2] Furthermore, GDP does not account for non-economic
factors that contribute to population well-being. [6, 8, 9] As such, GDP is no longer considered a
valid measure of population well-being. [8]
Newer measures of well-being have been developed at international, national, and local
levels. [2, 10-12] The Canadian Index of Wellbeing is a well-being measurement index that has
been used to measure population well-being at the national, provincial, and local levels. [2, 4, 12,
13] It defines well-being as “The presence of the highest possible quality of life in its full breadth
of expression, focused on but not necessarily exclusive to: good living standards, robust health, a
sustainable environment, vital communities, an educated populace, balanced time use, high
levels of democratic participation, and access to and participation in leisure and culture.” [2]
From this definition, well-being is considered a multi-dimensional construct of eight domains.
Each of the eight domains is further sub-divided into eight indicators that were initially identified
through literature reviews and/or environmental scans conducted by well-being experts, and
finally selected by applying pre-determined acceptability criteria to identified indicators. [2, 4]
For example, “Percentage self-rated health as excellent or very good” is an indicator of the
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Healthy Populations domain at the national level. [4] Data for the well-being indicators is
collected from standardized population surveys, and is aggregated together into a single number
that gauges overall population wellbeing over time. [4] In its first iteration (1994-2010), the
Canadian Index of Wellbeing showed that national well-being increased by 5.7% whereas GDP
increased by 28.9% over the same time period, illustrating again that GDP is not a good proxy
for national well-being. [2] Thus, the Canadian Index of Wellbeing is a useful framework for
conceptualizing well-being as it reflects the multi-dimensional nature of well-being, and was
developed in the Canadian context.
One primary assumption of the Canadian Index of Wellbeing is that the well-being
indicators are equally important to overall well-being. [4] As stated by the authors of the
Canadian Index of Wellbeing technical report, “There are many reasons for regarding one or
another indicator as more important in some way or other, but what is missing is a good reason
for assigning any particular indicator a particular numerical value [weight] greater or less than
that of some or all other indicators.” [4] We suggest that, in the public health context,
understanding the importance of particular well-being indicators to overall well-being is essential
for effectively directing limited resources towards those areas that are most important to overall
well-being. [3] This gap in understanding the importance of well-being indicators to overall wellbeing motivated the present study.
In this study, a community-adapted version of the Canadian Index of Wellbeing was used
as the framework for measuring the importance of well-being indicators to citizens of Guelph,
Ontario. [12] In this adapted version, well-being indicators that could be measured at the
community level were substituted for corresponding well-being indicators measured at the
national level. This community-adapted version was previously used as part of the Guelph
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Wellbeing initiative that sought to measure community well-being, and identify priority action
areas for improving community well-being. [12, 14, 15] Given that the importance of well-being
indicators to overall well-being at the community level was unknown, this study aimed to answer
the following questions: 1) What is the relative importance of well-being indicators to
community citizens? 2) Does the relative importance of well-being indicators depend on the
socioeconomic status of community citizens at the dissemination area-level?

METHODS
1. Importance of well-being indicators to community citizens
Best-worst scaling was used to measure the relative importance of well-being indicators
to a convenience sample of City of Guelph residents. Best-worst scaling is a quantitative
discrete-choice method that measures the subjective value associated with particular objects at an
aggregate- and/or individual-level. [16] In this study, the objects were the well-being indicators,
and the subjective value was the level of relative importance associated with those indicators.
Thus, “best” referred to “most important” and “worst” referred to “least important” well-being
indicators.
The best-worst scaling study design can be divided into four steps: 1) Generate a list of
well-being indicators; 2) Arrange the well-being indicators into sets where respondents choose
the most and least important indicator in each set; 3) Design a survey to collect respondents’
choices of the most and least important indicators; and, 4) Analyze the data to determine the
relative importance of each well-being indicator. [16]
1a. Generating the list of well-being indicators
The Canadian Index of Wellbeing was adapted from a national well-being measurement
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index to a community well-being measurement index as part of the Guelph Community
Wellbeing Initiative. [2, 12] The community index has 26 well-being indicators across eight
well-being domains. Of note, the community index has three to four indicators per domain
compared to the national index which has eight indicators per domain. The specific rationale
behind this was not provided by the authors of the community index, but may be related to ease
or ability to reliably measure particular indicators at the community level relative to the national
level. [12] In consultation with a local public health organization, the wording used to describe
the well-being indicators was modified for this study to be more personally relatable. For
example, “Sense of community belonging” became “Feeling part of your community”. Two
indicators in the Healthy Populations domain, “Self-rated health” and “Prevalence of diabetes”,
were collapsed together into “Having good physical health” to similarly ensure the personal
relatability of the well-being indicators. Thus, the final list of well-being indicators contained 25
indicators across the eight well-being domains (Table 3.1).
1b. Creating well-being indicator sets
The 25 well-being indicators were arranged into 15 sets with five well-being indicators
per set. In doing so, each of the well-being indicators appeared three times across the 15 sets
which is important for statistical precision when analyzing respondent choices. An example set is
shown below:
Most
Important

Wellbeing Indicator

Least
Important

Having nutritious food
Feeling safe while out at night
Having good physical health
Volunteering at least once per year
Reducing income inequality

The specific arrangement of well-being indicators into 15 sets, known as the experimental
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design, was governed by a proprietary design algorithm developed by Sawtooth Software, Inc.
[17] The design algorithm generates a near-optimal experimental design according to four
criteria: Frequency balance (Each well-being indicator appears an equal number of times);
orthogonality (Each well-being indicator appears with every other well-being indicator an equal
number of times); connectivity (The relative importance of well-being indicators can be directly
and indirectly inferred); and, positional balance (Each well-being indicator appears in the first
through fifth rows an equal number of times). The experimental design was assessed by
evaluating the mean and standard deviation of the one-way, two-way and positional frequencies
(data not shown). One-way and two-way frequencies refer to the number of times each
individual and pair of well-being indicators appeared across the design, respectively. [17]
Positional frequency refers to the number of times each well-being indicator appeared in the first
through fifth rows across the survey questions. [17] Multiple versions of the survey were created
to control for possible order and context effects that can introduce response bias. [17] Order
effects relate to the ordering of well-being indicators in the first through fifth rows in each
question, and context effects relate to the presentation of well-being indicators to respondents
including the effect of dominance where one well-being indicator is much more important than
any of the other indicators in a particular question. [18] Of note, experimental design criteria are
applied across all survey versions. For instance, a single survey version will not have positional
balance if the number of indicators shown per question is greater than the number of times an
indicator appears in the survey, but across all survey versions, near-optimal positional balance
can be achieved. With most survey specifications, it is impossible to generate an optimal
experimental design that perfectly meets all of the design criteria; however, near-optimal
designs, as generated by the software design algorithm, are sufficient for model estimation. [17]
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1c. Designing the survey and collecting the data
The survey was designed using Sawtooth Software SSI Web 8. [19] The survey was
divided into three sections: Screening, demographics, and the best-worst scaling exercise.
Respondents were screened based on their city of Guelph residency status (must be a resident),
and their age (must be 18 years of age or older). Demographic questions were voluntary, and
asked respondents to provide their postal code, income level, gender, immigration status,
ethnicity, marital status, parental status, education level, and employment status. Best-worst
scaling questions were mandatory, as complete choice information is required for data analysis.
The survey was pilot-tested with a small group of public health students and research team
members prior to its implementation to assess comprehension, and to identify any errors in skip
logic, spelling, or grammar. See Appendix 3.1 for a sample survey. Ethical clearance was
obtained from the University of Guelph Research Ethics Board (REB 14MY008).
Data were collected from a convenience sample using online and paper-and-pencil
formats. The online survey, consisting of three hundred randomly allocated versions, was hosted
by Sawtooth Software. The URL link was distributed through personal and corporate social
media (Facebook, Twitter), corporate e-mail listservs (University of Guelph single departmental
listserv; Big Brothers Big Sisters of Guelph), and postings on Wellington-Dufferin-Guelph
Public Health’s website (www.wdgpublichealth.ca). Five versions of the paper-and-pencil survey
were distributed at Wellington-Dufferin-Guelph Public Health seasonal influenza clinics, a local
family health team’s office, and a veterinary primary healthcare centre. Fewer versions of the
paper-and-pencil survey relative to the online survey were created in order to better manage
paper-and-pencil data collection. Paper-and-pencil survey data were entered into an Microsoft
Excel 2010 spreadsheet by the primary author. Data entry was double-checked by the primary
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author, however no external secondary validation of the data entry was conducted. The data were
merged with the electronic survey data in Microsoft Excel 2010 to create a master data file.
Although there are no formal sample size calculations for best-worst scaling experiments, a
target sample size of 600 respondents was set based on sample size recommendations of 200
respondents per sub-group. [18] Initially, we were interested in conducting sub-group analysis by
income level which was categorized as a three-level variable (low, medium, and high income).
Hence, three sub-groups with 200 respondents per sub-group equaled a sample size of 600 total
respondents.
1d. Analyzing the data
Descriptive statistics for respondents’ demographic data were calculated using Microsoft
Excel 2010 and Stata13. [20] The mean, standard deviation, minimum and maximum value were
calculated for continuous demographic variables. Frequency in each category was calculated for
categorical demographic variables. Survey demographic variables were descriptively compared
to publically available census data.
Respondents’ “most important” and “least important” choices were analyzed at the
individual level using Hierarchical Bayesian analysis following the methodological approach
described in Orme (2013) [21], where respondents’ choices were modelled as a two-level model
to estimate the relative importance of each of the well-being indicators. The lower level of the
model fits a multinomial logistic regression model to individual respondent’s choice data. The
dependent variable was “choice”, and the independent variable was “well-being indicators”. The
independent variable was dummy-coded using the 25th well-being indicator, “Having enough
time to do what needs to get done”, as the referent indicator. The model parameter estimates (ie.
regression coefficients or β values) are the importance scores for each of the well-being
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indicators. The upper level of the model describes the aggregate distribution of importance
scores across all respondents as a multivariate normal distribution with a mean α and
variance/covariance D. Upper- and lower-level model parameters (α, D, and βs) were iteratively
estimated using a Markov Chain Monte Carlo procedure that conditionally estimates the lowerlevel β values using the upper-level α and D values. In more general terms, the Markov Chain
Monte Carlo procedure iteratively estimates the importance scores for each individual
respondent by accounting for how similar or different that respondent is to the sample average.
In doing so, individual-level importance scores can be obtained from relatively sparse best and
worst choice information. Ten thousand preliminary iterations of the Markov Chain Monte
Carlo procedure were conducted to stabilize the analysis, followed by 10000 additional iterations
(or draws) that were used to determine the final model parameter estimates by determining the
average value across the 10000 draws. Model fit at the individual-level was assessed using root
likelihood values. A minimum root likelihood value of 0.237 was used to identify internally
inconsistent respondents, who were then removed from the dataset and the model was reestimated. The minimum value was based on suggested minimum values published by Sawtooth
Software. [22] Hierarchical Bayesian analysis was conducted using Sawtooth Software CBC/HB
Version 5.5.3, and default software program settings. [23] Individual-level importance scores
from the model estimation were rescaled from a logit scale to a ratio scale with a minimum value
of 0 and a maximum value of 100 in Microsoft Excel 2010 using the rescaling procedure
described in Sawtooth Software’s CBC/HB v5 technical manual to assist in interpretation of the
importance scores. [21] Individual-level importance scores were then averaged to determine the
mean score for each of the well-being indicators. Standard deviation and maximum and
minimum values were determined to describe the distribution of importance scores for each of
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the well-being indicators. Ninety-five percent confidence intervals were also calculated,
assuming a normal distribution, to describe the variability around the mean importance scores.
To determine the relative importance of the eight well-being domains, weighted sums of
the mean importance scores for well-being indicators within each domain were calculated.

2. Importance of well-being indicators by socioeconomic status of community citizens at the
dissemination area-level
While income is one component of socioeconomic status, during the course of the study,
it was decided that a broader view should be taken that accounts for other components of
socioeconomic status that relate to health and well-being outcomes. The Ontario Marginalization
Index measures residential instability, material deprivation, ethnic concentration, and
dependency using a series of Statistics Canada indicators at the dissemination area-level (Table
3.2). [24] A dissemination area is the smallest geographic area for which all census data is made
available. [25] Previous work has shown that these four variables are associated with different
health outcomes. [26] Ontario Marginalization Index values are measured on an interval scale,
and have been determined for all dissemination areas in Ontario. [24] Lower index values equate
to lower marginalization, and higher values equate to higher marginalization. [24] Specific index
values for each respondent were determined by first converting postal code information into
dissemination area numbers using a Statistics Canada conversion chart accessed by WellingtonDufferin-Guelph Public Health. Dissemination area numbers were then converted into Ontario
Marginalization Index values for residential instability, material deprivation, ethnic
concentration, and dependency using the 2006 ON-Marg conversion chart (Available at
http://www.torontohealthprofiles.ca/onmarg.php). These values were used to describe the
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socioeconomic status of respondents at the dissemination-area level.
To determine whether any of the four socioeconomic status variables (residential
instability, material deprivation, ethnic concentration, and dependency) were associated with the
relative importance of well-being indicators, these variables were individually added to the
upper-level of the model. Theta weights, representing the average change in relative importance
for every unit increase in the Ontario Marginalization Index values, were iteratively determined
for each of the well-being indicators across the 10000 draws. [27] Theta weights were
numerically sorted to determine the number of positive and/or negative values. A theta weight
for a particular well-being indicator was considered significant if >95% of the 10000 iterative
theta weight values were either positive or negative values. [27] The socioeconomic status
variable was considered significant and retained in the upper-level of the model if at least half of
the well-being indicators had significant theta weights associated with them. [21] Model-building
was conducted using Sawtooth Software CBC/HB Version 5.5.3, and sorting of theta weight
values was completed in Microsoft Excel 2010. [23]

RESULTS
1. Importance of well-being indicators to community citizens
Dataset manipulation
Five hundred and sixty-six survey responses were initially collected, and 345 survey
responses were included in the final dataset (Figure 3.1). Survey responses were removed for a
number of reasons: 1) Respondents did not enter the survey after viewing the letter of
information (n=71); 2) Respondents dropped out of the survey in the screening section (n=18); 3)
Respondents dropped out of the survey in the demographic section (n=4); 4) Respondents
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dropped out after the demographic section but before the best-worst scaling exercise (n=13); 5)
Respondents entered but did not complete the best-worst scaling exercise (n=11); 6) Respondents
erroneously completed the best-worst scaling exercise (e.g. Checked more than one “most
important” indicator in a question) (n=14); 7) Respondents did not reside in the city of Guelph
(n=30); 8) Respondents did not provide internally consistent responses according to the
calculated root likelihood value for model fit (n=2); or, 9) Respondent’s postal code information
had no matching Ontario Marginalization Index values (n=58).
Demographics
Demographic variable information is summarized in Table 3.3. According to a numerical
comparison of the study demographics and the 2011 Statistics Canada census information for the
city of Guelph, the study population appeared to be younger, more likely to be female and less
likely to be married or in a common-law relationship. A numerical comparison of the study
demographics and the 2011 National Household Survey for the City of Guelph suggested that the
study population was less likely to have immigrated to Canada, and was less ethnically diverse,
better educated, more likely to be employed, and more likely to be in a higher household income
bracket. Considering the four Ontario Marginalization Index variables, 20.6% of respondents
lived in the least residentially unstable dissemination areas, and 22.3% lived in the most
residentially unstable dissemination areas. For material deprivation, 43.8% of respondents lived
in the least materially deprived dissemination areas, and 8.1% lived in the most materially
deprived dissemination areas. For dependency, 41.7% of respondents lived in the least dependent
dissemination areas, and 10.7% lived in the most dependent dissemination areas. Finally, for
ethnic concentration, 10.1% of respondents lived in the least ethnically concentrated
dissemination areas, and 18.8% lived in the most ethnically concentrated dissemination areas.
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The average dissemination area population size was 675 individuals.
Relative importance of the well-being indicators and corresponding domains
The ratio-scaled relative importance scores ranged from 0.3 – 10.5 across the 25 wellbeing indicators (Table 3.4). The top three well-being indicators were from the Healthy
Populations domain, and related to having good physical and mental health, and good quality of
health care services. The bottom three well-being indicators were related to volunteering,
attending arts and culture events, and gender balance in municipal government. It is important to
note that relative and not absolute importance was measured such that one can conclude a wellbeing indicator is more important than another indicator, but not that a well-being indicator is
important or unimportant on its own. Thus, having gender balance in municipal government is
the least important indicator relative to the other indicators, but may or may not be important on
its own.
At the domain level, Healthy Populations was the most important domain relative to the
other domains with a weighted sum value of 31.2, followed by Living Standards (16.7), Time
Use (10.0), Education (9.3), Community Vitality (8.8), Leisure and Culture (8.7), Environment
(5.9), and Democratic Engagement (3.9).
2. Importance of well-being indicators by socioeconomic status of community citizens at the
dissemination area-level
The final model included dependency as an upper-level variable as 17 of the 24 wellbeing indicators had significant theta weights (Table 3.5). The mean intercept values indicate the
logit-scaled importance score of a particular well-being indicator when dependency equals zero
(average dependency in the Canadian population). The mean theta weights indicate the average
change in the importance score of a particular well-being indicator for every unit increase in the
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dependency factor score derived from principal component analysis. [24, 26] For example, as the
dependency of a dissemination area increases by one unit, the relative importance of feeling part
of the community also increases by 0.6 importance score units, where 0.6 is the theta value
associated with feeling part of the community. The top three well-being indicators with the
largest mean theta values were gender balance in municipal government (Theta = 0.9), having
adequate housing (Theta = 0.8), and increasing green space (Theta = 0.7).

DISCUSSION
This study determined the relative importance of community well-being indicators, and
that dependency is related to their relative importance at the dissemination area-level in Guelph,
Ontario. The findings suggest that certain well-being indicators, particularly those related to the
Healthy Populations and Living Standards domains, are more important to community members
than other well-being indicators. These differences in importance may have implications for
measuring community well-being, promoting well-being, and identifying well-being priority
areas.
The well-being measurement index upon which this study was based (communityadapted Canadian Index of Wellbeing) currently assumes that all well-being indicators are
equally weighted in terms of their contribution to overall well-being. [4] This assumption allows
for an overall well-being measure to be determined by equally aggregating indicator-level
information. However, the findings of this study suggest that certain well-being indicators are
more important to community members than others, and thus the assumption of equal weighting
may not be accurate. Accounting for the relative importance of well-being indicators in a wellbeing measurement index may be an important modification when determining overall
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community well-being in the future.
The relative importance of community well-being indicators also has implications for
promoting population well-being in public health through the delivery of programs and services.
An understanding of the importance of particular indicators may be used to direct resources
towards those areas considered to be the most important to community members. For example,
these findings suggest that programs and services directed at healthy lifestyles may be of more
importance to well-being than those related to environmental stewardship or democratic
engagement. By accounting for the importance of community well-being indicators, limited
resources may be more effectively deployed to promote well-being and achieve one of the
central mandates of public health. [1]
Public health programs and services should be tailored to meet the particular needs of the
populations being served. [1] The dependency of a particular population relates to the proportion
of that population who are dependents, namely children, youth, and elderly individuals. [24] The
findings of this study suggest that dependency is related to the relative importance of particular
well-being indicators. By considering the relative importance of well-being indicators in the
context of a community’s dependency, new insights into particular communities may be
revealed. For example, this study suggests that one should take into account a community’s
dependency when considering the importance of having good mental health as communities with
greater dependency may consider good mental health to be more relatively important to their
well-being compared to communities of lower dependency. This sort of information could be
used to better tailor public health programs, services and messaging in these communities. Future
studies may aim to measure the relative importance of well-being indicators to children, youth,
elderly individuals, and their caretakers at the community-level to gain a better understanding of
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the role of dependency in well-being.
An understanding of the relative importance of well-being indicators may also be used to
refine previously identified community well-being priorities, and identify new community wellbeing priorities. Previous work by the Guelph Community Wellbeing Initiative identified four
priority areas for community well-being: Food security, social connectivity, physical
connectivity, and affordable housing. [14] These priority areas were identified by collecting and
analyzing quantitative and qualitative data over a three-year time period through extensive
stakeholder and community surveys and consultations. [14] Food security, affordable housing,
and social connectivity were also identified as relatively important well-being indicators in this
study, having the fourth, sixth, and eleventh-highest importance scores, respectively. Physical
connectivity, which refers to ease of transportation in the city, had no parallel indicator in this
study. While the identification of four priority areas is important, the question still remains as to
which priority area or areas should be addressed first given limited resources. Relative
importance scores derived from a best-worst scaling exercise can be used to partly address this
question. According to the respondents in this study, food security was approximately three
times more important and affordable housing was approximately two times more important than
social connectivity based on their ratio-scaled importance scores. Thus, food security should be
the first priority area addressed in relation to community well-being if resources are too limited
to address all priority areas at the same time. Importance scores may also be used in the
identification of new well-being priorities. In this study, well-being indicators related to having
good physical and mental health and quality healthcare services were most important relative to
the other indicators suggesting this may be a fifth priority area for community well-being.
The generalizability of these findings is limited by a number of factors: Local study
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context, convenience sampling approach, and sample size. The study context was limited to
Guelph, Ontario, a medium-sized city in southern Ontario. Given the convenience sampling
approach, it is possible that health-related well-being indicators were more salient for
respondents recruited in a public health or healthcare setting, thus introducing selection bias.
However, the effect of recruitment location on best and worst choices has not been formally
evaluated to our knowledge, and may represent an area of future research. Also, when
calculating the response rate, we were unable to determine the exact denominator value given
that the sample population was not enumerated. Finally, a larger sample size may have improved
the precision of the model parameter estimates.
Although over 200 responses were excluded from the final dataset for a variety of valid
reasons, in reality, there were only 38 respondents who either dropped out of the survey after the
demographic section but before the best-worst scaling exercise, started the best-worst scaling
exercise and then dropped out, or erroneously completed the exercise. Erroneous responses were
only possible in the paper-and-pencil survey format as the electronic format forced a single
“most important” and “least important” response in each question. It is possible that some of the
respondents who provided erroneous answers did not understand the task, whereas others may
have just made a typo (e.g. leaving one indicator column in one question blank). Other notable
apparent differences in the 38 respondents relative to the 345 respondents in the final dataset
include being more likely to be male, more likely to have immigrated to Canada, less likely to be
Caucasian, and less likely to have completed post-secondary education (data not shown). This
may have introduced selection bias by omitting those who potentially did not understand the
purpose of or protocol for the best-worst scaling exercise. Another potential source of selection
bias is the 71 respondents that did not enter the survey. It is not possible to determine whether
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this represents 71 individuals, or fewer individuals who made multiple attempts to access the
survey. However, it is possible that some of these individuals were perhaps less interested in
community well-being, and therefore selected not to participate, thus introducing bias. Of note,
updating of the Ontario Marginalization Index would be beneficial for future studies using this
index such that fewer respondents would be excluded due to missing index values.
Ranking of the mean importance scores and theta values associated with the community
well-being indicators was based on numerical rather than statistical differences such that any true
differences between well-being indicators were not formally identified. However, overlap of the
95% confidence intervals around the mean importance scores may provide some indication as to
the similarities or differences between the importance scores.
Although the findings of this study are specific to a local context, this study does
demonstrate a novel use of best-worst scaling to measure the relative importance of well-being
indicators as part of a well-being measurement framework.

CONCLUSION
Measuring community well-being using a well-being measurement index should account
for differences in how relatively important various well-being indicators are to a community.
Relative importance adds additional insight into how communities think about their well-being,
and how public health can promote well-being in these communities. Certain communities, such
as those with more dependents, may require a different approach to well-being promotion given
that they may view the importance of aspects of their well-being differently than other
communities. Thus, determining relative importance of well-being indicators through best-worst
scaling may be an important addition to future community well-being initiatives.
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TABLES
Table 3.1
List of corresponding Guelph Community Wellbeing Initiative (GCWI) and study
well-being indicators in the eight well-being domains
Domain
Community
vitality
Democratic
engagement

GCWI well-being indicators
Sense of community belonging
Perception of safety
Volunteering
Voter turnout
Policy impact perception

Education

Representation of women in
government
School readiness
Basic knowledge and skills of
youth
University graduates

Environment

Healthy
Populations

Leisure and
Culture

Greenhouse gas emissions
Residential water use
Green space
Self-rated health
Prevalence of diabetes
Prevalence of mood disorders
Perception of the quality of
health services
Physical activity participation
Usage of local recreation and
cultural facilities
Expenditures on art and culture

Living Standards

Time Use

Gap between the rich and poor
Employment rate
Housing security
Food security
Working long hours
Commuting time
Time pressure
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Study well-being indicators
Feeling part of your community
Feeling safe while out at night
Volunteering at least once per year
Regularly voting in the municipal
election
City Council policies improve your
community
Women represent half of City Council
Children start kindergarten ready to
learn
Youth start high school ready to learn
Having a university or college
certificate, diploma, or degree
Decreasing air pollution
Decreasing home water use
Increasing green space
Having good physical health
Having good mental health
Having good quality of health care
services
Regularly participating in physical
activity
Regularly using recreation and cultural
facilities
Regularly attending arts and culture
events
Reducing income inequality
Decreasing Guelph’s unemployment
rate
Having adequate housing
Having nutritious food
Working less than 50 hours per week
Commuting less than 30 minutes to
work
Having enough time to do what needs
to get done

Table 3.2
Ontario Marginalization Index variables and their associated indicators as
published in Matheson et al. [24]
Residential instability
Proportion of the
population living alone

Material deprivation
Proportion of the
population aged 20+
without a highschool diploma

Dependency
Proportion of the
population who are
aged 65 and older

Proportion of the
population who are not
youth (aged 16+)

Proportion of
families who are
lone parent families

Dependency ratio
(total population 014 and 65+ / total
population 15 to 64)
Proportion of the
population not
participating in
labour force (aged
15+)

Average number of
persons per dwelling

Proportion of the
population receiving
government transfer
payments
Proportion of dwellings
Proportion of the
that are apartment
population aged 15+
buildings
who are unemployed
Proportion of the
Proportion of the
population who are
population
single/divorced/widowed considered lowincome
Proportion of dwellings
Proportion of
that are not owned
households living in
dwellings that are in
need of major repair
Proportion of the
population who moved
during the past 5 years
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Ethnic concentration
Proportion of the
population who are
recent immigrants
(arrived in the 5
years prior to
census)
Proportion of the
population who selfidentify as a visible
minority

Table 3.3
Demographic information of City of Guelph adult residents who completed the
best-worst scaling exercise to rank community well-being indicators by relative importance, and
for whom Ontario Marginalization Index information was available (n=345)
Variable
Age
Income
Low ($19999 or less)
Medium ($20000 – $79999)
High ($80000 or more)
Gender
Male
Female
Other
Immigration
Domestic
Immigrant
Years in Canada (Immigrants only)
Less than 5 years
5 – 10 years
More than 11 years
Ethnicity
Caucasian
African-American
Aboriginal
Latin American
West Asian/Arab
East/Southeast Asian
South Asian
Other
Marital Status
Unmarried
Married/Common-law
Separated/Divorced
Widowed
Children (<18 years of age) living
at home
Has children
Does not have children

Number of
Mean/Median or
observations
Frequency (% total)
344
Mean: 35.4 ± 13.0
Median: 33
342
64 (18.7%)
145 (42.4%)
133 (38.9%)
343
110 (32.1%)
233 (67.9%)
0
345
308 (89.3%)
37 (10.7%)
36
3 (8.3%)
8 (22.2%)
25 (69.4%)
340
298 (87.7%)
1 (0.3%)
2 (0.6%)
5 (1.5%)
1 (0.3%)
13 (3.8%)
9 (2.7%)
11 (3.2%)
340
143 (42.1%)
179 (52.7%)
14 (4.1%)
4 (1.2%)
340
117 (34.4%)
223 (65.6%)
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Min
18

Max
83

Single parenthood
Single parent
Co-parent

116

Education
Completed university or college
Some university or college
Completed high school
Some high school
Employment
Full-time permanent
Part-time permanent
Full-time temporary
Part-time temporary
Unemployed
Student
Other
Residential Instability
1 (Least unstable)
2
3
4
5 (Most unstable)
Material Deprivation
1 (Least deprived)
2
3
4
5 (Most deprived)
Dependency
1 (Least dependent)
2
3
4
5 (Most dependent)
Ethnic Concentration
1 (Least concentrated)
2
3
4
5 (Most concentrated)
Dissemination Area Population

344

16 (13.8%)
100 (86.2%)

262 (76.2%)
65 (18.9%)
14 (4.1%)
3 (0.9%)
345
176 (51.0%)
23 (6.7%)
22 (6.4%)
9 (2.6%)
12 (3.5%)
74 (21.5%)
29 (8.4%)
345
71 (20.6%)
49 (14.2%)
59 (17.1%)
89 (25.8%)
77 (22.3%)
345
151 (43.8%)
64 (18.5%)
66 (19.1%)
36 (10.4%)
28 (8.1%)
345
144 (41.7%)
76 (22.0%)
44 (12.7%)
44 (12.7%)
37 (10.7%)
345
35 (10.1%)
48 (13.9%)
84 (24.3%)
113 (32.7%)
65 (18.8%)
675 ± 295

345
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240

1645

Table 3.4
Ranked community well-being indicator importance scores derived from a Hierarchical Bayesian model of
respondents’ choices in the best-worst scaling exercise that included respondents’ dissemination-area level dependency score from the
Ontario Marginalization Index as a covariate
Rank
Domain
Indicator
Mean
Standard Min Max
(95% Confidence
Deviation
Interval)
1
Healthy Populations
Having good physical health
10.5
1.7
1.0
13.2
(10.3 – 10.7)
2
Healthy Populations
Having good quality of health care services
10.3
1.7
1.8
13.0
(10.2 – 10.5)
3
Healthy Populations
Having good mental health
10.3
1.7
3.3
13.2
(10.1 – 10.5)
4
Living Standards
Having nutritious food
9.2
2.4
0.2
12.9
(8.9 – 9.4)
5
Leisure & Culture
Regularly participating in physical activity
7.0
3.5
0.2
12.6
(6.6 – 7.4)
6
Living Standards
Having adequate housing
6.9
3.3
0.1
13.2
(6.5 – 7.2)
7
Community Vitality
Feeling safe while out at night
5.1
3.3
0.0
11.7
(4.8 – 5.9)
8
Education
Having a university or college certificate,
4.9
4.4
0.0
13.1
diploma, or degree
(4.4 – 5.4)
9
Time Use
Having enough time to do what needs to get
4.8
3.9
0.0
12.1
done (Referent)
(4.4 – 5.2)
10
Living Standards
Reducing income inequality
3.3
3.6
0.0
12.4
(3.0 – 3.7)
11
Community Vitality
Feeling part of your community
3.0
3.0
0.0
12.2
(2.6 – 3.3)
12
Living Standards
Decreasing Guelph’s unemployment rate
2.9
2.8
0.0
11.9
(2.6 – 3.2)
13
Time Use
Working less than 50 hours per week
2.9
3.4
0.0
12.0
(2.5 – 3.2)
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14

Environment

Decreasing air pollution

15
16

Democratic
Engagement
Environment

City Council policies improve your
community
Increasing green space

17

Education

Youth start high school ready to learn

18

Time Use

Commuting less than 30 minutes to work

19

Education

Children start kindergarten ready to learn

20

Leisure & Culture

21
22

Democratic
Engagement
Environment

Regularly using recreation and cultural
facilities
Regularly voting in the municipal election

23

Community Vitality

Volunteering at least once per year

24

Leisure & Culture

Regularly attending arts and culture events

25

Democratic
Engagement

Women represent half of City Council

Decreasing home water use
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2.6
(2.4 – 2.9)
2.6
(2.3 – 2.9)
2.3
(2.1 – 2.6)
2.3
(2.0 – 2.5)
2.2
(1.9 – 2.5)
2.1
(1.8 – 2.4)
1.2
(1.0 – 1.4)
1.1
(0.9 – 1.2)
0.9
(0.8 – 1.0)
0.7
(0.6 – 0.9)
0.5
(0.4 – 0.6)
0.3
(0.2 – 0.4)

2.5

0.0

11.0

2.8

0.0

12.2

2.5

0.0

11.8

2.4

0.0

11.0

3.0

0.0

11.4

2.7

0.0

11.2

1.9

0.0

10.7

1.8

0.0

10.5

1.2

0.0

7.0

1.2

0.0

9.7

1.1

0.0

7.5

0.6

0.0

4.86

Table 3.5
Mean intercept and theta values associated with the community well-being
indicators when respondents’ dissemination-area level dependency score derived from the
Ontario Marginalization Index is included as a covariate in the upper-level of the Hierarchical
Bayesian model of respondents’ choices in the best-worst scaling exercise
Indicator

Mean
Intercept

Mean Theta
Value

Women represent half of City
Council
Having adequate housing

-4.1

0.9*

Number of
positive theta
values
9993

1.6

0.8*

9981

19

Increasing green space

-1.0

0.7*

9988

12

Having a university or college
certificate, diploma, or degree
Decreasing Guelph’s
unemployment rate
Regularly attending arts and
culture events
Having good mental health

0.2

0.7*

9885

115

-0.7

0.7*

9954

46

-3.6

0.7*

9954

46

3.5

0.7*

9956

44

City Council policies improve
your community
Decreasing home water use

-1.0

0.7*

9950

50

-2.3

0.6*

9927

73

Having good quality of health
care services
Feeling part of your
community
Volunteering at least once per
year
Youth start high school ready
to learn
Regularly voting in the
municipal election
Decreasing air pollution

3.5

0.6*

9932

68

-0.9

0.6*

9803

197

-2.7

0.6*

9887

113

-1.2

0.6*

9834

166

-2.6

0.6*

9786

214

-0.8

0.6*

9868

132

Having nutritious food

2.6

0.5*

9841

159

Children start kindergarten
ready to learn
Reducing income inequality

-1.7

0.5*

9646

354

-0.8

0.4

9128

872

Regularly using recreation and
cultural facilities

-2.4

0.4

9147

853

82

Number of
negative theta
values
7

Regularly participating in
physical activity
Having good physical health

1.5

0.3

9014

986

3.7

0.3

9145

855

Commuting less than 30
minutes to work
Feeling safe while out at night

-1.9

0.3

8385

1615

0.4

0.2

7945

2055

0.1

6613

3387

Working less than 50 hours per -1.2
week
Having enough time to do what Referent
needs to get done
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FIGURE
Figure 3.1
indicators

Flow chart of the dataset manipulation procedure in prioritizing well-being
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CHAPTER 4
Building data and information capacity in environmental public health: A best-worst
scaling experiment
INTRODUCTION
Environmental health is essential for maintaining and improving population health. [1] In
Canada, an estimated $3.6 – 9.1 billion dollars are spent on environment-related diseases each
year. [2] Environmental health professionals play a central role in preventing and mitigating
environmental-related diseases and injuries, and promoting environmental health. They do so by
investigating health hazards through inspections and enforcing applicable legislation in different
practice areas including food safety, water safety, health hazard management, environmental
disease and injury, healthy living and communities, and emergency preparedness, among others.
[3] To effectively accomplish their day-to-day work, environmental health professionals rely on
information technology (IT) to manage their data. However, current information technologies
employed in Ontario, Canada are not meeting the needs of today’s environmental health
professionals as these technologies lack the abilities to effectively collect, process, analyze,
integrate, and apply data findings within practice areas and across Ontario’s 36 health units. [4]
At the request of the Ontario Ministry of Health and Long-Term Care, a survey was
conducted in 2010 by the Association of Local Public Health Agencies to explore the possibility
of a provincial environmental health information management system. [4] The survey assessed
the current state of these systems in Ontario’s 36 public health units. Based on the survey data,
there was no consistent system used by all health units in all practice areas. The Association of
Local Public Health Agencies concluded that greater system development, consistency, and
integration across health units was needed. They recommended the creation of a working group
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to investigate the potential for an integrated environmental health information management
system in Ontario. [4]
Based on this recommendation, the Association of Supervisors of Public Health
Inspection (Ontario) (ASPHIO) established the Environmental Health Informatics Committee
(EHIC). In 2014, the EHIC joined together with researchers at the University of Guelph to
identify the potential features of a consistent and integrated environmental health information
management system in Ontario. A study was implemented to: 1) Rank IT features based on the
percentage of managerial respondents who rated the features as essential to an environmental
health information management system; and, 2) Quantify the relative importance of a subset of
these features using best-worst scaling, where only 50-80% of respondents rated them as
essential to an information management system.

METHODS
Identification of IT features
IT features were identified from two sources: a published systematic review of software
evaluation criteria [5], and a list of software options from a company that specializes in
inspection software (Inspect2Go, San Clemente, CA). The systematic review identified 67
criteria related to function, quality, vendor, cost and benefits, hardware and software, opinions of
others, and output. The list of software options contained 43 options related to software,
reporting, and data management. The software evaluation criteria and options were reviewed by
LEW and AP. There were six duplicates between the two sources such that there were 104
unique criteria and options. Sixty-one criteria and options that were unrelated to environmental
health IT were removed to create a list of 43 IT features (31 criteria and 12 options). Descriptors
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for each feature were derived from the systematic review and list of software options. Three
members of ASPHIO’s EHIC reviewed the list, and provided feedback on the number, naming,
and description of the features. Eleven additional features were added based on the members’
knowledge of other IT features relevant to environmental public health. Two of these eleven
features were similar to two software options that had been previously removed. EHIC members
also split three of the software evaluation criteria into six features. Thus, the final list consisted
of 57 IT features in five categories , namely: Cost and benefits (n=10); Functionality (n=21);
Hardware (n=8); Reporting (n=6); and, Vendor (n=12). (Table 4.1). These categories
corresponded to some of the “criteria groups” in the systematic review. [5]
Development of the ratings survey
An electronic ratings survey was developed to rate the 57 features as essential, nice-tohave, or non-essential in relation to an environmental health information management system.
The purpose of the ratings survey was to reduce the number of features that would be evaluated
in the subsequent best-worst scaling exercise (described below), considering the desire for stable
model estimates given the size of the target population, and the potential for respondent fatigue
when completing the best-worst scaling exercise. [6] Essential was defined as “required for a
functional and supportive IT system”; nice-to-have as “useful but not absolutely necessary for a
functional and supportive IT system”; and non-essential as “not required for a functional and
supportive IT system”. Specific definitions of the terms “functional” and “supportive” were not
provided. The survey consisted of an introductory letter of information followed by five gridstyle questions. Informed consent was assumed if respondents forward-clicked after viewing the
letter of information. In each question, features in one of the five aforementioned categories were
listed, and respondents checked one of three boxes to rate each feature as essential, nice-to-have,
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or non-essential. Respondents were required to rate all of the features in each question to
progress through the survey, however they were able to exit the survey at any time. Descriptors
of each feature were provided in mouse-over text boxes. The survey was developed using
Sawtooth Software SSI Web Version 8.3.8. [7] The survey URL was disseminated to the
ASPHIO listserv (n=168) via one of ASPHIO’s EHIC members, and was open from November
17-19, 2014. The listserv consists of all environmental public health management in Ontario’s 36
public health units. Given that the listserv represents a specific demographic group, demographic
information was not collected as part of the survey. The survey was not pilot-tested prior to
dissemination due to time restrictions imposed by project and conference deadlines. Ethical
clearance was obtained from the University of Guelph Research Ethics Board (REB 14NV002).
Analysis of the ratings survey
For each IT feature, the number of respondents who rated it as essential, nice-to-have or
non-essential was determined and expressed as a percentage. The IT features were then ranked
based on the percentage of respondents rating the features as essential. A post-hoc upper cut-off
of 80% and lower cut-off of 50% of respondents rating a feature as essential was applied to
identify the IT features whose importance would be evaluated in a subsequent best-worst scaling
exercise (n=26) (described below). These cut-off values were determined based on the data in
order to obtain a reasonable number of features whose importance could be more precisely
estimated using best-worst scaling. The remaining 31 features that were either above or below
the cut-off range were not analyzed using best-worst scaling. Ratings data were managed and
analyzed using Microsoft Excel 2010.
Development of the best-worst scaling exercise
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An electronic best-worst scaling exercise was developed to quantify the relative
importance of 26 of the 57 IT features that were rated as essential by 50-80% of participants in
the ratings survey. Rather than collecting individual ASPHIO member responses as was done for
the ratings survey, ASPHIO members were instructed by e-mail to provide one response per
health unit in Ontario (n=36). The research team, which included five ASPHIO members,
considered the health-unit level of analysis appropriate for the best-worst scaling exercise, given
that environmental public health management function as one collective team in each health unit.
Best-worst scaling is a quantitative discrete-choice method that uses best and worst
choice information to determine the importance of selected features. [8] Here, “best” refers to
“most important” and “worst” refers to “least important”. Based on Thurstone’s law of
comparative judgement and McFadden’s random utility theory, best-worst scaling assumes that
as the importance of a feature increases relative to the other features being evaluated, the
probability of choosing that feature as most important also increases. [9, 10] This relationship is
described by the following mathematical relationship: Pi = eu(i) / Σ eu(ij) where Pi is the probability
of choosing feature i, eu(i) is the exponentiated importance score of feature i, and Σ eu(ij) is the
sum of the exponentiated importance scores for all of the features being evaluated. [8] The
converse is true for choosing the least important feature. In a best-worst scaling exercise,
respondents are repeatedly asked to choose the most important and least important feature from a
subset of features that is presented in each question. [8] This subset systematically varies
according to the experimental design. By analyzing the choices that are made, the importance of
each of the evaluated features can be scaled to one another, and can be numerically expressed as
an importance score. [8]
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In this study, the exercise consisted of 21 questions with five features per question. This
configuration ensured that each feature was shown four times across the survey which increases
statistical precision when estimating the importance of each feature at the individual-level. [11]
The questions were generated using a commercial experimental design algorithm developed by
Sawtooth Software, Inc. [12] Forty versions of the survey were created such that each respondent
received a unique version based on a target population size of 36 respondents corresponding to
the number of public health units in Ontario. Multiple versions may reduce bias related to order
and context effects. [13]
For each question in the best-worst scaling exercise, respondents selected the “most
important” and “least important” IT feature out of the five features shown according to their
perceived importance to an environmental health information management system. An exemplar
question is provided in Appendix 4.1. The exercise was developed using Sawtooth Software SSI
Web Version 8.3.8, and pilot-tested by four of the EHIC members. [7]
A letter of information and instructions on how to complete the best-worst scaling
exercise were provided prior to the first best-worst scaling question. Similar to the ratings
survey, informed consent was assumed if the respondent forward-clicked after viewing the letter
of information. The exercise URL was disseminated in a recruitment e-mail to the ASPHIO
listserv (n=168) via one of the EHIC members, and was open from April 1 – May 15 2015. The
recruitment e-mail specifically asked for one response per health unit. Two reminder e-mails
were sent during this time period, and the survey deadline was extended by several weeks to
encourage participation. Health-unit level demographic information was not collected to protect
the anonymity of respondents, given that there are 36 health units in Ontario. Ethical approval
was received from the University of Guelph Research Ethics Board (REB 15FE015).
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Analysis of the best-worst scaling exercise
Respondents’ choices were analyzed using the Hierarchical Bayes statistical method. [14]
This method iteratively estimates the numeric importance scores of the IT features using a twolevel model. The upper level models the aggregate importance scores for the IT features as a
multivariate normal distribution with a mean α and covariance D. The lower level assigns a set of
importance scores (βs) for the IT features for each respondent that maximizes the probability of
their “most important” and “least important” choices using multinomial logit. The multinomial
logit dependent variable is “choice”, and the independent variable is “IT features” where the
features are dummy-coded as a single variable with the 26th feature as the referent. The model
parameters (α, D and βs) are iteratively and conditionally estimated for each respondent using a
Monte Carlo Markov Chain procedure, which helps the estimation process to converge on final
parameter values. [14]
To estimate the importance scores, 100,000 preliminary iterations followed by 10,000
estimation iterations were conducted for a total of 110,000 iterations. Only the estimation
iterations were used to determine the importance score values. Convergence of the estimation
procedure was assessed using a visual graph of the mean importance score values for each of the
IT features, as well as model fit statistics (percent certainty, root likelihood, average variance,
and parameter root mean square). Relative stabilization of these values was taken as evidence
that the model had converged. Hierarchical Bayesian analysis was conducted using Sawtooth
Software CBC Hierarchical Bayes Module Version 5.5.3. [14]
The raw logit-scaled importance score estimates were re-scaled to probability-scaled
estimates to assist in their interpretation. [14] Briefly, the importance scores for each individual
were zero-centered, and then exponentiated according to the formula (eZero-centered score / eZero-centered
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score

+ 4) where 4 is equal to the number of IT features per question less one. The scores were

then multiplied by a constant so that they summed to 100 for each respondent. Scores were rescaled in Microsoft Excel 2010. Descriptive statistics (mean, standard deviation, minimum value
and maximum value) of the importance scores and their 95% confidence intervals, assuming a tdistribution given the small sample size, were also determined in Microsoft Excel 2010.
Comparing ratings and best-worst scaling exercise rankings
The rankings of the 26 IT features from the ratings and best-worst scaling exercises were
descriptively compared by determining the change in rank for each feature. The change in rank
was determined by subtracting the rank position in the best-worst scaling exercise from the rank
position in the ratings exercise.

RESULTS
Ratings survey
Of the 75 responses collected from 168 eligible participants, 52 respondents fully
completed the survey yielding a response rate of 44.6% and a completion rate of 69.3%. The
majority of IT features (47/57) were considered essential to an information management system
framework by at least half of the 52 respondents (Table 4.2). The percentage of respondents who
considered a particular feature as essential to an information management system framework
ranged from 9.6 – 98.1%. The highest-ranking features were delivery to printer (The software
can create outputs to printer), security – encryption (Software is encrypted in accordance with
privacy rules), maintenance (The vendor supports software maintenance), software continuity
(Existing software version remains functional during upgrading), and upgrading (The vendor
supports software upgrading) with 92.3-98.1% of respondents rating these features as essential.
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The lowest-ranking features were files (Files can be referenced in the field), photos (Photos can
be taken at each inspection), auto-fill (Data entry fields can be auto-filled. Auto-filled fields can
be locked or editable), marking (The screen can be drawn on to mark up photos, plans or maps),
cloud storage (Hardware supports data storage on a secure Cloud server), and vendor popularity
(The vendor is popular in the market) with 9.62-40.4% of respondents rating these as essential
features.
Best-worst scaling exercise
Of the 36 public health units who were eligible to complete the best-worst scaling
exercise, there were 44 responses of which 22 were complete responses yielding a response rate
of 122% and a completion rate of 50%. Only complete responses, meaning that all 21 best-worst
scaling questions were answered, were included in the analysis. A response was considered any
time the survey URL was accessed by environmental public health management at a public
health unit. Thus, it was possible to have more responses than the number of health units if a
health unit accessed the survey URL more than once. All responses were anonymous. Across the
26 IT features in the best-worst scaling exercise, there were nine cost and benefit, ten
functionality, three hardware, two reporting, and two vendor features. The mean importance
scores ranged from 0.2 – 9.8 on a 0-100 ratio scale (Table 4.3). The five IT features with the
highest importance scores indicating that they were considered most important relative to the
other 21 features were all functionality features. They were main target (The software is oriented
to all public health inspection practice areas), off-line capability (The software can be used
without Internet connectivity), history (Past inspection reports and investigations including
previous infractions and violations of each establishment/location can be viewed off-line),
migration (The software supports migration of existing data from different software platforms),
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and disclosure (The software supports posting of inspection results to a publicly accessible
website). The five IT features with the lowest importance scores indicating that they were
considered least important relative to the other 21 were in the categories of cost and benefit and
vendor features. Specifically, they were training cost (The cost of training system users is
reasonable), support cost (Outside service charges are eliminated), user manual (A user manual
with indexes, important information and main commands is available), hardware cost (The cost
of hardware is reasonable), and demo (The vendor can provide an on-site demo and free-trial
version).
Using percent certainty assess convergence and model fit, the percent certainty for the
statistical model was 52.2% compared to a 0% certainty for a chance model and a 100%
certainty for a perfectly fitted model.
Comparison of ranking position between ratings and best-worst scaling exercises
Based on a descriptive comparison of the ranking position of each of the 26 IT features
between the two methodological approaches used in this study, it appears that several features
had different ranking positions (Table 4.4). Those features with the largest apparent differences
included having a reasonable hardware cost (5th in the ratings exercise versus 25th in the bestworst scaling exercise), supporting migration of existing data (20th in the ratings exercise versus
4th in the best-worst scaling exercise), and indirect benefits of improved customer service and
fast turnaround time for customer support (25th in the ratings exercise versus 10th in the bestworst scaling exercise). Features with no change in their ranking position included cost of a
software license (9th) and ability to store data on a hardware device (15th).

DISCUSSION
94

This study sought to elicit IT system preferences of environmental public health
management in Ontario by first ranking selected relevant IT features based on the percentage of
respondents who rated the features as essential to an environmental health information
management system. The importance of a subset of these features where there was less
agreement on their essentialness to an information management system was then quantified using
a best-worst scaling exercise. This study specifically focused on environmental public health
management rather than front-line workers as IT infrastructure decision-making occurs at the
managerial level, and management should already be aware of and account for the needs of their
front-line staff when making IT infrastructure decisions. Furthermore, some of the IT features
(ie. Cost and benefit features) were considered to be of relevance to management only. However,
it is possible that management and front-line workers differ in the IT features that they consider
to be important to an information management system, and surveying front-line workers may
represent an area of future research.
Using a ratings-scale approach, less actionable information was gathered as the majority
of respondents rated most of the information management system features as essential. This can
limit the ability of environmental health management to make difficult trade-off decisions and
negotiate with potential vendors. By determining the relative importance scores of the middling
features (features 22 – 47) using best-worst scaling, more discriminatory and evidence-based
decisions may be supported in developing an environmental health information management
system.
When comparing the ratings and best-worst scaling results, apparent differences in the
ranking of some of these 26 features based on their importance scores relative to their ranking
based on the percentage of respondents rating them as essential were observed. These apparent
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changes may reflect the greater discriminatory power of best-worst scaling relative to ratingsscales whereby respondents must trade-off between IT features when selecting the most and least
important feature rather than independently rating each feature with no incentive or need to
discriminate between features. [11] Other possible explanations include differences in the
presentation of information or shifting from an individual-level analysis in the ratings survey to a
health unit-level analysis in the best-worst scaling exercise. In the ratings exercise, IT feature
descriptors were provided as pop-ups that only appeared if the respondent moused over the IT
feature name, whereas, in the best-worst scaling exercise, the IT feature descriptors were
explicitly provided. Of note, these differences were qualitative observations, and were not
statistically evaluated.
In 2010, a survey of environmental health management was conducted by the Association
of Local Public Health Agencies to characterize usage, challenges and future priorities related to
environmental health information management systems in Ontario. [4] The two main challenges
identified by the survey were unclear or absent ministry-level reporting requirements, and lack of
IT-related resources. [4] In our study, the majority of reporting features were highly ranked as
essential to an environmental health information management system. This result, combined with
the 2010 survey results, indicate that the reporting functions of a future system should be a
priority area for the EHIC to consider when evaluating potential vendors and systems. Although
lack of IT-related resources was considered a challenge in the 2010 survey, minimizing the need
for internal IT support was not highly ranked in either the ratings or best-worst scaling
experiment.. Thus, the lack of resources, while an ongoing reality, may not represent a priority
area to immediately address by a future information management system.
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The 2010 ALPHA survey also identified future priorities related to module development
and system integration. [4] The importance of two related features – flexibility (Software can be
additionally developed by individual health units) and main target (Software is oriented to all
practice areas) – was evaluated in the best-worst scaling exercise, and the results showed that it
is more important for an environmental health information management system to use software
that is oriented to all practice areas rather than software that has the capability to be additionally
developed by individual health units. Thus, EHIC may wish to focus on creating an integrated
system prior to supporting additional module development.
This study was motivated by the desire to assess IT needs and increase the effectiveness
of IT in Ontario’s environmental public health. In previous work by Wallar et al., data and
information, and science and technology were identified as foundation components of public
health capacity (Chapter 2). Given that public health capacity includes capacity in environmental
health, these foundation components are also applicable to building capacity in environmental
health (Chapter 2). Others have similarly found that IT, and public health informatics more
broadly, are essential for current environmental and public health activities including
collaboration, education, engagement, and evaluation. [14-16] Thus, IT is central to effective
environmental public health and should be continually supported and improved upon as
technological advances are made.
It is important to consider IT in the broader context of building a strong and robust
environmental public health information infrastructure. According to Dixon and Grannis (2014),
this type of infrastructure has three components – IT, human resources, and organizations. [17]
Capacity should be built within each of these areas to contribute to a robust infrastructure. [18]
Concrete steps for building these types of capacities were outlined in the U.S. Centers for
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Disease Control and Prevention’s “Guide to Building an Environmental Public Health Tracking
Network” [18] In this guide, assessing current IT capacity was one of the first steps in
establishing a robust environmental public health network. Our study represents an initial step in
building capacity for an environmental health information infrastructure in Ontario by gaining a
better understanding of IT-related priorities.
Building human resources capacity through general workforce training and development
in environmental health IT and informatics can be initially guided by “Informatics Competencies
for Public Health Professionals” which was published in 2002 by the Northwest Center for
Public Health Practice. [19] These competencies are organized into three classes relating to the
use of information, and use and management of information technology. Depending on an
individual’s roles and responsibilities within public health, the expected proficiency level for
each of these competencies ranges from awareness to proficient. [19] These competencies can
provide a starting point for developing informatics competencies in the Canadian public health
and environmental public health contexts. [3]
Lastly, building organizational capacity through the formation of strategic partnerships
represents a crucial area for a robust environmental health information management system in
Ontario. Within the U.S. Environmental Public Health Tracking Network, partnerships have
supported health protection and surveillance, implementation of other tracking networks, and
information dissemination. [20] Currently, there are 36 public health units that act relatively
independently of one another given the organizational and governance structure of public health
in Ontario. [21] In recognition of this, one of the recommendations of the ALPHA 2010 survey
was the creation of a comprehensive and integrated environmental health information
management system. [4] Lack of an integrated system was previously identified as a barrier to
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effective service delivery and informing policy development. [22] In contrast, an integrated
system can facilitate the development of standardized data protocols and processes, and increase
the accessibility and usability of environmental data by various users. [23]
The development of such a system has associated success factors, benefits and challenges
that must be considered. In evaluating Ontario’s Wait Time Information Strategy, Kramer et al.
(2009) identified several success factors including government and financial support, clarity of
vision, being driven by need, hands-on leadership, direct accountability, and stakeholder
involvement. [24] In a qualitative study of the benefits and challenges related to public health
information technology in the Canadian context, Zinszer et al. (2013) identified benefits as
increased communication, faster service delivery, development and use of common data
methods, and greater awareness of the potential to break down silos using technology.
Challenges included varied infrastructure capacity, lack of overarching leadership, resources and
priorities, and complacency with current practices. [24, 25] In creating the information
management system for the Environmental Public Health Tracking Network, challenges that
were anticipated included diverse data protocols and processes, and lack of related proficiency in
information management systems among current public health professionals. [22] By
considering the potential benefits, success factors, and challenges as part of a system
development plan, proactive steps can be taken to enhance potential benefits and mitigate
possible challenges. [26]
To our knowledge, our study is the first to use best-worst scaling to assess IT features for
the development of an environmental public health information management system across
public health units. Best-worst scaling exercises, in general, have several advantages over
ratings-scale exercises that are related to the systematically different ways that respondents can

99

use ratings scales and bias their responses. [11] For instance, some respondents cluster their
responses, which decreases the variability between the features that are being measured, while
others use the entire scale. Respondents may interpret the scalar values or language differently
leading to potential differences in their responses that are related to their interpretation rather
than underlying feelings or opinions. [11, 27] Best-worst scaling is not subject to scale use bias,
as it requires respondents to choose between features rather than assign a rating value to them.
This can lead to greater discrimination between measured features resulting in more actionable
information for making evidence-based decisions. [27] Unfortunately, best-worst scaling
exercises tend to take more time to complete compared to ratings scales and this may hinder its
utility in some situations. [11] Moving forward, best-worst scaling may be a more desirable
method for measuring importance or preference in environmental public health compared to
ratings scales when greater discrimination among features is needed, and respondents have more
time to complete the exercise.
Studies evaluating the importance of IT-related features have used a related method
termed conjoint analysis, which also quantifies the importance of features based on the choices
that respondents make. [11] The primary difference between these two methods is in the way that
features are presented to respondents – either independently as in best-worst scaling or conjointly
in profiles as in conjoint analysis. Measuring the importance of IT-related features using conjoint
analysis has been applied to dairy information systems, enterprise software, enterprise systems,
functionality risk factors, outsourcing, and primary care information systems. [28-33] The
majority of these studies surveyed individuals in management-level positions, which is similar to
this study in which ASPHIO members, who are in management-level positions, were surveyed.
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The small sample size was a limitation of this study. The lower response rate in the
ratings survey may have introduced bias such that ratings of the IT features were not reflective of
the target population of Ontario environmental health management. The small sample size in the
best-worst scaling exercise may have contributed to less stable estimates when estimating the
importance scores of each of the IT features (ie. larger standard deviation values). [11] However,
given that the target population was 36 health units for the best-worst scaling exercise, the study
population represented 61.1% of the target population, and therefore the results may be
generalizable to the target population, despite a small absolute number of respondents.
In this study, the unit of analysis differed between the ratings survey (individual-level)
and the best-worst scaling exercise (health unit-level). The primary purpose of the ratings survey
was to generate a reduced list of IT features to be evaluated using best-worst scaling, and thus
collecting more responses at the individual level helped to ensure that this reduced list was
reflective of environmental health management in Ontario. The health unit level of analysis in
the best-worst scaling exercise was deemed appropriate as IT infrastructure decision-making
occurs at the health-unit level, and not at the individual environmental health management-level.
Thus, capturing within-health unit variability was not a primary objective of the best-worst
scaling exercise.
It is also important to note that the ranking of the IT features in the best-worst scaling
exercise was based on numerical differences rather than formal statistical differences between
the mean importance scores. The 95% confidence intervals around the mean importance scores
can be used to provide some indication of similarities and differences between the importance
scores based on the overlap of the confidence intervals. However, any true differences, from a
formal statistical perspective, among the relative importance of IT features were not identified.
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Statistical differences were not felt to be of particular added value to managerial decisionmaking above and beyond numerical differences, and thus were not determined.
Another limitation of this study was an inability to correlate importance scores to public
health unit demographics, such as geographic location, given that the responses were
anonymous. For instance, it is possible that more geographically remote units may have different
IT priorities compared to more urban units. Response anonymity also prevented verification of
one response per health unit in the best-worst scaling exercise. The relationship between public
health unit demographics and importance scores may represent an area of future research as part
of the ongoing effort to explore the possibility of a provincial environmental health information
management system.

CONCLUSION
Based on our results and the work of others, the development of an integrated
environmental health information management system for all public health units in Ontario is
recommended. The priorities that have been identified in this study can be used as the basis for
the creation of a Request for Proposals, and to guide vendor evaluation, negotiation and
selection. [15, 16] The EHIC should seek a reliable vendor that can deliver a comprehensive and
integrated system that fulfills the reporting and functionality needs of system users. The
committee should first seek a vendor who provides fast and ongoing support, rather than one
who is necessarily experienced or popular. The system should fulfil primary functions first
before additional functions such as autofill are considered. Finally, an understanding of potential
benefits and challenges of proposed systems should be thoroughly understood to help guide the
evaluation and selection process.
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TABLES
Table 4.1
Description of information technology features evaluated by Association of
Supervisors of Public Health Inspectors of Ontario members
Feature
Direct benefits
Hardware cost
Indirect benefits
Installation and
implementation
cost
Internal support
License cost
Maintenance
cost
Support cost
Training cost
Upgrading cost
Adaptability
Auto-fill

Category
Cost and
Benefit
Cost and
Benefit
Cost and
Benefit
Cost and
Benefit

Descriptor
There are tangible savings in labour and equipment, and a
reduction in the processing cost per unit
The cost of hardware is reasonable

Cost and
Benefit
Cost and
Benefit
Cost and
Benefit
Cost and
Benefit
Cost and
Benefit
Cost and
Benefit
Functionality
Functionality

Software functions with minimal internal IT support

Code
Disclosure /
public reporting
/ inspection
results
summaries
Documentation
standards
Documents

Functionality
Functionality

Files
Flexibility

Functionality
Functionality

Functionality
Functionality

There is improved customer service, and a fast turnaround
time for requested support
The cost of installation and implementation is reasonable

The cost of acquiring a license is reasonable
The cost of maintaining the software is reasonable
Outside service charges are eliminated
The cost of training system users is reasonable
The cost of upgrading the software when a new version is
launched is reasonable
Software can be customized for individual health units
Data entry fields can be auto-filled. Auto-filled fields can
be locked or editable
Regulatory codes can be referenced in the field
Results can be posted to a publicly accessible website

Software supports documentation standards to the level of
CNO documentation standards
Documents can be uploaded and attached to inspection
reports
Files can be referenced in the field
Software can be additionally developed by individual
health units
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History

Functionality

Information
accessibility
Interoperability

Functionality

Main target
Marking

Functionality
Functionality

Migration

Functionality

Off-line
capability
Photos
Re-inspect

Functionality

Security –
Encryption
Security - Offsite access
Signature

Functionality

Simultaneous
users
Buildable

Functionality

Cloud storage
Communication
protocols
Compatibility

Hardware
Hardware

External storage

Hardware

Functionality

Functionality
Functionality

Functionality
Functionality

Hardware

Hardware

Hardware
Hardware
platform
Internal memory Hardware
Internal storage

Hardware

Customized
reports
Delivery to file
Delivery to
printer

Reporting
Reporting
Reporting

Past inspection reports and investigations including
previous infractions and violations of each
establishment/location can be viewed off-line
Software supports secure access to investigation/file
information by all users
Software can be integrated with other tools and
applications
Software is oriented to all practice areas
The screen can be drawn on to mark up photos, plans or
maps
Software supports migration of existing data from
different software platforms
Software can be used without Internet connectivity
Photos can be taken at each inspection
Re-inspections can be tracked and scheduled by entering
a 'Correct by' date
Software is encrypted in accordance with the privacy
rules
Software can be securely accessed off-site with proper
security protocols
An electronic, on-screen, encrypted and locked signature
can be added to forms
Software supports simultaneous users that are linked and
served by the software system
Software users can add new forms for data entry (e.g.
new Risk Assessment Tool)
Hardware supports data storage on a secure Cloud server
Different communication protocols are supported by the
hardware (e.g. FTP, TCP/IP, HTTP, IMAP, SMTP)
Software is compatible with standard MS Office Suite,
Crystal Reports, XML, SQL applications etc.
Hardware supports secondary storage in the form of disk
space and other secure storage facilities
The hardware platform required to run the software is
widely available
Data can be stored on a hardware device for storage and
recall
Hardware supports syncing data with a health unit's
server to store data internally
Users can create and save customized reports without
Internet connectivity
The software can create outputs to file
The software can create outputs to printer
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Delivery to
Reporting
software
Export functions Reporting

Standard reports

Reporting

Consultancy

Vendor

Demo
Length of
vendor
experience
Maintenance
Number of
installations
Software
continuity
Technical
support
Tutorial and
training

Vendor
Vendor

Upgrading
User manual

Vendor
Vendor

Vendor integrity

Vendor

Vendor
popularity

Vendor

The software can create outputs to other software (e.g.
Microsoft Office)
Software supports export of record-level data in a variety
of formats (MS Excel, PDF, CSV, Text delimited, MS
Word, Crystal Reports, XML)
The software has standard reports while on site without
Internet connectivity
The vendor provides technical support and consultative
services in a timely manner
The vendor provides on-site demo and a free-trial version
The vendor is experienced in developing the software and
knowledgeable of health units' needs

Vendor
Vendor

The vendor supports software maintenance
There are a minimal number of software installations

Vendor

Existing software version remains functional during
upgrading
The vendor provides support for previous software
versions and software that is no longer being developed
Tutorials and training courses are available to learn how
to use the software on a regular basis to support continual
training
The vendor supports software upgrading
A user manual with indexes, important information and
main commands is available
The vendor supports technical issues related to software
functionality in a timely manner and free of charge
The vendor is popular in the market

Vendor
Vendor
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Table 4.2
Descriptive statistics of information technology features rated by ASPHIO
members as essential, nice-to-have, or non-essential for an information technology system
framework

No

IT Feature

Category

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Delivery to printer
Security - Encryption
Maintenance
Software continuity
Upgrading
Compatibility
Export functions
Hardware platform
Buildable
Consultancy
Standard reports
Technical support
Vendor integrity
Information accessibility
Maintenance cost

16
17
18
19
20
21
22
23
24
25
26

Security - Off-site access
Tutorial and training
Adaptability
Customized reports
Simultaneous users
Signature
Disclosure
History
Main target
Flexibility
Hardware cost

27
28
29
30

Installation and
implementation cost
Re-inspect
Delivery to file
License cost

31

Delivery to software

Reporting
Functionality
Vendor
Vendor
Vendor
Hardware
Reporting
Hardware
Hardware
Vendor
Reporting
Vendor
Vendor
Functionality
Cost and
Benefit
Functionality
Vendor
Functionality
Reporting
Functionality
Functionality
Functionality
Functionality
Functionality
Functionality
Cost and
Benefit
Cost and
Benefit
Functionality
Reporting
Cost and
Benefit
Reporting
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ASPHIO member ratings
Essential Nice-to-have
(%)
(%)
98.1
0
94.2
5.8
92.3
7.7
92.3
7.7
92.3
7.7
88.5
11.5
88.5
11.5
86.5
13.5
86.5
11.5
86.5
11.5
84.6
15.4
84.6
15.4
84.6
15.4
84.6
13.5
84.6
13.5

Non-essential
(%)
1.9
0
0
0
0
0
0
0
1.9
1.9
0
0
0
1.9
1.9

84.6
84.6
82.7
82.7
80.8
80.8
78.9
78.9
78.9
76.9
76.9

13.5
13.5
17.3
17.3
19.2
17.3
21.1
21.1
19.2
23.1
21.1

1.9
1.9
0
0
0
1.9
0
0
1.9
0
1.9

76.9

17.3

5.8

75.0
75.0
75.0

25.0
23.1
23.1

0
1.9
1.9

73.1

26.9

0

32

Training cost

33

Upgrading cost

34
35
36
37
38
39

User manual
Internal storage
Internal memory
Interoperability
Off-line capability
Internal support

40
41
42

Communication
protocols
Migration
Support cost

43
44
45

Documents
Demo
Direct benefits

46

Indirect benefits

47

Cost and
Benefit
Cost and
Benefit
Vendor
Hardware
Hardware
Functionality
Functionality
Cost and
Benefit
Hardware

73.1

25.0

1.9

73.1

25.0

1.9

73.1
71.1
69.2
67.3
67.3
65.4

25.0
26.9
28.9
28.9
26.9
34.6

1.9
1.9
1.9
3.9
5.8
0

63.5

34.6

1.9

Functionality
Cost and
Benefit
Functionality
Vendor
Cost and
Benefit
Cost and
Benefit
Functionality

61.5
61.5

38.5
34.6

0
3.9

59.6
59.6
55.8

38.5
36.5
44.2

1.9
3.9
0

51.9

46.1

1.9

Documentation
51.9
44.2
standards
48
Number of installations
Vendor
48.1
46.1
49
Code
Functionality
48.1
44.2
50
External storage
Hardware
48.1
44.2
51
Length of vendor
Vendor
44.2
48.1
experience
52
Files
Functionality
40.4
55.8
53
Photos
Functionality
40.4
55.8
54
Auto-fill
Functionality
40.4
51.9
55
Marking
Functionality
26.9
57.7
56
Cloud storage
Hardware
17.3
55.8
57
Vendor popularity
Vendor
9.6
57.7
*Bolded features were included in the subsequent best-worst scaling exercise
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3.9
5.8
7.7
7.7
7.7
3.9
3.9
7.7
15.4
26.9
32.7

Table 4.3
Descriptive statistics of the 26 selected information technology features ranked by their mean importance scores
derived from a Hierarchical Bayesian analysis of respondents’ choices in the best-worst scaling exercise

Rank

Feature

1

Main target

2

Off-line capability

3

History

4

Migration

5

Disclosure

6

Flexibility

7

Internal storage

8

Installation and
implementation cost
License cost

9

Description
The software is oriented to all public
health inspection practice areas
The software can be used without
Internet connectivity
Past inspection reports and
investigations including previous
infractions and violations of each
establishment/location can be viewed
off-line
The software supports migration of
existing data from different software
platforms
The software supports posting of
inspection results to a publicly
accessible website
The software can be additionally
developed by individual health units
The hardware supports syncing data
with a health unit's server to store data
internally
The cost of installation and
implementation is reasonable
The cost of acquiring a license is
reasonable
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Importance score descriptive statistics
Mean
Standard
Min
(95% Confidence Interval) deviation
9.8
3.4
2.0
(8.3 – 11.3)
8.0
4.6
0.4
(5.9 – 10.0)
7.6
3.4
0.5
(6.1 – 9.1)

Max
13.4
12.8
12.0

6.6
(5.3 – 7.8)

2.9

1.6

11.0

5.9
(4.2 – 7.7)

4.0

0.7

12.4

5.3
(3.7 – 6.9)
5.1
(3.6 – 6.6)

3.7

0.1

11.5

3.4

0.0

12.4

4.9
(3.5 – 6.3)
4.8
(3.0 – 6.6)

3.2

0.2

11.1

4.1

0.4

11.4

10

Indirect benefits
(Referent)

11

Interoperability

12

Internal support

13

Documents

14

Direct benefits

15

Internal memory

16

Upgrading cost

17

Delivery to software

18

Documentation
standards

19

Communication
protocols

20

Re-inspect

21

Delivery to file

The IT system supports improved
customer service and a fast turnaround
time for requested support
The software can be integrated with
other tools and applications
The software functions with minimal
internal IT support
The software supports uploading and
attachment of documents to inspection
reports
The IT system provides tangible
savings in labour and equipment and a
reduction in processing cost per unit
Data can be stored on a hardware
device for storage and recall
The cost of upgrading the software
when a new version is launched is
reasonable
The software supports the output of
data to another software program
The software supports documentation
standards to the level of CNO
documentation standards
Relevant communication protocols to
facilitate data transmission between
computing systems are supported by
the hardware
Re-inspections can be tracked and
scheduled by entering a 'Correct by'
date
The software supports the output of
data to a file format
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4.2
(3.0 – 5.4)

2.7

1.0

10.7

4.0
(2.5 – 5.6)
4.0
(2.7 – 5.3)
3.4
(2.0 – 4.7)

3.4

0.4

10.7

3.0

0.1

10.0

3.0

0.0

10.8

3.3
(1.5 – 5.1)

4.1

0.0

12.1

3.2
(1.8 – 4.7)
3.2
(2.2 – 4.1)

3.3

0.1

9.3

2.1

0.4

7.8

2.7
(1.6 – 3.7)
2.7
(1.3 – 4.0)

2.4

0.3

8.1

3.1

0.1

8.9

2.6
(1.6 – 3.7)

2.4

0.4

8.9

2.3
(1.2 – 3.4)

2.5

0.1

8.9

2.0
(1.2 – 2.8)

1.7

0.1

7.1

22

Training cost

23

Support cost

24

User manual

25

Hardware cost

26

Demo

The cost of training system users is
reasonable
Outside service charges are eliminated

1.6
(0.6 – 2.6)
1.0
(0.2 – 1.7)
A user manual with indexes, important 0.9
information and main commands is
(0.4 – 1.4)
available
The cost of hardware is reasonable
0.8
(0.3 – 1.2)
The vendor can provide an on-site
0.2
demo and free-trial version
(0.1 – 0.3)
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2.3

0.1

9.1

1.6

0.0

7.5

1.2

0.0

5.2

0.9

0.0

3.6

0.3

0.0

1.1

Table 4.4
Comparison of ranking positions of IT features between the ratings survey and
best-worst scaling exercise
Rank

Ratings

Best-worst Scaling

1
2
3
4
5
6

Disclosure
History
Main target
Flexibility
Hardware cost
Installation and implementation
cost
Re-inspect
Delivery to file
License cost
Delivery to software
Training cost
Upgrading cost
User manual
Internal storage
Internal memory
Interoperability
Off-line capability
Internal support
Communication protocols
Migration
Support cost
Documents
Demo
Direct benefits
Indirect benefits
Documentation standards

Main target
Off-line capability
History
Migration
Disclosure
Flexibility

Change
in Rank
+2
-4
-1
+16
-4
-2

Internal storage
Installation and implementation cost
License cost
Indirect benefits
Interoperability
Internal support
Documents
Direct benefits
Internal memory
Upgrading cost
Delivery to software
Documentation standards
Communication protocols
Re-inspect
Delivery to file
Training cost
Support cost
User manual
Hardware cost
Demo

+7
-2
0
+15
+5
+6
+9
+10
0
-4
-7
+8
0
-13
-13
-11
-2
-11
-20
-3

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
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CHAPTER 5
Prioritizing professional competencies in Ontario environmental public health: A bestworst scaling experiment
INTRODUCTION
Public health professionals must be proficient in a broad range of competencies, which
represent occupational knowledge, skills, and values, in order to be effective in their roles and
contribute to improving population health. [1] Competency-based professional development is
important for increasing proficiency, but several barriers exist related to motivating institutional
change, understanding competency-based approaches to professional development, and funding.
[2, 3] In 2005, the Public Health Agency of Canada committed to building a stronger public
health workforce under a national public health strategy developed by the
Federal/Provincial/Territorial Health Ministers. [4] This strategy focused on improving
federal/provincial/territorial collaboration, defining the governance and accountability
mechanisms of the newly created Public Health Agency of Canada, and establishing federal
leadership in public health through the Chief Public Health Officer for Canada. [5]
To begin building a stronger public health workforce as part of the national public health
strategy, the Public Health Agency of Canada created a national framework with four goals
related to workforce characterization, planning, and development. [6] One of these goals was to
build public health skills and competencies in the workforce. A set of 36 public health core
competencies was created to describe the essential knowledge, skills, and values of every public
health professional in Canada. [1] These competencies are organized into seven categories:
Public Health Sciences (5 competencies), Assessment and Analysis (6 competencies), Policy and
Program Planning, Implementation, and Evaluation (8 competencies), Partnerships,
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Collaboration, and Advocacy (4 competencies), Diversity and Inclusiveness (3 competencies),
Communication (4 competencies), and Leadership (6 competencies). [1]
The Canadian Institute of Public Health Inspectors (CIPHI) created a Continuing
Professional Competencies Working Group which built upon the core public health
competencies by developing a set of 133 discipline-specific competencies as part of a larger
initiative to formally professionalize environmental public health in Canada, and increase and
maintain the capacity of environmental public health professionals (EPHPs) to protect health [79]. These discipline-specific competencies describe the diverse knowledge, skills, and values
that are needed by and expected of proficient EPHPs who may work in different roles and in
different practice areas. [10] These competencies are organized into eight categories that mirror
the public health core competency categories with the addition of a Legal and Regulatory
category. [1, 10]
Other environmental public health competency sets have been developed including those
developed by the Institut National du Santé Publique du Québec in 2012, and the American
Public Health Association and National Center for Environmental Health in 2001, with four and
fourteen competencies, respectively. [11, 12] These and other public health competency sets are
indicative of a growing trend of competency-based training and education for adult learners that
emphasize relevance of the learning experience to practice, a transparent and active learning
process with clear and explicit activities and outcomes, integration of prior knowledge and
experiences into the learning experience, and direct and timely application of learned knowledge
and skills to practice. [3, 13-15].
One of the ways in which CIPHI’s discipline-specific competencies are used by EPHPs is
to identify proficiencies and opportunities for improvement, set goals to improve proficiency,
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and seek professional development (PD) opportunities to work towards these goals. Although
basic proficiency in all eight categories and 133 competencies is necessary for effective
environmental public health practice in general, EPHPs have different roles (e.g. managerial and
front-line), and practice in diverse areas such that EPHPs may consider certain competencies as
more important for their specific work. [10] For example, those in management positions may
consider Leadership competencies as more important to their work compared to front-line
workers, and therefore may require greater proficiency in these competencies as well as targeted
opportunities to develop proficiency in these competencies. However, in general, variation in the
perceived importance of categories and competencies according to current EPHPs are unknown.
This information is important in overall workforce development as it can help to guide the
assessment, planning, and delivery of current and future professional development and training
opportunities that aim to increase proficiency in professional competencies.
To address this, the objectives of this Ontario, Canada-based study were to prioritize the
eight competency categories, determine if these priorities differed by demographic and
occupational variables, and prioritize the competencies within each category. Prioritization was
based on how relatively important a category or competency was perceived to being an effective
EPHP, both now and over the next five years. By determining the relative importance of each
category and competency to environmental public health practice, those categories and
competencies that require greater proficiency can be identified to inform future workforce
development activities.

METHODS
Overview
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Best-worst scaling was the methodological approach used to achieve the study objectives.
Best-worst scaling is a quantitative discrete-choice method that measures the subjective value
associated with particular items. [16] In this study, the subjective value being measured was
importance, and the items were the categories and competencies. Best-worst scaling assumes that
individuals possess underlying continuums of importance related to these categories and
competencies, and that they will make choices that are reflective of these continuums. [16] Using
categories as an example (although the same is true for competencies), individuals were
repeatedly asked to choose the most important (“best”) and least important (“worst”) category
from changing subsets of categories (ie. A different subset of categories was shown in each
question). An exemplar question is shown in Appendix 5.1. Best-worst scaling assumes that the
more important a particular category is relative to the other categories in the subset, the more
likely it will be chosen as most important. Conversely, the less important a particular category is
relative to the other categories in the subset, the more likely it will be chosen as least important.
[16] The relationship between relative importance and choice frequency can be modelled as a
multinomial logit function. [17] The best-worst scaling methodological approach used in this
study was divided into four steps: 1) Retrieve a list of the categories and competencies to be used
in the study; 2) Arrange the categories and competencies into changing subsets according to an
experimental design; 3) Design and deploy a survey to collect most important and least important
choice information; and, 4) Analyze the choice information to determine the relative importance
of each category and competency.
1) Retrieve a list of categories and competencies
The categories and competencies in this study were used verbatim from CIPHI’s
Competencies for Ongoing Development: Continuing Professional Competencies (CPC) Project
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(2009 version). [10] The distribution of competencies across the eight categories is as follows:
Public Health Sciences (26 competencies); Assessment and Analysis (23 competencies); Policy
Program Planning, Implementation, and Evaluation (17 competencies); Partnership,
Collaboration, and Advocacy (11 competencies); Diversity and Inclusiveness (11 competencies);
Communication (14 competencies); Leadership (17 competencies); and, Legal and Regulatory
(14 competencies).
In this study, there were nine best-worst scaling exercises in total. The first exercise
measured the relative importance of the eight categories. The other eight exercises measured the
relative importance of the competencies in the eight categories with each exercise corresponding
to an individual category. For instance, one exercise measured the relative importance of the 26
“Public Health Sciences” competencies while another exercise measured the relative importance
of the 23 “Assessment and Analysis” competencies, and so on.
2) Arrange the categories and competencies into subsets
Sawtooth Software SSI Web v8.3.8 was used to generate the experimental design for
each of the nine exercises. [18] The experimental design determines the specific arrangement of
categories or competencies into subsets. SSI Web uses a proprietary design algorithm that
optimizes four features of the experimental design: One-way frequency balance (Each category
or competency appears the same number of times across the best-worst scaling exercise); Twoway frequency balance (Each pair of categories or competencies appears the same number of
times across the exercise); Positional balance (Each category or competency appears in each row
the same number of times), and; Connectivity (The importance of each category or competency
can be inferred relative to the other categories or competencies). [17] Three hundred versions of
each of the nine experimental designs were generated to control for context effects (e.g. Order of
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categories or competencies in each question) that may alter individuals’ choice processes. [19]
Categories were specifically arranged into eight questions with three categories in each
question. This ensured that each category was viewed three times across the best-worst scaling
exercise. Across the eight best-worst scaling exercises evaluating the relative importance of
competencies within each category, the number of questions per exercise ranged from 9 – 20
questions, depending on the number of competencies in a particular exercise. In each exercise,
there were always four competencies in each question such that each competency was viewed
three times across the exercise. Sawtooth Software recommends that items (ie.
Categories/competencies) are viewed three to five times across an exercise in order to increase
the precision of estimating individual-level importance values. [20]
3) Design and deploy the survey to collect choice information
The electronic survey consisted of three sections: Demographics; Category best-worst scaling
exercise; and, Competency best-worst scaling exercises. Given that there were eight competency
best-worst scaling exercises corresponding to the eight individual categories, respondents were
randomly allocated to complete one of the eight exercises. The nine demographic questions were
collaboratively developed with a small group of Ontario environmental public health
management who provided iterative feedback from June – August 2014 (n=5). This same group
pilot-tested the entire survey in September 2014, and their feedback was incorporated into the
final survey. The survey was developed using Sawtooth Software SSI Web v8.3.8. [18]
A convenience sample was recruited by sending the survey URL link to the Association
of Supervisors of Public Health Inspectors in Ontario (ASPHIO) listserv (n=168) and CIPHI
Ontario listserv (n=624) in October 2014 (n=792). ASPHIO listserv members representing all
environmental public health management in Ontario were asked to disseminate the survey URL
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link to their Canadian Public Health Inspector-certified staff who were not on the CIPHI listserv
in order to reach as many Canadian Public Health Inspector-certified individuals as possible.
Four survey reminders were sent in October 2014 – January 2015. The survey closed after 15
weeks in January 2015. Ethical approval for this study was received from the University of
Guelph Research Ethics Board (REB 14AU013).
4) Analyze the choice information: Overview
Survey data were managed using Microsoft Excel 2010. Demographic data were
analyzed using descriptive statistics in Microsoft Excel 2010. The mean, standard deviation,
minimum and maximum values were calculated for continuous demographic variables, and
frequency counts were determined for categorical demographic variables.
Choice data were analyzed using Hierarchical Bayes (HB) estimation, conducted in
Sawtooth Software CBC/HB for Hierarchical Bayes Estimation Version 5.5.3. [21] The
following description of HB will use the analysis of category choice information as an example
to simplify the explanation, but the same is true for competency choice information. HB models
respondents’ “most important” and “least important” choices as a two-level model, hence the
term hierarchical, that has an upper-level and a lower-level. The upper-level aggregates
respondents’ choices, and models them as a normal distribution with a population mean (α) and a
variance/covariance (D). The lower-level models individual respondent’s choices as a
multinomial logit function, expressed as Pi = eu(i) / Σ eu(ij) for “most important” choices and Pi =
e-u(i) / Σ e-u(ij) for “least important” choices, where Pi is the probability of choosing a category as
most/least important, u(i) is the relative importance of a particular category, and u(ij) is the
relative importance of the other categories in the subset. [22] The dependent variable in the
lower-level is choice, and the independent variable is “categories”, which is modelled as a single
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variable where (n-1) categories are dummy-coded and the final category is the referent level. The
multinomial logit function seeks to maximize the likelihood of individual respondent’s choices
by assigning particular relative importance values to the (n-1) categories (with the referent
category being assigned a relative importance value of zero), that best fit the individual’s choice
data.
The upper-level and lower-level “interact” with one another through a Markov Chain
Monte Carlo (MCMC) simulation. [22] MCMC iteratively and conditionally estimates the upperlevel variables, α (population mean) and D (population variance/covariance), and the lower-level
variables, βs (relative importance values for each category), in that order in each iteration.
Typically, at least 10000 preliminary iterations are run where the MCMC simulation converges
on relatively stable variable estimates, and then an additional 10000 iterations (called draws) are
run from which the final variable estimation values are calculated. In doing so, information about
the relative importance of each category at the population-level is used to refine the estimation of
the relative importance of each category at the individual-level. [23] Thus, HB can estimate the
relative importance of categories for each individual despite relatively sparse information about
their “most important” and “least important” choices. [20]
The “interaction” of the upper- and lower-levels can be further refined by adding
covariate(s) to the upper-level. [22] Covariates are variables, such as demographic or
occupational variables, that add additional information about the study population to the model.
[22] If this additional information is related to the “most important” and “least important”
choices that individuals made (e.g. Male and female respondents made different choices relative
to each other), then covariates can help to further refine the estimation of the relative importance
of each category. [24] Covariate weights, known as theta values, are also iteratively estimated,
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and represent the change in the relative importance of a particular category for each unit increase
in the covariate (for continuous covariates), and for belonging in a categorical level relative to
the referent level (for categorical covariates). [24]
In this study, nine HB models, one for the category best-worst scaling exercise and eight
for the competency best-worst scaling exercises were estimated. Convergence of the models
were assessed using a graph of the MCMC iterations where a horizontal band pattern was taken
as evidence of convergence. Individual-level model fit was assessed using root likelihood values
for each individual. Root likelihood is the geometric mean of the predicted choice probabilities
(Pi), and can range from 0 to 1. [22] A value of 1 / # of categories in a subset is the root
likelihood of a randomly-fit model, and a value of 1 is the root likelihood of a perfectly-fit
model. [22] Individual-level root likelihood can help to identify internally inconsistent
respondents who provided either random or less thoughtful choice information. [25]
Analyze the choice information: Categories
The category model was estimated using 10000 preliminary iterations, 10000 draws per
respondent, and default software settings. Individual-level root likelihood values were evaluated,
and a minimum root likelihood of 0.387 was applied. This value is based on suggested minimum
root likelihood values published by Sawtooth Software, Inc. [25] Respondents below the
minimum root likelihood were removed from the dataset, and the category model was reestimated. Demographic covariates were singly added to the upper-level. Continuous covariates
were zero-centered by subtracting the mean value from all other values in order to aid
interpretation of the intercept. Groups within categorical covariates were collapsed, if possible,
or groups were removed from the covariate if the group contained less than 5% of the study
population. The contribution of upper-level demographic covariates to estimation of the lower-
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level model was assessed using theta values. Mean theta values for each category were
calculated by averaging the final 10000 iterative estimates (out of a total of 20000 iterations).
The significance of mean theta values was determined by sorting the values from the smallest to
largest value in Microsoft Excel 2010. If >95% of these values were positive or if >95% of these
values were negative, then significance was assumed at the 90% confidence level. [24] A
covariate was retained in the upper-level if at least half of the categories’ mean theta values were
significant. All retained covariates were then added together to the upper-level, and their
significance was similarly assessed. Covariates were dropped one at a time if less than half of the
mean theta values associated with that covariate were significant. Dropped covariates were
singly re-introduced to the final model to re-assess their significance.
Analyze the choice information: Competencies
The eight competency models were estimated using 100000 preliminary iterations and
10000 draws per respondent. Given the small sample size for each model, a minimum fit statistic
was not applied, and demographic covariates were not added to the upper-level.
Analyze the choice information: Rescaling the relative importance values
Initial importance values (βs) for each of the nine models were transformed from a logit
scale to a probability scale to aid interpretation. [22] Importance values were zero-centered, and
then exponentiated using the formula (eZero-centered value/ eZero-centered value + (a – 1)) where a is the
number of categories or competencies in the subsets (a = 3 for categories, a = 4 for
competencies). The exponentiated values were then multiplied by a constant such that they
summed to 100 for each individual respondent. Descriptive statistics (mean, standard deviation,
minimum value and maximum value) of the importance values and their 95% confidence
intervals, assuming a normal distribution for the category model and a t-distribution for the
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competencies models given their respective sample sizes, were then determined across the
respondents in Microsoft Excel 2010.

RESULTS
Study population
A total of 500 surveys were electronically accessed with 265 complete responses
(completed both the category and competency best-worst scaling exercises), 58 partially
complete responses (completed the category best-worst scaling exercise, but not the competency
best-worst scaling exercise), and 177 incomplete responses (completed neither of the best-worst
scaling exercises). Partially complete responses were included in the analysis of the category
best-worst scaling exercise (n=323). Of the 177 incomplete responses, 59 respondents (33.3%)
only viewed the letter of information, and did not enter the survey; 77 respondents (43.5%)
dropped out during the demographic section; 3 respondents (1.7%) completed the demographic
section but dropped out before the category best-worst scaling exercise; and, 38 respondents
(21.5%) dropped out during the category best-worst scaling exercise. Four responses were
excluded after initially analyzing the category best-worst scaling exercise as they were below the
minimum root likelihood value, indicating that these responses lacked internal consistency. Thus,
the final dataset consisted of 319 responses with 263 complete responses (82.4%) and 56
partially complete responses (17.6%), yielding a completion rate of 63.8% for the category bestworst scaling exercise only, and 52.6% for both the category and competency best-worst scaling
exercises.
Demographics
The majority of respondents were generalists (n=243; 76.4%), meaning that they
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practiced in more than one practice area (Table 5.1). Safe Food was the most common practice
area (n=255; 79.9%), whereas Healthy Living and Healthy Community Environments was the
least common practice area (n=129; 40.4%). The majority of respondents were front-line
practitioners (n=195; 61.5%), 24.3% (n=77) were in a supervisory role, 9.15% (n=29) were
senior practitioners, 3.1% (n=10) were consultants, and 1.9% (n=6) were instructors. Central
Eastern Ontario was the most common geographic practice area (n=79; 26.9%) and North
Western Ontario was the least common geographic practice area (n=9; 3.1%). The majority of
respondents practiced in both urban and rural areas (n=167; 52.5%), with 27.0% (n=86)
practicing in only urban areas and 20.4% (n=65) practicing in only rural areas. An urban area
was defined as a population size of at least 30000 people whereas a rural area was defined as a
population size of 29999 people or less. The majority of respondents received their formal public
health inspection education from Ryerson University (n=257; 81.3%). The average length of
work experience was 15 ± 11.3 years, with a wide-range of experience ranging from 0 to 50
years of experience. Approximately half of the respondents were female (n=165; 52.4%), 42.9%
(n=135) were male, and 4.8% (n=15) opted not to answer the question.
Categories
The final hierarchical model for estimating the relative importance of the eight categories
included job title as a binary covariate in the upper-level. The covariate categories were frontline practitioners which included both front-line and senior practitioners, and management which
included managers/supervisors, assistant/associate directors, and executive directors or directors.
Management was the referent level. Given that consultants and instructors represented less than
5% of the study population and were not sensibly collapsed into one of the other categories,
these sixteen respondents were dropped from the model. The final model included 301
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respondents.
Communication was considered most important to being an effective environmental
public health professional over the next five years relative to the other categories (Mean
importance score ± Standard deviation = 20.6 ± 9.8) whereas Diversity and Inclusiveness was
least important relative to the other categories (Mean importance score ± Standard deviation =
4.2 ± 7.2) (Table 5.2). The remaining six categories had mean importance scores ranging from
11.6 – 13.8. Across the seven categories (Legal and Regulatory was the referent category),
management placed significantly greater importance on five categories relative to front-line
practitioners as evidenced by significant mean theta values (Table 5.3). [24] These categories in
order of decreasing mean theta values were Leadership (Θ = -3.9), Policy and Program Planning,
Implementation and Evaluation ((Θ = -3.1), Partnerships, Collaboration and Advocacy (Θ = 1.4), Assessment and Analysis (Θ = -1.4), and Public Health Sciences (Θ = -1.3). There was no
difference in the relative importance placed on Communication and Diversity and Inclusiveness
between management and front-line practitioners.
Competencies
The number of respondents randomly assigned to each of the competency prioritization
exercises ranged from 23 (Communication) to 39 (Legal and Regulatory) respondents. The
competency in each category with the numerically highest mean importance score were:


“Apply appropriate risk communication principles/strategies and exchange information
with colleagues, other professionals, and clients” (Communication - Table 5.4)



“Analyze and apply risk assessment and protection strategies” (Public Health Sciences –
Table 5.5)
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“Assess risk status based on investigation, in order to assign priorities for assessment,
inspection and follow-up actions” (Assessment and Analysis – Table 5.6)



“Identify, explain and apply priorities to maximize outcomes based on workload
assigned” (Policy and Program Planning, Implementation, and Evaluation – Table 5.7)



“Evaluate issues that need collaboration with communities/partners and other
stakeholders to amend legislation/policies and protect the health and well-being of
individuals and communities” (Partnerships, Collaboration, and Advocacy – Table 5.8)



“Research, advocate, and apply proposed policies, legislation, and standards that improve
current levels to protect the health and well-being of individuals and communities”
(Legal and Regulatory – Table 5.9)



“Research and apply learning opportunities for environmental public health staff to build
strong teams with different skill sets, and to promote sharing of knowledge, tools,
expertise, and experience” (Leadership – Table 5.10)



“Apply cultural sensitivity while maintaining the protection of public health as the
number one priority” (Diversity and Inclusiveness – Table 5.11)

DISCUSSION
Building on the development of national discipline-specific competencies in
environmental public health, this study aimed to determine the relative importance of categories
and their competencies to being an effective EPHP currently, and over the next five years, and
whether certain sub-groups of EPHPs differed in the importance that they assign to categories.
At the category level, Communication was considered to be the most important to
effective practice, which may reflect its central role for all EPHPs regardless of their specific
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roles or areas of practice. Communication in environmental public health encompasses verbal
and non-verbal communication with different professional and community audiences and media
outlets, and digital literacy skills including the effective use of modern communication fora such
as social media. [10] Given its fundamental role in environmental public health, several
environmental public health schools in Canada offer formal comprehensive courses on
communication (e.g. Professional Health Communication at Ryerson University) as part of their
undergraduate program. [26] Once EPHPs enter the field, their specific communication needs
may differ depending on their roles. For example, front-line workers and managerial staff may
differ in the audiences with which they communicate on a regular basis. Front-line workers must
communicate with the public on a daily basis whereas managerial staff communicate with their
staff, other public health employees, and the media as part of their supervisory duties. Among
front-line workers, communicating with the public may require a range of skills in order to
effectively work with different populations based on demographics and sociocultural
characteristics. When planning PD opportunities in communication, it is important to consider
both who is being trained, in terms of their prior knowledge, skills and values, the specific
audiences that they will interact with as part of their duties, and the method(s) of communication
that will be used. [13] The planning process could also include collaborating with environmental
public health schools to synergize communication training in formal and continuing education.
Diversity and inclusiveness was considered to be least important to effective practice
among the eight categories which may be reflective of a number of different rationales. EPHPs
may feel that diversity and inclusiveness already pervade all other categories, and therefore is
less important as a stand-alone category. For example, diversity and inclusiveness must already
be considered when communicating with different audiences, developing community
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partnerships, or planning and implementing environmental policies and programs. This is already
recognized in some formal education offerings. At the British Columbia Institute of Technology,
intercultural awareness is part of the communication course titled “Professional and intercultural
communication for environmental health”. [27] Continuing PD opportunities should incorporate
diversity and inclusiveness as appropriate, and should aim to reflect the variety of socio-cultural
factors that EPHPs encounter in their daily practice. Further qualitative investigation into how
EPHPs view, encounter and incorporate diversity and inclusiveness in relation to their mandate
to protect health, and in relation to other public health professions, is needed in order to design
relevant and impactful continuing PD opportunities.
The remaining six categories (Public Health Sciences; Assessment and Analysis; Policy
and Program Planning, Implementation, and Evaluation; Partnerships, Collaboration, and
Advocacy; Leadership; Legal and Regulatory) had similar importance scores. However, the
significant differences in the perceived importances of these six categories between managerial
and front-line staff suggest that these two groups may need to be considered separately when
designing PD opportunities related to these six categories. For example, leadership training for
managerial staff may include training on how to lead EPHPs in order to increase environmental
public health capacity, whereas leadership training for front-line staff may include training on
how to be leaders in the communities that they work with in order to increase health protection.
Fundamental differences between managerial and front-line staff are already recognized in other
public health competency sets. For example, the Public Health Agency of Canada’s public health
core competencies describe different ways in which managerial and front-line staff may
demonstrate the same competency. [1] The Council on Linkages between Academia and Public
Health Practice similarly recognized this with different competency statements for front-line
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workers, managers/supervisors, and senior/executive management. [28] Future revisions of
CIPHI’s discipline-specific competencies may also benefit from recognizing fundamental
differences in EPHP practice based on job title. Close collaboration between ASPHIO and CIPHI
in designing, implementing, funding, and advocating for future PD opportunities should be
further developed and maintained to ensure that the different training needs of front-line and
managerial staff are represented.
To our knowledge, this study represents the first study to quantify the importance of
environmental public health categories and competencies to the profession using best-worst
scaling as the methodological approach. Previous studies assessing public health workforce
needs have utilized panels [29], focus groups [30-32], interviews [32], and surveys which
commonly employed Likert scales as their measurement method [33-40]. Best-worst scaling may
be more time-efficient than qualitative approaches, and may be better able to detect differences
in importance between categories/competencies and between groups compared to rating scales.
[19] This greater sensitivity stems from the fact that respondents are required to make trade-offs
between categories/competencies, and cannot simply select that every category/competency is
important. [19] Best-worst scaling also utilizes the more natural process of making a choice to
indicate importance, rather than converting importance into a number or qualitative description,
as in Likert scales, which may introduce bias. [19] However, the trade-off is that best-worst
scaling exercises tend to be longer, and thus take more time than surveys using Likert scales,
which may lead to increased respondent fatigue and response error. [19] It also may provide less
rich information than qualitative methods. However, it should be considered as another available
tool in assessing training preferences and proficiency levels and re-assessing the importance of
categories and their competencies to EPHPs in future.
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Based on the findings of this study, we recommend the following areas of future direction
for increasing proficiency in the discipline-specific competencies in the future:


Given that Communication is considered the most important competency category
relative to the other categories, assess the availability and quality of current PD
opportunities using the Communication competencies as an evaluative
framework. Assess the proficiency levels of current EPHPs in Communication
competencies to determine if a competency gap exists. If a competency gap exists
and current PD opportunities are insufficient, then design new trainings that are
competency-based, grounded in adult learning theories, and delivered using a
blended learning approach.



Given that Diversity and Inclusiveness is considered the least important
competency category relative to the other categories, evaluate how EPHPs
perceive diversity and inclusiveness in their roles and responsibilities. Consider
incorporating diversity and inclusiveness into more PD opportunities, as
appropriate, to emphasize the potential impacts of differing demographics and
sociocultural factors on EPHP practice.



Given that managerial and front-line staff differ in their perceived importance of
the remaining categories, consider managerial and front-line staff as two distinct
groups of learners and design PD opportunities that are tailored to the specific
needs and scenarios that are encountered in their practices.

It is important to recognize that the findings of this study are limited by sample size,
particularly when estimating the importance of individual competencies. Although respondents
were randomly allocated to evaluate competencies within a particular category, the sample size
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range of 23 – 39 respondents may indicate that some sampling error occurred during the
randomization process. There were a large number of incomplete responses, which decreased the
completion rate of this study and may have introduced some response bias. Of note, the first
recruitment e-mail was sent to the national CIPHI listserv rather than the provincial CIPHI
Ontario listserv such that some out-of-province respondents who started the survey would have
dropped out during the demographic section that included Ontario-specific questions. This may
explain why the majority of incomplete respondents dropped out of the survey during the
demographic section.
Another limitation was the convenience sampling approach used in this study, which may
limit generalizability to EPHPs in Ontario. Furthermore, the study population was limited to
Ontario which may affect its generalizability to EPHPs in other provinces. The disciplinespecific competencies used in the study were up-to-date at the time of the study, but any future
revisions to these competencies will require a new estimation of importance with updated
competency statements. Lastly, it is important to note that the rankings of the categories and
competencies were based on numeric rather than formal statistical differences between the mean
importance scores. Thus, any true differences, from a statistical perspective, between mean
importance scores were not identified. However, the degree of overlap between the 95%
confidence intervals around the mean importance scores may be used to indicate where
similarities and differences between mean importance scores possibly exist. The identification of
formal statistical differences would have been limited by the small sample sizes, particularly in
the models that estimated the importance scores of individual competencies.
Based upon this work, future directions may include developing a competency-based
framework that can be used to identify areas of proficiency strengths and gaps relating to the
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professional competencies, map existing PD opportunities and if necessary, design new PD
opportunities, determine if there are any barriers to obtaining proficiency, and reduce or remove
any identified barriers, if needed. In doing so, the capacity of EPHPs to protect population health
may be enhanced through increased professional competence.

CONCLUSION
Environmental public health competencies are valuable statements for designing and
assessing current and future PD opportunities. Attaining proficiency in these competencies will
increase the capacity of EPHPs to protect population health. Communication was identified as
the most important competency category to environmental health practice by EPHPs, while
diversity and inclusivity was seen as less important relative to the other categories. The
importance placed on individual competencies should be combined with knowledge of
proficiency levels and mapped curricular offerings in order to prioritize those competencies,
which should be addressed first by new PD opportunities. CIPHI and ASPHIO should consider
the potential for collaboration with other federal and provincial organizations including Public
Health Ontario, the Public Health Agency of Canada, post-secondary institutions, and boards of
health to build upon this work by identifying gaps, mapping existing PD opportunities, and
developing a competency-based framework that increases opportunities for and removes barriers
to PD in order to increase environmental public health capacity in Canada. By investing in the
capacity of EPHPs through training and development, the health of all Canadians will be better
protected.
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TABLES
Table 5.1
Descriptive statistics of survey respondents who completed at least category
prioritization and were above the minimum Hierarchical Bayes fit statistic (n=319)
Variable
Number of Mean/Standard Min Max
participants Deviation or
Frequency (%)
Role
318
Generalist
243 (76.4)
Specialist
75 (23.6)
Practice Area(s)
319
Safe Food
255 (80.0)
Safe Water
229 (71.8)
Health Hazard Management
227 (71.2)
Disease & Infection Control
216 (67.7)
Healthy Living & Healthy Community
129 (40.4)
Environments
Emergency Preparedness
150 (47.0)
Other
46 (14.4)
Primary job title
317
Front-line
195 (61.5)
Senior
29 (9.1)
Manager/Supervisor
63 (19.9)
Assistant/Associate Director
3 (0.9)
Executive Director or Director
11 (3.5)
Consultant
10 (3.2)
Instructor in Environmental Public Health
6 (1.9)
Public Health Region
294
North West
9 (3.1)
North East
25 (8.5)
Eastern
41 (13.9)
Central East
79 (26.9)
Central West
45 (15.3)
South West
70 (23.8)
Toronto
25 (8.5)
Work Setting
318
Urban (≥30000 people)
86 (27.0)
Rural (≤29999 people)
65 (20.4)
Mixed
167 (5 – 98%
urban) (52.5)

School where CIPHI-certification received

316
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Ryerson University
British Columbia Institute of Technology
Concordia University College of Alberta
Cape Breton University
First Nations University of Canada
Collège communautaire du NouveauBrunswick
Other
Years of Work Experience in Environmental
Public Health
Gender
Male
Female
Prefer not to answer

257 (81.3)
14 (4.4)
10 (3.2)
22 (7.0)
1 (0.3)
0 (0.0)

316

12 (3.8)
14.9 ± 11.3

315
135 (42.9)
165 (52.4)
15 (4.8)
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Table 5.2
Ranked environmental public health categories according to mean importance
scores determined by Hierarchical Bayesian analysis (n=301)
Rank
Category
Mean Importance Score
Standard
Min Max
(95% Confidence Interval)
Deviation
1
Communication
20.6
9.8
0.5
35.6
(19.5 – 21.7)
2
Public Health
13.8
10.5
0.0
33.2
Sciences
(12.6 – 15.0)
3
Assessment and
13.5
10.0
0.2
32.6
Analysis
(12.4 – 14.7)
4
Policy and Program
12.6
10.2
0.1
33.8
Planning,
(11.4 – 13.7)
Implementation and
Evaluation
5
Partnerships,
11.9
9.8
0.0
31.5
Collaboration and
(10.8 – 13.0)
Advocacy
6
Legal and Regulatory 11.8
10.3
0.0
30.9
(Referent)
(10.6 – 12.9)
7
Leadership
11.6
10.7
0.1
33.3
(10.4 – 12.8)
8
Diversity and
4.2
7.2
0.0
29.0
Inclusiveness
(3.4 – 5.0)
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Table 5.3
Mean intercept and theta values associated with environmental public health
categories when job role (front-line worker vs management (referent)) was included as a
covariate in the upper-level of a Hierarchical Bayesian model used to determine the relative
importance of categories (n=301)
Category
Mean Intercept
Mean Theta
Number of
Number of
Value
positive theta
negative theta
values
values
Public Health
1.7
-1.3*
193
9807
Sciences
Assessment and 1.7
-1.4*
124
9876
Analysis
Policy and
2.7
-3.1*
0
10000
Program
Planning,
Implementation
and Evaluation
Partnerships,
1.3
-1.4*
285
9715
Collaboration
and Advocacy
Diversity and
-2.3
-0.8
1558
8442
Inclusiveness
Communication 3.1
-0.8
1030
8970
Leadership
2.9
-3.9*
0
10000
Legal and
Referent
Regulatory
*Asterisk indicates a significant mean theta value at the 90% confidence level (two-sided test)
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Table 5.4
Ranked Communication competencies according to mean importance scores
determined by Hierarchical Bayesian analysis (n=30)
Rank
Competency
Mean
Standard Min Max
Importance deviation
Score
(95%
Confidence
Interval)
1
Apply appropriate risk communication
13.7
5.6
0.9
19.9
principles/strategies and exchange
(11.6 – 15.8)
information with colleagues, other
professionals, and clients
2
Assess the needs of learners and teach
11.7
5.1
1.4
19.3
environmental public health concepts to
(9.8 – 13.6)
persons of all ages, genders, cultures, and
educational backgrounds, in various
settings and with available resources
3
Explain basic environmental public health 11.4
5.4
0.8
20.0
concepts and the value and importance of
(9.4 – 13.4)
possible consequences and resolutions to
clients and the public, using both written
and oral communication
4
Apply effective communication skills in
10.0
5.2
2.8
19.3
preparing letters/orders and/or inspection
(8.1 – 12.0)
reports and records, which provide clear
language and direction according to basic
public health principles
5
Research, interpret, and prepare
9.8
6.7
0.8
21.7
information related to an identified issue
(7.3 – 12.3)
that requires immediate action to reduce
risk for distribution to the community
6
Identify and use teaching as part of
8.9
4.4
2.2
18.3
regulatory functions of environmental
(7.3 – 10.5)
public health program delivery activities
7
Use effective listening skills when
7.2
3.9
1.9
15.4
participating in a situation related to a
(5.8 – 8.7)
health issue/action
8
Design, develop, and implement
5.7
3.8
1.0
14.4
community networks to receive and
(4.3 – 7.1)
provide information about issues that may
affect the health of citizens (Referent)
9
Explain the goals, purposes, problems, and 5.6
5.1
0.3
16.3
needs for effective and efficient delivery
(3.7 – 7.5)
10
Use flexibility when preparing public
4.3
3.3
0.9
12.7
health educational programs and
(3.0 – 5.5)
information
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11
12

13
14

Use polite, prompt, and professional
communication
Explain resolution of conflicts within the
agency, in the community, and with
regulated parties
Interpret amended concepts to policymakers using current technology
Develop communication protocols
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3.9
(2.4 – 5.4)
3.4
(2.5 – 4.3)

4.0

0.1

15.6

2.4

0.8

10.2

2.2
(1.0 – 3.4)
2.1
(0.9 – 3.4)

3.3

0.0

15.3

3.4

0.1

12.3

Table 5.5
Ranked Public Health Sciences competencies according to mean importance
scores determined by Hierarchical Bayesian analysis (n=35)
Rank

1

Competency

4

Analyze and apply risk assessment and
protection strategies
Explain the control measures used to prevent
or reduce exposure to hazards
Identify, explain and apply, where necessary,
the most recent provincial/regional
requirements, standards, guidelines, policy
and program changes including amendments
using relevant reference materials
Explain potential public health impacts

5

Identify and explain hazards

6

Develop policies and procedures to manage
actions taken by department, especially on
high risk events and activities (Referent)
Apply systematic inspection processes to any
premises, and conduct audits when applicable
Recommend behavioural changes based on
knowledge and historical data such as
communicable disease trends
Analyze activities to assist in effective and
efficient delivery
Identify symptoms and etiology of common
diseases, using relevant reference materials
Use and maintain knowledge of current
technologies, inspection equipment and
sampling equipment
Use equipment, techniques and procedures to
conduct inspections/investigations
Describe and explain the procedures for
investigating an incident such as an outbreak
Using resources available, identify potential
incident causes
Research policy and procedure development
and analyze evidence to help with the
evaluation of policies and programs

2
3

7
8

9
10
11

12
13
14
15
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Mean
Importance
Score
(95%
Confidence
Interval)
8.0
(7.2 – 8.9)
6.7
(5.8 – 7.6)
6.5
(5.4 – 7.6)

Standard
Deviation

Min

Max

2.5

1.7

11.0

2.6

1.7

10.3

3.1

0.3

11.2

6.3
(5.5 – 7.2)
6.3
(5.3 – 7.2)
5.5
(4.2 – 6.7)

2.5

2.2

10.4

2.9

1.4

10.0

3.7

0.2

12.1

5.3
(3.9 – 6.8)
5.2
(4.0 – 6.4)

4.2

0.0

11.4

3.4

0.1

11.3

5.2
(4.2 – 6.1)
4.3
(3.2 – 5.4)
4.3
(3.3 – 5.3)

2.8

0.3

10.1

3.2

0.1

10.2

2.9

0.3

9.2

4.1
(3.1 – 5.1)
3.9
(2.7 – 5.0)
3.8
(2.9 – 4.6)
3.5
(2.3 – 4.8)

2.9

0.1

9.2

3.4

0.2

9.9

2.5

0.4

9.0

3.7

0.1

10.6

16
17

18
19
20
21
22
23
24
25
26

Based on information provided, implement or
rescind relevant advisories/orders/recalls
Develop operation plans or provide
feedback/input on operational plans to
Managers, looking at evidence and research
Evaluate program needs or provide
feedback/input to Managers
Identify, explain and assess principles
Assess and monitor the quality of one's own
work
Evaluate political action and perspective to
support policies and programs
Explain advisories/orders/recalls
Explain changes to sampling techniques and
advances related to analysis results
Identify and explain analysis reports
Explain roles and functions of the CPHI(C)
holder
Evaluate the historical interaction of public
health and local/regional conditions
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3.4
(2.4 – 4.4)
3.4
(2.3 – 4.5)

3.0

0.1

10.0

3.2

0.2

11.4

2.4
(1.5 – 3.4)
2.3
(1.6 – 3.1)
2.1
(1.4 – 2.8)
1.9
(0.8 – 2.9)
1.7
(1.0 – 2.4)
1.4
(1.0 – 1.9)
1.0
(0.6 – 1.3)
0.8
(0.3 – 1.3)
0.6
(0.3 – 0.9)

2.8

0.0

9.6

2.1

0.2

9.2

2.1

0.1

7.3

3.1

0.0

10.4

2.0

0.0

7.3

1.3

0.1

4.6

1.0

0.0

3.6

1.5

0.0

7.3

1.0

0.0

4.7

Table 5.6
Ranked Assessment and Analysis competencies according to mean importance
scores determined by Hierarchical Bayesian analysis (n=30)
Rank

1

2

3

4
5

6

7

8

9

10
11

12

Competency

Assess risk status based on investigation,
in order to assign priorities for assessment,
inspection and follow-up actions
Explain and apply progressive enforcement
actions required when hazardous practices,
related illnesses, or non-compliance
activities have been identified
Analyze internally generated data and
communicate it to staff to enhance
effective program delivery and assist in
planning and setting future environmental
public health directions
Evaluate the effectiveness of performance
of procedures, interventions, and programs
Assess and interpret requirements and best
practices that are relevant to local
conditions and policies
Analyze internally generated quality
assurance data to assist in planning for and
setting future directions
Identify and interpret illness or adverse
results based on available evidence and
analysis
Interpret and apply methodologies,
including biostatistics and epidemiology,
and recommend specific actions to assist in
planning for and setting future directions
When applicable, identify and assess
areas/facilities to confirm non-compliance
activities
Use appropriate methodologies to collect,
store, and retrieve accurate information
Evaluate resource needs and conduct
assessments based on analysis of program
information when applicable
Identify and assess past public health
impacts of failed systems and recommend
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Mean
Importance
Score
(95%
Confidence
Interval)
10.8
(9.6 – 12.0)

Standard
Deviation

Min

Max

3.2

0.5

13.5

9.2
(7.5 – 10.8)

4.4

0.3

13.8

9.1
(7.9 – 10.3)

3.1

1.7

12.8

7.6
(6.4 – 8.9)
7.1
(5.7 – 8.5)

3.4

2.4

13.1

3.7

0.7

11.9

6.5
(5.2 – 7.7)

3.3

1.1

11.2

5.3
(4.3 – 6.2)

2.6

0.8

11.7

4.7
(3.4 – 6.0)

3.5

0.1

11.5

4.6
(3.2 – 5.9)

3.5

0.4

12.1

4.3
(3.1 – 5.6)
4.3
(3.0 – 5.7)

3.4

0.4

11.8

3.6

0.4

10.7

4.2
(2.7 – 5.6)

3.8

0.1

12.0

13
14
15

16
17
18
19

20

21
22

23

corrective action
Identify and apply relevant reference
material for activities and issues
Identify and evaluate tools, equipment and
procedures (Referent)
Evaluate program implications for political
and local audiences in non-technical terms,
using appropriate media
Review and monitor compliance of plans

3.9
(2.7 – 5.2)
2.8
(1.9 – 3.6)
2.7
(1.8 – 3.7)

3.3

0.3

11.8

2.3

0.2

10.4

2.6

0.1

9.1

2.5
(1.5 – 3.6)
Apply existing data collection tools to
2.1
assess outcomes
(1.3 – 2.9)
Assist stakeholders in development and
1.7
implementation of applicable plans
(1.3 – 2.2)
Identify community leaders and champions 1.6
as sources of information for community
(0.9 – 2.4)
action
Identify and understand how to set up a
1.5
sampling program for a given site and
(1.1 – 1.9)
situation, when relevant policy is in place
Design new data collection tools to assess
1.3
outcomes
(0.6 – 1.9)
Analyze technical papers, understand
1.3
tabular and graphical presentations of data, (0.7 – 1.8)
and interpret them for a non-technical
audience
Identify indicators used in sampling
1.0
quality
(0.5 – 1.4)

2.8

0.0

9.9

2.1

0.3

8.7

1.3

0.2

4.9

2.0

0.0

7.2

1.1

0.1

4.3

1.8

0.0

7.5

1.4

0.0

5.5

1.1

0.0

4.3
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Table 5.7
Ranked Policy and Program Planning, Implementation and Evaluation
competencies according to mean importance scores determined by Hierarchical Bayesian
analysis (n=37)
Rank

1

2

3

4

5

6
7

8

9
10

11
12

13

Competency

Identify, explain and apply priorities to
maximize outcomes based on workload
assigned
Analyze program data, including
investigation procedures and risk reduction,
to assess progress and program
effectiveness
Identify and explain prevention and risk
management strategies to address incidents,
outbreaks and emergencies
Interpret the results of interventions during
an audit or inspection to determine if
improvements have occurred over time
Evaluate the implementation of continuing
quality assurance, and develop a plan to
implement recommendations to improve
quality assurance and assessment results
Analyze risk and evaluate lessons learned
during a public health emergency/outbreak
Explain relevant data and prepare reports to
document actions, keep records, and inform
appropriate parties on issues
Evaluate program activity outcomes to
determine whether resources budgeted are
being maximized/used effectively
Implement, evaluate and maintain fiscally
responsible programs and projects
Explain and propose amendments to policy,
procedures, operational plans, or existing
legislation and/or implement changes
Identify and explain effective guidelines,
policies and procedures
Identify areas to work with others to
implement policies and ensure continuing
quality assurance
Develop strategies for determining budget
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Mean
Importance
Score
(95%
Confidence
Interval)
10.1
(8.3 – 11.8)

Standard
Deviation

Min

Max

5.3

0.7

17.9

9.9
(8.7 – 11.1)

3.6

2.5

14.8

8.9
(7.3 – 10.4)

4.6

0.7

16.4

8.8
(7.4 – 10.2)

4.3

0.8

16.4

8.1
(6.3 – 9.8)

5.2

0.4

17.2

6.9
(5.7 – 8.2)
6.7
(5.3 – 8.1)

3.8

0.8

15.8

4.3

0.7

15.9

5.7
(4.2 – 7.3)

4.7

0.3

15.6

5.0
(3.4 – 6.6)
4.9
(3.9 – 6.0)

4.8

0.1

17.1

3.1

0.4

14.2

4.9
(3.6 – 6.2)
4.5
(3.3 – 5.7)

3.8

0.2

12.4

3.5

0.3

14.9

3.7

4.8

0.1

16.8

14
15
16
17

priorities, which are incorporated into a
program budget (Referent)
Analyze policy statements and procedures
related to inspection/assessment activities
Explain selected policy and program
options that address a specific health issue
Evaluate the feasibility and expected
outcomes of each program policy option
Recommend proposed activities for an
operational plan
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(2.1 – 5.3)
3.3
(2.4 – 4.2)
3.2
(2.1 – 4.3)
3.1
(2.5 – 3.6)
2.3
(1.4 – 3.2)

2.6

0.5

11.2

3.3

0.1

14.3

1.8

0.6

6.9

2.8

0.0

10.5

Table 5.8
Ranked Partnerships, Collaboration and Advocacy competencies according to
mean importance scores determined by Hierarchical Bayesian analysis (n=23)
Rank

1

2

3

4

5
6

7

8

9

10

Competency

Evaluate issues that need collaboration
with communities/partners and other
stakeholders to amend legislation/policies
and protect the health and well-being of
individuals and communities (Referent)
Use team building, negotiation, and
conflict resolution skills to build
community partnerships and facilitate
effective team delivery of programs
Explain and use collaborative techniques
with neighbouring agencies,
organizations, communities, and
professionals, to promote common
education initiatives/services
Research, prepare, deliver and evaluate
educational programs on current
techniques and advances, and identify
and prepare related materials
Use applicable practices to
enhance/promote behavioural change
Evaluate and advocate for the equitable
allocation of resources related to program
delivery
Identify key persons in organizations
located in your area and use a
coordinated approach to open and
maintain communication lines between
stakeholders
Develop a dialogue between local
governments and community partners
regarding identified strategies, to attain
and sustain behaviour change
Describe role and mandate related to any
issue when queried by public, municipal
partners, related agencies, or other
professionals
Recommend stakeholder participation in
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Mean
Importance
Score
(95%
Confidence
Interval)
15.4
(13.3 – 17.6)

Standard
Deviation

Min

Max

5.0

5.7

23.4

12.3
(9.7 – 15.0)

6.1

1.9

21.4

11.2
(8.5 – 13.8)

6.1

1.0

22.8

10.6
(7.3 – 13.9)

7.6

1.8

23.7

9.9
(6.3 – 13.5)
9.3
(5.6 – 13.1)

8.4

0.2

26.5

8.6

0.3

24.7

8.1
(5.1 – 11.0)

6.8

0.4

23.0

8.1
(5.5 – 10.6)

5.9

0.8

20.8

6.6
(4.2 – 8.9)

5.4

0.6

21.5

4.5

2.7

0.4

9.9

11

education programs and other learning
opportunities
Develop media release materials to
promote or provide information on an
issue
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(3.4 – 5.7)
4.0
(1.4 – 6.7)

6.1

0.3

22.1

Table 5.9
Ranked Legal and Regulatory competencies according to mean importance scores
determined by Hierarchical Bayesian analysis (n=39)
Rank

1

2

3

4
5

6

7

8

9

10

11

Competency

Research, advocate, and apply proposed
policies, legislation, and standards that
improve current levels to protect the
health and well-being of individuals and
communities
Apply the underlying principles of
legislation and hazard analysis/risk
assessment
Apply selected policies and applicable
regulatory tools and options when noncompliance is observed
Use legal and regulatory discretion when
dealing with issues and problems
Identify and explain rationale for
enforcement action on non-compliant
practices
Identify, understand, and follow the legal
and regulatory context of applicable
legislation
Assess and provide recommendations in
response to proposed policies, legislation,
and standards that affect program
delivery
When other strategies have been
exhausted, identify and explain
enforcement procedures according to
policy
Implement and evaluate the limitations
and uses of public health legislation,
policies, and standards (Referent)
Identify and understand the relevant
legislative infrastructure and roles of
authority at the municipal, provincial,
federal, and multi-jurisdictional levels
Recommend specific actions or
amendments to legislation based on the
analysis of information
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Mean
Importance
Score
(95%
Confidence
Interval)
14.5
(12.3 – 16.7)

Standard
Deviation

Min

Max

6.8

0.2

22.6

12.6
(10.8 – 14.4)

5.6

0.3

21.2

8.9
(7.3 – 10.5)

4.9

1.5

19.9

8.3
(6.5 – 10.2)
8.3
(6.5 – 10.0)

5.6

0.7

20.0

5.3

0.8

19.0

8.0
(6.3 – 9.7)

5.3

0.3

18.4

7.7
(6.0 – 9.3)

5.2

0.6

18.6

6.1
(4.6 – 7.6)

4.6

0.2

17.3

5.9
(4.4 – 7.5)

4.8

0.7

17.5

5.6
(3.8 – 7.3)

5.4

0.2

16.2

4.7
(3.4 – 6.0)

4.0

0.4

13.7

12
13
14

Apply enforcement procedures applicable
to the situation
Analyze interventions that include
enforcement leading to litigation
Identify and assess recent legislative
changes, as applicable
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3.7
(2.7 – 4.8)
3.0
(2.3 – 3.8)
2.6
(2.0 – 3.3)

3.2

0.1

10.7

2.4

0.4

13.9

2.1

0.5

10.7

Table 5.10
Ranked Leadership competencies according to mean importance scores
determined by Hierarchical Bayesian analysis (n=37)
Rank

1

2

3
4

5

6

7

8

9

10

Competency

Research and apply learning
opportunities for environmental public
health staff to build strong teams with
different skill sets, and to promote
sharing of knowledge, tools, expertise,
and experience
Identify solutions to environmental
public health problems, with guidance
from other CPHI(C) holders as applicable
Explain and share knowledge, tools,
expertise, and experience
Design, develop, and implement
continuing education sessions for peers
and related stakeholders on successes and
challenges in delivering applicable
environmental public health programs
Assess issues and recommend policies
and practices that advance public health
goals and organizational learning
Design, implement, and evaluate quality
assurance processes of all programs,
policies, and best practices
Evaluate and provide direction and
empathy when presented with staff
concerns related to situations experienced
in the field (Referent)
Recommend and apply key values of
environmental public health programs
and policies in the community
In committees, explain, use, and assess
best practices and incorporate relevant
guidelines into policies and practice
Explain the key values of the
organization (employer) and follow a
shared vision in the planning and
implementation of environmental public
health programs and policies in the
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Mean
Importance
Score
(95%
Confidence
Interval)
12.6
(11.3 – 14.0)

Standard
Deviation

Min

Max

4.0

3.9

16.9

11.0
(9.6 – 12.4)

4.2

2.5

16.2

10.8
(9.4 – 12.2)
9.2
(7.8 – 10.5)

4.1

3.0

16.4

4.0

1.3

14.4

9.1
(7.8 – 10.4)

3.9

2.2

15.2

7.7
(6.0 – 9.4)

5.0

0.4

16.0

6.7
(5.1 – 8.4)

4.9

0.3

17.0

6.1
(4.8 – 7.3)

3.7

0.5

12.8

5.2
(3.9 – 6.5)

3.9

0.1

14.4

4.6
(3.3 – 5.9)

4.0

0.4

17.3

11
12
13

14

15

16

17

community
Assist employer organization to
become/stay evidence-based
Explain performance standards in all
Public Health programs
Explain the CIPHI Code of Ethics to
manage self in all areas of environmental
public health, and act ethically with
clients, information, and resources
Evaluate the historical development,
structure, and interaction of
environmental public health and health
care systems at the local,
provincial/territorial, national, and
international levels
Analyze program activity data for
inclusion in the organization's annual
performance report
Explain the mission and priorities of the
environmental public health organization
where one works
Implement and evaluate information
about the economic and political
implications of decisions
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4.4
(3.4 – 5.4)
2.7
(1.8 – 3.6)
2.6
(1.8 – 3.3)

3.1

0.4

13.5

2.7

0.2

10.0

2.3

0.2

6.9

2.3
(1.0 – 3.6)

3.8

0.0

14.5

2.3
(1.1 – 3.4)

3.5

0.1

13.5

1.4
(0.8 – 2.1)

1.9

0.1

8.0

1.4
(0.8 – 1.9)

1.7

0.0

7.6

Table 5.11
Ranked Diversity and Inclusiveness competencies according to mean importance
scores determined by Hierarchical Bayesian analysis (n=32)
Rank

1

2

3

4

5

6

7

8

9

10

11

Competency

Apply cultural sensitivity while
maintaining the protection of public
health as the number one priority
Develop policies and program delivery
mechanisms that respond to diversity in
population, regional, educational, age,
gender, health status, and ability-related
characteristics
Develop strategies to ensure that both
professional and support staff understand
the importance of using diverse and
inclusive approaches
Develop an organizational framework
and policy structure that supports a
culture of collaboration and partnership
Identify population, cultural,
socioeconomic, and educational diversity
when contributing to the development of
educational and promotional materials
Implement opportunities for training and
understanding cultural diversity
(Referent)
Identify how cultural diversity influences
activities and how they may need to be
adapted to respond to diversity issues
Apply culturally relevant behaviour
change requirements with sensitivity and
tact
Identify and assess how regional and
cultural perceptions of authority may
influence how enforcement and attempts
for behaviour change are received
Identify and assess when to collaborate to
effectively address culturally relevant
issues
Develop strategies and approaches that
recognize workplace diversity when
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Mean
Importance
Score
(95%
Confidence
Interval)
17.4
(14.5 – 20.4)

Standard
Deviation

Min

Max

8.1

0.9

27.8

11.2
(8.2 – 14.1)

8.2

0.4

27.1

11.1
(9.2 – 13.0)

5.3

1.4

21.8

10.7
(8.7 – 12.8)

5.6

2.1

23.4

9.5
(6.9 – 12.1)

7.3

0.6

24.0

8.6
(6.4 – 10.9)

6.3

0.7

22.0

8.0
(6.8 – 9.3)

3.4

2.4

15.0

7.6
(6.0 – 9.3)

4.6

1.0

16.4

7.4
(5.5 – 9.3)

5.3

0.9

22.5

6.1
(4.6 – 7.6)

4.1

0.9

17.5

2.3
(1.5 – 3.1)

2.3

0.1

8.3

dealing with occupational issues
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CHAPTER 6
Conclusion
SUMMARY
The aim of this dissertation was to support capacity building in public health by gaining a
better understanding of the underlying values that end-users who are intended to benefit from
capacity-building processes possess using best-worst scaling as the primary methodological
approach. End-users included both the general public and environmental health professionals in
this dissertation. Best-worst scaling is a quantitative approach to measuring values that is
commonly used in marketing research, but is relatively new to the public health field. It is an
alternative approach to ranking or rating techniques that overcomes some of their limitations,
including the number of items that can be reliably ranked, and systematic differences in the ways
that individuals use rating scales that may introduce response bias. [1, 2]
Capacity in public health is a multi-dimensional construct that has not been fully
characterized, and so, a tiered public health capacity framework that delineated some of the
primary components of public health capacity based on former comprehensive evaluations of the
Canadian and Ontario public health systems was first developed. [3] Underlying values of endusers were assessed using best-worst scaling in three contexts corresponding to different tiers of
the public health capacity framework. This research proceeded to measure the underlying value
of relative importance in the following contexts: 1) community well-being in Guelph, Ontario
(enhanced public health tier – enhanced public health capacity); 2) information management in
Ontario environmental health (foundation tier – data & information capacity), and; 3) workforce
development in Ontario environmental health (human resources tier – human resources
capacity).
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In the first context, the relative importance of community well-being indicators was
assessed from the perspective of community members who are the end-users of local public
health programs and services. In the second context, the relative importance of different features
of an environmental health information management system was measured from the perspective
of environmental health supervisors who are responsible for ensuring that their teams are able to
effectively collect and mobilize environmental data and information at local, provincial and
national levels. In the final context, the relative importance of professional competencies was
determined from the perspective of environmental health professionals who are the end-users of
training and professional development programs in environmental health.
Measuring importance is key to building capacity as it helps to determine what program
recipients ultimately want rather than simply making assumptions. It also allows end-users to
participate in the capacity-building process, and have what is important to them reflected in the
public health programs and services that are developed. In doing so, this will ideally encourage
end-users to make use of these programs and services to ultimately improve population health
and well-being, whether as a public health service provider or recipient.

MAJOR FINDINGS
Based on a qualitative assessment of the usage of the terms “capacity” and “capacities” in
the formal reports on the Canadian and Ontario public health systems that were made after the
2003 Severe Acute Respiratory Syndrome (SARS) outbreak, seventeen components of public
health capacity were identified, and subsequently arranged into a framework with five
progressive tiers that move from the individual to the systems level. The five tiers were human
resources (1 component), foundation (5 components), program (6 components), integrative (4
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components), and enhanced public health (1 component) (Chapter 2). This framework is
intended for public health professionals at the local, provincial and national levels. It can be used
to guide capacity assessments that determine where capacity already exists within an
organization, and identify where capacity is needed to meet population health needs. This
knowledge can then potentially be used to establish partnerships that leverage existing capacities
within the public health system, and avoid redundant capacity-building initiatives.
Efforts to build community well-being capacity should initially concentrate on creating
healthy populations and improving living standards. Indicators of these two well-being domains
were collectively considered to be more important than those of the other six domains, namely
(and in order of decreasing relative importance): time use; education; community vitality; leisure
and culture; environment; and, democratic engagement (Chapter 3). It also appeared that relative
importance of most indicators is adjusted by increasing levels of community dependency (ie.
Having to care for dependents including children and the elderly). Relative importance can
inform public health professionals on how communities think about their well-being, and may
identify certain communities, such as those with more dependents, who may require a different
approach to well-being promotion. Planning and implementing future community well-being
initiatives may benefit from a better understanding of how community members value different
domains of their well-being.
The capacity of environmental public health professionals to collect, analyze, and
mobilize data and information both within and across public health units in Ontario may be
increased by an integrated environmental health information management system that is
implemented by all public health units (Chapter 4). Currently, public health units use different
systems that may inhibit data and information sharing. [4] A uniform and integrated system

158

should first meet the reporting and functionality needs of system users, and should be provided
by a reliable vendor who can provide timely support.
Finally, providing training opportunities for environmental public health professionals to
increase their proficiency in particular competencies may build their capacity to effectively
perform their job duties. Communication was considered most important to the profession,
whereas diversity and inclusiveness was considered least important relative to the other six
competency categories, namely (and in order of relative importance): public health sciences,
assessment and analysis, policy and program planning, implementation and evaluation,
partnerships, collaboration and advocacy, legal and regulatory, and leadership. The relative
importance of these six middling categories was adjusted by job role with management being
more likely to consider these categories as relatively important compared to front-line workers.
Thus, different training opportunities may need to be developed for management and front-line
staff to reflect the importance of particular competencies to their specific roles in maintaining
and improving environmental health.

LIMITATIONS
Best-worst scaling, as the primary methodological approach used in this dissertation, has
an important limitation. It measured relative rather than absolute importance, which limits its
interpretation. [5] Relative importance refers to the importance of items (e.g. wellbeing
indicators, information system features, professional competencies) relative to one another
whereas absolute importance refers to the independent importance of items. Thus, the research
studies were able to conclude that one item was more important than another item, but not that an
item was important or unimportant. Indeed, two individuals could both consider that one item is
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more important than another item, but one may feel that the first item is very important, in an
absolute sense, and the other may feel that it is unimportant. In other words, items can have the
same relative importance, but different absolute importance. Best-worst scaling, as employed in
this dissertation, is unable to differentiate between these types of importance. [5] However, this
may be of less concern in public health, in general, as most public health programs and services
are mandatory, and therefore understanding their absolute importance would have no bearing on
whether these programs and services are delivered or not.
In developing the public health capacity framework, the components of capacity were
identified from reports that were made in response to the SARS outbreak, and thus the authors’
evaluation of the Canadian and Ontario public health systems paid particular attention to more
salient areas, such as infectious disease control and emergency management. Thus, the
components of public health capacity related to these areas of public health, and not to other
areas such as chronic disease management or maternal and child health, were included in the
framework. There are likely other components of public health capacity that were not identified
based on this qualitative review of the SARS reports that will need to be incorporated into the
framework in the future.
All three best-worst scaling studies used a convenience sampling approach. This type of
sampling approach, compared to a random sampling approach, restricts the ability to generalize
the study findings to the sample populations (ie. City of Guelph residents in Chapter 3, and
Ontario environmental health professionals in Chapters 4 and 5). Some of the statistical models
used to determine the relative importance values also had small sample sizes, which may have
decreased the precision of the parameter estimates, and also limited generalizability.
Furthermore, rankings and comparisons of mean importance scores in each study were based on
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numerical rather than formal statistical differences. Thus, one cannot conclude from these studies
whether every observed difference was a true difference or not. However, the practical
applications of the study findings were felt to be largely unaffected by this lack of information.

FUTURE RESEARCH
Given that public health capacity is a multi-dimensional construct, further identification
of its components, particularly program components, in other areas of public health that were not
focused on in the SARS reports is needed. While these reports represented the most recent and
comprehensive review of the Canadian and Ontario public health systems at the time of
conducting this research, these reports were published over ten years ago. Future systems
reviews may provide a better understanding of public health capacity components. The
framework should also be validated by current public health professionals by assessing its ability
to guide capacity assessments, and identify capacity reservoirs and needs.
Community well-being is a central focus of local public health, and an understanding of
the relative importance of different aspects of community well-being can be used to design and
deliver programs and services that leverage their importance, and meet well-being needs. Future
research may repeat this study, but specifically recruit those in priority populations to determine
how they assign importance to their well-being, and to tailor well-being-related programs and
services to them. Other future research may assess whether tailoring public health messages
based on what is most important to community well-being has greater impact on knowledge and
awareness compared to more generic messages. Local public health may also consider including
the best-worst scaling exercise used in this study in future population health assessments to
specifically gather information related to the importance of wellbeing in the communities that
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they serve.
Using the ratings and relative importance values of environmental information
management system features, the Environmental Health Informatics Committee should
incorporate this information into a Request for Proposals (RFPs) that can be used to solicit
potential vendors. Upon receiving vendor proposals, the ratings and relative importance values
should then be used to evaluate the proposals, and guide the decision-making process. In
particular, the relative importance values are particularly well-suited to guide any trade-off
decisions that must be made among the features that were included in the best-worst scaling
exercise. By understanding how much more important one feature is over another feature, more
informed trade-off decisions can be made. The best-worst scaling exercise was conducted among
management at the health unit level, thus future research may wish to repeat the same exercise
with front-line workers at the individual level.
Moving forward in the development of the environmental public health workforce, the
Canadian Institute of Public Health Inspectors (CIPHI) Ontario and the Association of
Supervisors of Public Health Inspectors of Ontario (ASPHIO) should use their understanding of
the relative importance of professional competencies to evaluate current and future professional
development and training opportunities. When evaluating current opportunities, CIPHI may
consider how to better measure, inform, and link environmental public health professionals to
those opportunities that address the most important competencies (relative to the other
competencies in a particular category). They may work to ensure that all professionals have
sufficient proficiency in these competencies, regardless of their role and practice area(s). CIPHI
may also consider what opportunities are currently available for management versus front-line
workers in order to potentially tailor these opportunities to these groups of professionals. When
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considering the design and implementation of future opportunities, CIPHI may consider first
developing those opportunities that address the most important competencies, if these
opportunities are not already available or easily accessible. Future opportunities should be
tailored for management and front-line workers, in order to address their particular proficiency
needs.
All three of the best-worst scaling studies were cross-sectional rather than longitudinal.
Future research may evaluate the stability of relative importance values over time, which may be
particularly interesting for community well-being. Future research may also address the impact
of recruitment setting on relative importance values. For example, in this work, did completing
the survey in a health versus non-health setting affect the relative importance that individuals
placed on different aspects of their well-being? Understanding the role of time and setting on
how individuals make best-worst choices is an area of future research that should be explored.
Overall, best-worst scaling has had limited application in the public health field, to date.
Thus, more applications in all areas of public health that make use of best-worst scaling as a
methodological approach are needed. Any ranking or rating activity can be replaced by bestworst scaling, which has the benefit of generating ratio-scaled data (e.g. Item X is twice as
important as Item Y) from nominal choice data rather than ordinal data (e.g. Item X is more
important than Item Y). On the other hand, best-worst scaling exercises tend to be longer, may
be more confusing for some participants, and the output is currently less familiar to public health
professionals given the novelty of this approach in public health. [5] Future research may address
how to best implement best-worst scaling as a routine methodological approach.

FINAL REMARKS
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More public health capacity is needed at all levels to maintain and improve population
health in the future. Including end-users by understanding and incorporating their values may
guide and enhance the capacity-building process to yield programs, services and tools that are
customized to their needs and desires, and thus potentially increase their uptake and utilization.
[6] Best-worst scaling is an ideal approach for understanding end-user values for a number of
reasons: It engages respondents in the natural process of making choices; it yields ratio-scaled
data such that the differences in value between items can be directly inferred; commercial
software programs, including Sawtooth Software and SAS, that support the design and analysis
of best-worst scaling exercises are readily available; and, it can be used to measure any
subjective values and items in any public health area. Indeed, this dissertation demonstrates that
best-worst scaling can be applied in multiple ways to build different types of capacities, and
engage different end-users at both the local and provincial level. Whether best-worst scaling
exercises are incorporated into pre-existing population health surveys or new data collection
tools are developed, best-worst scaling should become a routine tool that is used to build
capacity, and ultimately improve population health.
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APPENDICES
Appendix 2.1
The government and government-commissioned reports that were
qualitatively analysed for their usage of the terms “capacity” and “capacities” in relation to
public health
National Advisory Committee on SARS and Public Health. (2003). Learning from SARS:
Renewal of public health in Canada. Ottawa, ON: Health Canada.
Expert Panel on SARS and Infectious Disease Control. (2003). For the public’s health: Initial
report of the Ontario expert panel on SARS and infectious disease control. Toronto, ON:
Ministry of Health and Long-Term Care.
Expert Panel on SARS and Infectious Disease Control. (2004). For the public’s health: A plan
of action: Final report of the Ontario expert panel on SARS and infectious disease control.
Toronto, ON: Ministry of Health and Long-Term Care.
*Unable to access Chapter One: Agency Design
Standing Senate Committee on Social Affairs, Science and Technology. (2003). Reforming
health protection and promotion in Canada: Time to act. Ottawa, ON: Government of Canada.
Ontario Ministry of Health and Long-Term Care. (2004). Operation health protection.
Toronto, ON: Ministry of Health and Long-Term Care.
The SARS Commission. (2004). Interim report: SARS and public health in Ontario. Toronto,
ON: Ministry of Health and Long-Term Care.
The SARS Commission. (2005). Second interim report: SARS and public health legislation.
Toronto, ON: Ministry of Health and Long-Term Care.
The SARS Commission. (2006). Final report: Spring of fear. Toronto, ON: Ministry of Health
and Long-Term Care.
Ontario Ministry of Health and Long-Term Care. (2005). Report of the agency implementation
task force – Part one: Building an innovative foundation: A plan for Ontario’s new public
health agency. Toronto, ON: Ontario Ministry of Health and Long-Term Care.
Ontario Ministry of Health and Long-Term Care. (2006). Final report of the agency
implementation task force: From vision to action: A plan for the Ontario agency for health
protection and promotion. Toronto, ON: Ontario Ministry of Health and Long-Term Care.
Capacity Review Committee. (2005). Interim report of the capacity review committee:
Revitalizing Ontario’s public health capacity: A discussion of issues and options. Toronto,
ON: Queen’s Printer for Ontario.
Capacity Review Committee. (2006). Revitalizing Ontario’s public health capacity: The final
report of the capacity review committee. Toronto, ON: Queen’s Printer for Ontario.

166

Appendix 3.1

One version of the well-being survey distributed in paper-and-pencil format

What is important to your wellbeing in Guelph?
Letter of Information
Who is conducting this study? This research is being conducted by a collaborative
Research Team from Wellington-Dufferin-Guelph Public Health and the Department
of Population Medicine at the University of Guelph in Guelph, Ontario. The Research
Team includes: Andrea Roberts, Director of Family Health and Health Analytics;
Jennifer MacLeod, Manager of Health Analytics and Health Promotion; Dr. Patrick
Seliske, Epidemiologist; Dr. Andrew Papadopoulos, Associate Professor and
Coordinator, Master of Public Health program; and, Lauren Wallar, PhD student.
What is this study about? The purpose of this research is to understand the value that
Guelph citizens place on the things that contribute to having a high quality of life. By
understanding these values, Wellington-Dufferin-Guelph Public Health can better
plan their programs and services. The study consists of a 5-10 minute survey. You
must be 18 years of age or older, and live in the City of Guelph to complete the
survey. There are no known physical, psychological, economic, or social risks
associated with this study. Benefits of participating in this study including being
able to share your opinion, and potentially influence the planning and delivery of
public health programs and services in Guelph.
Is my participation voluntary? Yes. You do not have to answer any question that you find
objectionable or that makes you feel uncomfortable. Simply leave the question
blank. There are no consequences for withdrawing from the survey. Once your
responses are submitted, you cannot withdraw your responses as we are unable to
identify your specific responses in order to remove them.
What will happen to my responses? We will keep your responses confidential. Only the
Research Team will have access to this information. The data may be published in
professional journals or presented at scientific conferences, but any such
presentations will be of general findings and will never disclose individual
responses or information. If you are interested in the study results, please contact
Andrew Papadopoulos, Lauren Wallar, or Jennifer MacLeod. Your contact
information cannot be linked to your responses.
Will I be compensated for my participation? At the end of the survey, you will be invited
to submit your name into a draw for one of four possible prizes: (1) 16GB iPad Mini;
(1) $50 Galaxy Cinemas gift card; (1) $50 Bon Appetit gift card; or (1) $50 Stone
Road Mall gift card. The estimated odds of winning are ~1:150. Your contact
information cannot be linked to your survey responses.
What if I have concerns? Any questions about study participation may be directed to
either Lauren Wallar (lwallar@uoguelph.ca), Andrew Papadopoulos
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(apapadop@uoguelph.ca) or Jennifer MacLeod
(Jennifer.MacLeod@wdgpublichealth.ca). Any ethical concerns about the study may
be directed to Sandy Auld, Director of Research Ethics at sauld@uoguelph.ca or 519824-4120 ext 56606.
We invite you to retain this letter for your information. By submitting a survey, you have
given your informed consent to participate in this study. Again, thank you. Your
interest in participating in this study is greatly appreciated.
This study has been granted clearance according to the recommended principles of Canadian
ethics guidelines, and University of Guelph's policies (REB 14MY008).

What is important to your wellbeing in Guelph?
Wellington-Dufferin-Guelph Public Health and the University of Guelph are conducting a
survey on what makes life in Guelph great. In the following questions, you will be asked
to provide some basic information about yourself, and choose between different
wellbeing indicators based on how important they are to you. We appreciate your time!

Part I: Basic Information
1) Do you live in the City of Guelph, AND are 18 years of age or older? (Y/N) _______
2) How old are you? ___________________________________________________________________________
3) What is your 6-digit postal code? ________________________________________________________
4) Before taxes and deductions, what is your annual household income? ___________
a) $19,999 or less
b) $20,000 - $79,999
c) $80,000 or more
5) What is your gender? ___________
a) Male
b) Female
c) Other
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6) Did you immigrate to Canada? ___________
a) Yes
b) No (Please skip to question 8)
7) How long have you lived in Canada? ___________
a) Less than 5 years
b) 5 – 10 years
c) 11 years or more
8) What is your ethnicity? ___________
a) Caucasian
b) African-American
c) Aboriginal
d) Latin American
e) West Asian or Arab
f) East or Southeast Asian
g) South Asian
h) Other
9) What is your marital status? ___________
a) Unmarried
b) Married or Common-law
c) Separated or Divorced
d) Widowed
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10) Do you have children less than 18 years of age living at home? ___________
a) Yes
b) No (Please skip to question 12)
11) Are you a single parent? ___________
a) Yes
b) No
12) What is the highest level of education that you have achieved? ___________
a) Completed university or college
b) Some university or college
c) Completed high school
d) Some high school
13) What is your employment status? ___________
a) Full-time permanent
b) Part-time permanent
c) Full-time temporary
d) Part-time temporary
e) Unemployed
f) Student
g) Other
_____________________________________________________________________________________________

Thanks for telling us about yourself! We would now like to learn more about what is
important to your wellbeing in Guelph. In the following 15 questions, you will choose
the Most Important and Least Important wellbeing indicator in each question. You
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will see the same wellbeing indicator several times. However, answer each question
separately. Each question will only take you seconds to answer! We value your input.
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1) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Regularly voting in the municipal election
Having a university or college certificate, diploma,
or degree
Having enough time to do what needs to get done
Having adequate housing
Feeling part of your community
2) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Having a university or college certificate, diploma,
or degree
Youth start high school ready to learn
Women represent half of City Council
Feeling safe while out at night
Having good physical health
3) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Having good physical health
City Council policies improve your community
Decreasing air pollution
Decreasing home water use
Reducing income inequality
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Least

4) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Having enough time to do what needs to get done
Decreasing air pollution
Feeling safe while out at night
Regularly attending arts and culture events
Volunteering at least once per year
5) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

City Council policies improve your community
Having enough time to do what needs to get done
Children start kindergarten ready to learn
Having good quality of health care services
Having nutritious food
6) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Having nutritious food
Women represent half of City Council
Reducing income inequality
Commuting less than 30 minutes to work
Having adequate housing
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Least

7) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Volunteering at least once per year
Having good quality of health care services
Decreasing Guelph’s unemployment rate
Women represent half of City Council
Increasing green space
8) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Decreasing home water use
Feeling part of your community
Having good quality of health care services
Youth start high school ready to learn
Having good mental health
9) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Commuting less than 30 minutes to work
Children start kindergarten ready to learn
Regularly participating in physical activity
Having good mental health
Feeling safe while out at night
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Least

10) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Children start kindergarten ready to learn
Increasing green space
Regularly voting in the municipal election
Having good physical health
Working less than 50 hours per week
11) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Having adequate housing
Decreasing home water use
Regularly attending arts and culture events
Increasing green space
Regularly participating in physical activity
12) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Reducing income inequality
Volunteering at least once per year
Having good mental health
Regularly voting in the municipal election
Regularly using recreation and cultural facilities
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Least

13) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Regularly attending arts and culture events
Regularly using recreation and cultural facilities
Youth start high school ready to learn
Having nutritious food
Working less than 50 hours per week
14) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Regularly using recreation and cultural facilities
Regularly participating in physical activity
City Council policies improve your community
Having a university or college certificate, diploma,
or degree
Decreasing Guelph’s unemployment rate
15) Check off the one indicator that is Most Important and the one indicator that is
Least Important to you.
Most

Wellbeing Indicator

Least

Working less than 50 hours per week
Decreasing Guelph’s unemployment rate
Feeling part of your community
Decreasing air pollution
Commuting less than 30 minutes to work
_________________________________________________________________________________________________________
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Thank you for helping us to learn more about you and your wellbeing. We appreciate
your time and input.
If you would like to be entered into a draw for a chance to win one of four possible
prizes including an iPad Mini or 1 of 3 $50 gift cards, please fill out a ballot. Your
responses to this survey cannot be linked to your contact information.
Thank you for your time and effort!

177

Appendix 4.1
Exemplar question from the best-worst scaling exercise for prioritising
features of an Ontario environmental health information management system
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Appendix 5.1
Exemplar question from the best-worst scaling exercise for prioritising the
relative importance of the eight environmental public health professional competency categories
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