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Objective: To address limitations in measuring the preparedness capacities of health departments, we
developed and tested the Local Health Department Preparedness Capacities Assessment Survey
(PCAS).

Methods: Preexisting instruments and a modified 4-cycle Delphi panel process were used to select
instrument items. Pilot test data were analyzed using exploratory factor analysis. Kappa statistics were
calculated to examine rater agreement within items. The final instrument was fielded with 85 North
Carolina health departments and a national matched comparison group of 248 health departments.

Results: Factor analysis identified 8 initial domains: communications, surveillance and investigation,
plans and protocols, workforce and volunteers, legal infrastructure, incident command, exercises and
events, and corrective action. Kappa statistics and z scores indicated substantial to moderate
agreement among respondents in 7 domains. Cronbach a coefficients ranged from 0.605 for legal
infrastructure to 0.929 for corrective action. Mean scores and standard deviations were also calculated
for each domain and ranged from 0.41 to 0.72, indicating sufficient variation in the sample to detect
changes over time.

Conclusion: The PCAS is a useful tool to determine how well health departments are performing on
preparedness measures and identify opportunities for future preparedness improvements. Future
survey implementation will incorporate recent Centers for Disease Control and Prevention’s Public
Health Preparedness Capabilities: National Standards for State and Local Planning. (Disaster Med

Public Health Preparedness. 2013;7:578-584)
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ocal health departments (LHDs) are essential to

emergency preparedness and response activities.

They have statutory authority to perform key
functions including community health assessments and
epidemiologic investigations, enforcement of health laws
and regulations, and coordination of the actions of
the agencies in their jurisdictions that comprise the
local public health system.! However, preparedness also
involves specialized functions in incident command,
countermeasures and mitigation, mass health care
delivery, and management of essential health care supply
chains.? Moreover, effective emergency preparedness and
response may require the performance of routine public
health activities under unusual time pressure and resource
constraints. Consequently, the ability of an LHD to
perform routine public health activities under usual
conditions may not predict its capacity for performing
emergency preparedness and response activities.

Federal, state, and local public health agencies have
made substantial investments to improve the pre-
paredness capacities and capabilities of state and local
public health agencies.* A lack of valid and reliable
data collection instruments, however, has made it
difficult to determine whether the investments have
improved state and local public health capacities to
effectively prevent, detect, or respond to public health
emergencies. Although a number of instruments
collect self-reported data on the preparedness of state
and local public agencies, few of these instruments
have been subjected to formal validity and reliability
testing.3

Existing conceptual models of public health system
performance, which are grounded in organizational
sociology and industrial organization economics, stress
the importance of structural characteristics of public
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health agencies and their relationships with other organizations
in the public health system.”™ These structural characteristics
determine the capacity of the system to respond to public
health threats, including statutory authority, financial and
human resources, governance structures, and interorganiza-
tional relationships with both governmental and private
organizations that have relevant resources and expertise.

Valid, reliable measures of LHD preparedness can be used to
determine performance levels and identify performance gaps
and potential sources of performance variation. Addressing
these gaps and reducing unwarranted variation are critical to
assuring an appropriate public health response to a variety
of public health threats, such as pandemic influenza.® To
date, one critical road block to developing valid, reliable
instruments to measure preparedness capacities has been
the lack of consensus on a definition of LHD preparedness.
Further, using a structure—process—outcome framework,
measurement has been limited to structure and process, with
little measurement of outcomes.”’ Finally, although some
preparedness measures have examined nationwide perfor-
mance, most measurements and assessments have been made
at the state level only.*

When viewed through the classic structure—process—outcome
framework, conceptual challenges for measuring public health
emergency preparedness among LHDs include a lack of
widely accepted standards for preparedness and a weak
evidence base linking structures and processes to outcomes.
To address these limitations in measuring LHD preparedness
capacities, the North Carolina Preparedness and Emergency
Response Research Center developed and tested the Local
Health Department Preparedness Capacities Assessment
Survey (PCAS) from 2008 to 2010.

METHODS

Instrument Development

The PCAS drew on elements from several instruments that
offered reasonable clarity in measurement, a balance between
structural and process measures, and support from prior,
although limited, validity and/or reliability testing on several
of the instruments. The instruments used in survey develop-
ment included the following:

e The Public Health Preparedness and Response Capacity
Inventory developed by the Centers for Disease Control and
Prevention (CDC).'° This instrument contains 79 questions
and approximately 700 subquestions that measure capa-
city in 6 preparedness domains, including planning and
assessment, laboratory capacity, general communications
and information technology, risk communication and
dissemination, and education and tralining.11

e The National Public Health Performance Standards Pro-
gram, Local Instrument (version 2.0) developed through a
partnership between the CDC and other national public
health organizations. This instrument contains 27 items in
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the performance standard devoted to emergency prepared-
ness, investigation, and response}’lz’15

e The CDC’s Public Health Preparedness Cooperative Agree-
ment Performance Measures. Reporting guidance includes
6 items related to detection and reporting, communication
and control, and after-action improvement.'®

e The Connectivity in Public Health Preparedness Measure-
ment Tool developed to measure connectivity among
preparedness-related organizations and personnel.!” This
instrument contains 28 items on information exchange,
communication, and interaction at system, organizational,
and interpersonal levels.'"?

We used a modified 4-cycle Delphi panel process to select
items from each instrument to create an instrument with
content and face validity.”° This strategy is used to gain
consensus among a panel of experts through multiple rounds
of questionnaires and feedback. The 4 panel members had
expertise in public health preparedness research and practice.
The Delphi panel process was conducted through email and a
series of conference calls. From this process, we developed
a public health emergency preparedness instrument that
included 116 items.

The items were organized into a web-based, self-administered
instrument for pilot testing with diverse LHDs. Pilot testing
requested each LHD to complete 1 survey by involving
key administrative and preparedness staff. Following survey
completion, cognitive interviews with staff who completed
the survey were conducted to (1) explore the process that
individuals and LHDs used to complete the instrument,
(2) obtain feedback on instrument content and structure, and
(3) identify items on which individuals within an agency
disagreed.

The research team revised the instrument based on pilot
testing and cognitive interviews, as well as a study on health
department response to the HINI epidemic.’! The final
instrument contains 58 questions with 211 subquestions. The
questions ask LHDs to report if they have a specific capacity,
with related subquestions to determine whether they have
specific elements associated with the particular capacity. See
Table 1 for a summary of instrument domains and description
of capacities measured.

In 2010, the research team fielded the final instrument with
the 85 North Carolina (NC) LHDs and 247 comparison
health departments, which were identified using a propensity
score matching methodology (referred to here as survey
wave 1) as part of a study to examine differences between a
state with LHDs exposed to an accreditation program (NC)
and those in states without an accreditation program.
Approximately 1900 local public health agencies were
eligible for possible matching with NC agencies. Matching
was based on data from the 2008 National Association of
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Summary of Preparedness Capacities Assessment Survey
Domain

Surveillance and investigation

Plans and protocols

Workforce and volunteers

Communication and information dissemination

Incident command

Legal infrastructure and preparedness

Emergency events and exercises
Corrective action activities

Domains and Capacities
Description of Capacities Measured

Handling of urgent case reports

Access to public health surveillance system

Electronic storage of local case report data

Specimen transportation system

Capability and components of surge capacity

Formal case investigation components and protocol
All-hazards emergency preparedness and response plan
Type and maintenance of volunteer registry

Identification and training of emergency preparedness staff
Assessment of emergency preparedness workforce
Workforce training in emergency preparedness

Emergency communication plans and procedures

Capacity and assessment of communication technologies
Use of health alert network

Use of emergency operations center

Local incident command structure

Review of legal power and authority in emergency preparedness and response
Access and use of legal counsel

Extent of legal power and authority in emergency preparedness and response
Determination of emergency events and exercises
Debriefing activities

Evaluation activities

Reporting activities

County and City Health Officials National Profile of
Local Health Departments survey, containing measures of
the organizational, financial, and operational characteristics
of LHDs and their service areas. Propensity scores were
estimated from a logistic regression equation that modeled
the likelihood of exposure as a function of 14 public health
agency characteristics and community or system characteri-
stics. This model’s empirical specification reflected the
approach used in previous studies of public health system
performance, including controls for public health agency
staffing levels, scope of services delivered, annual agency
expenditures per capita, population size served, socioeco-
nomic characteristics of the community, and other health
resources within the community."*** The nearest neighbor
method was used to pair each NC LHD with a compar-
ison agency from another state (1:1, best match), with
random selection used to choose among comparison LHDs
having the same propensity score.”>** To ensure adequate
response rate, additional comparison LHDs were included in
the sample.

The instrument was programmed for web-based admini-
stration with an option for paper completion. Letters of
invitation containing information about the study’s purpose
and instructions to complete the survey were sent to the
director and emergency preparedness coordinators of each
selected LHD. Postcard and telephone reminders were sent to
nonresponding LHDs to achieve a targeted response rate
of 80%.

Analysis

Pilot test data were analyzed using exploratory factor analysis
to examine the underlying dimensions of preparedness that
are reflected in the specific preparedness activities measured.
A varimax (orthogonal) rotation method was used to ensure
the most parsimonious and robust solution. However, we
tested the sensitivity of results to this assumption by
recomputing factor loadings using promax (oblique) rotation.
Guided by this analysis, we then constructed a principal
factor composite variable for each underlying preparedness
domain (factor) by computing the unweighted mean and
standard deviation of the subset of activity measures that were
correlated in each dimension. Reliability measures include
kappa statistics with associated z scores, and probabilities
were calculated to examine rater agreement within items in
domains and agencies.”>*® With the larger sample of survey
wave 1 data, we assessed the internal correlation of each
domain through interclass correlation coefficients and inter-
rater reliability.

RESULTS

Eleven public health agencies in 3 states (Missouri, Kentucky,
and Tennessee) completed the pilot test survey and
participated in cognitive interviews. Survey respondents
and cognitive interview participants included 12 emergency
preparedness personnel, 6 health directors, 4 epidemiologists,
and 6 individuals in other job classifications. Themes from
cognitive interviews emphasized that emergency preparedness
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Pilot Test Inter-Rater Reliability of Preparedness Capacities Assessment Survey Preparedness Measures

Expected
Measure Agreement, % Agreement, %
All measures 98.73 95.37
Measures by domain
Surveillance and investigation 96.41 93.06
Plans and protocols 96.81 90.29
Workforce and volunteers 91.47 90.06
Communication 96.97 90.21
Legal infrastructure 81.82 70.18
Events and exercises 98.48 92.69
Measures by agency
Agency 1 99.09 95.14
Agency 2 98.34 95.42
Agency 3 98.58 93.87
Agency 4 98.50 95.19
Agency 5 96.72 92.72
Agency 6 98.13 91.71
Agency 7 99.33 95.21
Agency 8 96.26 89.83
Agency 9 98.08 93.43
Agency 10 95.49 90.80
Agency 11 97.96 93.43

Weighted
kappa SE z P>z
0.7262 0.0299 24.29 0
0.4822 0.0703 6.86 0
0.6719 0.0589 114 0
0.1417 0.0991 1.43 .0763
0.6903 0.0744 9.27 0
0.3902 0.1338 2.92 .0018
0.7927 0.0578 13.72 0
0.8125 0.0983 8.26 0
0.6371 0.0967 6.59 0
0.7677 0.0981 7.82 0
0.6873 0.0994 6.92 0
0.5493 0.0961 5.72 0
0.7745 0.0979 791 0
0.8595 0.0995 8.64 0
0.6323 0.0991 6.38 0
0.7081 0.0993 7.13 0
0.5097 0.0961 5.3 0
0.6894 0.0968 7.12 0

is a team effort in which different health department
personnel have a different working knowledge of facets of
preparedness. Health directors have a broad knowledge
of emergency preparedness, epidemiologists have in-depth
knowledge in a certain area, and preparedness coordinators
have the most all-around knowledge. Thus, the research team
concluded that the final instrument should be completed
by multiple health department staff and should be provided
to health departments in a way to facilitate completion by
multiple staff.

The larger survey wave 1 includes 264 respondents (RR =
79.3%), a majority (61.6%) of whom are governed by a local
board of health. The sample is evenly distributed between
LHDs within metropolitan statistical areas (MSAs) (51.7%)
versus those in non-MSAs (48.3%). LHDs responding to the
survey reported an average of 96 full-time employees (FTEs)
(median = 54), with some LHDs providing services with
as few as 2 FTEs and others with upward of 1025 FTEs in
their department. These LHDs and their FTEs serve between
4000 and 1 484 645 residents in their respective counties,
with a median population of 54 261 (mean = 109 803). The
percentage of residents within these counties living at or
below the poverty line ranges from 2.9% to upward of 26.5%,
with an average of 12.7%. On average, responding LHDs
spend $68.86 per capita (adjusted expenditures) (range:
$0.68-$358.97, median = $53.12). There were no significant
differences in the characteristics of responding LHDs when
compared with the total sample based on a Welch 2-sample
t test between total sample and respondents.

Psychometric Testing

Based on pilot test data, factor analysis was used to identify
8 initial domains measuring capacities and capacity-related
elements; 7 of these domains performed well on the psycho-
metric measures (Cronbach o >0.6) with sufficient variation
in mean scores to differentiate health departments. We
identified these domains as communications, surveillance and
investigation, plans and protocols, workforce and volunteers,
legal infrastructure, incident command, and exercises and
events. The eighth domain, partnerships, had insufficient
variation to merit measurement. To the 7 domains, we
revised and increased the number of items to assess correc-
tive actions and quality improvement activities. Table 1
outlines and describes the domains and capacities measured
within them.

For 3 of the domains—communication, plans and protocols,
events and exercises—kappa statistics ranged from 0.67 to
0.79, indicating substantial agreement among raters with
statistically significant z scores (Table 2). For surveillance
and investigation and legal infrastructure domains, kappa
statistics 0.48 and 0.39, respectively, indicated moderate to
fair agreement with statistically significant z scores. For the
workforce and volunteers domain, the kappa statistic of
0.14 indicated slight agreement, although the z score is not
statistically significant. Kappa statistics were also calculated to
examine the agreement of raters within agencies. Within
agencies, kappa values ranged from 0.51 to 0.85, indicating
moderate to strong agreement among raters, with statistically
significant z scores.
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Internal Consistency Reliability of Preparedness
Capacities Assessment Survey Preparedness
Measures, Survey Wave 1

Average Item

Measure Items a Covariance

All measures (total preparedness) 144 0.933 0.018
Measures by domain

Surveillance and investigation 20 0.762 0.031
Plans and protocols 25 0.855 0.044
Workforce and volunteers 21 0.596 0.019
Communication 33 0.082 0.028
Incident command 5 0.703 0.446
Legal infrastructure 8 0.605 0.041
Events and exercises 4 0.629 0.050
Corrective action 28 0.929 0.074

Preparedness Capacities Assessment Survey Wave 1
Validation Study
Composite Variable Items Mean SD
Surveillance and investigation 20 0.4398 0.1759
Plans and protocols 25 0.6116 0.2106
Workforce and volunteers 21 0.4161 0.1352
Communications 33 0.5609 0.1688
Incident command 5 0.7242 0.2955
Legal infrastructure 8 0.6823 0.2021
Events and exercises 4 0.9413 0.1833
Corrective action 28 0.6268 0.2729

Table 3 presents results of internal consistency and general
reliability tests of PCAS preparedness measures from the
survey wave 1 sample. The number of items in each domain
ranged from 5 to 33. The Cronbach a coefficients ranged
from 0.605 for legal infrastructure to 0.929 for corrective
action. Overall, the resulting a values indicated a high level
of internal consistency among items. In addition, Table 3
presents the average inter-item covariance among the items,
which show a very low variance among the measures.

Table 4 presents the survey wave 1 means and standards
deviations for each of the domains, calculated from a simple
additive index measure of corresponding preparedness
capacities. The resulting means ranged from 0.41 for work-
force and volunteers to 0.94 for events and exercises. The
mean score for incident command was also quite high (0.72).
Mean scores were in the mid-range (0.41-0.56) for 3 domains
and moderately high (0.61-0.72) for 4 domains, indicating
that variation in the sample on these measures is sufficient to
allow detection of variation on key domains and improve-
ment over time.

DISCUSSION

We used multiple processes to construct a valid and reliable
survey instrument to measure preparedness capacities of
LHDs. Processes included identifying appropriate instruments
from which to draw items, identifying critical practices
through engaging experts in a Delphi process, and conducting
a thorough pilot test of the draft instrument with cognitive
interviewing. The resulting instrument demonstrated face
and content validity, along with strong internal consistency
and general reliability.

The final 8 survey domains reflected LHD standard
preparedness practice.>?’ Survey wave 1 LHDs had high
mean scores on events and exercises and incident command.
This finding may have reflected funding and standard
practice during the years preceding the survey. Mean scores
on the remaining domains were moderate, indicating that
there is variation in practice. Measurement with report
feedback to LHDs could provide them with improvement
opportunities. We provided customized reports to each
responding LHD designed to facilitate LHD benchmarking
and improvement processes. Several LHDs have reported that
they found these customized reports to be very useful for these
purposes as well as for strategic planning and workforce
development.

Limitations

Several limitations to these results are worth noting. First,
as with most survey research, data are self-reported and
may contain potential response bias. Some authors have
advocated verifying self-report through a site visit or having
external observers measure performance,”® yet the resources
needed to verify self-reports on a national scale could be
prohibitive. Second, given the simple additive nature of the
domains and the diversity of capacities measured in them,
findings can only be meaningfully presented at the domain
level. With strong interest in index measures, it is important
for future discussions to more clearly communicate the extent
to which creating a single measure or index of indicators can
truly measure the entire construct of preparedness. Third, as
designed, these capacities are implicitly weighted equally.
However, given the lack of evidence connecting capacities,
capabilities, and performance, there is a persistent debate
surrounding the measurement and assessment relationships in
public health preparedness.”’ In the present discussion, the
focus is directed toward the development process associated
with the PCAS instrument. In the perpetual effort to
introduce valid and reliable measurement instruments, this
study used the rigorous analytic methods necessary to support
the measurement of public health preparedness.

CONCLUSION

Results from the survey wave 1 participants in this study add
to the few that have assessed public health preparedness and
response and support the assertion that wide variations exist
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in capacity and practice across communities.”® The causes of
variation and deficiency in public health preparedness are
likely to parallel those of undesirable variation in routine
public health system performance, although with some key
differences. The evidence about what constitutes effective
public health preparedness is extremely thin, which means
that professional uncertainty is greater in this arena than in
routine practice.’ Similarly, a number of different perfor-
mance standards for preparedness have been developed by
various agencies and organizations, resulting in overlapping
and sometimes inconsistent recommendations and program
requirements. At the same time, heterogeneity in the
composition and structure of public health systems is an
important source of variation in preparedness, as in other
aspects of public health practice.””

In several areas of public health, evidence-based or
consensus-based guidelines, including preparedness, do not
yet exist, suggesting a need for more research to identify
effective practices.’®*! Studies suggest that professionals may
not be aware of existing guidelines or they may lack the
financial resources, staff, or legal authority needed to adhere
to the guidelines}z'35 Since 2011, state and local health
departments have become increasingly aware and educated
on the Public Health Preparedness Capabilities: National
Standards for State and Local Planning, released by the
CDC, which consists of 15 preparedness capabilities and
associated functions intended to assist in strategic planning
(hetp:/fwww .cdc.gov/phpr/capabilities/ Accessed January 28,
2013). Our comparison of the present PCAS measures and
CDC capabilities yielded an overlap slightly greater than
60%.>® While there is a present shift from capacities to
capabilities, the elements underpinning the present public
health emergency preparedness capabilities reflect the
essential and vital capacities for local and state health
departments to effectively build and maintain their prepared-
ness capabilities. In a dynamic policy environment, it is
important to maintain a more fundamental understanding
of the capacities and elements that contribute to levels
of local preparedness. This resulting instrument and the
process used to generate it will be a useful tool to help federal,
state, and local health departments determine how well
public health agencies are performing on preparedness
measures and identify opportunities for future preparedness
improvements.
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