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Abstract
Information Needs and the Characteristics of Population Data Sources: An Immunization
Information System Case Study
Rebecca Anne Hills
Chair of the Supervisory committee: Associate Professor William Lober
School of Medicine and School of Nursing
Data and information are vital to the daily work of public health practitioners, the data they use
come from a variety of sources. Examples of these data sources are: vital statistics databases,
surveillance data, morbidity data, and Immunization Information Systems (IISs). These IISs are
of particular interest because of their near ubiquity in the Unites States, their importance for
public health practice, and their most basic function of providing cross-organizational access to
immunization-related clinical data for both public and private health care providers. As the
infrastructure to connect electronic health record (EHR) systems and public health systems
expands, public health practitioners will have the opportunity to access an unprecedented
volume of patient level clinical information. The flood of information and data will have the
greatest public health impact if understood and organized within the framework of public
health practitioners' data and information needs. This work uses qualitative methods to identify
and understand the information needs of public health practitioners related to immunization
work and the data and information source characteristics that are important in meeting those
needs. The study also uses quantitative methods to describe two important data source
characteristics in Washington's IIS: timeliness and data element completeness. Results point to
three main types of information needs of public health practitioners: individual level,
population level and context-specific information [vaccine-specific information in this case).
These results further the understanding of information work in public health across local and
state public health organizations. The results also provide solid evidence related to the effect of
different methods of data transfer on data quality. In addition, synthesis of the qualitative and
quantitative components of this work provides evidence to support a set of recommendations
presented to state level stakeholders in Washington. This research will help inform the
development of technical and non-technical infrastructure to support data sharing between
healthcare providers, health information exchanges, and public health organizations.
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Chapter 1: Introduction
Background

As the "scientific core" of public health (1), epidemiologists rely on the quality and character of
data as well as the quality of the information systems used to collect, store, and provide access
to these data. The data used by public health professionals come from a variety of sources.
Examples of these data sources are birth and death records from vital statistics databases, data
from the US Census, morbidity data from national surveys such as the National Health Interview
Survey, and local data collected during community health assessments (2). As the infrastructure
to connect electronic health record (EHR) systems through Health Information Exchange (HIE]
organizations expands, public health practitioners will have opportunities to access and utilize
unprecedented amounts of patient level clinical information. This flood of data and information
will have its greatest public health impact if organized and understood within the framework of
public health practitioners' data and information needs. This dissertation focuses on public
health information needs, information sources, and the perceived value of information in one
important area of public health work: immunizations.
Immunizations and Immunization Information Systems

Since 1796, when Edward Jenner performed the first vaccination using cowpox inoculation to
protect against the related disease, smallpox (3), not only has smallpox been eradicated, but
many new vaccines have been developed, tested, and widely used for disease prevention. The
incidence of most vaccine-preventable diseases has been reduced 95% since vaccines were first
put into common use in the 1900s (4). Although infectious disease (ID) mortality has decreased
significantly in the US (5), increases in ID cases (6)(7), ID hospitalizations (8), bioterrorism
threats (9)(10), and concerns about vaccine safety (11)(12) have raised public awareness of
vaccination recommendations and policies. Immunization Information Systems (IISs), the
registries established across the US to store and record immunization data, are of particular
value for researchers and epidemiologists interested in investigating these topics and others
related to the current immunization landscape.
IISs, sometimes referred to as immunization registries, are "confidential, population-based,
computerized information systems that attempt to collect vaccination data about all children
within a geographic area" (13). Today IISs are active or under development in 49 states (14)
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and, although their functionality differs, most systems provide a variety of services beyond
simply acting as repositories of immunization information, including:
•

facilitating reminder and recall notifications for parents,

•

forecasting recommended immunizations for children,

•

providing data for immunization coverage assessments,

•

managing vaccine inventory,

•

maintaining birth-to-death vaccination histories,

•

connecting with other health information systems,

•

generating official immunization certificates,

•

identifying "pockets of need" within communities,

•

assisting policymakers in making informed vaccine-related decisions, and

•

assisting providers and public health in fulfilling reporting requirements related
to immunization and vaccine distribution (14-17).

As evidenced by the list above, IISs have multiple stakeholders: parents and families, health
care providers, policymakers, public health practitioners, and pharmacists. Today, systems that
track immunizations in the US are among the most mature information systems used regularly
in the field of public health (18).
CHILD Profile, Washington State's Immunization Information System

Washington State's IIS and child health promotion system, the Children's Health Immunizations
Linkages and Development Profile (CHILD Profile), was developed in 1993 with funding from
the Robert Wood Johnson Foundation as a part of the All Kids Count program (19). Today, daily
operations are carried out by Public Health-Seattle and King County (PHSKC), working under
contract with the State, along with a private software vendor that specializes in IIS development
and maintenance. The system's current statewide provider coverage is 93%, with 98% of public
providers and 66% of private providers submitting data to CHILD Profile. Methods of
connection vary; in 2009, 8% of providers used Health Level Seven (HL7) connections, 14%
used batch upload of flat files from provider EHR or billing systems, and 78% entered data
manually using the web interface. By contrast, that same year a review of the actual number of
records submitted to CHILD Profile showed that 81% came in via batch file, 13% via HL7
message, and only 6% via manual data entry (20). Although HL7 connections are encouraged,
no systematic study has compared data quality across these three methods of data transfer.
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A formal evaluation of CHILD Profile's health promotion component is conducted every three
years by the State Department of Health and the University of Washington [21). The evaluation
includes a survey of parents to gather feedback on information needs, health behavior, and the
usefulness of the promotional materials. The evaluation results inform recommended changes
to the materials and future assessments.
Two of the major lessons learned from the All Kids Count program were to: "involve
stakeholders from the beginning" and "define the requirements of the system to support the
users' needs" (22). Although all public health practitioners have a stake in IIS development,
initial efforts focused almost exclusively on the needs of health care providers. To date, no
detailed assessment of an IIS has focused primarily on the information needs or requirements
of public health practitioners. Although public and private providers are essential to IIS
functioning, to maximize overall system usefulness, the information needs of non-provider
stakeholders should also be considered during system design and evaluation activities.
Information Needs and Public Health

Since the first immunization tracking systems were implemented, the fields of information
science and health informatics, along with the sub-domain of public health informatics, have
evolved significantly. Informaticians now understand much more than they once did about the
information needs of health care professionals, especially in specific care contexts or within
groups of similar providers (23)(24)(25). Revere etal. (2007) described the information work
of public health practitioners broadly as pertaining to three common types of information:
synthesized and collated information, content sources, and data (26). Work published by
Turner in 2008 reinforced the idea that information work varies depending on the role of the
individual practitioner within public health (27). Although general studies of information needs
within the field of public health (28)(29)(30) and within some specific populations of public
health practitioners (27)(31) have been completed, to date there are no published studies of the
information needs of public health practitioners working in the area of immunization.
The research presented here will help public health organizations make the best use of the
influx of individual level clinical data brought about through emergent HIEs. This series of
studies used various methods to better understand information needs and data source
characteristics related to immunization. We used qualitative methods to learn about the
information needs of public health practitioners pertaining to immunization data and to assess
the importance and significance of population data source characteristics. We also used
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quantitative methods to describe data source characteristics related to data quality. Finally, we
attempted to communicate and verify the results of our work with stakeholders in public health
practice.
Research Questions
The goal of this research is to further knowledge of the information needs and practices of
public health practitioners as well as to describe the important characteristics of population
data sources. It is our intent that this information will help inform the development of technical
and non-technical infrastructure to support data sharing between healthcare providers, HIEs,
and public health organizations. As means to accomplish this goal, we aim to answer the
following research questions:
•

What are the information needs of public health practitioners with regard to
immunization information?

•

What are the characteristics of one public health information system (the CHILD
Profile IIS) with respect to information needs related to data quality, specifically,
timeliness and completeness?

Overview of the Research
Although IIS data are used consistently by some public health practitioners, anecdotal evidence
has suggested that not all public health practitioners are satisfying their immunization related
information needs efficiently. One reason for inefficiency in IIS data sources may be data
quality, important attributes of which include coverage, timeliness, completeness, and accuracy.
The importance to public health practitioners of these properties and other characteristics of
immunization data is not well understood.
The overarching goal of this research is to help public health organizations make the best use of
the increased availability of individual level clinical data made possible by the emergence of
HIEs and similar organizations. IISs are one of the most common sources of clinical data made
available through providers to public health, and as providers respond to incentives for
Meaningful Use (MU) (32), we can expect an increased number of them to contribute electronic
data to IISs. With that in mind, these systems offer a unique opportunity for inquiry. We used
qualitative and quantitative methods to advance understanding of the information needs of
public health practitioners pertaining to immunization data, and to study some of the important
data source characteristics, such as data quality, of the IIS in Washington State.
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Specific Aim 1

Use interviews and qualitative analysis to investigate and document the information needs of
public health practitioners pertaining to immunization information.
We will use interviews and qualitative data analysis techniques such as thematic analysis to
investigate and describe the information needs of public health practitioners pertaining to
immunizations. Our analysis will also identify data source characteristics that are important to
public health practitioners for completing their immunization related work.
Specific Aim 2

Use quantitative methods to describe the timeliness and data element completeness of data
from Washington's IIS and compare these measures across different modes of data transfer.
The goal of this aim is to describe some of the data quality characteristics of Washington's IIS
data using accepted measures. The CDC's Updated Guidelines for Evaluating Public Health
Surveillance Systems (33] address timeliness and completeness measures. In addition, Saarlas
and coauthors offer guidance for measuring data quality characteristics in IISs (34). This aim
describes the timeliness and data element completeness characteristics of Washington State's
IIS and compares these measures across different modes of data transfer.
Specific Aim 3

Develop and verify recommendations for improving the usefulness of existing data sources for
public health practitioners and other stakeholders.
The first two aims of this dissertation involve the collection of empirical evidence to better
understand information needs of public health practitioners and the data source characteristics
that might affect the IIS's ability to meet those needs. In the third aim we synthesize what we
have learned about information needs and data source characteristics in order to develop
recommendations for improving the usefulness of the IIS as a data source. We present the final
set of recommendations, the process we used for developing those recommendations, as well as
the process used for collecting feedback from stakeholders to ensure feasibility and
acceptability of the recommendations.
Significance

The inclusion of immunization data transfer to public health in the Meaningful Use definition
and rules is evidence that facilitating the exchange of immunization data is perceived as a
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valuable use of health information technology [32). Understanding the characteristics of the
data being made available to the field of public health and how these characteristics affect the
usefulness of the data will, we hope, prove valuable as rules are further specified and other
public health uses are written into legislation.
The contributions of the research described here will be: [1] the introduction of rigorously
collected descriptions of public health practitioners' information needs pertaining to
immunizations, [2] the identification of important characteristics of data sources, [3] the
systematic characterization of two components of data quality in an IIS, and [4]
recommendations for improving the usefulness of IISs data for public health practice.
The broader impacts of this research will be to: [1] foster relationships between the University
of Washington and CHILD Profile staff and integrate the research and practice communities,
and [2] inform decisions about the use of individual level clinical data to populate aggregate
health data sources in the age of HIEs and Meaningful Use of EHR technology.
By describing the information needs of public health practitioners and identifying the data
source characteristics that are of the greatest importance to the field of public health, we will
encourage decisions leading to the best possible use of new data sources. Wisely taking
advantage of the emerging trend toward information exchange has the potential both to inform
public health decision-makers and to better protect the health of the public.

Description of Chapters
The current chapter is a general introduction to the dissertation; this chapter states the
research questions and briefly describes each of the three specific aims. Chapter 2 is a
description of the work related to Aim 1 where we present background information and
describe the methods, results, and conclusions from our qualitative inquiry into the information
needs and practices of public health practitioners. Chapter 3 describes Aim 2, a quantitative
assessment of two data quality characteristics: timeliness and data element completeness. In
Chapter 4, we describe the third aim which is a synthesis of the results from Aims 1 and 2. We
describe the development of recommendations to be presented to stakeholders. In this final
chapter we will report on all of the facets of our process, discuss the changes to our
recommendations based on the feedback from stakeholders, and discusses possible
implications of our work as well as areas for further study.
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Chapter 2: Information needs and data source characteristics
related to immunization: a qualitative study
Background
Immunizations are one of the best known and most effective programs of public health;
immunization activities focusing on promotion and/or administration take place at nearly
every public health organization at all levels of infrastructure. Immunization work has been
supported by information systems known as Immunization Registries or Immunization
Information Systems (IISs) for many years (35). Today, most public health leaders appreciate
the importance of these population based registries (36); all but one of the 50 states in the US
have or are developing IISs (14).
These information systems offer enormous potential to public health practice; however,
existing systems are far from perfect. Studies examining the quality of data in IISs have shown
that these data are often incomplete and inaccurate (37-39). Other documented issues include
the timeliness of reporting (40; 41) and coverage, i.e., the percentage of children in the
population with a record in the IIS (40; 42). These data quality issues are being addressed;
however we still do not fully understand how data quality problems might impact usefulness
for public health practitioners. In addition, it has become clear that there may be other barriers
to fully realizing the benefits of IIS data for public health practitioners.
The current health information technology (HIT) climate in the United States provides a strong
incentive to understand information work in health care, particularly in the realm of
immunization. Recent national health policy changes encourage the Meaningful Use (MU) of HIT
(32). In order to receive financial incentives for MU, providers and hospitals must meet a set of
criteria; one optional criterion on that list requires organizations to test a connection between
the Electronic Health Record (EHR) system and a local IIS using established protocols. This
elevated level of attention to IIS, immunization information, and interoperability in general,
suggests the need to better understand the primary and secondary uses of the data collected
and exchanged using these enhanced systems.
Immunization work has many facets, some of which are information and data-intensive. For
clinicians, information needs related to immunization exist in part due to the complex
guidelines surrounding the immunization schedule. Existing IISs have been designed primarily
to meet these clinical immunization information needs, leaving non-clinical information
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needs— for example, those of public health practitioners concerned with assessment—as a
secondary consideration. Although the importance of immunization information for public
health work is widely recognized (43-45) the work, tasks, information needs and conditions
surrounding this work in public health practice have not, to date, been thoroughly documented.
We conducted a qualitative inquiry to further our understanding of immunization work in
public health organizations. The purpose of this study is to describe the information needs of
public health practitioners with regard to immunization data and information sources, and
identify data source characteristics important to workers when they seek, access, and use this
information. This chapter reports on our research findings and presents the emergent themes
resulting from our qualitative analysis of interview data.
Methods
This study uses qualitative methods to gain a broad understanding of the information needs
and practices of public health practitioners. We chose to use qualitative methods because we
began the research without a focused set of questions about information needs, i.e., we did not
have an initial list of information needs. Qualitative methods allow for naturally flowing
conversation that can be followed in different directions based on the interviewee, and did not
constrain our work to one particular instrument, set of questions, or group of respondents.
Setting
Washington has about 6.7 million residents, approximately half of whom reside in the SeattleTacoma-Bellevue metropolitan area. The rest of the state, though dotted with smaller urban
centers, is predominantly rural. Public health in Washington is run at the state level by the
Washington Department of Health, and locally at 35 county or multi-county health departments
run by local government. The 2009 National Immunization Survey estimates that 71.2% of
children aged 19-35 months in Washington are up-to-date on their modified vaccine series (>4
doses DTP/DT/DTaP, >3 doses of poliovirus, >1 dose of any measles-containing vaccine, >3
doses of Hepatitis B, >1 dose of varicella vaccine, and >4 doses of PCV) which is very close to the
national estimate of 72.7% coverage (46). Though estimated coverage is average, a recent CDC
report found that Washington had the highest rate of non-medical exemptions in the country at
5.7% (47). The state legislature recently passed a law that aims to curb the high number of
exemptions that are thought to be made out of convenience (48).

9
Interviews

Between June 2010 and February 2011 we conducted 12 individual and 3 group interviews
with public health practitioners (n=20) working in Washington State. We identified subjects
through the recommendations of colleagues and department and program directors within
local health jurisdictions. Of those contacted, 100% agreed to participate or provided a referral
to more appropriate individuals within their organizations. One or two interviewers (RH, BR,
DR) conducted each in-person interview. Sessions lasted between 30 and 90 minutes and were
recorded using a digital audio recorder.
An interview guide (see Appendix A) directed the semi-structured interviews. This guide was
developed collaboratively, iteratively piloted with colleagues, and revised prior to use in the
field. Questions focused on interviewees' daily work related to immunizations, information
needs related to data sources, the use of data sources associated with immunization-related
tasks, and the data source characteristics that are important to them in seeking and using
information for immunization-related work. The University of Washington Institutional Review
Board granted approval for this work with human subjects.
Coding and Analysis

Audio recordings of interviews were transcribed verbatim and imported into the NVivo8
qualitative data analysis software package (49). A team of two coders (RH, BR) and one
qualitative analysis expert (DR) analyzed the interview data. The codebook development
process was based on the approach presented by MacQueen et al.; codebook structure and
content was guided by the research questions, and refined by iterative and collaborative
evaluation (50). Appendix B contains the final version of the codebook.
Analysis was framed by an inductive approach, allowing the words of the interviewees to guide
the coding, rather than using a pre-determined external framework to direct the analysis. We
identified and analyzed patterns in the data using thematic analysis techniques. Thematic
analysis does not require the imposition of a pre-existing theoretical framework (51)(52).
Although our work was informed by the Leckie model of information seeking in professionals
(53), we chose not to prescribe this model pre-analysis, and aimed to gain a broad view of the
information work of our interviewees.
When the team reached consensus on the codebook, two coders (RH and BR) analyzed the first
interview transcript together (Subject PHI), then independently coded a single interview
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(Subject PH2). The individual coding sessions were compared for consistency, and inconsistent,
ambiguous, or inappropriate codes were reconciled by team discussion. Enhanced definitions
and coding rules were subsequently added to the codebook and each coder was able to make
changes to their own coding that reflected the group consensus. We calculated inter-rater
agreement both before and after code reconciliation: agreement remained 97% or above, and
the Kappa coefficient of 0.57 revealed no lower than moderate agreement between the two
coders (54). All transcripts were analyzed by the primary coder (RH) and checks of consistency
were completed with both coders for 2 of the 15 transcripts. Table 1 details percent agreement
and Kappa coefficients.
Table 2.1: Percent Agreement and Kappa Coefficients for Inter-rater Agreement

Interview
PH2
PH11

Before Reconciliation
Percent
Kappa
Coefficient
Agreement
98
.57
97
.68

After Reconciliation
Percent
Kappa
Coefficient
Agreement
99
.77
99
.95

We identified emergent themes related to information needs using the thematic and content
analysis techniques as described by Krippendorff (55). Our team performed analysis tasks
simultaneously with ongoing recruiting and interview activities until code saturation was
reached, at which time recruitment stopped.
Results
In this section we will first describe the demographic characteristics of the population we
interviewed, then describe our findings related to information needs and data source
characteristics, and finally present the emergent themes revealed during the analysis.
Demographics

We interviewed a total of 20 individuals working either at a local health jurisdiction in
Washington (N=18,9 rural, 9 urban LHJs) (56) or for the Washington State Department of
Health (N=2). Participants held a variety of positions within their organizations including:
nurse, administrator, manager, epidemiologist, and director. The majority of interviewees were
experienced in public health; only two indicated that they had worked in public health for fewer
than five years. Level of training ranged from RN to doctoral degree. Demographic
characteristics of participants are detailed in Table 2.
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Table 2.2: Characteristics of Interviewees
Interviewee Characteristics
Job Role
Nurse/Nursing Supervisor
Immunization Program Employee
Immunization Program Director/Manager
Epidemiologist
Senior Health Administrator
Other-Director or Manager
Supervisory Role
Supervises other employees
Does not supervise other employees
Unassigned
Time in Public Health
New to public health (<5 years)
Experienced in public health (>=5 years]
Rural vs. Urban Setting
Rural <100 persons per square mile
Urban >=100 persons per square mile
Highest Level of Training
RN
BSN
MPH/MSPH
PhD/ScD/MD/DVM
BA/BS
Unassigned

State (N=2)
0
0
0
2
0
0

Local (N=18)
1
5
5
3
2
2

0
1
1

11
5
2

1
1

1
17

NA
NA

9
9

0
0
1
1
0
0

4
5
4
3
1
1

Information Needs

We coded 16 types of information needs related to immunization work and grouped those
codes into 3 categories: individual patient information, population level information (aggregate
patient information), and vaccine information. Most of the information needs we coded are
closely linked to the tasks they support.
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Table 2.3: References to Information Needs of Public Health Practitioners Related to
Immunization Information and Data Sources
Information needs
Information and data for answering population questions
Information about a patient
Information for performing regular reporting
Vaccine inventory and VFC ordering information
Information from and about schools
Vaccine schedule information
Information to support mass vaccination efforts
Information to support AFIX/provider assessment
Customizable reports
Information to support patient reminder and recall
Child care center immunization records
Information to support provider training
Consent Information
Billing information
Travel immunization information
Laboratory data and information

Need
category*
p
I
p
V
LP
V
I,P,V
LP.V

p
I
LP
p
I
I
V
LP

Individuals with
this need
13
12
10
9
8
7
6
6
6
5
4
4
3
3
1
1

*I=individual patient information needs, P=population level information needs, V=vaccine information needs

Individual patient information

Interviewees in positions involving direct contact with patients often reported the need for
individual patient information while administering vaccine during regular office visits or mass
immunization events; during phone calls with a provider, parent, school or employer; or during
outbreak investigations. Other activities requiring individual patient information included:
provider assessments, i.e., quality assurance activities such as the Assessment Feedback
Incentives Exchange (AFIX) program visits, billing duties, tracking consent information, looking
up laboratory data, and recall activities (using patient data to generate lists of individuals due
for immunizations). Ability to access needed individual patient information varied, and barriers
to fulfilling these information needs existed in the form of accessibility issues, data quality
problems, and the lack of linkages between systems.
Population level information or aggregate patient information

Most participants also reported that information on the population level or aggregate patient
information was a significant immunization-related need. Activities associated with this
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information need included: routine reporting duties such as quality assurance/provider
assessment (AFIX) visits, assessing school exemption rates, reporting for the state and the
Centers for Disease Control and Prevention [CDC), reporting on vaccines administered and
coverage rates, reports related to inventory tracking, and assessment of vaccine coverage in the
community with both geographic and demographic stratification. Participants reported the
need for population level descriptions of immunization rates in the context of routine reporting,
local tracking activities, and special activities such as grant writing. Though most of the
aggregate patient data and information needs were for local and state level data, some
participants described needing and using national level data, primarily from the National
Immunization Survey. In some cases these information needs were being met, but in others the
information available was not sufficient to meet the need for a variety of reasons including: data
quality concerns, data format issues, user interface limitations, and time and resource
constraints.
Vaccine information

The final category, vaccine information, is an information need independent of patients, clients,
or the population but very specific to the context of immunization programs. This vaccine
information need was apparent when practitioners were working on activities related to
scheduling and logistical issues regarding vaccine administration, transport and storage. Official
CDC or other manufacturer vaccine information was referenced by approximately half of the
interviewees. Vaccine information includes contraindications, regular schedule and catch-up
schedule for a vaccine as well as information about storage. This vaccine information is needed
for both routine childhood immunizations as well as adult and travel vaccines. Public health
practitioners reported needing up-to-date information regarding childhood immunization
schedules, catch-up schedules, and contraindications in order to answer questions from
providers, parents or the public. Travel immunization information refers to recommendations
for immunizations for travel to specific countries. Many participants also reported the need for
information related to inventory tracking. Discussing the tracking of a vaccine order, PH10
reported: "it's in the system somewhere but it takes a number of phone calls right now to find
that out and usually it hasn't been shipped yet because there is some sort of delay and so they
can tell me and then in turn I call the provider." Interviewees identified barriers related to
inventory and expressed concern about the timeliness of the vaccine information contained in
the IIS that is used for vaccine forecasting, that is the immunization schedule guidelines used for
making recommendations about which vaccines a child should receive.
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Interviewees reported using more than 30 information and data sources and information
systems to meet their needs. As participants discussed their use of the systems and data
sources, they also described the barriers they encountered and the attributes of systems that
facilitated their use.
Data and Information Source Characteristics

Participants reported using several types of information systems in their regular immunizationrelated work, both locally administered systems and external systems whose use was mandated
by the state or federal government. The state IIS and local Electronic Medical Record (EMR)
systems were mentioned most frequently.
We coded 9 data and information source characteristics that were important to public health
practitioners: data quality, bias, data format, data linkages, metadata availability, granularity,
prior success, reputation and usefulness. The coded characteristics can be sorted into three
categories: primarily technical characteristics, primarily administrative characteristics and
hybrid characteristics that can be viewed as both technical and administrative. Data source
characteristics and corresponding categories are represented in Figure 1.
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Figure 2.1: Data Source Characteristics
Of the technical characteristics, data quality was most important to the interviewees. Three
essential and commonly recognized components of data quality were discussed during the
interviews: timeliness, completeness and accuracy. Of the three, accuracy was discussed more
often than any other characteristic and was most often mentioned in the context of the
immunization information system or the local EHR. Accuracy was important to interviewees
with both individual and aggregate information needs. Two types of completeness emerged
from the analysis: population coverage, or completeness on the population level, and individual
record completeness, the number of completed fields in an individual patient record. While
both were important, population coverage was discussed more often. Participants also reported
that timeliness was an important data quality attribute, particularly in the context of individual
level needs, such as looking up whether an individual had received 1 or 2 doses of H1N1
vaccine.

