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ABSTRACT

PURPOSE We wanted to describe the potential benefits and problems associated
with selected electronic methods of collecting data within practice-based research
networks (PBRNs).

METHODS We considered a literature review, discussions with PBRN researchers,
industry information, and personal experience. This article presents examples of
selected PBRNs' use of electronic data collection.

RESULTS Collecting research data in the geographically dispersed PBRN environ-
ment requires considerable coordination to ensure completeness, accuracy, and
timely transmission of the data, as well as a limited burden on the participants.
Electronic data collection, particularly at the point of care, offers some potential
solutions. Electronic systems allow use of transparent decision algorithms and
improved data entry and data integrity. These systems may improve data transfer
to the central office as well as tracking systems for monitoring study progress.
PBRNs have available to them a wide variety of electronic data collection options,
including notebook computers, tablet PCs, personal digital assistants (PDAs), and
browser-based systems that operate independent of or over the Internet. Tablet
PCs appear particularly advantageous for direct patient data collection in an office
environment. PDAs work well for collecting defined data elements at the point of
care. Internet-based systems work well for data collection that can be completed
after the patient visit, as most primary care offices do not support Internet con-
nectivity in examination rooms.

CONCLUSIONS When planning to collect data electronically, it is important to
match the electronic data collection method to the study design. Focusing an
inappropriate electronic data collection method onto users can interfere with accu-
rate data gathering and may also anger PBRN members.

Ann Fam Med 2005;3(Suppl 1):521-529. DOI: 10.1370/afm.270.

INTRODUCTION

ractice-based research networks (PBRNs) strive to collect high-qual-

ity data in clinical environments in geographically dispersed insti-

tutions. A number of PBRN researchers have turned to electronic
methods of data collection to improve the quality of data and the collec-
tion process while decreasing cost and eliminating secondary data entry.
Given the required investment in hardware, software, and training, PBRN
researchers must carefully consider both the pros and cons of adopting
electronic data collection methods. This article explores the potential ben-
efits and limitations of electronic data collection within PBRNs. Table 1
lists the tools we refer to and the terms we use.

The information presented here is derived mainly from our own experi-
ences and discussions with leaders of PBRNs in the United States. We also
examined a convenience sample of literature about PBRN studies using
electronic data collection methods, that is, articles we could identify on
PBRN studies in which the data were collected by some electronic means.
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ELECTRONIC DATA COLLECTION FOR PBRNS

Table 1. Electronic Data Collection Tools and Terms

Internet-based
system

Browser-based
system

More difficult to Tablet PC

implement

Ease of
Implementation Technology Description
Easier to implement Notebook A portable computer that is operated by using a keyboard. Traditional notebook computers now over-
computer lap with tablet PCs (described below). A tablet PC can be operated as a notebook. Most notebook
computers do not support touch screens and cannot be configured so that the screen is accessible
when flat against the body of the computer
Thick client A system that operates with part of the software loaded on the workstation and that is continuously in

contact with the data repository

A system run over the open Internet (also referred to as the Web or World Wide Web) as opposed to
over a dedicated LAN or WAN. Security measures can be applied to the data transferred between
2 points in the system (such as with encryption or by creating a VPN) to markedly improve the safety
of data passed across these systems

A system wherein the screens are loaded into the workstation’s Internet browser as needed from a
central server. Information is returned to the server at a later time (seconds, minutes, or days later,
depending on how the system is used). The workstation and the server only communicate with each
other through “requests” from the workstation (ie, clicking the Submit button). These systems are
considered “stateless” in that they only intermittently connect the server and the workstation

PDA A small handheld computer that can be easily carried, that typically has an instant-on feature, and
that provides rapid access to data, software, and data input systems. These computers typically
operate independent of a network or the Internet, although wireless connectivity is becoming more
common. The most common operating systems within the United States are Palm OS (PalmSource,
Sunnyvale, Calif) and Pocket PC (Microsoft Corp, Redmond, Wash)

A computer that, like a PDA, is operated by using a touch screen but that has a larger screen and
often greater computer power. Currently, tablet PCs—with or without built-in keyboards—operate on
a full version of Microsoft's Windows XP and may contain relatively large hard drives. These com-
puters are often operated over a wireless network, but may operate independently. Tablet PCs are
configured so that the screen may be used and viewed while flat against the body of the computer,
much like a tablet of paper

LAN = local area network; WAN = wide-area network; VPN = virtual private network; PDA = personal digital assistant.

WHY COLLECT DATA ELECTRONICALLY?

Primary care PBRNs have traditionally asked practic-
ing clinicians and office staff to collect research data
while seeing patients.'* The Ambulatory Sentinel
Practice Network (ASPN) popularized the “card study,”
in which clinicians carried a small card with them and
completed a short set of questions for selected patients.
Variations of this method have been widely used

by PBRNs. > The card study moves data collection
into the office environment, yet it presents consider-
able challenges to ensuring data integrity. Missing or
hard-to-interpret responses are common and can be
labor-intensive to correct. Cross-sectional studies of
this type, furthermore, can answer only a limited set

of research questions. Improvements in data collection
methods that support expanded research designs are
crucial for PBRNs to become the laboratory that drives
advances in primary care practice.

PBRNs have experimented with electronic data
collection for a number of years. The International
Primary Care Network (IPCN) collected data on otitis
media in 4 countries from 131 family physicians and
general practitioners using early personal data assistants
(PDAs).'° The technology was new and connectivity
proved difficult!’; nonetheless, the future of handheld
data collection looked promising. The Dartmouth Pri-
mary Care Cooperative Research Network (Dartmouth
COOP) developed and operates a patient Web site that

collects information for community, practice, personal,
and research use.'?'* Steve Ornstein of the Practice
Partners Network and Henk Lamberts of the Univer-
sity of Amsterdam and the Transhis project established
groups of practices that use a single electronic health
record (EHR)." Lamberts not only extracted data from
the EHR for research purposes, but added project-spe-
cific research questions to the EHR for periods of time.
The introduction of enhanced technology during the
past decade has heightened researchers’ expectations of
electronic data collection.

ELECTRONIC DATA COLLECTION OPTIONS
The directors and staff of PBRNs have available to

them an array of options for electronically collecting
data. Various methods of electronic data collection
have strengths and weaknesses; therefore, it is impor-
tant to match the method to the study design. PBRN
staff should be familiar with the full gamut of options
available. It is also important to not force inappropri-
ate technology on a network or study design. If the
appropriate electronic method is not available, a PBRN
should revert to paper methods instead of pushing an
inappropriate technology for the study. To understand
what may be an appropriate electronic data collection
method, one must understand the benefits and limita-
tions of the available technologies. In this sections, we
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describe a number of technologies that could be used
for data collection across a PBRN.

Working With Existing Data Sources
The search by PBRNs for a so-called painless or free
means of collecting additional data to supplement
specific point-of-care data has typically centered on
mining existing data. Adding demographic, diagnostic,
or service data to information collected at the point
of care can reduce the burden on clinicians and prac-
tices, and enhance available information. Collecting
these data typically requires patient consent (a difficult,
time-consuming task for which most clinicians do not
have the time and are not trained to perform)."” With
the advent of the Health Insurance Portability and
Accountability Act (HIPAA), the use of existing data to
support, enrich, or replace specific research-driven data
collection activities has become more difficult.'® Mod-
els that develop business partner agreements between
the practice and the PBRN offer hope in this regard.
Full EHRs offer promise for obtaining electronic
data with less effort than that required by traditional
paper methods. Unfortunately, data in EHRs are rarely
collected according to a study protocol and are highly
variable in scope and meaning, even when templates
are used. Most EHRs, furthermore, cannot be easily
modified for the collection of additional, research-spe-
cific data. With a few notable exceptions, PBRNs are
still awaiting the potential of EHRs to revolutionize
their data collection capabilities.

Thick Client (Centralized) Systems

Data management can be effectively distributed to
multiple users at one time with use of networked com-
puters that are running a central application called

a thick client. Applications of this nature can guide
research assistants through telephone data collection
from network members or patients. Error checking

for missing and incorrect entries, pick lists (lists from
which the user selects a single item or multiple items),
and forced data entry (a feature that prevents the user
from skipping questions) can be used to improve the
reliability of the data collected and speed the collec-
tion process. These systems are not efficient options
for simultaneous data collection across multiple prac-
tices because of the need to either load a copy of the
database locally (such as on a notebook computer that
is operated off the network) or have a continuous link-
age to a central database via a network. A 2001 survey
conducted by the Pediatric Practice Research Group
(PPRG)" found just 40% of responding PBRN mem-
bers had networked computers in their offices, further
narrowing the scope of practices that can incorporate
thick client systems.

Notebook Computers

Notebook computers offer portability for data entry

or collection, combined with the full capabilities of

a desktop computer. Examples of the effective use

of notebook data collection methods include chart
reviews and extractions, and on-site data collection
from patient, clinician, or staff interviews. Notebook
computers can run a local database, which is easy to
program and provides an effective system for studies in
which research assistants collect data on-site.

Internet Browser-Based Systems

Internet browser-based systems have the advantage of
being available from any location with access to the
Internet. Most Americans and all medical personnel are
familiar with browsing the Internet; thus, most users are
comfortable with these systems. Browser-based systems
on workstations typically do not require installation of
software, and program updates need be made at only 1
location to be immediately available to all users.

Error Checking With Internet Browser-Based Systems
Traditional Internet-based systems are excellent for
managing complex data sets. Using a desktop computer,
users can easily handle either text entries or closed-ended
questions. Internet-based systems can offer complex error
checking, either centrally or at the browser. The central
server can perform error checking, but the data must

be submitted first. This process can frustrate users. The
longer and more complex a single form becomes, more-
over, the more likely it is to contain errors. With central
error checking, correcting an error requires reloading the
form on the user's workstation, preferably with the errors
highlighted. Anyone who has struggled with a complex
Internet form, submitting it over and over, knows how
frustrating this can be for the user.

A second method of error checking is immediate
checking, a method that usually requires advanced pro-
gramming, typically Sun Java scripting. Java scripting,
which is coding that is transmitted with the form to per-
form actions locally, can speed error checking. The data
are checked as the user moves from field to field (much
as it is with a traditional thick client system). Unfortu-
nately, Java scripting can make a program less compat-
ible across browsers (eg, Microsoft Internet Explorer,
Netscape Navigator, Mozilla) or with older versions of a
single browser. This incompatibility is, however, becom-
ing less of a concern as older computers are phased out.
Carefully designed screens can improve the reliability of
collected data, obviating the need for Java scripting.

Security for Internet Browser-Based Systems
If sensitive data will be transmitted through Internet
browser-based systems, a PBRN must consider how to
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protect the data from access by unauthorized users.
The most effective way to secure data is encryption,
which is the translation of data into a secret code.
To read an encrypted file, users must have access to a
secret key or password that enables them to decrypt
it. The easiest way to encrypt sensitive data is to use
Secure Sockets Layer (SSL), a protocol for transmitting
private documents via the Internet. This protocol uses a
private key to encrypt data that are transferred over the
SSL connection. By convention, uniform resource loca-
tors (URLs) that require an SSL connection start with
bttps instead of with hitp.'®

Additionally, a virtual private network (VPN) can
be established that not only encrypts the data, but
specifies computer-to-computer access to the data to
decrease the chance of interception. Establishing a
VPN requires users to load nonapplication-specific
software onto their computers and activate it with each
use, thus complicating basic Internet use. The increase
in security achieved with a VPN comes with a price:
a recent study by Ariza et al'” found that insufficient
staff training and time (among other factors) were
obstacles to expanding computer use within PBRNs,
indicating that data collection interfaces must be kept
simple unless staff can be adequately trained to use new
software.

Access to the Internet in PBRN Practices

The Kentucky Ambulatory Network (KAN) recently
reported that all but 1 practice responding to an infor-
mation technology survey had Internet access; how-
ever, 43% had only dial-up service (which provides
only low-speed transfer of data)." In the PPRG survey,
87% of respondents had Internet access (including e-
mail-only access), but just 20% of those had it on all
computers, and only 65% of those with Internet access
had Web-browsing capabilities.'” Limited Internet
access, specifically Web access, means that PBRNs must
carefully consider which studies should take advantage
of Internet browser-based systems. Presumably, these
percentages are increasing with time.

Internet-based data collection works best when
studies permit data entry after the patient visit as
opposed to real-time data collection in the examination
room. As an alternative, a paper form can be used for
initial collection of data, which are then transferred to
an Internet form. This approach shifts the data entry
activity to the practice. Although this shift improves
data turnaround and may help reduce occurrences of
missing data, it adds an additional burden on practices.
Internet-based data collection systems seem to be ideal
for clinician or staff surveys, particularly if all of a
network’s clinicians have access to e-mail. A Wisconsin
Research Network (WReN) study found that response

rates to Internet-based surveys were higher than those
to paper-based ones,?° but the Colorado Research Net-
work (CaReNet) found the opposite, as have others.?!

t22 provide a thorough discussion of

Schleyer and Forres
how to design e-mail surveys to obtain quality results,
including a comparison of the costs with those of tradi-

tional paper-based surveys.

Personal Digital Assistants

One of the hallmarks of PBRNs is point-of-care data
collection. With the heavy penetration of the personal
digital assistants (PDA) into clinical care, these devices
appear to be the best current option for electronic point-
of-care data collection. Ariza and colleagues of PPRG!”
found 63% of their survey respondents were willing to
consider use of handheld touch screen devices.

As PDA systems increase in speed and storage
capacity, their ability to provide extensive “just in
time” information is impressive. It is logical that PDAs
are being heavily explored as a means of capturing
electronic data within PBRNs. Point-of-care studies
in PBRNs typically have cross-sectional designs that
require collection of limited amounts of data. These
studies can be done fairly easily with PDA data col-
lection. The experience of CaReNet and other PBRNs
indicates that properly designed PDA data collection
instruments can often be completed more rapidly than
the equivalent paper form. Forced data entry ensures
complete data collection, and range checks ensure that
the data are logical (although not necessarily correct).
Complex algorithms for data collection can be difficult
to follow on paper, but branch points and question
skipping are relatively easy to program into PDA sys-
tems. Thus, skip patterns that appear overwhelming on
paper are virtually transparent to PDA users.

Tools for developing software for PDAs lag consid-
erably behind those for more robust computer systems.
Further complicating the issue is that few development
tools cross the 2 operating systems, Palm OS (Palm-
Source, Sunnyvale, Calif) and Windows Pocket PC
(Microsoft, Redmond, Wash), well. If a PBRN relies
on members to supply their own PDAs, data collec-
tion instruments will likely need to be developed for
both systems. Additionally, clinicians who use their
PDA extensively to facilitate patient care may have
little memory available on the device for additional
programs. Newer development software may not oper-
ate on older versions of PDA operating systems. Newly
introduced tools, such as Microsoft .NET, offer hope
for powerful, cross-platform development tools.

The small screen size of PDAs along with tedious
text entry also must be taken into consideration when
developing data collection systems.?® Text fields are
difficult to implement as character recognition or
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on-screen keyboards are relatively slow and prone to
errors. Pick lists and numbers work well. Nonetheless,
care should be given to the number of selections avail-
able. Most PDA screens support approximately 12 lines
of viewable text. Single-item pick lists (often displayed
as a drop-down list) are easy to program, but if the list
is long, searching for the correct answer is not as easy
with a PDA as it is with more robust computers. If the
question involves selection of multiple items and more
than 8 to 10 items are offered, then some will not be
displayed on the screen and will require scrolling to be
selected. It is difficult to guarantee that users will scroll
down and view items that are off the screen, especially
in light of the time constraints of point-of-care data
collection. When the list includes easily recognized
data elements, such as months, users quickly under-
stand that additional information must be available
off the screen. But long lists of items that are project
specific, such as a list of services provided during a
visit, will not immediately prompt the user to scroll
for hidden items. Lastly, the small screen size typically
means that questions are displayed one at a time in a
sequential fashion. This sequence works well when the
data collection can be logically ordered, but can be
frustrating when data entry is less predicable, such as
when recording selected items from a patient history.
Thus, developers need to be cognizant of the strengths
and limitations of PDAs, and use them only for studies
in which these computers enhance data collection.
Synchronizing PDAs across a large network can be
challenging. Fire wall administrators may block ports
necessary to synchronize data between the central
server and the user's PDA. Newer development systems
that are moving to XML (extensible markup language)
for data transfer may help eliminate some of these
problems. Before a PBRN invests

reasonably sized hard drives (typically 6 to 20 GB) and
run full operating systems, typically Microsoft's Win-
dows XP Tablet PC. Tablet PCs cost between $800
and $3,500, depending on the operating system and
features.

Tablet PCs offer portability and the ease of using a
touch screen system for navigation. With an extended
array of development tools and the capability of stor-
ing a large volume of data, tablet PCs overcome many
of the limitations of typical PDAs. Because of the
higher price and larger size of tablet PCs, physicians
are unlikely to carry them for intermittent point-of-
care data collection, such as during a typical card
study, unless they are in use in the practice. Tablet PCs
are well suited for delivering multimedia messages to
patients or facilitating data collection directly from
patients. Interactive models that allow the patient to
use the device and then deliver it to the clinician for
further data collection are also possible.

PBRN EXPERIENCE WITH ELECTRONIC
DATA COLLECTION: SOME EXAMPLES

As the previous section indicates, a number of technol-
ogies have the potential to facilitate electronic data col-
lection in PBRNs. Table 2 highlights issues in matching
these technologies to the study design. In this section,
we provide examples of various PBRNs' experiences
with electronic data collection.

Data Mining

Data mining has been a part of PBRN research for
decades. ASPN used data mining primarily to create
age-sex and morbidity profiles of member practices.
Even these data elements, contained within billing

in PDA development and syn-
chronization software, however, a

Table 2. Technologic Strengths and Limitations

critical first step is testing synchro-

Issue
nization with network administra- Network Connectivity Continuity or
tors across a network. Distribution  Across Multiple Longitudinal Ease of
Technology Capability* Systems Data Development

Tablet PCs Mining existing +/- -- ++ -
The final option we describe for Ta(é?: ;erces e . . s
electronically collecting research Thick dlient __ __ + e
data is tablet PCs, tablet-sized Browser-based system ++ 4 + i
computers. Tablet PCs are thin, Internet-based system ++ + + + ++
lightweight computers that allow PDA ++ + - +/-
users to enter data on a touch Notebook computer - - - ++

screen. Several models are avail-
able; most weigh less than 2 1b
and are about the size of a 500-
page spiral notebook (9 in X
11in X 1 in). Tablet PCs have

is used.

Symbols indicate if, for addressing a given issue, the technology is strongly recommended (+ +), is recommended
(+), is neutral/carries no recommendation (+/-), may work (=), or is not recommended (- -).

PDA = personal digital assistant.

* Based on mining data from more than 1 system. Data mining might be more feasible is only a single system
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data sets, were difficult for some practices to supply
electronically. Outside the PBRN arena, efforts of Irish
general practitioners to collect morbidity data from
computerized systems met with major difficulties due in
part to problems with extracting data from practice soft-
ware systems and the need for a high level of dedicated
staff and resources to implement such a project.>* Today,
virtually all practices have these data in electronic form,
although retrieving them in a uniform manner across a
large PBRN can still be a difficult undertaking.

Data mining using clinical data within an EHR s
finally becoming a reality. Successful ventures to date
have all come from PBRNs that use a single EHR sys-
tem. The Practice Partner Research Network (PPRNet)
has created a longitudinal patient database composed
of data from the Practice Partner Patient Record from
participating physicians throughout the United States.
The network has focused on translational activities
through data synthesis and on providing practices and
clinicians with feedback to improve care.

Perhaps the most advanced data system within the
United States that supports a PBRN is the Regenstrief
Medical Record System used by Indiana University
Medical Group—Primary Care (IUMG-PC), a single-
practice organization that contains [IUMG-ResNet, an
urban primary care PBRN.?> This system has been in
operation since 1972 and contains hundreds of millions
of discrete coded observations, although many of these
data originate from specialist or hospital care.?® The
Regenstrief Medical Record System has been a rich
source of clinical data, resulting in hundreds of articles
in the past 4 years alone. It can be programmed to
provide study reminders and has powerful tools for sup-
porting subject recruitment in PBRN offices. The sys-
tem can extract existing clinical data and link it to data
collected at the point of care, thus lessening the burden
on the clinician and the practice. With access to data
extending back for many years, powerful epidemiologic
studies from primary care practices are emerging.?

Henk Lamberts and Inge Hofmans-Okkes?” cre-
ated an episode-oriented EHR system, called Transhis,
that is used by a network of general practitioners in
the Netherlands. In this system, the application of the
International Classification for Primary Care (ICPC)
is the guiding principle to structure episode-oriented
epidemiology.?® Transhis contains more than 300,000
patient-years of data.'* The system has been modified
to collect specific research data based on selected diag-
noses for time-limited studies. The Transition Project is
aimed at the further development of episode-oriented
epidemiology in general practice, both in the Nether-
lands and elsewhere. The system used in this project
highlights a data model that supports primary care
research with point-of-care physician coding.?”

PBRNs in which all members share the same EHR
have successfully used their clinical data systems for
research. The challenge facing most PBRNs is to
develop approaches that will allow them to aggregate
data across disparate EHR systems. Efforts to standard-
ize national data should facilitate data sharing across
systems, but a PBRN's activities entail more than data
mining, and mixing clinical and research data collec-
tion within an EHR system is still rare.

Web Forms and Databases

For many years, the Dartmouth COOP has incre-
mentally developed and tested a patient-centered,
Web-based information system specifically designed
to support a more productive interaction between

the patient or caregiver and the practice team (see
http://www.howsyourhealth.org)."* How's Your Health
(HYH) is a free, Web-based survey providing patients
with tested, evidence-based health information and
an action form designed to help patients take better
care of themselves and work more closely with their
physicians.

HYH was developed to link consumers with tools
that allow them to become more actively involved in
preventing and managing their health care problems,
and to provide physician offices with resources to help
them operate more efficiently and encourage consumers
to participate in their own health care. In this project,
patients enter information through a Web interface or
through a handheld device in a clinician’s office. Using
these data, the system then provides patient-specific
education and recommendations for the patient and
clinician, as well as aggregated data for research. The
system blends various data entry options and user views
into a single database. This novel population-based
research approach bridges community health and prac-
tice-based research.

Several PBRNs operate clinical databases that are
also used for research.?’3 These systems use a paper
interface with the clinician- and practice-level data
entry. We will not discuss them further here.

Web-based collection of information related to
medical errors has been successfully implemented in a
number of networks, including CaReNet,** the Ameri-
can Academy of Family Physicians National Research
Network,* and many nonresearch institution-based
systems. Clinicians and staff appear able to remember
the details of an error sufficiently well to delay their
report until they have time and access to the Internet.
An early comparison of Web with paper reports indi-
cated that clinicians were comfortable providing error
information over the Internet, and the reports appeared
more detailed when they were submitted electronically
than when they were handwritten.?
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Tablet PCs for Data Collection

CaReNet successfully programmed tablet PCs to
administer separate sections of a national survey—the
Primary Care Network Survey (PRINS)—to the

front office staff, the patient, and the clinician. This
approach to data collection allows linked data collec-
tion from the patient, clinician, or office staff member,
while maintaining an anonymous format, if desired.
Patients helped steer the data collection process to
clinicians and staff after completing their portion of
the survey.

An instructional demonstration guided users
through the use of the tablet PC. After patients com-
pleted the PRINS survey, exit interviews were con-
ducted to evaluate their experience with the tablet
PC. Patients had favorable reactions to the technol-
ogy. Overall, patients were able and willing to use
tablet PCs for data collection within busy primary
care offices.? Increasing patient involvement in prac-
tice-based research may be possible through the use
of this technology, which allows patient-directed data
collection at a single point in time or longitudinally.
Since the PRINS study concluded, the capabilities of
reasonably priced tablet PCs have improved, expanding
their ability to support data collection from patients
and staff.

Multicomponent Data Collection

The Oklahoma Physicians Resource/Research Network
(OKPRN) and a number of collaborators developed the
Influenza-Like Illness Surveillance and Messaging Sys-
tem (ILI-SMS), a surveillance system for the reporting
of influenza-like illness and other acute syndromes. The
ILI-SMS regularly sends public health messages to cli-
nicians, and the clinicians, in return, send daily reports
to the Oklahoma State Department of Health on cases
of influenza-like illness during influenza season. This
system is designed for operation by nurses, although
front office staff or clinicians can also use it.

Four interfaces have been or will be developed for
the ILI-SMS: (1) a Web interface for data entry and
retrieval using an Internet-connected computer, (2) a
hard-wired PDA interface that transmits and retrieves
data through the PDAs "hot sync” function, (3) a
Bluetooth PDA interface that transmits and retrieves
data wirelessly through the clinic's wireless local area
network, and (4) a wireless PDA interface for PDA and
mobile phone devices that transmits and retrieves infor-
mation over a cellular network. Prompts, flow sheets,
and audits can be printed directly from the computer or
from the PDA via an infrared printer port, or through
the wireless local area network in the case of Blue-
tooth-enabled PDAs.

The ILI-SMS has been tested in 29 OKPRN prac-

tices. Of these, 27 reported surveillance data on a daily
basis more than 90% of the time during a 2-month
period. The 549 reports captured 10,892 patient
encounters, including 529 cases of influenza-like illness
and 29 hospitalizations of patients with such illness.

Clinicians expressed great satisfaction with the
feedback they received from the Oklahoma State
Department of Health, as they were able to follow the
spread of influenza across the state, anticipating the
need for additional appointment slots. They indicated
that the burden of reporting influenza-like illness was
minimal compared with the benefit of the information
derived from it. These results suggest that offering
multiple options for data collection, feedback, or both
within a single project improves acceptability across
users and locations.

SHOULD A PBRN PURSUE ELECTRONIC
DATA COLLECTION?

Obviously, not every PBRN is ready to pursue elec-
tronic data collection. Young PBRNs that are still
recruiting initial members, that are focusing on their
first studies, or that have limited personnel may wish
to direct their resources and energy toward other infra-
structure. When considering electronic data collection,
PBRN directors should ask themselves the following
questions:

¢ Do the studies we wish to pursue lend themselves
to electronic data collection?

® Do we have the technologic expertise to imple-
ment electronic data collection?

e Can we support the infrastructure and personnel
costs associated with electronic data collection?

Table 3 lists some of the specific issues that PBRN
directors should consider before developing electronic
data collection methods.

CONCLUSION

In this article, we have discussed a number of options
for collecting data from PBRN members. PBRNs should
not assume that any one electronic data collection
method will meet all their needs. Administrative costs,
the burden on practices and clinicians, and issues of
training and data quality moreover must all be weighed
in a decision about whether to collect data electroni-
cally. PBRNs are rapidly expanding and experimenting
with options for electronically collecting and com-
municating data. While some networks have success-
fully developed a primary approach for electronic data
collection, all will need to match their data collection
options with their project requirements. Some networks
have begun sharing resources and knowledge to help
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Table 3. Selected Technical Issues to Consider When Developing
an Electronic Data Collection System

Issue Technology

What hardware will Workstation or desktop computer in office
you be using? PDA supplied by the network
PDA supplied by the clinician
Pen-tablet computer
Slate
Convertible
Web server for hosting data forms
Does it have a security certificate to run SSL?
Web server for synchronization (does not have to be a separate server)
Does it have a security certificate to run SSL?
Database server

Application server (could be the database server or the Web server
in a minimal configuration)

What software will Operating system for the Web server(s)
you be using? Windows
Linux
Unix

Web services software (IIS, Apache, others)
Security
SSL with certificates
VPN
Development software
ASP
NET
Visual Basic/C+ +
Power Builder
ColdFusion and others
One of many PDA development systems
One of many Web survey tools
Third-party controls for specific activities
One of several database systems

Network and Who has administrative rights to office workstations?
workstation issues o administers the fire wall for the PBRN and/or its service provider?
Who administers the fire wall for each practice in the network?
What types of networks and connectivity are in each practice?
Broadband
Dial-up modem
Wireless within office
LAN

WAN

Personnel issues Who will develop the data collection forms?

Who will manage the database, including security and fail-safe
mechanisms?

Who will train practice staff and clinicians to use the system?
What level of support for the system is required?
24 hours per day, 7 days per week
8:00 AmM-5:00 pPm Monday through Friday
Less-intense support
Replacement issues  Who will pay to replace equipment as it ages?
Central hardware and software
Practice-level hardware

PDA = personal digital assistant; SSL = Secure Sockets Layer; VPN = virtual private network; ASP = Active
Server pages; PBRN = practice-based research network; LAN = local area network; WAN = wide-area network.

advance the use of technology
and PBRN methods. As PBRNs
expand their efforts at translational
research, the line between quality
improvement and research will con-
tinue to blur, as will the distinction
between clinically oriented and
research-oriented data systems.
PBRNs are well positioned to
serve as the primary laboratories
to study and improve the delivery
of primary care. A critical ingredi-
ent in this effort is the improved
capacity to collect high-quality
data using electronic methods.
These methods help networks
conduct research effectively and
efficiently, and make it possible
to collect data longitudinally as
well as to conduct studies that
are national in scope. Supporting
a wide variety of data collection
formats is difficult for any single
PBRN, and collaborative efforts
hold great promise for this effort.
Recent support by the Agency for
Healthcare Research and Quality
initiatives to promote connectiv-
ity of health data across a state
should help PBRN research activi-
ties through enhanced data con-
nectivity. Two National Institutes
of Health pilot projects to support
multi-PBRN research projects,
including electronic data collec-
tion, are likely to further speed
innovation. We hope that these
efforts will lead to greater collabo-
ration and the development of a
national infrastructure to support
primary care PBRN research.

To read or post commentaries in response
to this article, see it online at http://www.
annfammed.org/cgilcontent/full/3/Suppl_1/
S21.

Key words: Practice-based research network;
computer communication networks; data
collection; computers, handheld; database
management systems; research design; Health
Insurance Portability and Accountability Act;
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