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ABSTRACT
Objective: Public health investigations require rapid assessment, response, and initiation of control
measures. In 2012, the New Hampshire Department of Health and Human Services used digital pens
to rapidly acquire epidemiologic data during a gastrointestinal illness outbreak.

Methods: Menus were obtained and a standard questionnaire was administered to exposed persons
using digital pens. Questionnaire data were downloaded into an electronic file for analysis.

Results: Sixty-nine (74%) of 93 exposed persons completed a questionnaire. Of 6389 data entries made
on digital paper, 218 (3%) required correction; of these, 201 (92%) involved a free-form variable and
17 (8%) involved a check-box variable. Digital pens saved an estimated 5 to 6 hours of data-entry time.

Conclusions: This outbreak provided an opportunity to assess the value of digital pens for decreasing
data-entry burden and allowing more timely data analysis in an emergent setting. Depending on the size
of the outbreak and complexity of the survey, there is likely a threshold when use of digital pens would
provide a clear benefit to outbreak response. As new technology becomes available for use in
emergency preparedness settings, public health agencies must continuously review and update
response plans and evaluate investigation tools to ensure timely disease control and response activities.
(Disaster Med Public Health Preparedness. 2015;9:349-353)
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Public health investigations require rapid
assessment and response in order to institute
control measures quickly and prevent addi-

tional illness. In the United States, state and local
health departments are required to establish and
maintain public health emergency preparedness
and response capabilities1 in order to receive specific
federal funds for such purposes. Funded jurisdictions
are regularly assessed and ranked on their ability and
readiness to respond to large-scale emergencies and
natural disasters.2 As such, public health agencies
must continuously review and update response plans
and evaluate investigation tools to ensure timely
disease control and response activities.

Collection of epidemiologic information is a key
component of a public health investigation and often
involves surveying people to determine their health
status and identify exposures that may pose a threat to
others. Historically, the most common approaches
to conducting public health surveys were by mail, in
person, or via telephone, and responses were docu-
mented using pen and paper, followed by data entry

and then analysis. Over the past decade, as new
technologies have been developed and accepted into
public health practice, electronic methods for rapid
data acquisition have emerged. Some electronic
methods are now frequently used, such as online
surveys,3 but others are less commonly used, such as
computer-assisted telephone interviewing.4 More
recently, the use of tablets or personal data assistants
have been explored for data entry in the field.5 Digital
pens are another technology available to minimize
or eliminate data-entry burden by electronically
recording data handwritten on specially printed
paper and uploading questionnaire responses into an
electronic file for data analysis. Use of digital pens
has been reported in clinical settings,6-8 but use
during public health responses has been infrequently
described.9

Some of the most common types of public health
investigations are foodborne illness outbreaks;
approximately 1200 occur in the United States each
year.10 Because of their frequency, state and local
health departments are provided with an opportunity
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to exercise preparedness and response plans during routine
investigations of foodborne illness outbreaks. In February
2012, the New Hampshire Department of Health and Human
Services (DHHS) investigated gastrointestinal illnesses
among wedding attendees to assess extent and possible sources
of illness. During the investigation, the DHHS piloted the use
of digital pens for data collection. The goal of the pilot was to
evaluate the digital pens for ease of use in an outbreak setting,
establish a model to increase investigation efficiency and more
timely availability of epidemiologic data, and provide insight
into best practices for use of digital pens for public health
response in the future.

METHODS
After the outbreak was identified, menus for all wedding-
related events were obtained, and a standard questionnaire
was created using Capturx digital pen software (Adapx, Inc,
Seattle, Washington) and printed for investigator use. The
questionnaire asked attendees about 72 different food expo-
sures, symptoms of gastrointestinal illness, visits to health care
providers, and specimen submission for pathogen testing. The
questionnaire included 81 check-box and 25 free-form vari-
ables in total. Contact information for wedding attendees was
obtained, and the questionnaire was deployed by telephone
from February 8 through February 18, 2012.

Eleven staff members were trained to use the digital pens to
conduct phone interviews with exposed persons. Training
included instruction on use of the paper survey instrument,
operation of the digital pens, and data security and con-
fidentiality. The digital pens were used in a similar manner to
a standard pen with the added functionality of using a unique
dot matrix printed on each paper interview to record each
respondent’s answers. After interview completion, the pens
were placed into a docking station and questionnaire data
were uploaded into an electronic Microsoft Excel (Microsoft
Corporation, Redmond, Washington) file using the Capturx
digital pen software. Once data from the pens were made
available in the electronic file, corrections were required to
remove duplicate records from prior data transmissions and
correct critical data-capture errors before analysis of data. The
number of corrections required was documented, and data
were analyzed to assess overall accuracy and completeness of
data. Data analyses were performed using EpiInfo 7 (Centers
for Disease Control and Prevention, Atlanta, Georgia) and
Microsoft Excel.

RESULTS
Of 93 exposed wedding attendees, 69 (74%) completed a
standard questionnaire. Of those interviewed, 29 cases were
identified as having gastrointestinal illness for an attack rate
of 43%. Norovirus was identified as the etiologic agent, and
illness was associated with consumption of vegetable dip
served at the wedding welcome reception.

After content of the questionnaire was determined, the
survey was created using digital pen software, a process that
took approximately 3 hours. After the electronic form was
developed, questionnaire administration was initiated, which
required a specialized printing process on a standard office
printer and training of staff members. The digital pens saved
approximately 5 to 6 hours of data-entry time based on esti-
mates of 69 surveys at 4 to 5 minutes each.

To determine the number of corrections needed, both the
electronic and hard-copy records were examined for each
patient interview. Of 6389 data entries made using digital
pens, 5510 (86%) were check-box variable entries and 879
(14%) were free-form variable entries. Overall, 218 (3%)
entries required correction; 201 (92%) corrections involved a
free-form variable and 17 (8%) involved a check-box vari-
able. Among free-from variables, 24 (96%) of 25 variables
required at least 1 correction (range = 1-27 corrections per
variable), and corrections were required in 23% of all free-
form variable entries recorded electronically. Among check-
box variables, data corrections were required in 13 (16%) of
81 variables (range = 1-4 corrections per variable). Correc-
tions were required in <1% of all check-box variable entries
recorded.

DISCUSSION
Digital pens were successfully used to rapidly collect epide-
miologic information during a foodborne outbreak investigation
in New Hampshire. Upon notification of the outbreak, the
DHHS was able to pilot the use of digital pens in an outbreak
setting to determine their efficacy in potentially reducing the
burden of data entry, thereby allowing for more timely data
analysis and identification of the source of an outbreak.

A key aspect of assessing the use of digital pens was how well
the handwritten information transferred into an electronic
format. Each paper survey instrument was reviewed and
compared with the database for accuracy and completeness,
and as expected, the majority of necessary corrections
involved free-form variables. All records required at least
1 correction, but the number of corrections were dependent
on the method of data collection on the paper form. Among
the most common reasons for corrections were style and
format of information written on the surveys. Data transferred
from the pens encountered the most difficulty with special
characters (eg, w/, &, < , > , fractions), letters that were
partially written outside the confines of the allotted space, and
places where a second line of text was begun above the initial
line in a free-form field box (eg, starting text at the bottom of
the box and then trying to write above the initial entry when
space became limited). Additional problems occurred as a
result of the formatting of the spreadsheet into which the data
were downloaded. Cells that were specifically formatted for an
anticipated format of response that was not subsequently
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provided by the investigator resulted in a nonsensical or
incorrect entry in the data field, such as date or number fields.

Suggestions for improving data quality when using digital
pens were identified by comparing the necessary corrections
in the electronic database to what was recorded on the paper
survey instrument. These included use of check-box variables
when possible, creation of larger free-form boxes to accom-
modate longer answers, and use of a general text format for all
free-form variables to prevent population of variables with
nonsensical data when downloaded into the spreadsheet.
More in-depth training for staff conducting interviews on the
proper method for using free-form variables may also improve
data quality and reduce the number of errors observed.
Training should include instruction to avoid the use of special
characters and to begin writing at the top left corner of a free-
form box and then write below the first line if additional lines
are needed.

A limitation of this report is that the digital pen method and
the standard method (standard pen and paper followed by
data entry) were not conducted in parallel, and time savings
could only be estimated based on other epidemiologic

data-acquisition experiences. Data capture and upload from
the digital pens is estimated to have saved approximately 5 to
6 hours of data-entry time. This estimate is based on the time
it took to manually enter a survey into a prepared database
versus downloading the data from the pens. Time required to
dock the pens and import the data was less than 10 minutes
per pen. Not included in this estimate of time savings is the
amount of time it took to manually correct the survey records
before epidemiologic analysis as that parameter was not
recorded in real time, nor was the length of time recorded for
training purposes. It is expected that as investigators become
more familiar with this technology and adept at using it, both
the time required to correct uploaded data and perform
training will be negligible. Additionally, in the standard
approach, the survey can be quickly generated and made
available for the initiation of interviews, allowing for devel-
opment of the data-entry tool while interviewers are col-
lecting the data. With digital pens, the printed survey is
generated directly from the data-entry tool so interviewing
cannot commence until the data-entry tool is created, which,
in this investigation, delayed interviewing by approximately
3 hours. Though digital pens saved data-entry time, time
needed to set up the system, train staff, and correct errors may
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FIGURE 1
Comparison of Theoretical Standard Data Entry Flow to Digital Pen Data Flow
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have made up the difference in their initial deployment.
There is likely a threshold for the number of anticipated
surveys that would result in data-entry time savings
from using the digital pens (Figure 1). This threshold would
be affected by staffing resources available for response,
staff level of expertise with the technology, and the
consideration that manipulating the digital pen database may
require more data analysis expertise, while traditional
survey methods require greater data-entry staff availability.
Correspondingly, factors to consider when choosing to use
digital pens in an event include number of respondents,
length and complexity of survey, whether interviewers are
centrally located or in various response locations, and staff
preferences (Table 1).

Similar to other electronic data acquisition methods
(eg, tablet and web surveys), digital pens offer a particular
benefit over standard methods for field deployments, such
as going to a community to do door-to-door interviewing or
when interviewing at the site of an outbreak or event. The
near real-time availability of data would also provide a
clear benefit in a mass vaccination, point of dispensing,
or mass shelter incident. Rapid screening of an incoming
clinic or shelter population would allow responders to more
quickly respond to the needs of attendees (eg, additional
medical screeners for complicated patients or specific
food, shelter, or medication needs). This is a clear benefit
over the more traditional method of collecting data through
the use of paper survey instruments with manual entry
after the event. As patient data are collected, they can be
imported into a master database as frequently as desired by
the agencies coordinating the event for evaluation and
analysis rather than consuming the time of additional staff
with data entry as time allows.

CONCLUSIONS
As new technology becomes available for use in the public
health setting, public health agencies must continuously
review and update response plans and evaluate investigation
tools to ensure timely disease control and response activities.
This outbreak provided an opportunity to assess the value of
digital pens, which could reduce data-entry burden during
public health investigations and provide more timely data
for analysis and, ultimately, institution of disease-control
measures. Although the use of digital pens was not without
problems, there is great potential for the use of these devices
for rapid data acquisition in outbreak investigations and other
public health events.
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Location of interview staff: Staff who will conduct interviews must be centrally located in order to access the
digital pen and printed surveys.
Centralized √
Decentralized √

Staff preference for handwriting during survey administration: Staff who are uncomfortable with computer
interfaces may prefer to take handwritten notes.
Handwriting preferred √
Staff uses computer interfaces with easea √

aConsider direct entry of interview data into a web-based survey, local database, or tablet in real time during the interview.
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