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Ensuring quality of data during electronic data capture has
been one of the most neglected components of opera-
tional research. Multicentre studies are also challenged with
issues about logistics of travel, training, supervision, mon-
itoring and troubleshooting support. Allocating resources
to these issues can pose a significant bottleneck for oper-
ational research in resource-limited settings. In this article,
we describe an innovative and efficient way of coordinat-
ing data capture in multicentre operational research us-
ing a combination of three open access technologies—
EpiData for data capture, Dropbox for sharing files and
TeamViewer for providing remote support.

uality-assured data entry has been aptly de-

scribed as the ‘Cinderella’ of medical research.!
Although there are several ways of reducing data entry
errors, double data entry and validation has been con-
sidered the definitive gold standard,? whereby data are
entered independently twice and value pairs compared
for discordances, followed by resolution of discor-
dances by referral to the original data source.> How-
ever, a review of all publications in the International
Journal of Tuberculosis and Lung Disease in the year
2008 indicated that only 2/43 published articles re-
lated to tuberculosis (TB) epidemiology actually men-
tioned achieving this standard, while more than half
did not even mention data quality.# This tendency to
unquestioningly presume that data in published re-
search is of high quality is highly questionable. De-
spite the easy availability of high-quality, open-access
tools for quality-assured data capture, the concept has
apparently been grossly neglected in academic curric-
ula in medical and public health schools.

The challenge of assuring data quality is com-
pounded if the context is a multicentre research study
involving multiple study sites and personnel, where
the costs of travel for training, supervision, monitor-
ing and troubleshooting support are often substantial.
These costs can become a significant barrier to assur-
ing data quality while conducting high-quality opera-
tional research, especially in resource-limited settings.
In this article, we describe an innovative model that
used multiple open-access tools in a multicentre oper-
ational research project with efficient use of resources.

CONTEXT

The subject of this operational research project was
the implementation of provider-initiated human im-

munodeficiency virus (HIV) counselling and testing
for patients with presumptive TB under routine pro-
grammatic conditions in the State of Karnataka, India.
This State has a population of about 62 million, and is
divided into 31 districts spread across ~192000 km?,
extending 750 km from north to south and 400 km
from east to west. The study took place between Janu-
ary and March 2012.

As part of the intervention, every patient with pre-
sumptive TB attending the microscopy centre was as-
sessed for HIV status by the laboratory technician.
Those with unknown HIV status were referred to the
nearest HIV testing facility. HIV test results were cap-
tured by trained staff in a structured paper-based data
collection form with measures built in to ensure data
validity. Once the data were on paper, the forms were
brought to the district TB centre for compilation and
electronic capture. This meant that data entry would
occur at 31 sites across the state, and the responsibility
was assigned to the data entry operator of the district
under the Revised National Tuberculosis Control Pro-
gramme (RNTCP).

INNOVATION: SETTING UP THE DATA
CAPTURE SYSTEM FOR EACH SITE

We used three tools to set up the system for data
entry.

1 First, we used EpiData Entry version 3.1 (EpiData
Association, Odense, Denmark, http://www.epidata.
dk) to design the data capture instrument. In addi-
tion to being open access, this tool offers several
advantages: small size of the software and data files,
non-interference of the software with the operating
system of the user’s computer during installation,
excellent capabilities for inbuilt checks during data
entry to reduce the frequency of data entry errors,
and a simple option that allows double data entry
and validation. Most importantly, it is user friendly,
making it easy to teach and learn.

2 Second, we used Dropbox (http://www.dropbox.
com) to share the folders over the web (Box). The
principal investigator (PI) designed the data capture
formats in EpiData and placed them in a district-
specific Dropbox folder (31 folders, one for each
district), and an invitation was sent by e-mail to
each district data entry operator to join the shared
folder. Once the user had accepted the invitation
and installed Dropbox, the software created the
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What is Dropbox?

Dropbox is a file hosting service operated by Dropbox Inc. that
offers cloud storage and file synchronization. Dropbox uses a
‘Freemium’ business model, where users are offered a free account
with a set storage size (2 gigabytes in this case) and paid subscrip-
tions for accounts with more capacity. Dropbox allows users to
create a special folder on each of their computers, which Dropbox
then synchronises so that it appears to be the same folder (with the
same contents) regardless of the computer it is viewed on. Files
placed in this folder are also accessible through a website and
mobile phone applications. Such folders can be shared with others
for mutual access. More information at www.dropbox.com

What is TeamViewer?

TeamViewer is a secure software package for remote control, desktop
sharing, online meetings, web conferencing and file transfer between
computers. TeamViewer is a tool that makes it very easy to set up and
use a Virtual Private Network connection that lets you take complete
control of another computer from your own computer via internet.
It enables two-way connections in which users can flip control back
and forth. While TeamViewer is proprietary, it is free for non-
commercial purposes. More information at www.teamviewer.com

shared folder on their local computer. This provided the power-
ful, simultaneous option of both offline data entry and online
file synchronisation. The option of offline data entry ensured
that continuous internet connectivity was not required during
data entry. Online synchronisation meant near real-time sharing
of data with the PI and data safety through online backup. Any
need to change the structure of the data capture instrument to
suit the needs of an individual site could be achieved very easily
by manipulating the files in the shared folder by the PI. Without
this instrument, a physical visit would have been required or
considerable time expended in e-mailing files back and forth.

3 Third, we used TeamViewer (http://teamviewer.com) to pro-
vide support remotely to the individual sites for initial setup
and troubleshooting (Box). We used this software to connect
to the district computers and set up the data capture system,
including software installation. This was also utilised as a train-
ing opportunity. After establishing telephone contact, the PI
explained and demonstrated the use of the data capture sys-
tem. The user was then allowed to enter the data from a few
records under PI supervision, allowing resolution of any early
problems. Thereafter, if the user encountered any problem dur-
ing data entry, he or she would connect with the PI on Team-
Viewer to show the error to the PI and have it resolved almost
immediately. A problem that hitherto required a visit in per-
son to resolve could now be solved very easily and efficiently
during a TeamViewer session.

Data entry

Once the system for data capture was set up, the data entry opera-
tors entered the data twice into files designated for the purpose and
already placed in the shared Dropbox folder. When they had fin-
ished the data entry, this was communicated to the PI by e-mail.
The PI then performed a ‘data validation’ (‘data compare’) between
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the two databases and generated a validation report listing discrep-
ancies between the two databases, placing the report in the Drop-
box folder. The data entry operator was informed and requested
to refer to the original data for correction and finalisation.

What was achieved? What resources were required?

Over a span of 3 months, data on nearly 115000 study participants
were electronically captured while ensuring the highest standards
of data quality coordinated across 31 sites. The PI was assisted by
three colleagues working for the RNTCP in the state in ensuring
that the data capture system was set up in their respective dis-
tricts. These three colleagues also had access to the shared folders
on Dropbox. They together co-ordinated data capture in a period
of 3 months over and above their routine job responsibilities.

DISCUSSION

This is an innovative use of open-access technology to coordinate
data capture in a multicentre operational research project across
31 sites. While internet connection is decisive for success, the
system does not require a large bandwidth nor ‘always-on’ capa-
bility: as EpiData file sizes are small (1000 records required only
216 kilobytes), bandwidth is of minor importance; as Dropbox
has the option of offline access to shared folders, uninterrupted
internet connection is not required for data entry, a major prereq-
uisite in web-based data capture systems. Telephone costs can be
circumvented, if required, using Skype™ (http://www.skype.com),
which was used for periodic video conference calls between the PI
and co-investigators to monitor the project. A recent study has
shown that an alternative to double entry could be ‘Automatic
Forms Processing’, a method by which one can ‘automatically’
capture information entered into data fields by scanning, and
converting it into an electronic format through techniques such
as ‘Optical Mark Recognition’ or ‘Intelligent Character Recogni-
tion’,5 but this is applicable only in highly structured question-
naires with only check boxes and numbers and no dates.5> This
would also require relatively expensive equipment and computer
expertise that are often not available in resource-limited settings.

Overall, this model for data capture proved highly efficient in
terms of optimum utilisation of resources, including time, and we
feel that it can be easily replicated in any resource-limited setting
for operational research.
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Ensuring data quality using open-access tools

La garantie de la qualité des données au cours de la capture des don-
nées électroniques a constitué une des composantes les plus négligées
de la recherche opérationnelle. De plus, les défis des études multi-
centriques comportent des problemes concernant les logistiques du
voyage, la formation, la supervision, le suivi et le soutien au dépan-
nage. Une allocation de ressources a ces problémes peut constituer
un goulot significatif pour les recherches opérationnelles dans les

contextes a ressources limitées. Dans cet article, nous décrivons une
facon innovatrice et efficiente pour la capture des données de coordi-
nation dans la recherche opérationnelle multicentrique au moyen
d’une combinaison de trois technologies libres d’accés—EpiData pour
la capture des données, Dropbox pour le partage des dossiers et
TeamViewer pour procurer un soutien a distance.

Garantizar la calidad de los datos durante la captura electrénica ha
sido uno de los componentes mas desatendidos de la investigacion
operativa. Los estudios multicéntricos afrontan ademas dificultades
relacionadas con la logistica del desplazamiento, la capacitacion, la
supervision el seguimiento y de la asistencia técnica para la resolucion
de los problemas. La atribucién de recursos a estas esferas puede rep-
resentar un cuello de botella de la investigacion operativa en los en-

tornos con escasos recursos. En el presente articulo se describe un
método innovador y eficaz de coordinar la captura de datos en inves-
tigacién operativa mediante la aplicacién de tres tecnologias de ac-
ceso abierto, a saber: EpiData en la captura de datos, Dropbox en la
puesta en comdn de los archivos y TeamViewer en la prestacion de
asistencia técnica a distancia.
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