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Background

In resource-constrained settings, quality and timeliness of data are the main concerns
related to the use of information systems for decision making. Many different tools are
available to improve such systems, but their usefulness is only been recently explored. In
this paper, we describe our implementation of an electronic platform, open data kit (ODK)
for data collection and its feasibility in data management for a population-based

household health expenditure survey.

Methods

We evaluated the use of ODK based data collection in households located in two areas
(one urban and one rural) in Vellore, Tamil Nadu, India. From each area, we selected a
sample of 60 households for piloting the ODK based questionnaires. The household
survey questionnaires were programmed using the Microsoft Excel for data collection in
the ODK collect android application. The ODK aggregate was used for data storage and
data transfer. A team of six field workers was recruited, and trained to use the ODK collect
application for survey data collection. After the training, the field workers pilot tested the
questionnaires, both in the form of mock surveys and real on-field testing.

Results

Under mock-interviews, there were no significant differences in time —to completion
between the six field workers. A total of 60 households participated in field testing that
showed field workers were able to complete the questionnaires in a timely manner, (mean
32 minutes (SD=18)) with minimal errors, and all field workers found the ODK form easy
to use. There were no major technical issues in the ODK implementation or with

electronic devices.

Conclusions

Results from both mock interviews and on-field testing of our data collection platform
show the feasibility of using this approach in resource-constrained settings. The approach
used to implement, integrate, and test this platform can benefit other health researchers
in developing settings intending to move from paper-based methods toward electronic

data collection systems.

High quality and timely data are major concerns for orga-
nizations in many resource-constrained settings in making
better decisions.! Data collection modes play an integral
role in influencing both the timeliness and quality of data.?
Traditionally, paper-based methods for data collection are
preferred but require a great amount of person-hours to be
spent on data-collection, entry and cleaning. This approach
is time-consuming, error prone, and challenging to accu-
rately monitor field operations, participant refusals, and
perform quality control. Advancements in information and
communication technology (ICT) have led to development
of mobile-based technology for data collection to overcome
some of these inherent limitations with paper-based data

collection.3=> With mobile-based data collection, data is
captured with adequate validation at the level of data entry
and transferred digitally reducing the chance of human er-
ror leading to more accurate and timely data.

Many public health and development research groups
are exploring various strategies to develop applications for
data collection in health and development research.® Most
of these applications have an in-built point of source data
consistency checks, linked with servers and dynamic web
interfaces (dashboards), which can present a visual sum-
maries in real-time. Various mobile applications (e.g. Epi-
Collect, EpiSurveyor, KoBo, RapidSMS, Open Data Kit
(ODK), CSPro, etc.,) for data collection in surveillance, clin-
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ical research, and survey are available,” however their use-
fulness is only recently explored in resource-constrained
settings. While numerous studies agree on improvement of
efficiency through mobile based systems,39 the implemen-
tation of these systems is often challenged by common bar-
riers such as lack of adequate prior knowledge and expe-
rience, perceived reliance on programming expertise, and
defunct user-interface interaction. However, to date, few
studies have provided information useful for implementing
the mobilebased tools for data collection in large popula-
tion based studies.10-12 Further as mobile-based tools re-
quire interviewers to manage interactions both with the
mobile and survey respondent, information on user-inter-
action of this approach is crucial.

To address these gaps, we evaluated whether ODK based
platform will be feasible to implement for data collection in
household surveys. In this paper, we aim to (1) describe our
implementation of ODK technology for mobile-based data
collection in household surveys and (2) report its feasibil-
ity for use with survey field workers with little knowledge
or prior experience in mobile devices for data collection in
household surveys.

METHODS
SURVEY SETTING

This pilot study was part of large survey evaluating house-
hold healthcare expenditures. We obtained informed con-
sent and interviewed a small sample of households to gain
insights into the use of mobile applications for data col-
lection. We evaluated use of ODK based data collection in
households located in two areas (one urban and one rural)
in Vellore, Tamil Nadu, India. These areas were among the
targets for the main household surveys. From each area, we
selected a sample of 60 households for piloting the ODK
based questionnaire. The pilot period which included train-
ing and testing of field workers was scheduled during May-
June 2019.

FEASIBILITY TESTING

We conducted two rounds of formal testing of ODK based
data collection. Six field workers and two-supervisors, one
data manager, participated in both rounds of testing. The
first round consisted of one-day training on the use of dig-
ital questionnaires using ODK technology for data collec-
tion. It consisted of a two-hour demonstration of the ques-
tionnaire in the ODK application, followed by one-hour
individual practice. After the training session, fieldworkers
were asked to perform sample tasks of obtaining consent,
completing household roster, and more advanced features
such as the use of branching and skip logic for modules
of the utilization of healthcare outpatient visits and hos-
pitalizations using the ODK collect application. Each field
worker was assigned these sets of tasks, following which we
observed their completion and asked for their impressions
on ease in performance of the task.

Following the training session, we conducted an experi-
ment in which four volunteers acted as prospective house-
hold survey respondents. The six field workers responded
to hypothetical scenarios representing four main branching
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Figure 1. Diagram representing four hypothetical
scenarios for data collection.

processes present within the survey that could result in
health expenditures: (i) a household with no healthcare uti-
lization or hospitalization, but had general health expendi-
ture, (ii) a household with one or more members having re-
cent illness and utilized day healthcare services only, (iii) a
household with one or members recently hospitalized only,
and (iv) a household with one or more members both uti-
lized day healthcare and hospitalized and (Figure 1). All six
field workers conducted interviews on the four volunteers
and recorded their responses in the tablets. We hypothe-
sized that no differences in the time to completion between
the six field workers for each scenario, given the baseline
training sessions.

In the second round, each field worker was asked to re-
cruit a target sample of five households. The data collection
was performed under supervision, timed and the magnitude
of difference between households with sub-categories/char-
acteristics was noted to arrive at an expected time to com-
plete the survey. After completion of each household sur-
vey, field workers uploaded the form into the ODK aggregate
server.

SURVEY INSTRUMENT

The original questionnaire composed a total of 142 ques-
tions to assess households total and health expenditures
which were selected from national sample surveys on
household expenditures on various items under different
categories.!3 Respondents are asked to report how much
they spent on different categories of goods and services
within a certain period. Questions were grouped by the fol-
lowing sections: (i) household sampling and identification
- 18 questions, (ii) roster — 22 questions, (iii) illness history,
recent outpatient visits, and health expenditure — 32 ques-
tions, (iv) hospitalization and related expenditure — 32
questions, (v) socio-economic status — 12 questions and
(vi) household expenditure — 36 questions. And response
classes were either being single/multiple choices, integer,
date or open-ended. Filters were used to prevent a respon-
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Figure 2. Workflow in mobile based data collection.

dent from being asked questions from sections that are ir-
relevant or not applicable to the individual households.

For household identification, we assigned alpha-numeric
text which conveyed phase and sites at which households
are enrolled into the study. The first digit conveyed the
phase of data collection and the subsequent five digits con-
veyed spatial location details of the households: (i) urban
or rural, (ii) clusters, (ii) fieldworker in-charge, and (iv) a
two-digit serial no for the household. To link individual
members within the household, we added two-digits to the
household ID number. For example, FUC08110 indicates
data representing first phase, urban region, cluster 08, field-
worker 1, and household number 10.

TOOLSET FOR DIGITAL DATA COLLECTION

For the design of data collection forms, we evaluated ODK
tools, notably ODK build for form designer, ODK collect for
user-interface, and ODK aggregate for storage services. We
used MS Excel for the design of mobile forms, converted
to Xforms format using XLSFORM (https://xlsform.org) on-
line tool, and validated using Enketo (https://enketo.org
xforms).

The validated form was uploaded onto the ODK aggre-
gate server, a web-based application to support mobile data
collection and provides hosting services for data collected
through mobile devices (Figure 2). The coded form is avail-
able online here (https://github.com/HES-Project/Docu-
ments/blob/main/HES form.xls).

The field workers used a tablet device (Samsung Galaxy
Tab A (T285N)) installed with ODK collect app., and down-
loaded the digital forms for data collection from the ODK
aggregate server onto their devices for the survey. After sur-
veying the households with tablets, the completed forms

—JO00

Submit filled-in form to server

were submitted back to the ODK aggregate server. The data
manager, tracked submissions online, reviewed submis-
sions in real-time or near real-time and then downloaded
the data in comma-separated values (CSV) format for fur-
ther analysis.

OUTCOMES

The main outcomes for the study are completion and error
rates, time-to-completion, and reported user comments.

DATA ANALYSIS

Average time to completion of surveys was calculated dur-
ing both mock interviews and pilot survey. In pilot surveys,
we calculated number of responses that had either erro-
neous, inconsistent responses or missing entries. All analy-
ses were performed using STATA V12 (Statacorp, Texas, US).

RESULTS
FIELD WORKERS TRAINING AND MOCK INTERVIEWS

Six field workers along with two supervisors participated in
a one-day training session. Followed by the training, field
workers and supervisors undertook mock interview ses-
sions. In the mock sessions, each fieldworker administered
the questionnaire to four volunteers who represented the
four above mentioned hypothetical scenarios. Scenario 1, 2,
and 3 took on average about 27, 27 and 25 minutes (stan-
dard deviation, SD=2, SD=2, SD=3), respectively. Scenario 4
in which both out-patient and in-patient visits were present
took the maximum time for completion (mean=45 minutes,
SD=4). And all field workers reported that they were able to
use the application effectively, and were satisfied with the
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Table 1. Summary statistics of survey time in different scenarios.
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Scenario Outpatient department Inpatient department Number of households Mean (SD) time taken
1 Absent Absent 19 24.4(7.1)

2 Present Absent 30 31.9(15.4)

3 Absent Present 8 43.0(29.9)

4 Present Present 59.7 (5.5)

All 60 32(18)

SD - standard deviation

design structure of the questionnaire in the ODK applica-
tion.

All completed forms seamlessly transferred to the ODK
aggregate server, and were later exported as CSV files. No
major technical issues were observed in downloading data
forms from the ODK server to the mobile devices and sub-
mitting filled-in forms back to the ODK server. There were
no hardware or software failures using the tablets.

PILOT FIELD SURVEY

We enrolled 60 households, 30 from urban and 30 from rural
localities. All households consented to participate in the
survey. All entries had an accurate date and time record-
ings for when the data collection occurred. Of these 60 sam-
ples, errors or inconsistencies of responses were observed
in recording Global Positioning System (GPS) locations of
households, dates of outpatient visits and inpatient admis-
sions, and in few categories of household expenditure
which had very large entries. Few open-ended responses on
reasons for outpatient visits or inpatient admissions also
resulted in inconsistent or erroneous responses.

Similarly, missing responses were observed in the fol-
lowing items: date of birth, GPS locations, contact numbers
for alternative persons, and monthly income. There was
also general agreement, regardless of locality, that ques-
tionnaire items on large expenditures, including details on
savings and taxation were the most problematic part of
the survey questionnaire. Table 1 shows the average times
taken to survey completion for households with/without
out-patient and hospitalizations. The average duration of
data collection for the pilot household survey was 32 min-
utes (SD=18 minutes). Quality checks were performed in
real-time, and inconsistencies were detected, rectified, and
cleaned in a timely manner. The real-time submission of
completed surveys provided ongoing data on interview start
time, end time, and time taken to complete each survey.
The automated graphs and reports from the ODK web-in-
terface allowed the data manager to visualize outputs such
as survey completion count on an hourly or daily basis or
the average survey completion time.

DISCUSSION

In this pilot study, we used ODK, an android application to
enter and upload data at the point of collection from par-

ticipants of the household survey. The android application,
ODK collect paired with the web-based data management
platform ODK aggregate enabled real-time supervision of
field workers and helped to reduce error rates.

The major advantage of using the ODK system was that
data cleaning efforts post field work were minimal. This was
mainly due to the inclusion of validation and consistency
checks in the digitized form, which prevented erroneous
data being entered into the form at the point of collection.
This meant not only an improvement in the overall accuracy
of the data, but a huge time saving in the time previously
spent for processing datasets, identifying inconsistencies,
and then undertaking corrective measures.

The other advantage was that it enhanced supervisory
activities to operational guidelines that were to be followed
by the field workers. For example, field workers reported
that meta-data from activity logs provided a real-time sum-
mary of field activities and made them keener on ensuring
they are making field visits as required. Further, automated
time-stamps and location data collected at the time of entry
played an important role in increasing the validity of col-
lected data. Although we did not use paper-based methods
for comparisons, it is well known from previous studies that
turn-around time for paper-based methods are much longer
and requires different levels of supervisory assessments to
reduce errors and ensure high-quality data.14-16

CHALLENGES (OR UNCERTAINTY) WITH DIGITAL DATA
COLLECTION AND LESSONS LEARNT

Major challenges were related with GPS for capturing lo-
cations, text-based responses, navigation back and forth
through the questionnaire. We noted problems with record-
ing the location of households when the GPS signals were
weak. When interviewers proceeded with the survey with-
out confirming the proper location of households, location
information was marked grossly wrong. To avoid this in the
main study, a protocol was developed to calibrate devices
and increase devise responsiveness before recording the lo-
cation information. Additionally, there was one program-
ming error in which skip patterns were set incorrectly that
resulting in invalid responses.

The other problems observed in the forms were mainly
present in open-ended questions which required textual re-
sponses. For textual responses, we could not restrict or set
a limit for the entries. This resulted in invalid or erroneous
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responses. Further, fieldworkers reported difficulty in typ-
ing out the response for these questions, while other types
of questions required just a few checkmarks or entering
numbers in the device. In the main study, we overcome
this problem by reducing the total number of questions re-
quiring textual responses to a minimal level. Missing re-
sponses were largely present in questions from expenditure
sections. During the interviews, participants did not want
to respond to questions related to their taxation, savings,
and borrowings. This is expected owing to the personal na-
ture of these questions and might have been more demand-
ing to the household respondent.1718

The main limitation was the length of the questionnaire
and the longer time required from participants for com-
pletion of the survey. Due to the length of the question-
naire, the household interviews were performed only once.
Ideally, the questionnaires could be administered by more
than one interviewer to allow for more comparisons re-
garding the efficiency of field workers. Though ODK re-
mained stable and responsive, the length affected inter-
viewers to navigate back and forth through the different
sections, subsections, and items in the forms. The forms
were set with a one-question prompt at a time and some
of the fields were dynamic such that responses from prior
questions were used in subsequent questions, so if the in-
terviewer had to go back to sections, then it resulted in
delays and caused inconvenience to the household partic-
ipants. We attempted to manage this limitation by our in-
house training and mock interviews for field workers to
limit such situations.

CONCLUSIONS

Electronic data collection is being increasingly used for data
collection, though not without its challenges and problems.
We believe this study will help other researchers from de-
veloping settings in effectively integrating open source
tools for electronic data collection and management within
their research studies.
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