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Abstract

Background: Entering data onto paper-based forms, then digitizing them, is atraditional data-management method that might
result in poor data quality, especially when the secondary data are incomplete, illegible, or missing. Transcription errors from
source documents to case report forms (CRFs) are common, and subsequently the errors pass from the CRFs to the electronic
database.

Objective: Thisstudy aimed to demonstrate the usefulness and to eval uate the effectiveness of mobile phone cameraapplications
in capturing health-related data, aiming for data quality and completeness as compared to current routine practices exercised by
government officials.

Methods: In this study, the concept of “data entry via phone image capture” (DEPIC) was introduced and devel oped to capture
data directly from source documents. This case study was based on immunization history data recorded in a mother and child
health (MCH) logbook. The MCH logbooks (kept by parents) were updated whenever parents brought their children to health
carefacilities for immunization. Traditionally, health providers are supposed to key in duplicate information of the immunization
history of each child; both on the MCH logbook, which is returned to the parents, and on the individua immunization history
card, which is kept at the health care unit to be subsequently entered into the electronic health care information system (HCIS).
In this study, DEPIC utilized the photographic functionality of mobile phones to capture images of all immunization-history
records on logbook pages and to transcribe these records directly into the database using a data-entry screen corresponding to
loghook data records. DEPIC data were then compared with HCI'S data-points for quality, completeness, and consistency.

Results. As a proof-of-concept, DEPIC captured immunization history records of 363 ethnic children living in remote areas
from their MCH logbooks. Comparison of the 2 databases, DEPIC versus HCIS, revealed differences in the percentage of
completeness and consistency of immunization history records. Comparing the records of each logbook in the DEPIC and HCIS
databases, 17.3% (63/363) of children had compl eteimmunization history recordsin the DEPIC database, but no complete records
werereported in the HCI S database. Regarding the individual's actual vaccination dates, comparison of records taken from MCH
logbook and those in the HCIS found that 24.2% (88/363) of the children’s records were absolutely inconsistent. In addition,
statistics derived from the DEPIC records showed a higher immunization coverage and much more compliance to immunization
schedule by age group when compared to records derived from the HCI'S database.
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Conclusions: DEPIC, or the concept of collecting data viaimage capture directly from their primary sources, has proven to be
auseful datacollection method in terms of completeness and consistency. In this study, DEPIC wasimplemented in data collection
of asingle survey. The DEPIC concept, however, can be easily applied in other types of survey research, for example, collecting
data on changes or trends based on image evidence over time. With its image evidence and audit trail features, DEPIC has the
potential for being used even in clinical studiessinceit could generate improved dataintegrity and morereliable statistics for use

in both health care and research settings.

(JMIR mHealth uHealth 2015;3(3):€75) doi: 10.2196/mhealth.4183
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Introduction

Paper-based case report forms (CRFs) have long been used as
the standard method to collect datain research studies and health
careservices[1]. Both primary and secondary data are collected
in many public health surveys using paper-based CRFs. Once
dataare collected, they should be accurately entered, coded into
an electronic form, and subsequently converted into many forms
for further analysis[2]. However, this approach presents many
problems due to frequent errors and high storage costs when
performing data collection and double dataentry [3]. Moreover,
there are many problems that can arise after data
collection—especially when collecting secondary
data—including lost forms, incompletely filled forms, and poor
handwriting of data collectors. There are multiple potential
sources of error that can occur when performing manual data
collection, particularly if data collection involves multiple data
collectors across multiple health care units, or even if data
collection is done within 1 unit [4-5]. Mobile phones offer an
attractive possibility to address these problemsin terms of their
accessibility, effectiveness, and quality of data that includes
data completeness and validation.

It is suggested in literature that several mobile phones features
have created opportunities for data collection, and that these
features could also improve data quality [3,6-9]. Maobile phone
cameras have been used as an alternative method for health care
data collection in recent years, although mobile phone cameras
are still mostly used in capturing clinically relevant images for
rapid diagnosis[10]. For example, the use of mobile phones by
medical doctors to view medica image data such as
neurosurgery and dermatology for rapid and convenient
diagnosis has been reported [9,11,12]. Other examples include
the use of mobile phone imaging in microscopic diagnosis of
soil-transmitted helminthic infections and diagnosis of sputum
dlidesfor TB. [10,13-15]. Although mobile phone cameras are
useful in health care data collection, usage should be carefully
planned due to ahigher equipment cost, lack of ability to verify
miscoded data against paper records once data is entered, and
thevarying quality of imagestaken with different mobile phones
[10,16].

In Thailand, mobile phones have been used as data collection
toolsin the health care system. A project supported by Google
Thailand devel oped and employed mobile applicationsfor health
data collection in the Northern provinces. The data collected
via mobile phones were compared to paper CRFs flowing
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directly to the hospital electronic database and the health care
providers, and policy makers could see all details of individual
health data of the entire district [17]. Another study conducted
in northern Thailand showed that the customized-language voice
surveys for textual data, together with capturing image dataon
mobile phones, could be successfully used to collect dataamong
ethnic populationswho speak different languages[8]. Moreover,
1 project in Thailand supported by Microsoft Research showed
the effectiveness of using mobile technology in routine health
care services that focused on reminding an individua of
scheduled visits for antenatal care and Expanded Programme
on Immunization (EPI) services[18]. Similarly, another project
in Thailand focused on malaria case management by
implementing amodul e on mobile phonesto monitor and follow
malaria cases, including patient treatment [19]. Various studies
revealed that mobile technology is the fastest growing sector
in the communications industry, especialy in low-income
countries[20]. Thusfar in the context of poor resource settings
for large-scale public health surveys, the availability and
affordability of mobile phones and wireless networks create a
possible alternative mechanism for data collection that might
replace traditional paper-based methods.

The routine work on immunization services at aprimary health
care unit consists of 4 steps as presented in Figure 1. As an
enforced routine practice of the Thailand Ministry of Public
Health, a MCH logbook is given and owned by 1
mother/caretaker and every health care unit that provides the
service asks for the MCH logbook and records the child’s
immunization history into the logbook every time the
mother/caretaker brings achild for immunization. Asshownin
Figure 1 as step 1, on a vaccination day, the mother/caretaker
presents the logbook to the health care provider at the primary
health care unit. In step 2, the health care provider gives the
immunization(s) as per schedule then separately records the
vaccineg(s) administered, actual date of immunization, and the
datefor the next appoi ntment on 2 documents, the M CH logbook
and the individual immunization history card. In step 3, the
MCH logbook is returned to the mother/caretaker while the
individual immunization history card is kept at the primary
health care unit. In step 4, the record on the immunization
history card is entered into the national health careinformation
system (HCIS) by health care providers, which is when data
problemsusually occur. Thereisatime gap between when data
are entered on the immunization history card to when data are
entered into the HCIS; data entry cannot be done in real time
dueto the workload of health care providers on the vaccination
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day. And since it has been generally recognized that datain the
HCIS are incomplete or missing, any reports/statistics about
immunization generated from the HCIS database will be
unreliable.

It would be a great challenge to change the 4-step routine
practice by having health care providers enter the datainto the
HCIS at the same time they provide the services and discard
the use of MCH logbooks and individual immunization history
cards. In Thailand, the problems of the health sector at district
level arelimited human resources and inadequate infrastructure.
Itisdifficult to carry out data entry while providing servicesto
a large number of patients. The MCH logbooks usually have
an almost-complete immunization history of each child, and
the mother/caretaker who owns it often use it as an
immunization schedule reminder. The mother/caretaker is
required to bring the MCH logbook to every scheduled

Figure 1. Routine immunization service at health care unit.
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immunization, and health care providers usually rely on the
information in the logbook more than that in the HCIS.
Collecting secondary data for further analysis using source
documents or logbooks can be another challenge due to
difficulties in reading, extracting, and transcribing such
information, especialy if the data are collected by those who
are not familiar with all information content and context.

This study aimed to demonstrate the use and evaluate the
effectiveness of the camera function on maobile phones combined
with online connectivity asatool for health data collection. The
effectiveness of dataimage capture feature was assessed through
data quality in terms of completeness and consistency of the
records by comparing the captured images with the data on the
national HCI'S database. In addition, the impact of data quality
was confirmed through comparisons of some statistics generated
from the 2 data sources.
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Methods

Study Sites and Study Participants

This cross-sectional study was conducted in 8 villages in the
Wawee Subdistrict of the Mae Suai District, which is in the
Chiang Rai Province of northern Thailand, during May through
August 2013. The mgjority of people in these areas are from
ethnic groups, including Karen, Lahu, Lisu, Hmong, Mien,
Yunnan Chinese, and Akha; some of which have no writing
system. Village health volunteers (VHVS) in these villages were
recruited as data collectors. They were trained to collect data
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Immunization Card
(It was confidentially kept at healthcare unit.)

from MCH logbooks using a mobile phone camera application
equipped and were assigned to make home visits. Images of
immuni zation history recordswere then captured from the MCH
logbook of each hill tribe child. Datato be used for an analysis
are those recorded on MCH logbooks from the child’s first
immunization until the end of April 2013. Sincetherewere 790
children under 6 years of agein these 8 villages, the 363 mothers
possessing the children’simmunization logbooks were randomly
selected using simple random sampling technique. Figure 2
shows some of the study sites where these minority groups are
located in the highlands.
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Figure 2. Study sites were located on the highlands of northern Thailand.
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Implementation of DEPIC

DEPIC standsfor “dataentry viaphoneimage capture.” DEPIC
was devel oped as part of the smartphone survey project initiated
by the Center of Excellence for Biomedical and Public Health
Informatics (BIOPHICS) at the Faculty of Tropical Medicine,
Mahidol University, Thailand. The smartphone survey
application ran on Android SDK, and was built using Eclipse
open-source software. DEPI C was an enhancement of the survey
tool performing 1 of the 3 main features of the smartphone
survey application. The details of the other 2 features of the
smartphone survey, including drop-down menu choice and
voiced-questioning in selectable ethnic languages, are discussed
elsewhere [8]. This smartphone survey tool application was
successfully developed and tested in the previous study in
northern Thailand among different ethnic minority groups. The
previous study was conducted to assess data quality in terms of
data completeness and time consumed in collecting the
information in comparison with traditional data collection
methods (eg, paper-based questionnaire). Besides data quality,
the participants satisfaction with the smartphone
customized-language voice-based questionnaire in terms of
perceived ease of use and perceived usefulness was assessed
[8]. The particular purpose of the DEPIC application was to
reduce the workload and form-filling mistakes by data collectors
in the field. The data image capture functionality on mobile
phone was employed to make it faster and easier to collect
secondary data, with no need to extract data from the source
document, enter the data onto CRFs, and reenter the data again
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into the electronic database. DEPIC can be used either online
and automatically synchronized with acentral database or offline
and synchronized with acentral database when telephone signals
or wireless networks are available.

In this study, DEPIC was used to collect immunization history
records (eg, preschedul ed date and actual vaccination date) from
mother and child health (MCH) logbooks. A conceptual
framework of the DEPIC feature is shown in Figure 3. The
image-taking was designed to decrease the workloads of VHV's
whileinterviewing hill tribe mothers/caretakers so that the hedlth
workersdid not need to manually extract datafrom thelogbook
and transcribe the data onto paper CRFs. Whileworking in the
field, VHVswho performed routine monthly homevisitssmply
asked for the MCH logbook from the mothers, captured the data
image of the immunization history pages via the DEPIC
application, and saved the image automatically in the mobile
phone. Each picture was then synchronized to the centra
database, where an electronic Web-based form was created
according to the transmitted picture. If the picturewas not clear,
the VHV srepeated the picture-capturing process until asuitable
image was captured. DEPIC mapped pictureimageswith adata
entry screen for each child’slogbook. Datawere then manually
entered by the data management team and submitted to the study
investigator. At this phase of DEPIC development, there are no
features of automatic character (ie, text) recognition and no
double data entry from the image; these are in the planning
phase. The purpose of this study is to capture presumably
complete datafrom logbooks to compare against the datain the
health care unit's HCI S database.
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Figure 3. DEPIC conceptua framework.

Jandee et a
Data synchronization into datab server
Sysc_lmei | Sync Date  Ownermame  Tell Vilage  Question Status  Picturel | Pictare2 | Pictwre3 | Pictured
P | {
i n
359871046291382 M3 @ @ -f* g
= kﬂ15 @ @ a E
4
i - Data monitoring Data report

DEPIC application

Data synchronization
via mobile network / wifi

Camera
function on
mobile phone

- Data validation
- Data entry

- Data extraction
- Data analysis

, Database Server
1
i

.
1
v v

Data entry and validation on web-based S ization of il ion data
= e
= Q e
-~ @
o ) B
z vos = @ B
- @
e ons ®
o2 D
2 ooy
oz e wwens viewe CHmED 0 (N |00 . [0)
=
oy . -
o D 2t 6 7
B
%2
O
.72 Months. il
orvs

Data Linkage for Comparison

To demonstrate the use of mobiletechnologiesin data capturing,
theimmunization history datafrom 2 databases were compared.
Data collected via DEPIC were compared with data points in
the standard HCIS database. Data in the DEPIC database
represent compl ete immunization history datathat were actually
recorded in a MCH logbook during the immunization process
by the health care providers on the scheduled immunization
dates. The data extracted from HCIS database represent data
entered ad hoc by hedth care providers from duplicate
information of the logbook data on individual immunization
history cards after theimmunization process. Data between the
2 databases, DEPIC and HCIS, were linked by each child's
hospital number to extract both the appointment date and the
actual vaccination date of each child. The matching of the data
was done using Excel and then transported to a statistical
package for further analysis. The data fields in the MCH
logbooks are always more complete than those in the HCIS;
there were no data fields that were found in the HCIS but not
in the logbooks.

Data Definitionsand Analysis

For the purposes of this study, completeness was defined as al
records being entered into the database, with no missing or
incomplete data. Consistency was defined as the absence of
typographical and transcription errors which may lead to
differences in the immunization history data between the 2
databases. The comparisons of completeness and consistency
of the datain the 2 databases were performed on immunization
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RenderX

history records in 2 aspects. percentage of completeness of the
number of immunization history records and consistency of the
actual vaccination date(s) reported in each record. The
completeness of the number of records for each MCH logbook
was determined by the number of immunization records that
were not entered into the HCI S but were captured and presented
in DEPIC. The consistency of theindividual actual vaccination
date was determined by the number of records in each MCH
logbook that such dates were matched between the 2 databases,
DEPIC and HCIS.

In order to assess the impact of completeness and consistency
of the datain the 2 databases, derived statistics on immunization
coverage and compliance to immunization schedul e status were
calculated and compared. Immunization coverage status was
displayed in individua summary statistic, as well as the
immunization schedule compliance status of the district. The
status of immuni zation coverage was categorized into 2 groups:
“completeimmunization” and “incompleteimmunization.” The
complete immunization status was applied if a child had fully
received the correct number of doses of all vaccines following
theimmunization schedule by child’s age, whiletheincomplete
immunization status was applied if a child had missed at least
1 dose of al vaccines. Regarding the compliance to the
immunization schedule, the term “compliance” in this study
referred to when the child completely received the correct
number of doses of each vaccine according to time (ie, the
child’'s age) and sequence of vaccines, as stated in the Thailand
immunization schedule guideline [21,22]. The compliance to
immunization schedule status was classified into 3 levels: “on
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time,” “out of schedule,” and “pending schedule.” The on time
status applied when the child had fully received a number of
doses of al vaccines according to the time sequence in the
guideline. The out of schedule status applied when a child had
fully received a number of doses of all vaccines, but at least 1
vaccine did not follow the time sequence according to the
guideline. The pending schedul e status meant that the child was
not required to be immunized with the particular vaccines at
the analysistime.

Ethical Consider ations

This study was a part of the project “Assessment of
Immunization Status of Hill Tribe Children Using Multilingual
Audio Visual Mobile Technology.” The project was reviewed
and approved by the Ethics Committee of the Faculty of Tropical
Medicine, Mahidol University. This study involved vulnerable
research participants belonging to ethnic groups in the Chiang
Rai Province of Thailand. All participants were informed about
all details regarding the study and asked to sign an informed
consent form before participating. The document wastrandated
by VHVs into the participants’ dialect or language.

There was no identification of first or family name of the
respondents on the CRFs. The individual information was kept
completely confidential during datacollection and analysis. The
respondents were able to stop participating at any time and did
not need to give areason for the withdrawal of their consent.

Data Security and Storage

All captured pictures of immunization history recordswere kept
confidentially on maobile phones designated to each VHV, who
was responsible for his’her own catchment villages. In this
study, all of these pictures were synchronized and transferred
for analysisat the central database at BIOPHICSwith asecured
system to ensure limited accessibility and scheduled backups.
Data entry and analysis was done by the investigators on a
designated computer that was|ocked using a secured password.

Results

Use of DEPIC for Data Capturein the Field

The DEPIC tool was developed for use in the field with minor
effort, as camera functionality is normally available on most
cell phones, mobile phones, and tablets. Android platformsalso
enabl e the devel opment of customized cameraapplications. The
application was found to be easy to use and required few hours
of training for the VHV's, who comprised were ethnic people
living in the remote areas and acted as the data collectorsin the
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project. The VHV s reported that they felt capable of using the
application in collecting the secondary data of the MCH
logbook. The VHV's agreed that they could take pictures and
submit them to the data center with minimum effort. Of 726
page-pictures from 363 records, only 64 pages of data images
(8.82%) had to be re-submitted. Based on the observations at
the study sites, the health care personnel who worked with the
HCI'S database suggested that an application like DEPIC could
increase data quality within the national database system, as
well asthe efficiency of survey datacollection. With the current
version of DEPIC, the submitted images were automatically
transferred to the central data center whenever the telephone
signal was available; however, they were not automatically read.
The data entry people had to key in the data from the image
into a pop-up data screen that matched theimagesreceived. The
clear images facilitated the data entry process. The data entry
people were satisfied with the task assigned to them. The
information in the MCH logbook was comprised mostly of
check-boxes and data fields with immunization information
filled in using preprinted stickers prepared by the health care
unit. In the case that the immunization was not performed at
the participant’s primary health care unit, such information was
handwritten.

Differencesof Immunization History Recor dsBetween
HCISand DEPIC

During the study period, 363 hill-tribe mothers/caretakersfrom
8 villageswererandomly selected for participation inthe project;
they were requested to submit the MCH logbooksto VHVsfor
capturing the immunization history records using DEPIC.
DEPIC and HCI'S records were matched for al 363 mothers
and children’s identifications. Considering the images taken
from MCH |logbooks via DEPIC as compl ete, completeness and
consistency of immunization history records were assessed by
comparing the 2 databases, DEPIC and HCI S, as presented in
Table 1. In terms of completeness of immunization history
records, 17.3% children (63/363) had totaly different
immunization history records when looking into DEPIC and
HCIS; complete immunization history records were found in
DEPIC, but nonein HCIS. Regarding the consistency of actual
vaccination dates, the information taken from MCH logbooks
was compared to data in HCIS and it was found that 31.1%
(113/363) of therecords' datesin HCIS matched datesin DEPIC
51%-70% of the time, 28.4% (103/363) of records matched
50% or less, and for 24.2% (88/363) no dates matched. It should
be noted that no records matched 100%.
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Table 1. Difference of immunization history records between DEPIC and HCIS.

Variables Number Percentage (%)
(N=363)
Completeness of immunization history records (DEPIC vsHCIS)?
< 50% difference 238 65.6
51%-80% difference 49 135
819%-99% difference 13 3.6
100% difference 63 17.3
Consistency of actual vaccination dates (DEPIC vsHCI S)b
100% unmatched 88 242
< 50% matched 103 284
51%-70% matched 113 311
> 70% matched 59 16.3

#The percentage of completeness was determined as number of records that were not entered in HCIS but presented in DEPIC for each MCH logbook.
bThe percentage of individual actual vaccination date consistency was determined as number of records that were matched between DEPIC and HCIS

for each MCH logbook.

Differencesof Immunization Cover age StatusBetween
DEPIC and HCIS

One of the purposes of collecting theimmunization recordswas
to assess immunization coverage among the targeted
populations. In this study, the focus was on immunization
coverage within the first year of age. Individual records from
both DEPIC and HCIS were caculated in 2 dimensions:
immunization coverage status (both overall and by each vaccine
antigen) and compliance to immunization schedule status.
Differences of calculated immunization outcomes from the 2
databases are presented in Table 2. The number of individuals
who had complete immunization according to DEPIC records
was higher than that derived from HCIS records (ie, 79.1%
(287/363) vs 0.3% (1/363)). For immunization coverage status
by each vaccine antigen, records stored in DEPIC reveal ed that

http://mheal th.jmir.org/2015/3/e75/

all children in the study received the BCG vaccine, and the
immunization rates of the other vaccines were more than 90%.
In contrast, the records in HCIS indicated that immunization
rates of different vaccinesvaried from 1% to 74%. That is, status
of complete immunization in each vaccine antigen was shown
to be much higher with DEPIC than HCIS.

Status of compliance to immunization schedule by age group
reveadled different outcomes, as shown in Figure 4. When the
calculation was based on the records in DEPIC, more children
were immunized according to the scheduled time sequence.
According to the DEPIC records, 74.9% (272/363) of children
received vaccines on time during their first year of age (ie, 12
months), while HCIS records showed the result of 0% (ie, no
children received the vaccines on time). The same patternswere
found for subsequent age groups.
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Table 2. Dataanaysisof immunization outcomes between DEPIC and HCIS.

Immunization Coverage Status DEPIC HCIS

Number Number
(N=363) Percentage® (%) (N=363) Percentage® (%)

Overall status
Compl ete immuni zation 287 79.1 1 0.3
Incompl ete immunization 76 20.9 362 99.7

Status by vaccine antigen
BCG 363 100.0 73 201
DTP1 362 99.7 201 554
HB1 362 99.7 212 58.4
OPV1 362 99.7 268 73.8
DTP2 359 98.9 254 70.0
HB2 359 98.9 253 69.7
OPV2 359 98.9 249 68.6
DTP3 354 97.5 231 63.6
HB3 354 97.5 5 14
OPV3 354 97.5 226 62.3
M/MMR1 338 93.1 23 6.3

8The percentage was cal culated from number of children with an immunization schedule.
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Figure 4. Status of compliance to immunization schedule by data source.

Discussion

Principal Results

Differencesin the compl eteness of immunization history records
and consistency of individual actual vaccination dates for each
record in the MCH logbooks between 2 databases, DEPIC and
HCIS, reflect the problematic situation of data entry of
immunization records into the national database system in
Thailand. Thisstudy findsthat should the datarecorded in MCH
logbooks be simultaneously entered directly into the electronic
database—rather than being recorded on the individual
immunization history cards before being entered into the
€lectronic database—there will be more complete and accurate
datain the national HCIS database. The simple explanation for
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incomplete and missing information in the HCIS database is
that data entry into HCIS is usually delayed due to
case-management workloads on prescheduled immunization
days. Moreover, theindividual immunization history cards used
as source documents for HCIS data entry are often incomplete.
It doubles the work for health care providers to collect data
during the vaccination day on both data sources: the MCH
logbook, which is kept by the mother/caretaker, and the
individual immunization history card, which iskept by the health
care unit for ad hoc entry into HCIS. Health care providers also
might be more likely to miss recording the data on the card but
complete the MCH logbook since the logbook record is fully
enforced by the Thailand Ministry of Public Health and is used
by the mother/caretaker as a reminder for the next scheduled
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immunization. It is thus assured that the child’'s complete
immunization history will be recorded and can be found in the
MCH logbook.

The incompleteness of immunization information in the HCIS
database as compared to data captured via DEPIC is aso
reflected in the statistics on vaccine coverage and compliance
to the immunization schedule for children. Using statistics
calculated from information in the HCIS aone, it appears that
Thailand has lower immunization coverage and compliance
according to the national guideline. But when compared with
statistics calculated from the DEPIC records, it appears to be
quite the opposite with study participants showing high
immunization coverage and compliance rates. Therefore,
comparing dataquality onimmunization history among children
in remote areas as an example, we suggest that DEPIC could
be used to collect data quite effectively.

The DEPIC was implemented in the field with minimum
requirements. Data images were captured and automatically
submitted to the data center when there was telephone signal.
In this study in a remote area, data images were collected and
submitted by local VHV's who had limited education levels.
They expressed that it was not a burden to collect DEPIC data
while performing their routine homevisits. They collected data
for health care providers easily, and not much effort was
required. At thelocal health centersin the study locations, health
care personnel indicated that DEPIC would hel p them cut down
the workload if it was redesigned as a mobile technology tool
for use by the health care personnel at the local center for data
capture. This is an issue that needs further planning and
collaboration in order to lessen the workloads of heath care
providers by using DEPIC for data image capture onto HCIS,
rather than the current system of entering data twice, first into
an MCH logbook and then onto an individual immunization
history card for HCIS.

The development of DEPIC was based on the idea of creating
a data collection tool for capturing secondary data in survey
research. DEPIC has shown its potential use in collecting
secondary data as a direct image when it is difficult for data
collectors to collect the secondary data on paper-based CRF.
This is due to the difficulties in reading, recalling, and writing
such information. Thismethod is quite effective asit can capture
data directly from source documents (eg, MCH logbook) and,
thus, there is no need to perform data extraction and/or source
dataverification (ie, cross-checking between source documents
and CRFs). Asaso demonstrated in other studies using maobile
technology in remote areas[23,24], it simplifies the process of
survey data collection in remote areas where study participants
speak other languages. Asfound in many previous studies that
used paper-based methods in collecting secondary data, such
methods appear to have more transcription errors and missing
data[25-32]. Transcription errors could occur at 2 stages—from
source document to paper-based CRF, and then from CRF to
database. The DEPIC application acts as a direct electronic
CRF, thus halving the sources of error in the data-capture
process. The implementation of DEPIC in this study suggests
that it helped reduce the time consumed for data collection.
Other studies have also reported decreased time spent in data
collection using mobile technology [16,30,33].

http://mheal th.jmir.org/2015/3/e75/
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In this study, data captured via DEPIC and entered into the
HCI'S database for further analysis has shown to improve the
accuracy and completeness of data. One of the advantages of
using DEPIC is that it provides evidence-based data via
photographic images from the original source document. As
showninthis study, DEPIC can capture all relevant information
regarding the immunization history of children. Data stored in
the DEPIC database were more complete, with supporting
electronic evidence as an audit trail, and so could provide more
reliable statistical analyses when needed. It should be noted,
however, that errors or incomplete data could occur even with
DEPIC due to unclear pictures—even if VHVs usualy use
mobile phones every day—and this might require retaking of
the dataimage. It isimportant that the data collectors who use
the devicereceive appropriate training for proficiency in camera
use when a new data collection tool/application is introduced
or if new survey content is planned.

Limitations of Current Version of DEPIC

The results of this study confirmed the potential implications
of using cameraapplications on mobile devicesin variousways
to provide health care services, asis shown in previous studies
[1,9-15,34]. In this study, DEPIC was developed and used for
asimpledescriptive survey, particularly to collect immunization
history data from MCH logbooks or immunization cards. We
recognize that in the comparison of data quality in thisexample
of immunization history recording we assumed that the MCH
logbooks are the complete and correct data source and, relying
on these alone, we suggest that data quality captured by DEPIC
isbetter than datain the national data source. It should be noted
that we did not claim that the DEPIC provides more accurate
data, but rather focused on completeness and consistency of
data between the 2 data sources. There are several potential
sources of inaccuracies; for examples, in either data sources,
vaccines may be misrecorded, may be replaced with
missing/incorrect data, or may be written as given when
immunization did not actually happen. Theresultsin this study
simply demonstrate that (1) DEPIC could be used as a data
collection tool to capture complete datawith dataimagesrather
than the traditional paper-based data collection-and-entry
method that resultsincomplete data; and (2) that DEPIC requires
less effort and time to collect secondary data by cutting down
the typical steps from extracting data from source documents
to paper-based CRFs and then from CRFs to electronic
databases.

In this study, the DEPIC was implemented as an example for
use in data collection of a single survey. The DEPIC concept,
however, can be easily applied as adata collection tool in other
types of survey research; for example, collecting dataon changes
or trends based on image evidence over time. With its image
evidence and audit trail features, DEPIC has potential
applications for use even in clinica studies. With the purpose
to prove the concept of using DEPIC for secondary data, the
current application does not yet allow for double data entry to
cross-check data validity. To comply with best data-entry
practicesin clinical studies, the next version of DEPIC should
incorporate a double-entry function from image capture.
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Conclusions populations in remote areas, this study shows that the concept
can be applied in alimited-resource environment. With traceable
evidence-based images and better data quality, the DEPIC
concept also has apotential to generateimproved dataintegrity
and morereliable statisticsfor usein public health and research
settings.

DEPIC, or the concept of collecting image data as a primary
source, has proven be a useful data collection method. It was
found to be superior to paper-based methods in regard to the
consistency and compl eteness of data. As acase study of using
DEPIC to capture immunization history data among minority

Acknowledgments

This study isapart of the StatelessVac project that was funded by a grant from the Bill & Melinda Gates Foundation through the
Grand Challenges Explorations initiative (Round 7—Grant Number OPP1046158), and we would like to thank the Foundation
for funding and supporting us throughout the duration of the project. This project received in-kind support from the Department
of Tropical Hygiene, Faculty of Tropical Medicine, Mahidol University, Thailand, and was also partialy funded by Faculty of
Graduated Studies, Mahidol University. We would like to acknowledge the health care personnel and VHV s at Wawee Subdistrict
Health Promoting Hospital in Chiang Rai Provincefor their assistance in project implementation, also the MIS and data management
teamsat BIOPHICSfor their contributionsin system development. BIOPHICS's staff memberswere actively involved in planning
and implementing the project at the study locations. Thank you to all study participants who were willing to take part in the study.
Special thanksto Paul Adamsand Tim Cole of the Office of Research Services, Faculty of Tropical Medicine, Mahidol University,
for editing the language of the manuscript.

Authors Contributions

KJand JK designed and planned the study, drafted the first version of the paper, submitted the paper, and approved the final
version. KJ and PW designed and programmed the survey for use on mobile phones, collected data, and monitored activities at
study sites. AK, SL, and WW assisted in designing and planning the study, wrote the submitted paper, and approved the final
version.

Conflictsof Interest
None declared.

References

1. Thriemer K, Ley B, Ame SM, Puri MK, Hashim R, Chang NY, et al. Replacing paper data collection formswith electronic
dataentry in thefield: findings from a study of community-acquired bloodstream infections in Pemba, Zanzibar. BMC Res
Notes 2012;5:113 [FREE Full text] [doi: 10.1186/1756-0500-5-113] [Medline: 22353420]

2. Gdliher M, Stewart TV, Pathak PK, Werner JJ, Dickinson LM, Hickner JM. Data collection outcomes comparing paper
forms with PDA formsin an office-based patient survey. Ann Fam Med 2008 Apr;6(2):154-160 [FREE Full text] [doi:
10.1370/afm.762] [Medline: 18332408]

3. Tomlinson M, Solomon W, Singh Y, Doherty T, Chopra M, ljumbaP, et al. The use of mobile phones as a data collection
tool: areport from a household survey in South Africa. BMC Med Inform Decis Mak 2009;9:51 [FREE Full text] [doi:
10.1186/1472-6947-9-51] [Medline: 20030813]

4. ByrneMD, Jordan TR, Welle T. Comparison of manual versus automated data collection method for an evidence-based
nursing practice study. Appl Clin Inform 2013;4(1):61-74 [FREE Full text] [doi: 10.4338/ACI-2012-09-RA-0037] [Medline:
23650488]

5. Inacio MC, Paxton EW, Chen Y, Harris J, Eck E, Barnes S, et al. Leveraging electronic medical records for surveillance
of surgical site infection in atotal joint replacement population. Infect Control Hosp Epidemiol 2011 Apr;32(4):351-359.
[doi: 10.1086/658942] [Medline: 21460486]

6. Belavy D. A mobiletelephone-based SMS and internet survey system for self-assessment in Australian anaesthesia:
experience of asingle practitioner. Anaesth Intensive Care 2014 Nov;42(6):771-776. [Medline: 25342410]

7.  Brabyn S, Adamson J, MacPherson H, Tilbrook H, Torgerson DJ. Short message service text messaging was feasible as a
tool for data collection in atrial of treatment for irritable bowel syndrome. J Clin Epidemiol 2014 Sep;67(9):993-1000.
[doi: 10.1016/j.jclinepi.2014.05.004] [Medline: 24972761]

8. JandeeK, Lawpoolsri S, Taechaboonsermsak P, Khamsiriwatchara A, Wansatid P, Kaewkungwal J. Customized-L anguage
Voice Survey on Mobile Devicesfor Text and Image Data Collection Among Ethnic Groupsin Thailand: A Proof-of-Concept
Study. IMIR Mhealth Uhealth 2014;2(1):e7 [FREE Full text] [doi: 10.2196/mhealth.3058] [Medline: 25098776]

9. Razdan S, Johannes J, Kuo RL, Bagley DH. The camera phone: anovel aid in urologic practice. Urology 2006
Apr;67(4):665-669. [doi: 10.1016/j.urology.2005.10.005] [Medline: 16618555]

10. Skandargjah A, Reber CD, Switz NA, Fletcher DA. Quantitative imaging with a mobile phone microscope. PLoS One
2014;9(5):96906 [FREE Full text] [doi: 10.1371/journal.pone.0096906] [Medline: 24824072]

http://mhealth.jmir.org/2015/3/e75/ JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| €75 | p. 11
(page number not for citation purposes)


http://www.biomedcentral.com/1756-0500/5/113
http://dx.doi.org/10.1186/1756-0500-5-113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22353420&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=18332408
http://dx.doi.org/10.1370/afm.762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18332408&dopt=Abstract
http://www.biomedcentral.com/1472-6947/9/51
http://dx.doi.org/10.1186/1472-6947-9-51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20030813&dopt=Abstract
http://europepmc.org/abstract/MED/23650488
http://dx.doi.org/10.4338/ACI-2012-09-RA-0037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23650488&dopt=Abstract
http://dx.doi.org/10.1086/658942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21460486&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25342410&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2014.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24972761&dopt=Abstract
http://mhealth.jmir.org/2014/1/e7/
http://dx.doi.org/10.2196/mhealth.3058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25098776&dopt=Abstract
http://dx.doi.org/10.1016/j.urology.2005.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16618555&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0096906
http://dx.doi.org/10.1371/journal.pone.0096906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824072&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Jandee et al

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Kroemer S, Frithauf J, Campbell TM, Massone C, Schwantzer G, Soyer HP, et al. Mobile teledermatol ogy for skin tumour
screening: diagnostic accuracy of clinical and dermoscopic image tele-evaluation using cellular phones. Br J Dermatol
2011 May;164(5):973-979. [doi: 10.1111/j.1365-2133.2011.10208.x] [Medline: 21219286]

YamadaM, Watarai H, Andou T, Sakai N. Emergency image transfer system through amobile telephonein Japan: technical
note. Neurosurgery 2003 Apr;52(4):986-8; discussion 988. [Medline: 12657199]

Bogoch I, Andrews JR, Speich B, Utzinger J, Ame SM, Ali SM, et a. Mobile phone microscopy for the diagnosis of
soil-transmitted helminth infections: a proof-of-concept study. Am J Trop Med Hyg 2013 Apr;88(4):626-629 [ FREE Full
text] [doi: 10.4269/ajtmh.12-0742] [Medline: 23478580]

Frean J. Microscopic images transmitted by mobile cameraphone. Trans R Soc Trop Med Hyg 2007 Oct;101(10):1053.
[doi: 10.1016/j.trstmh.2007.06.008] [Medline: 17663014]

Tuijn CJ, Hoefman BJ, van BH, Oskam L, Chevrollier N. Data and image transfer using mobile phones to strengthen
microscopy-based diagnostic servicesin low and middleincome country laboratories. PLoS One 2011;6(12):e28348 [FREE
Full text] [doi: 10.1371/journal.pone.0028348] [Medline: 22194829]

Thwin SS, Clough-Gorr KM, McCarty MC, Lash TL, Alford SH, Buist DianaS M, et al. Automated inter-rater reliability
assessment and el ectronic data collection in amulti-center breast cancer study. BMC Med Res Methodol 2007;7:23 [FREE
Full text] [doi: 10.1186/1471-2288-7-23] [Medline: 17577410]

Kunakornpaiboonsri T. Bangkok updated 21 May. 2013. Thailand Develops Mobile App to Collect Health Data URL :
http://www.futuregov.asi alarti cles/2013/may/21/thail and-devel ops-mobil e-app-coll ect-heal th-dat/ [accessed 2014-08-18]
[WebCite Cache 1D 6Rubd53y0]

Kaewkungwal J, Singhasivanon P, Khamsiriwatchara A, Sawang S, Meankaew P, Wechsart A. Application of smart phone
in "Better Border Healthcare Program": a module for mother and child care. BMC Med Inform Decis Mak 2010;10:69
[FREE Full text] [doi: 10.1186/1472-6947-10-69] [Medline: 21047412]

Meankaew P, Kaewkungwal J, Khamsiriwatchara A, Khunthong P, Singhasivanon P, Satimai W. Application of
mobile-technology for disease and treatment monitoring of malariain the "Better Border Healthcare Programme”. Malar
J2010;9:237 [FREE Full text] [doi: 10.1186/1475-2875-9-237] [Medline: 20723223]

Free C, Phillips G, Felix L, Galli L, Patel V, Edwards P. The effectiveness of M-health technologies for improving health
and health services: a systematic review protocol. BMC Res Notes 2010;3:250 [FREE Full text] [doi:
10.1186/1756-0500-3-250] [Medline: 20925916]

Pediatric Infectious Disease Society of Thailand (PIDST). Bangkok. 2014. Immunization schedule for Thai children (In
Thai) URL: http://www.pidst.net/knowledge detail.php?d=489 [accessed 2014-08-22] [WebCite Cache ID 6S0zV40j0]
World Health Organization (WHO). WHO vaccine-preventabl e diseases: monitoring system. 2015 global summary. 2015.
Immunization schedule for 6 vaccines (BCG, DTwP, HepB, JapEnc, MMR, OPV) For 1 country (THA) and for 1 region
(SEAR) URL: http://apps.who.int/immunization_monitoring/global summary/

sheliesX ] [[=SEARO& I [I=THA& STd=& V] [1=BOG& v [[-D TWRE sV [[=HEFB& vV [[FAPENCE SV [EMMR& SHV][[=OPV &SI OK]
[accessed 2015-07-13] [WebCite Cache ID 6Zyv2texh]

Couper MP. New Technol ogies and Survey Data Collection: Challenges and Opportunities. 2002 Presented at: | nternational
Conference On Improving Surveys,; August 25-28; Copenhagen, Denmark URL: http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.131.9305& rep=repl& type=pdf

Couper MP. Technology Trends in Survey Data Collection. Social Science Computer Review 2005 Nov 01;23(4):486-501
[FREE Full text] [doi: 10.1177/0894439305278972]

Duracinsky M, Lalanne C, Goujard C, Herrmann S, Cheung-Lung C, Brosseau J, et al. Electronic versus paper-based
assessment of health-related quality of life specific to HIV disease: reliability study of the PROQOL-HIV questionnaire. J
Med Internet Res 2014;16(4):e115 [FREE Full text] [doi: 10.2196/jmir.3330] [Medline: 24769643]

LygidakisC, Rigon S, Cambiaso S, Bottoli E, Cuozzo F, Bonetti S, et al. A web-based versus paper questionnaire on al cohol
and tobacco in adolescents. Telemed J E Health 2010 Nov;16(9):925-930. [doi: 10.1089/tmj.2010.0062] [Medline: 20958200]
Otieno-Odawa CF, Kasgje DO. Validity and reliability of data collected by community health workersin rural and peri-urban
contextsin Kenya. BMC Health Serv Res 2014;14 Suppl 1:S5 [FREE Full text] [doi: 10.1186/1472-6963-14-S1-S5]
[Medline: 25079763]

Steffen MW, Murad MH, Hays JT, Newcomb RD, MolellaRG, ChaSS, et al. Self-report of tobacco use status: comparison
of paper-based questionnaire, online questionnaire, and direct face-to-face interview--implications for meaningful use.
Popul Health Manag 2014 Jun;17(3):185-189. [doi: 10.1089/pop.2013.0051] [Medline: 24476559]

Touvier M, Méjean C, Kesse-Guyot E, Pollet C, Malon A, Castetbon K, et a. Comparison between web-based and paper
versions of a self-administered anthropometric questionnaire. Eur J Epidemiol 2010 May;25(5):287-296. [doi:
10.1007/s10654-010-9433-9] [Medline: 20191377]

Walther B, Hossin S, Townend J, Abernethy N, Parker D, Jeffries D. Comparison of electronic data capture (EDC) with
the standard data capture method for clinical trial data. PLoS One 2011;6(9):€25348 [FREE Full text] [doi:
10.1371/journal .pone.0025348] [Medline: 21966505]

http://mhealth.jmir.org/2015/3/e75/ JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| €75 | p. 12

(page number not for citation purposes)


http://dx.doi.org/10.1111/j.1365-2133.2011.10208.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21219286&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12657199&dopt=Abstract
http://www.ajtmh.org/cgi/pmidlookup?view=long&pmid=23478580
http://www.ajtmh.org/cgi/pmidlookup?view=long&pmid=23478580
http://dx.doi.org/10.4269/ajtmh.12-0742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23478580&dopt=Abstract
http://dx.doi.org/10.1016/j.trstmh.2007.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17663014&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0028348
http://dx.plos.org/10.1371/journal.pone.0028348
http://dx.doi.org/10.1371/journal.pone.0028348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22194829&dopt=Abstract
http://www.biomedcentral.com/1471-2288/7/23
http://www.biomedcentral.com/1471-2288/7/23
http://dx.doi.org/10.1186/1471-2288-7-23
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17577410&dopt=Abstract
http://www.futuregov.asia/articles/2013/may/21/thailand-develops-mobile-app-collect-health-dat/
http://www.webcitation.org/

                                                6Rubd53yo
http://www.biomedcentral.com/1472-6947/10/69
http://dx.doi.org/10.1186/1472-6947-10-69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21047412&dopt=Abstract
http://www.malariajournal.com/content/9//237
http://dx.doi.org/10.1186/1475-2875-9-237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20723223&dopt=Abstract
http://www.biomedcentral.com/1756-0500/3/250
http://dx.doi.org/10.1186/1756-0500-3-250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20925916&dopt=Abstract
http://www.pidst.net/knowledge_detail.php?id=489
http://www.webcitation.org/

                                                6S0zV4ojo
http://apps.who.int/immunization_monitoring/globalsummary/schedules?sc[r][]=SEARO&sc[c][]=THA&sc[d]=&sc[v][]=BCG&sc[v][]=DTWP&sc[v][]=HEPB&sc[v][]=JAPENC&sc[v][]=MMR&sc[v][]=OPV&sc[OK]
http://apps.who.int/immunization_monitoring/globalsummary/schedules?sc[r][]=SEARO&sc[c][]=THA&sc[d]=&sc[v][]=BCG&sc[v][]=DTWP&sc[v][]=HEPB&sc[v][]=JAPENC&sc[v][]=MMR&sc[v][]=OPV&sc[OK]
http://www.webcitation.org/

                                                6Zyv2tcxh
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.131.9305&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.131.9305&rep=rep1&type=pdf
http://jwolf-ra.wdfiles.com/local--files/mode-effects/TechnologyTrendsinSurvey2005.pdf
http://dx.doi.org/10.1177/0894439305278972
http://www.jmir.org/2014/4/e115/
http://dx.doi.org/10.2196/jmir.3330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24769643&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2010.0062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20958200&dopt=Abstract
http://www.biomedcentral.com/1472-6963/14/S1/S5
http://dx.doi.org/10.1186/1472-6963-14-S1-S5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25079763&dopt=Abstract
http://dx.doi.org/10.1089/pop.2013.0051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24476559&dopt=Abstract
http://dx.doi.org/10.1007/s10654-010-9433-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20191377&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0025348
http://dx.doi.org/10.1371/journal.pone.0025348
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21966505&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Jandee et al

31.

32.

33.

Zhang S, Wu Q, van Velthoven MH, Chen L, Car J, Rudan I, et a. Smartphone versus pen-and-paper data collection of
infant feeding practicesin rural China. J Med Internet Res 2012;14(5):e119 [FREE Full text] [doi: 10.2196/jmir.2183]
[Medline: 22989894]

Zielhuis GA, Hulscher ME, Florack El. Validity and reliability of a questionnaire on fecundability. Int J Epidemiol 1992
Dec;21(6):1151-1156. [Medline: 1483821]

Horng S, Goss FR, Chen RS, Nathanson LA. Prospective pilot study of atablet computer in an Emergency Department.
Int JMed Inform 2012 May;81(5):314-319 [FREE Full text] [doi: 10.1016/j.ijmedinf.2011.12.007] [Medline: 22226927]
Wan X, Raymond HF, Wen T, Ding D, Wang Q, Shin SS, et al. Acceptability and adoption of handheld computer data
collection for public health research in China: a case study. BMC Med Inform Decis Mak 2013;13(1):68 [FREE Full text]
[doi: 10.1186/1472-6947-13-68] [Medline: 23802988]

Abbreviations

BIOPHICS: Center of Excellence for Biomedical and Public Health Informatics
CRF: casereport form

DEPIC: dataentry via phone image capture

HCIS: health careinformation system

MCH: mother and child health logbook

VHVs: village health volunteers

Edited by G Eysenbach; submitted 26.12.14; peer-reviewed by C King, S Brabyn; comments to author 02.04.15; revised version
received 29.04.15; accepted 02.06.15; published 20.07.15

Please cite as:

Jandee K, Kaewkungwal J, Khamsiriwatchara A, Lawpoolsri S Wongwit W, Wansatid P

Effectiveness of Using Mobile Phone Image Capture for Collecting Secondary Data: A Case Study on Immunization History Data
Among Children in Remote Areas of Thailand

JMIR mHealth uHealth 2015;3(3):e75

URL: http://mhealth.jmir.org/2015/3/e75/

doi: 10.2196/mhealth.4183

PMID: 26194880

©Kasemsak Jandee, Jaranit Kaewkungwal, Amnat Khamsiriwatchara, Saranath Lawpoolsri, Waranya Wongwit, Peerawat
Wansatid. Originally published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 20.07.2015. Thisisan open-accessarticle
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the origina work, first published in IMIR
mhealth and uhedlth, is properly cited. The complete bibliographic information, a link to the original publication on
http://mhealth.jmir.org/, as well as this copyright and license information must be included.

http://mheal th.jmir.org/2015/3/e75/ JMIR mHealth uHealth 2015 | vol. 3 |iss. 3| €75 | p. 13

RenderX

(page number not for citation purposes)


http://www.jmir.org/2012/5/e119/
http://dx.doi.org/10.2196/jmir.2183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22989894&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1483821&dopt=Abstract
http://europepmc.org/abstract/MED/22226927
http://dx.doi.org/10.1016/j.ijmedinf.2011.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22226927&dopt=Abstract
http://www.biomedcentral.com/1472-6947/13/68
http://dx.doi.org/10.1186/1472-6947-13-68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23802988&dopt=Abstract
http://mhealth.jmir.org/2015/3/e75/
http://dx.doi.org/10.2196/mhealth.4183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26194880&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

