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ABSTRACT 

Considering the amount of data generated by the International Network for Demographic 

Evaluation of Populations and Their Health (INDEPTH), affiliated Health and Demographic 

Surveillance Systems (HDSS), and the complexity of their dynamic cohorts, introducing 

Information and Communication Technologies (ICT) and mobile technologies for data 

collection may significantly improve data quality and ease data processing and data 

management. So far, the level of use of mobile devices in public health research data collection 

and its determinants are not clearly known. We assessed the level of use of mobile devices for 

research data collection.  

We conducted a cross-sectional survey in 29 HDSS sites out of 51, in Africa and Asia, to assess 

the current use of electronic/mobile devices for their core follow-up as well as the embedded 

studies. This survey revealed that the use of mobile devices was very (8 sites out of 29) low in 

the core HDSS follow-up. Meanwhile, a third of sites (34%) used mobile data collection for 

embedded studies. Motivations for using mobile data collection were data quality improvement 

and timeliness. On the other hand, devices’ initial cost and unreliable internet connectivity were 

the major barriers to the use of mobile data collection. For those using paper-based data 

collection methods, Microsoft Access and Epidata were the two leading platforms for data entry 

whereas Research Electronic Data Capture (REDcap) was the most used electronic data capture 

system. 

INDEPTH network is currently supporting the implementation of Open Health and Demographic 

System (OpenHDS) in HDSSs. This support can improve the rate of utilisation of mobile devices 

in HDSS data collection. 

Electronic Data Capture (EDC) systems can potentially improve and facilitate data management 

in epidemiological studies. However, some of these systems lack mobile application or module 
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needed for field-based research. The second component of our work was to implement an open 

source mobile application, CTLS (Clinical Trials and Longitudinal Studies), that can be used 

with REDCap for electronic data capture. The application should be able to collect data offline 

and asynchronously upload onto REDCap database server or repository. We use REDCap in 

accordance with the findings of the survey: it was the most used EDC system. Such an offline 

mobile data capture feature will aid in overcoming the lack of mobile application and poor 

internet connectivity on the field, and improving the rate of utilisation of mobile data collection 

in remote settings. Our module has been tested using the entry and exit forms of the Nairobi 

Urban Health and Demographic Surveillance System in Kenya. It has been proved to be 

effective in fetching metadata from REDCap server, entering data offline and loading them to 

a remote database in an asynchronous fashion upon establishing internet connexion. 
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CHAPTER 1: INTRODUCTION 

In this chapter, we review the background of mobile data capture and explain the research 

problem to be addressed. Our motivation for this research and objectives are provided in the 

last sections of the chapter. 

1.1. BACKGROUND 

In public health, getting data of good quality on time has always been a concern. The quality of 

research data determines readiness for decision-making and capacity of  health systems to 

respond efficiently in case of any population’s health concern [1–3]. Disease surveillance, 

prevention and treatments are guided by information gathered from health information systems 

(HIS) and research studies, such as cross-sectional and longitudinal studies [2]. Policy-makers, 

researchers, governments’ officials and programme managers all rely on data for defining 

populations’ needs, prioritising them, setting goals, planning interventions, and monitoring 

progress. The real challenge is how fast research data can be accessed when real-time 

responsiveness to disease outbreaks (as well as other public health incidents) and continuous 

availability is required. For real-time research data management, research institutions need to 

rethink their research data infrastructure and processes. 

Public health data can be drawn from two main sources. Firstly, it can be obtained from 

population-based investigations, such as censuses, surveys and cohort studies. Secondly, as an 

administrative entity, each and every component of a health system is also a source of 

administrative data. For instance, at the point of care, health workers routinely collect patients’ 

medical data [4]. But, irrespective of the source, data always have to undergo data collection 

process [1,2]. In their conceptual framework of data quality assessment in public health 

practice, Chen et al. [1], highlighted the crucial role of data collection process as a key 

component of data quality assurance, to which further attention should be paid. Other 

dimensions of data quality such as completeness, accuracy, reliability, etc., are also strongly 
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related, and determined by the quality of data collection process. Weak data collection tools or 

methods negatively impact findings [5]. Hence, public health scientists and software developers 

continuously work on how to improve data collection tools, and propose better solutions to 

assist research data collection. 

For many years, researchers and public health scientists relied on manual (i.e. paper based) data 

collection and processing methods [6]. However, over the past two decades, the advent of 

computers, and Information and Communication Technologies (ICT), have significantly 

changed the practice. Data can now be collected and captured using electronic data capture 

(EDC) systems. These systems allow users to collect data on papers and enter them on a 

computerised interface or form. For some studies conducted in health facilities, such as patients’ 

records based studies, data can even be directly captured from the source into the system, 

eliminating data entry step. Recently, the penetration of mobile phones, smartphones, and other 

hand-held devices, have revolutionised health-related technologies for mobile healthcare, 

mobile data collection (mobile devices for data collection) and information dissemination [7]. 

Paper-based data collection is gradually phasing out [8], as the use of EDC systems significantly 

improves data quality [9,10]. 

In resource-constrained countries, mobile data collection tools are yet to be fully adopted. There 

are challenges to the adoption of both electronic data capture and mobile data collection [11,12]. 

Among these are skills for setup and maintenance, poor internet connectivity, cost of the 

hardware and software and acceptability are the most common challenges. Some of these 

challenges have been addressed over the past decade. There are numerous user friendly open-

source software which help in reducing the cost of software and facilitating implementation. 

Some of the well-known open-source EDC systems are OpenClinica, OpenMRS, etc. REDCap 

is a freeware that offers advanced functionalities. It is however not regarded as an open-source 
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software because an agreement has to be signed with Vanderbilt University before its setup and 

use. 

Regarding the lack of internet or poor connectivity, some developers proposed open-source 

Android-based mobile applications that allow offline mobile data collection and remote 

synchronisation with a database upon establishing internet connectivity [13,14].  

1.2. PROBLEM STATEMENT 

The number of research studies, including longitudinal studies and clinical trials carried out in 

low-income countries is increasing, and both sponsors and investigators are more and more 

demanding and are very interested in getting high quality data in a timely manner, with cost-

effective solutions. The advent electronic data capture has revealed that paper-based data 

collection can actually be costly and time consuming [15]. Thus, whenever it is possible, 

researchers in developed countries are switching to mobile data collection. In addition, in 

clinical trials for instance, there are many data management requirements and standards that 

ensure compliance with Good Clinical Practices (GCP) and international guidelines [16,17]. 

EDC systems like OpenMRS1, OpenEMR2, REDCap3, OpenClinica4, Oracle clinical5, etc., 

have features that can facilitate data management while ensuring compliance with those 

requirements. This gives a great opportunity of meeting the demand of high quality in the field 

of health research data management. However, in developing countries, the cost of software, 

hardware, human resources, etc., and many requirements of EDC systems can be challenging 

or even unaffordable. For instance, REDCap offers features such as randomisation, audit trail, 

de-identification and visit scheduling. This EDC system is widely used for longitudinal studies, 

cross-sectional surveys and clinical trials. Like the others mentioned above, Redcap is web-

                                                 
1 http://openmrs.org/  
2 http://www.open-emr.org/  
3 http://project-redcap.org/  
4 https://openclinica.com/ 
5 http://www.oracle.com/us/products/applications/health-sciences/e-clinical/clinical/index.html  

http://openmrs.org/
http://www.open-emr.org/
http://project-redcap.org/
https://openclinica.com/
http://www.oracle.com/us/products/applications/health-sciences/e-clinical/clinical/index.html
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based. In addition, they do not all have mobile applications and cannot work with a different 

platform. Thus, there is a need for open-source mobile application programmed to link to the 

server side data store of these EDC systems. Further, as internet access in resource-constrained 

countries is challenging [16], mobile data collection faces both internet access and cost 

challenges, which hinder its adoption in clinical trials and longitudinal studies that require 

remote data collection.  

These challenges can be overcome by using open-source application with offline mobile data 

collection capability linked to the server side data store of EDC systems. The Android 

development platform allows developers to design mobile applications that can download 

empty forms from a remote server via internet and store completed forms offline in a mobile 

devices memory. The forms can be sent to the server upon establishing internet connexion. 

ODK-Collect, the mobile application of Open data Kit is one of such. However, as opposed to 

the EDC systems mentioned above, ODK Aggregate, the server side of ODK, has been built 

for cross-sectional surveys, and does not offer all the features for health research studies, 

particularly longitudinal studies and clinical trials [18]. 

Our research which aimed to implement a mobile application called Clinical Trials and 

Longitudinal Studies (CTLS), based on ODK Collect, and link it with a selected EDC system 

can contribute in filling the gap and overcoming the challenge of limited resources (such as 

unreliable internet connectivity) in resource-constrained communities. In addition to that, the 

current lack of evidence on the rate of adoption of mobile devices for health research data 

collection is also a concern. Addressing it could help plan the promotion of the use of ICT and 

advocate for the use of mobile technologies in public health research. 
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1.3. RESEARCH MOTIVATION  

Our research has been motivated, on one hand, by the lack of clear evidence regarding the rate 

and motivations of the use of mobile devices for data collection in health research institutions 

in developing countries. Some studies have explored this in sub-Saharan Africa, but they 

focused on electronic health records in healthcare facilities [18]. The World Wide Web 

Foundation also published a report in 2012 on mobile data collection in Africa. But, that report 

did not address the estimation of the rate of adoption. It rather gave important insights on key 

actors of mobile data collection, available technologies, business models and the unmet needs 

[19].  

There is a need for open source mobile application that will be suitable for offline mobile data 

collection in longitudinal studies and clinical trials, and this project involves the implementation 

of an open source mobile application that works with selected open source EDC system 

commonly used in the field of health research. The application will allow offline data collection 

and ensure asynchronous storage to a remote electronic data capture back-end data store. We 

identified ODK-Collect [13,20], as a promising mobile application that can address this 

challenge. ODK-Collect is open source and implemented in a modular approach. As such, we 

will develop our module based on its source code to allow our application to communicate with 

REDCap database. Thus, researchers can use it for mobile data collection while all the rest of 

their study is managed by the REDCap desktop utility functions.  

1.4. AIM AND OBJECTIVES 

The aim of this research was to improve the use of mobile data collection in studies conducted 

in Health and Demographic Surveillance Systems, by proposing an open-source offline mobile 

data capture application.  

The specific objectives of this research were as follows: 
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1. To assess the current use of mobile devices for data collection in Health and 

Demographic Surveillance Systems studies in Africa, Asia and Oceania. 

2. To explore the various EDC system currently used in Health and Demographic 

Surveillance Systems within the INDEPTH network. 

3. To develop and test an offline mobile data capture application for web-based EDC 

system based on ODK-Collect source code. 

4. To analyse offline data ingestion into the database. 

1.5. OUTLINE 

This dissertation has been organised into six chapters. After this introduction (Chapter 1), 

Chapter 2 will present the literature review. The 3rd chapter describes the methods and presents 

the results of our cross-sectional survey on the rate of mobile data collection adoption in 

INDEPTH sites. In Chapter 4, we will describe our offline mobile data capture module, and 

Chapter 5 will describe its experimental setup, the test of the module as well as data access and 

security considerations and finally, the conclusion will be given in Chapter 6.  
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CHAPTER 2: LITERATURE REVIEW 

In this chapter, we review the current state of knowledge in the field of mobile data collection. 

This includes an overview of available tools and technologies. 

2.1. PARADIGM OF MOBILE DATA COLLECTION 

On a conceptual level, the application of information technologies in health care has introduced 

concepts such as telemedicine, Electronic Health (eHealth), Mobile Health (mHealth), 

Electronic Health Record (EHR), and mobile data collection. The definitions of some of these 

concepts are still not clearly standardised [21]. According to the World Health Organisation 

(WHO), eHealth is simply “the use of information technologies for health” [22]. Likewise, the 

use of mobile devices  (PDAs, tablets, cell-phones and smart-phones) to support medical and 

public health practice is termed as mHealth [21]. With these definitions, Electronic health 

records (EHR) systems, also known as Electronic Medical Records (EMR), as defined by the 

Health Information Management Systems Society (HIMSS) [23], fits in the broader concept of 

eHealth. Electronic health records systems are normally setup within healthcare settings, such 

as hospitals and health centres, for managing patients’ records. It usually stores patients’ 

demographic data and information related to diagnosis, treatment and prognosis, using EDC 

systems such as OpenMRS, OpenClinica, and many other customised solutions developed by 

hospitals or countries themselves [24]. This does not necessarily imply the use of mobile 

devices.  

Epidemiological research, public health and disease surveillance data collection using mobile 

devices, (mainly PDAs, mobile phones, tablets, laptops, etc.), fits in mobile data collection, and 

is what we will refer to as such. While EDC systems are usually designed as web applications 

linked to backend data store, mobile data collection uses a mobile application running on a 

tablet, a phone or PDA, linked to a cloud-based (hosted through the internet by Google, Amazon 
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or Microsoft, etc.) or an ordinary remote data store (i.e. a database in-house), allowing data to 

be collated remotely  on a real-time basis from the field [13].  

The functionalities of mobile devices have improved in the past 2 decades. Twenty years ago, 

most of mobile data collection or other components of mHealth, were using simple mobile 

phones and GPRS connectivity [25]. Data were sent in textual format using Short Messaging 

System (SMS) [14]. Nowadays, smartphones and tablets are increasingly taking over, and they 

offer sophisticated features. Most of the current devices use third or fourth generation cellular 

connectivity and Wi-Fi. Further, they can handle Global Positioning System (GPS) data, 

images, barcodes, fingerprints, etc. This brings more opportunities to the landscape of health 

data collection. 

2.2. MOBILE DATA COLLECTION PLATFORMS 

Mobile data collection is an improved method for data capture and storage. They involve 

devices such as PDAs, cellular phones, smartphones, tablets, netbook and notebook [14]. 

Currently, on the market, there are many types of hand-held devices running different operating 

systems. The most used and well known are Android, iOS for iPhone and iPad, Windows 

mobile, and Blackberry [26]. In Table 1, we describe the most popular platforms for mobile 

data collection. Most of them use WiFi connectivity and they all use 3G. Further, both 

proprietary and open source platforms can handle all data types (Table 1). 
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Table 1: Some popular platforms in health research mobile data collection 

Tool  License type 
Mobile 

compatibility  
Data type 

Network 

protocol 
Storage  

Atlas.ti mobile Proprietary 
Android tablets and 

iPad  

Text, images, audio 

and video 

GPRS, 3G, 

WiFi 
Hosted  

CSEntry CS 

pro data entry 
Open source  

Android phone and 

tablet 
Text 

GPRS, 3G, 

WiFi, 

bluetooth 

Local  

EMIT Proprietary  Java phones Text  GPRS Hosted 

EpiCollect Open source  
Android and IOS 

phones and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 
hosted 

FrontlineSMS Open source Basic phones Text (SMS) GSM Local 

GIS mobile 

data collection 
Open source 

Android and IOS 

phones and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 
Hosted  

KoboCollect Open source 
Android and IOS 

phones and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 

Hosted  or 

local 

Magpi Proprietary  
Android and IOS 

phones and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 
Hosted  

Mobenzi 

researcher 
Proprietary  

Java, BlackBerry 

and Android 

phones and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 
Hosted  

ODK Collect Open source 

Android 

smartphones and 

tablets  

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 

Local or 

hosted 

Pendragon Proprietary 

IOS and android 

and Windows 

phones and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 

Local and 

hosted 

RapidSMS  Open source Basic phones Text (SMS) GSM Local   

SurveyCTO Proprietary  
Android phones 

and tablets 

Text, Video, 

Audio, images, GPS, 

Barcodes 

GPRS, 3G, 

WiFi 
Hosted  

Adapted from Shao D, 2012 [14] 

2.3. RATE OF ADOPTION OF MOBILE DATA COLLECTION IN DEVELOPING 

COUNTRIES 

The world overall rate of penetration of mobile devices have significantly increased, to the 

extent that, there are nearly as much cell phones as individuals in the world. Meanwhile, the 

gap between developed and developing countries remains wide [27]. In 2013, the rate of 

penetration of mobile phones was 128% in developed countries, 89% in developing countries, 

and 63% in Africa [28]. This high cell phones penetration rate is considered as a factor that 

arouses the use of hand-held devices for data gathering in Africa [13]. However, the use of 

mobile devices for health research or public health data collection seems low in developing 

countries, and studies on this topic are scarce [11]. According to Tomlinson et al, in developing 
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countries, “the use of mobile technology as a research instrument is in its infancy” [29]. Aranda-

Jan et al, in a systematic review, searched Pubmed and OvidSP for articles on mHealth 

published from 2003 to 2013. Only 10 papers were found on data collection/transfer and 

reporting, and 4 on disease surveillance and intervention monitoring [11]. Most of the studies 

published on the rate of adoption of ICT in health in developing countries targeted EHR (not 

mobile data collection). Akanbi et al. [18] for instance, explored the EHR in sub-Saharan Africa 

and reported on progress and challenges. Boyera et al, published in 2012, on behalf of the World 

Wide Web foundation, a report entitled “Mobile data collection in Africa” [19], which focused 

mainly on available technologies and guidance for their use, than the level of use. Yet 

technologies and tools are available and are extensively presented in the literature. However, 

this does not answer the question about the proportion of studies in developing countries that 

opt for mobile data collection in the context of high mobile devices penetration.  

2.4. ADVANTAGES AND OPPORTUNITIES IN MOBILE DATA COLLECTION  

Opting for mobile devices for health research data collection comes with many advantages and 

opportunities already identified by previous studies [9,12,29]. 

2.4.1. Ease of use 

The use of mobile devices is less cumbersome and more user-friendly than manual data 

collection [29]. Although some researchers tend to train field workers on how to use mobile 

devices [30], data collectors usually get progressively and easily familiar with the device and 

the questionnaire, and no additional time is required. Knipe et al, reported that in their 

experience of using PDAs in a large cluster randomised control trial in Sri Lanka, data collectors 

that had no previous experience with PDAs, used just two days to get acquainted with the 

devices and the software, and the duration of the survey for each individual decreased from the 

second week [12]. Tomlinson et al, in South Africa, also worked with community health 
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workers who had no previous experience as data collectors, but they found the process suitable 

[29]. 

Regarding the questionnaire design, many tools facilitate the user’s experience in implementing 

mobile data collection without any software development background. For instance, both 

Magpi and ODK have user interfaces for designing forms with clicks or drag-and-drop 

functionalities [13,31]. 

2.4.2. Cost-effectiveness 

We often approach cost-effectiveness of mobile data collection by comparing it to paper-based 

data collection. At least, using mobile devices for data collection is not significantly more 

expensive than using a paper-based system for a small scale study as shown by Giduthuri et al. 

[30]. The initial cost of devices is what usually makes electronic device solutions slightly more 

expensive than manual data collection. However, it is proved that for a large scale studies, 

tablet-based data collection definitely becomes cheaper than the traditional method [30]; 

Thriemer et al., reported 25% cost reduction with PDAs in Zanzibar [10]. Moreover, 

irrespective of the duration of the study, with mobile data collection, the total cost of ownership 

is lower as mobile devices and software can be reused for a long period of time over several 

studies. 

2.4.3. Timeliness 

Data is entered straight from the field by data collectors, and can be checked from a server on 

a daily basis. Data is thus almost immediately available from data stores because it merges data 

collection and data entry steps of the research data lifecycle [32]. This is one of the major 

advantages of mobile data collection. 
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2.4.4. Data integrity 

In general, mobile data collection uses smart forms (XForms). Those forms allow check 

controls and skip logics at the application level. In addition, as data hit the database in real-

time, some other constraints can be programmed to facilitate supervision and monitoring of 

inconsistencies and data quality [29]. This can be facilitated by a dashboard or an interface often 

proposed along with the application. 

2.4.5. Data accessibility 

Many mobile data collection solutions or software provide an opportunity for managing access 

to the data store by allocating roles and privileges. These features can improve control over the 

use or manipulation of the data. For instance, a sponsor or partner can be allocated a view 

privilege, and therefore will remotely follow the progress of the work but will not be able to 

edit stored datasets. Meanwhile, data collector will be allowed to enter or edit data but not view 

previously collected data. Mobile data collection offers an opportunity for accessing data almost 

in real-time as it is uploaded from the field to the server [13]. 

2.5. MOBILE DATA COLLECTION CHALLENGES IN DEVELOPING COUNTRIES 

The use of mobile technologies in health sector has its global challenges that institutions 

encounter regardless of whether they are in a developed or a developing country. Firstly, it 

comes with changes to be applied on the current system. Therefore, it needs some goodwill to 

embark on those changes [33]. In addition, some other aspects can reveal technical challenges. 

2.5.1. Poor internet connectivity 

Most of the applications use internet connectivity (cellular data or Wi-Fi) to send data to their 

data store. Many studies, particularly in rural settings, have mentioned poor internet 

connectivity as a challenge in mobile data collection [34].  
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When data managers have to opt for a specific data collection systems, they always have to take 

into consideration all available options and how they operate. In settings with poor internet 

connectivity, web-based solutions are very difficult to implement, although they provide a lot 

of advantages. Consequently, they are rarely explored because they raise a serious concern 

about how to link with a remote database. This adds to hacking and malicious users concerns 

that always come along with the use of internet. These can be mitigated with proper access right 

and privileges management, use of firewall, encryption, activity logging and regular monitoring 

of log files, etc. 

2.5.2. Skills for setup, programming and maintenance 

In some countries, the implementation of mobile data collection have often involved 

programming or other technical skills from overseas [12]. This has often been reported as a 

factor that makes researchers face delays, spend more time and money for system setup and 

maintenance. For a long time, researchers have been under impression that sub-Saharan African 

countries lack skills for mobile data collection. But evidence suggests that it is not really a 

concern. For instance, in Sri Lanka, Knipe et al reported that the devices used for their studies 

were programmed and maintained abroad. They realised afterwards that they could have gotten 

skills in Sri Lanka for that job and prevent delays [12]. 

2.5.3. Mobile devices power supply 

Mobile devices batteries are known to drain out quickly [35]. Some batteries last less than 10 

hours [12]. But carrying a spare battery and making sure it is charged as permanently as possible 

can easily overcome this challenge. Field workers can even carry dual chargers [12,34]. 

2.5.4. Data loss and system failure 

The device can get misplaced, damaged, stolen or lost [34]. Moreover, hardware or software 

failure can also occur and cause data loss. Luckily, such cases do not occur frequently. 
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Tomlinson et al, in South Africa, in 2009, did not experience any system failure or data loss 

throughout their study that involved 39 665 households [29]. 

2.5.5. Data security and ethical considerations 

Electronic data handling raises concerns regarding data security and individuals’ personal 

information protection. Many researchers used encryption to securely send data from a node to 

another [29,36]. Passwords, antiviruses and firewalls can also help reach a comfortable level of 

data security and protection [29]. 

2.6. AVAILABLE OFFLINE MOBILE DATA COLLECTION APPLICATIONS 

There have been many attempts to address the challenges raised in the use of EDC systems. 

Many of such systems are suitable for epidemiological studies but require permanent internet 

connectivity. Previous works have explored how to leverage it to fit their needs or simply 

improve certain functionalities. The ODK team proposed a feature of ODK-Aggregate called 

ODK-aggregate publisher, which can be used to publish ODK-Aggregate data into REDCap. 

However, data flow with this publisher goes first to ODK-Aggregate before publishing or 

streaming data into REDCap server. Unfortunately, this is still in alpha and it does not preserve 

groups and repetition [37]. 

Besides ODK team, some other research used ODK to develop applications as it is open source. 

OpenMRS has been linked for interfacing with an Android based mobile application called 

AccessMRS by Fazen et al. These authors also used ODK source code and designed smart 

forms to interface OpenMRS for the use of community health volunteers in Kenya [36]. Other 

applications such as EpiCollect+, Mobile Research, Mobile information capture (MInCa), Afla 

Cohort study, KoboCollect, etc, provide offline mobile data collection capacity independently 

(Mobile research, MInCa) or based on ODK either with their own backend data store 

(KoboToolbox, EpiCollect, etc.…) or with ODK Aggregate (Afla Cohort study). In addition to 
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these applications, MDbot  proposed a REDCap mobile application that runs on iPhones and 

iPads [38]. More recently, REDCap announced their own mobile application [39]. But, 

REDCap is a freeware and is different from our module which is based on the principle of link 

between 2 platforms: an open source mobile application and REDCap server.  

2.7. OVERVIEW OF CURRENT GAPS 

From the review above, we can summarise the gaps regarding mobile data collection tools 

availability as follows:  

- Gap 1: lack of evidence regarding the level of adoption of mobile devices in health 

research data collection in developing countries in general. There is no available study 

or review on the level of use. 

- Gap 2: Lack of open source mobile application for epidemiological and public health 

research web-based EDC systems. No application currently gives the opportunity of 

working across platforms (EDC system and mobile application) for health research data 

collection. 

- Gap 3: Lack of integration between epidemiological and public health research web-

based data capture systems and available open source mobile application that have 

offline storage and asynchronous data synchronisation capability. 
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CHAPTER 3: MOBILE DATA COLLECTION AT INDEPTH SITES 

In this chapter, we report the results of our cross-sectional survey, conducted in INDEPTH 

affiliated HDSSs. After a background section, we describe our methods and report the results. 

Main findings will be discussed in the last section of the chapter.  

3.1. BACKGROUND 

Hand-held devices have increasingly penetrated low and middle income countries over the last 

decade [25,40], and this will continue over the next 5 years [41]. Although some studies have 

reported controversial debate regarding the added value of the use of mobile technologies in 

health [12,42], two things are now considered as facts. First, mobile devices have significantly 

contributed in health related activities such as healthcare, public health intervention and 

surveillance, community health workers’ activities, health research, etc. Secondly, mobile data 

collection is faster, easier and more accurate. Other studies also proved that it is furthermore 

cheaper [10]. Similar to other fields, telephone and tablets use in health research data collection 

is now an option to be considered whenever one has to conduct a field-based research.  

However, in resource-constrained settings, despite the fact that mobile data collection is more 

and more used, there is no evidence about the actual rate of penetration of hand-held computers 

and smartphones in research data collection. Some studies have mentioned that the use of 

mobile devices is low in developing countries and have explored the reasons that impede their 

utilisation [12]. Unfortunately, the level of use by researchers for data collection is still not 

quantified. In this chapter, we intend 1) to determine the proportion of studies for which 

researchers have opted for mobile devices for data collection in HDSSs, 2) to identify the main 

reasons why they do not use it for some studies, and their motivation when they do. 
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3.2. METHODS 

3.2.1. Study setting 

This assessment was conducted in HDSSs affiliated to INDEPTH network. Overall, 51 HDSSs 

were operational as at May 2015, in Africa, Asia and Oceania.  

HDSSs are research platforms located in 20 low and middle income countries (Africa, Asia and 

Oceania) as defined by the World Bank [43]. Most of them are either entirely or partially located 

in rural areas. Only Nairobi Urban HDSS and Ouagadougou HDSS are entirely urban.  

HDSSs follow up a dynamic cohort with regular visits (at least once or twice a year), to capture 

health and demographic events within a specific population under surveillance. The core events 

followed in the HDSSs are: pregnancies, births, morbidity, unions, migration, and deaths [44]. 

In addition to their core follow-up, HDSSs regularly carry-out embedded studies in their sites, 

and generate important amount of data. However, with regard to both the embedded studies and 

the core HDSS follow-up, data management methods are not standardised across sites. While 

some sites frequently use mobile devices, some find paper-based data collection methods more 

suitable for their research activities. This heterogeneity impedes the potential of data 

integration, data sharing across site and multisite studies. 

3.2.2. Study design, population and sampling 

We conducted an online survey from May 14th, to June 20th, 2015. The study was to examine 

the use of mobile devices for HDSSs core modules and embedded studies during the period of 

the survey. We listed and invited all 51 HDSSs from Africa, Asia and Oceania, to participate 

in this survey.  

Regarding the embedded studies, we included in our sample the 5 most recent studies that were 

ongoing in the HDSSs. This was to prevent the bigger sites that have many embedded studies 

carried-out with either paper-based or mobile data collection, to influence the results. Even 
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when a site had many ongoing studies, we only included the five most recent considering their 

dates of start. This also helped increase the response rate by minimising the length of the 

questionnaire. 

3.2.3. Data collection 

During this survey, we used an online questionnaire designed in REDCap. The questionnaire 

was deployed online, from May 14th to June 20th, 2015. REDCap has a feature that allows users 

to invite participants to fill questionnaires using their email addresses. This sends an email with 

a link to the questionnaire to participants. We used that functionality to send our questionnaire 

to HDSSs data managers.  

Prior to sending the questionnaire, we contacted the site leaders and requested permission to 

include their site, and the contact details of the data manager who can respond to the 

questionnaire. After receiving the consent from the site leader, the link to the online 

questionnaire was then sent to the data manager. 

Upon completing the questionnaire, a button allowed respondents to submit their form by a 

click. On clicking that button, the responses get uploaded into our database. Reminders were 

automatically programmed to weekly remind data managers until the form is completed and 

submitted. Partially completed forms could be saved with a unique code for later access, and 

thus, the reminder will keep being sent to the respondent to notify him/her that the questionnaire 

is not complete. Questionnaires could be accessed and edited using the re-entry code, as each 

link was unique for the site to which it was sent (the email address of the data manager was 

used to identify the sites). After submission of the form, only the study coordinator could edit 

responses; respondents were not allowed access to it anymore. 
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To keep the form easy to fill and minimise the amount of text respondents had to type, we 

designed all the questions (except the option “other” that needed to be specified) to be either 

radio button, dropdown menu, or check-box as illustrated in Figure 1. 

 

Figure 1: A sample of questions on mobile data collection in HDSSs 

3.2.4. Variables  

The variables of interest in this assessment were:  

- Use of mobile devices for core HDSSs data management (yes/no) ; 

- Use of mobile devices for embedded studies data management (yes/no);  

- Type of EDC system used for the core HDSS data entry; 

- For sites that use paper-based data collection methods, we sought information about 

which electronic data capture system they use for data entry; 
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- Number of embedded studies conducted in the HDSS. Although specific information 

about the studies were asked for the 5 most recent studies, we reported the total number 

of studies carried-out in the site during the study period; 

- The source of the study funds. This was a binary variable for which we asked whether 

funds used for the study was from a grant won by the site or it was self-funded;  

- The institution of origin of the principal investigator. We asked whether the principal 

investigator was from the site or not. If not, respondents were asked to specify his site 

or centre or university/institution of origin; 

- Reasons why mobile devices were used. For studies that used mobile devices, we asked 

their motivation of this decision; 

- Reasons why mobile devices are not used. For those who did not use, we also asked the 

reasons why they did not opt for mobile devices. 

3.2.5. Data analysis 

We performed data analysis using Stata 13, and the following descriptive and summary 

statistics were computed: 

- Proportion of longitudinal studies in which mobile data collection has been used by 

study location (urban, rural or both), by origin of the fund and by origin of the principal 

investigator; 

- Proportion of use of EDC systems by type of system; 

- Proportion of utilisation per type of mobile device; 

- Reasons why sites are not using mobile devices: percentage per type of reason 

- Reasons why sites are using mobile devices: percentage per type of reason 
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We used Chi-square and Fisher’s exact test for bivariate analysis. Chi-square test was for 

comparing proportions and the Fisher’s exact test was applied when we encountered small 

expected values. 

3.2.6. Ethical considerations 

During this assessment, we paid attention to ethical considerations such as informed consent 

and authorisation from sites’ leaders and, right of refusal to participate without any risk or harm, 

and protection of confidentiality of collected information. Thus, prior to deploying the 

questionnaire, we sent our information sheet and all other authorisation documents to, and 

sought consent from, each site leader. After obtaining the consent, we contacted the data 

manager and sought their consent as well.  

No private or sensitive information was recorded from data managers. We did not store data 

managers’ personal information either. 

3.3. RESULTS 

Overall, we invited 51 site leaders to participate in the survey. Thirty-nine of them (76.5%) 

responded and agreed to enrol their site. Among those 39 potential participating sites, 29 

(69.2%) sites’ data managers responded to the questionnaire.  

Majority of the participating sites were from West-Africa (10 out 29) and East-Africa (8 out 

29). Seven of them were from Asia. Only one site from Oceania participated in the survey 

(Figure 2). 
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Figure 2: Location of survey participants 

Twenty-one countries were located in sub-Saharan Africa. Burkina Faso and Kenya are the 

most represented countries with respectively 4(19%) and 3(14.1%) sites as shown in Table 2. 

Table 2: Location of sub-Saharan African participating sites 

Country  Number of sites Percentage 

Burkina Faso 4 19.0 

Ethiopia 2  9.5 

Ghana 1  4.8 

Guinea-bissau 1  4.8 

Kenya 3 14.1 

Malawi 1  4.8 

Nigeria 2  9.5 

Senegal 2  9.5 

South Africa 2  9.5 

Tanzania 1  4.8 

Uganda 2  9.5 

Total  21 100.0 

3.3.1. Core HDSS data management 

Among the 29 sites, 8 were using mobile devices for data collection for their core HDSS follow-

up. Majority (18 out of 29) of them were using paper-based data collection methods, and 3 sites 

reported the use of laptops or netbooks on the field. Those who used paper-based data collection 

Asia
24%

East-Africa
28%

Oceania
3%

Southern-Africa
10%

West-Africa
35%

Asia East-Africa Oceania Southern-Africa West-Africa
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or laptops/netbooks mainly use their own platforms (13 out of 21), built by the programmers 

from their own site for data entry. 

3.3.2. Characteristics of embedded studies 

In total, 69 embedded studies have been included in this survey. Sixty percent (n= 39) of them 

used paper-based data collection methods and 34% (n=21) used mobile devices. With regard to 

the study settings, half (50.8%) of the studies was conducted in rural areas and 34% in both 

urban and rural areas. For 4 out of 5 studies (80%), the principal investigator was from the 

HDSS where the study was conducted. 

Table 3 presents the percentage of various characteristics of the embedded studies, such as field 

of study, location, affiliation of the principal investigator and the funds, duration and data 

collection method by design.  
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Table 3: Characteristics of studies by type 

Variables 

Type of study 

Total Longitudinal Cross-sectional 

n % n % N % 

Field of study (n= 68)       

  Health system research 8 15.4 5 31.2 13 19.1 

  Maternal and child health 8 15.4 4 25.0 12 17.7 

  HIV surveillance, prevention or         

treatment 3 5.8 0 0.0 3 4.4 

  Malaria surveillance, prevention or 

treatment 8 15.4 2 12.5 10 14.7 

  Tuberculosis and other diseases     

surveillance, prevention or    treatment 11 21.1 4 25.0 15 22.1 

  Clinical trial 6 11.5 - - 6 8.8 

  Other 8 15.4 1 6.3 9 13.2 

Study location (n= 65)       

  Rural 24 47.1 9 64.3 33 50.8 

  Urban 5 9.8 2 14.3 7 10.8 

  Both rural and urban 22 43.1 3 21.4 25 38.4 

Duration of the study (n= 64)       

  12 months or less 4 7.8 5 38.5 9 14.1 

  1 to 2 years 11 21.6 2 15.3 13 20.3 

  2 to 5 years 28 54.9 5 38.5 33 51.5 

  More than 5 years 8 15.7 1 7.7 9 14.1 

Multisite study (yes) 24 46.2 5 31.3 29 42.7 

Multi-country study (yes) 18 34.6 2 13.3 20 29.9 

Principal investigator from the site 

(yes) 42 80.8 12 80.0 54 80.6 

Origin of fund (n= 66)       

  Self-funded study 8 15.4 3 21.4 11 16.7 

  Grant  44 84.6 11 78.6 55 83.3 

Data collection methods (n= 65)       

  Paper-based 29 55.8 10 76.9 39 60.0 

  Mobile data collection 21 40.4 1 7.7 22 33.8 

  Other methods 2 3.8 2 15.4 4 6.2 

3.3.3. Mobile devices for data collection in embedded studies 

- Rate of use of mobile devices 

Among the 69 studies included in this survey, 22 (34%) used either smartphones, tablets or 

PDAs for data collection. Only one of these was cross-sectional survey. Tablets were the most 

used devices; 11 studies out of the 22 used tablets and 4 used smartphones. 

- Data transfer to the server 
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Fifteen of the 22 studies used internet connexion to upload their data to their data store. Ten of 

them exclusively used internet and the other five studies used both a local network and the 

internet for data transfer. 

- Motivation for using mobile data collection tools 

The use of mobile data collection method was motivated by data quality improvement 

considerations for 16 of the studies, and timeliness for 19. 

In 16 of the 22 studies, data managers opted for mobile devices because they considered that it 

will guarantee both data quality and timeliness.  

For 11 of the studies, the motivation was the fact that they had skills to do so, and for some 

other 6 studies, they used it because the software for data collection was free.  

- Reasons for not using mobile devices 

Overall, 43 (66%) studies did not use mobile devices for data collection for various reasons. 

The cost of devices and software, lack of skills and unreliable internet connexion were the most 

reported reasons why researchers did not opt for mobile data collection. Six studies reported 

that the procedure of the clinical trial they were conducting prevented them from using mobile 

data collection. Auditors of the studies needed paper-based forms as data sources for audit 

purposes.  

Percentages of the studies for which data managers reported reasons as per why they did not 

use mobile devices for data collection, are presented in Figure 3. Forty percent of the studies 

reported that they did not use mobile data collection because of the cost of the method. Lack of 

skills for setup and maintenance of the system and unreliable internet connectivity were the 

reasons why researchers did not opt for mobile data collection in respectively 35% and 30% of 
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the studies. This method was not a common practice some sites, and that was why it was not 

explored in 25% of the studies (Figure 3). 

 

Figure 3: Percentage of studies by reasons why they did not use mobile data collection by 

reason 

3.3.4. Platforms used for data entry 

Data entry platforms were reported for the 29 studies that were conducted with manual data 

collection method. Twelve of them used sites own platforms (developed by developers from 

the site). Seven studies used Microsoft Access, four of them used Epidata, and 4 other used Cs-

Pro. FoxPro has been used by 3 studies. 

Among the available web-based electronic data capture system, only REDCap and OpenClinica 

have been used respectively by 3 and 2 studies. 
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3.3.5. Study characteristics and use of mobile data collection 

When we compare the percentage of use of mobile devices in categories of different 

characteristics of the studies as factors in a bivariate analysis, there seemed to be some patterns. 

Although the differences were not strongly significant, the type of study (p =0.046), affiliation 

of the principal investigator (p=0.087) and the study location (p=0.088) seemed to have the 

potential of being associated with the implementation of mobile data collection (Table 4). 

Stronger studies could seek enough power to better explore this with a multivariate approach. 

Table 4: Differences in the use of mobile data collection by study characteristics 

  Use of mobile devices (Yes)  

Variables  N Percentage  p-value 

Type of study    

Longitudinal 52 40.4  

Cross-sectional 13 7.7 0.046b 

Use of mobile devices for core HDSS    

No 44 27.3  

Yes 21 47.6 0.160 

Multisite study    

No 37 35.1  

Yes 28 32.1 0.801 

PIa from the site    

No 12 58.3  

Yes 53 28.3 0.087b 

Origin of funds    

Self-funded 11 54.5  

Grant 54 29.6 0.162b 

Duration of the study    

Two or Less than 2 years 22 27.3  

More than 2 years 41 36.6 0.455 

Location    

Rural 32 21.9  

Urban 7 57.1  

Both rural and urban 25 44.0 0.088b 

a Principal investigator 

b Fisher’s exact test 
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3.4. DISCUSSION 

3.4.1. Core HDSS data management 

We found that most of the HDSSs (18/29) used paper-based data collection methods for their 

core follow-up. When it comes to data entry, they mostly used in-house platforms. These results 

suggest that although sites have skills to develop their own platforms, they are not yet fully 

embarked on mobile data collection for the core HDSSs follow-up. HDSSs follow complex 

health and demographic events over time, and deal with temporal relational data which is 

somehow hard to manage. Sites seemed ready to use mobile devices for smaller studies than to 

venture into mobile data collection for their dynamic cohort, in which data is repeatedly and 

regularly collected every 4, 6 or 12 months. Furthermore, many sites started their activities 

many years before the increasing penetration of mobile technologies and their application into 

research data collection. Thus, migrating to mobile devices comes with its burden in terms of 

data migration, changes in data management plans, infrastructure, equipment, skills, and time. 

Hence, one can be reluctant to move to mobile devices after considering all these aspects. 

The fact that the sites use in-house platforms for data entry could mean that they have or can 

easily get the required human resources for handling mobile data collection technologies. 

Furthermore, some applications, already developed and suitable for HDSSs, are available. Open 

Health and Demographic System (OpenHDS)6 for instance, is an open source Java based 

application, fully developed for HDSSs data model, and represents an opportunity that can be 

explored and adopted by sites.  

3.4.2. Use of mobile devices in embedded studies and motivations 

In our study, 22 studies (34%) was conducted using mobile devices for data collection. There 

is a lack of evidence on the rate of use of mobile devices for research data collection in low 

                                                 
6 https://code.google.com/p/openhds/  

https://code.google.com/p/openhds/
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income countries. Some studies explored the use of electronic health record systems but, there 

is limited evidence so far on the level of use of mobile devices in health research data collection. 

The main reasons of failure to use mobile data collection were: the cost of the method and the 

fact that internet connexion is not reliable enough for data managers to feel comfortable in 

opting for mobile devices. Regarding the motivation, data quality and timeliness were the major 

reason why data managers opted for mobile devices. These motivations are currently well 

known as part of the advantages of mobile data collection [29,32]. Likewise, the reasons why, 

in our study, manual data collection were sometimes preferred over hand-held devices, were 

equipment and setup, which were also common to both electronic data capture systems and 

mobile data collection systems implementation in resources-constrained countries. One has to 

acknowledge that to change from manual data collection to mobile data capture, there is an 

investment to bear in terms of equipment and infrastructure setups. Open source solutions can 

significantly decrease the financial burden of such system [10].  

Concerning internet connectivity, it is established that a data collection system that entirely 

relies on internet connectivity is not reliable in developing countries. However, previous studies 

have proved that, with mobile devices, one does not have to be continuously connected to the 

internet. Solutions exist to temporarily store data in phones memory and synchronise with the 

server upon establishing connexion [13,36].  

3.4.3. Affiliation of principal investigator and mobile data collection 

Data managers were more likely to use mobile devices when the principal investigator was not 

from their site. This finding raises two hypotheses. First, principal investigators from developed 

countries encourage data managers to use electronic data capture modalities and, because their 

studies usually have enough funds for the additional costs. In our view, although a study 

conducted with mobile data collection method will end up being cheaper than manual data 
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collection modality [10], the initial cost of the required hardware and skills can be a challenge 

[30]. Hence, we do not reject this first hypothesis. Researcher that can gather enough fund to 

purchase 20 or more tablets or phones for the start of a study are usually from developed 

countries. 

Secondly, mobile data collection allows easier data access management. For example, with 

ODK aggregate, a data manager can grant a read-only access to the data to a remote team 

member. The data manager does not even have to reside at the study site as data is usually 

uploaded remotely. He/she can access and download the data he/she needs at any point in time, 

from anywhere provided that he is granted such level of access by the manager. 

These are possible motivations for which investigators will communicate to data managers in 

opting for mobile data collection methods. When the principal investigator is from the site, he 

may not necessarily need these features. 

3.4.4. Data entry software and platforms 

Various platforms have been used for data entry. In-house platforms (12/43) and Microsoft 

Access (7/43) were the most used platforms. This means that researchers are not predominantly 

opting for open-source or freeware solutions. Epidata, CSPro, etc., are rarely used although they 

are entirely free. Consequently, we can assume that the cost of the platform is actually not a 

challenge for them. 

REDCap and OpenClinica have been reported by some data managers as platforms of choice. 

These platforms are web-based tools, thus may often face connectivity issues. But they are 

suitable for health research. This is the reason why we will focus on REDCap in the 

development component of this research. We intend to enhance the use of web-based electronic 

data capture systems, by providing an open source offline mobile module based on ODK collect 

source code. 
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3.4.5. Limitations of the study 

This assessment entails some limitations due to challenges we faced during the course of this 

research. Firstly, the coverage of our potential participating sites is 29 out of 51 (56.9%). 

Almost half of the sites did not respond, and the general characteristics of the sites which did 

not reply were not known, so we could not eventually check why they did not respond. 

However, with regard to the coverage of the sample, past studies indicated that internet-based 

data collection like what we did, rarely exceed the rate we reached; the average response rate 

is usually around 32.5% [45,46]. 

Secondly, due to small number of studies involved in this survey, we could not perform a robust 

multivariate regression analysis to identify factors associated with the use of mobile data 

collection. We therefore presented descriptive statistics and bivariate analysis from which 

future analysis on the topic can inspire. 

Despite these limitations, our research contributes in improving availability of evidence on the 

use of mobile data collection tools and methods in low-income countries research centres. 
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CHAPTER 4: OFFLINE MOBILE DATA CAPTURE MODULE RESEARCH 

METHODOLOGY 

In this chapter, we describe the design and scope of this research project. We also give an 

overview of the proposed module along with how we contrast it with previous work and the 

challenges. Ethical considerations are also reported in this chapter. 

4.1. PROJECT DESIGN 

One of the components of our work was to implement a mobile application that links with 

REDCap database. The main idea is to prove, by linking the module to REDCap, that the 

application can work across platforms. Although it is not a REDCap mobile application, it can 

link to its database server and upload data. Likewise, it can be linked with many other open-

source EDC systems in future works. 

Our mobile application is designed for offline health research mobile data collection. The 

application is able to asynchronously link to the web-based EDC system and load data upon 

establishing internet connectivity.  

Our requirements analysis was through literature review and the survey we conducted in 

INDEPTH affiliated HDSSs. REDCap was the most used EDC system in HDSSs according to 

the results of the survey. In addition, unreliable internet connectivity was one of the major 

barriers to the use of mobile devices for health research data collection. Therefore, proposing a 

mobile application that collect data offline and synchronise with the database server upon 

establishing internet connexion, can contribute to the utilisation of mobile devices in health 

research data collection. 

We adopted ODK-Collect as the offline Application Programming Interface (API) because of 

its modular developmental approach. We reviewed its source code and identified the optimal 

approach of implementing the application in Android.  
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The initial ODK-Collect has five entries on the main menu as shown in Figure 4. This is the 

screen that ODK-collect pops when it is started. Those five entries allow users to start filling 

forms by clicking on the first button (“Fill blank form”) or to edit forms that have already been 

filled and saved in memory (second button from the top). The third button from the top (“Send 

finalized form”) is for sending filled forms to servers. The last two buttons at the bottom are for 

getting new forms from a server and deleting forms that are already been saved in memory if 

the user does not need them anymore (Figure 4). 

 

Figure 4: ODK Collect main menu 

Our approach was to provide a sixth entry through which user can (1) access the internet, (2) 

download a form from their EDC system and (3) convert it into XForm. After these tasks, our 

module uses ODK-Collect functionalities to collect data and store it in the phone’s memory. 

Finally the last feature of CTLS comes in to synchronise the phone with REDCap database 

server. Figure 5 below shows the different activities and the order in which the tasks are 

performed. Rectangles represents what is commonly called “activities” in Android 
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programming. They are composed of layout with a screen displayed on the phone or tablet and 

Java code that execute a specific task on clicks. Diamonds represent processes that do not 

necessarily show a screen but execute task in the background. 

The main menu on the top right rectangle of Figure 5 is the starting point. There is an entry 

button that does not exist in ODK (shown on the left): “get CTLS form” button. From that 

button the chart indicates, with a row down, to a window that will pop and ask whether the user 

wants to go to REDCap website or to use an existing REDCap file stored within the phone or 

tablet. Either way, he will get the form and parse it (bottom left rectangle). After confirmation 

of the parser, the user is taken back to the main menu and can get the form, and fill it using the 

other buttons of the main menu. Then collected data can be loaded to the database server (top 

right rectangle). This uses the server details saved in the preferences options of the application 

(server name, database name, user and password). All these steps are indicated in Figure 5. 
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Figure 5: Flowchart of activities in CTLS 
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All the development tasks was done using Java 8 and Android API 5.1 in Eclipse Kepler 

integrated development environment (IDE). 

4.2. SCOPE OF THE RESEARCH PROJECT 

In this project, we developed an application (CTLS) to address a specific demand for mobile 

data collection at INDEPTH network affiliated HDSSs. We worked with existing open-source 

tool, namely ODK Collect source code, rather than building a completely new electronic data 

capture system. Users can collect data with our application while using REDCap database 

server, dashboard, and other REDCap utilities. They can use either desktop data entry or mobile 

application or even both simultaneously. Regardless of whether they use mobile or desktop 

application, all data are synchronised in some form in a data repository. This  work  will  allow  

users  to benefit  from  both  CTLS offline  data  collection  capability  and  REDCap EDC 

systems functionalities, such as logging and audit trial, visit scheduling etc., especially for 

clinical trials and longitudinal studies. 

The requirements we worked to meet during the implementation were that the application 

should be able to: 

- Run on Android tablets and smartphones; 

- Download CSV file from REDCap server and convert it into XForm stored on the 

mobile device. The XForm can also be sent or copied from the appropriate folder in the 

phone memory; 

- Display the stored XForms for offline data capture; 

- Store completed forms data in the device memory 

- Send  the  filled forms data  to  REDCap  server  using  secured  Wi-Fi  or  cellular  

internet connexion asynchronously. 
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4.3. OVERVIEW OF THE PROPOSED OFFLINE DATA CAPTURE MODULE 

Our module leverages ODK-collect by adding functionalities to generate XForms, collect data 

and link to REDCap database, which is suitable for longitudinal studies and clinical trials. The 

components of our module and how it works are presented in Figure 6. CTLS offers 3 main 

functionalities: form provider, offline data collection and storage and asynchronous data 

loading into REDCap database. 

The starting point of Figure 6 is the orange circle for the start of CTLS. Circles denote the 

functionalities, and rectangle the tasks that go with it. For instance, the form provision can be 

achieved only by first saving the CSV file, converting it and then saving the XForm for it to be 

displayed when it is needed. The next functionality is offline data collection. It is to display 

form, allow users to fill them and save data in memory.  The metadata needed in this project is 

the data dictionary stored by REDCap (Figure 6). 
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Figure 6: Architecture of CTLS 
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4.3.1. Form provider 

The principle of the CTLS XForms provider is to download the data dictionary from REDCap 

server and convert it into an XML form that is compatible with either CTLS or ODK Collect. 

These XForms have to meet certain requirements (XML format, namespace are specific and 

cannot be changed, should contain head and body with specific parts that should go into each 

of them, etc.) and be in a very specific format for it to be recognised and work with CTLS as 

well as ODK Collect. Therefore, CTLS form provision from REDCap implies two steps: 

fetching the data dictionary from the server and converting it from CSV format to an XML 

XForm format.  

 Download REDCap data dictionary 

CTLS has been developed in such a way that a button, captioned “Get CTLS form”, that we 

added on the main menu gives access to REDCap metadata. Users can log in using their 

REDCap credentials to go to get specific resource. The aim of this connexion is to download 

the data dictionary stored by REDCap in a CSV format. It is assumed that the project associated 

with this data dictionary has already been created in REDCap.  

The CSV data dictionary is stored in a folder called “longitudinal” within CTLS root folder in 

the device (see screenshot below). We added this folder in CTLS for the purpose of storing 

CSV files prior to converting them into XForms. This folder is generated during the installation 

of the application on the device. Figure 7 shows screenshots of CTLS main menu and the 

folders. 
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Figure 7: CTLS main menu and root folder 

Alternatively, users can download the CSV file (data dictionary) right from REDCap web link 

and copy it into the folder called “longitudinal” via a USB cable. 

At the end of the download process, the application takes the user to another interface where 

he/she has the option to convert files from “longitudinal”. In Figure 8, we display an overview 

of REDCap data dictionary. This is a CSV file opened with Excel. In column A the dictionary 

stores the variables names, followed by column B that stores the name of the form (either exit 

or entry form in our project). Data types and labels are in column D and E respectively (Figure 

8). 

 
Figure 8: Overview of Nairobi exit and entry forms REDCap data dictionary7 

                                                 
7 Opened with Microsoft Excel for readability 
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 Converting REDCap data dictionary into XML XForm 

To convert the CSV format data dictionary into XForm, we used two libraries openCSV 2.4 

and jdom. These libraries allowed us in Java, to read the CSV data dictionary and then convert 

it into an XML file while matching it to Javarosa XForm requirements. Indeed, our XML file 

had to meet some requirements specific to XForms in terms of structure and namespaces. 

Hence, the elements of the data dictionary have been fetched and written to the XML file at 

their specific places. 

The required XForm is organised in different parts: 

 Namespace 

Namespaces are specific to the type of XML file we are dealing with. 

 Head 

The head is made up of the tittle and the model. The latter is composed of instances and 

bindings. Instances contain data attached to the specific variables while bindings handle data 

types, check controls and constraints. 

 Body 

The body contains all the information needed to display the form as it has been customised. 

The screenshot below shows an XML format overview of Nairobi Urban HDSS entry form and 

how it is displayed on CTLS (Figure 9). 
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Figure 9: Overview of XForm from Nairobi Urban HDSS entry form 

The final XForm obtained after converting the CSV file is then stored in ctls/forms folder. From 

that folder, one can access forms by going to the application main menu, clicking on “Fill blank 

form”, and selecting the appropriate form to start entering data. 

4.3.2. Offline data collection and storage 

This functionality of the module is to display forms and allow the user to complete them. And 

then, the collected data will be stored in the memory of the device.  

As long as the CSV file is converted and stored in the ctls/forms folder, CTLS can access it and 

collect data offline. It can be edited, set as finalised and sent to the database. The second and 

third button on the main menu give those options (see Figure 7).  
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In the memory of the device, data is stored in XML format. The application gives the options 

of setting it to either sending data automatically, or temporarily storing it for a supervisor to 

check before sending. In the first option, as soon as the form is marked as finalised, data is sent 

to the database. In the second option, it will not be sent until it is checked and validated. 

4.3.3. Asynchronous data upload 

The application has to communicate with REDCap server via internet connectivity. To achieve 

that, we provide the database server details (host name, database name, username and password) 

as well as the REDCap project name in the preferences option of the application. 

To send data, CTLS reads all the XML data stored in its memory, and loads them in the database 

provided that the credentials match.  

REDCap uses MySQL database server, and the connexion with CTLS is performed through a 

web-service that uses HTTP client and PHP files that we wrote. In our PHP code, we embedded 

Standardised Query Language (SQL) queries to update the table in which we wish to send data. 

Three PHP, 3 files are called in sequence. First, a file with an embedded query fetches the 

project_id, and then, the second fetches the event_id from the REDCap database tables called 

redcap_projects and redcap_events_forms. Finally, the last file updates the table redcap_data 

by inserting the 5 elements of each row.  

For this synchronization, CTLS uses a feature in android called asynTask activity, which allows 

to programme tasks that we want to be performed asynchronously, in the background while the 

device is performing other tasks, without any action or interruption under certain conditions. 

Our programme (activity) responsible for connecting to the REDCap database is implemented 

using asynTask. The web-service is embedded in that activity. And in the web-service, there is 

an embedded code that calls the PHP files in the order specified above, and performs the tasks 

in the background, upon establishing internet connectivity. 
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We implemented our module to be consistent with the design of redcap_data table. Each and 

every value (not row) entered in a field of a form in REDCap is stored in a separate redcap_data 

row along with 4 other variables: the project_id, event_id, record, and field name (Figure 10). 

But when the user enters data using the CTLS, he/she provides the field “value” required by the 

field. Hence, through our web-service, with embedded SQL query, we first fetch the project ID 

and the event ID from their tables of origin in the database, respectively, “redcap_projects” and 

“redcap_events_forms”. This gives the 2 first values of the row. And then, we get the 3 last 

values from the data in the XML data file from CTLS memory. For each record, CTLS stores 

data on XML file in its memory along with the form name and variable names (which are nodes 

of the XML file).  

To upload data into REDCap, we read the XML file from the device memory, and extract the 

values. We also fetch the form name (which allows us to get the corresponding event_id) and 

the nodes (which give values for the field_name column). This gets all the 5 values needed for 

the row: project_id (from preferences), event_id, record (from XML first node), field_name 

(from the node) and value which is the actual data entered in the fields.  

This entire process occurs in the background using Android “asyncTask”. Data can then be 

visualised or exported from REDCap desktop dashboard. 

The screenshot in Figure 10 shows the structure of the table redcap_data. In this table, we can 

identify the 5 columns with some data added for test purposes. 
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Figure 10: Overview of redcap_data table 

4.4. CONTRAST WITH PREVIOUS WORK 

Unlike previous contributions to the landscape of mobile data collection, our application can 

work across platforms: although we worked only with REDCap for now, our design allows 

other EDC systems, particularly OpenClinica, to be incorporated in a future work.  

Although REDCap recently developed a mobile application, our work brings a possibility of 

using REDCap database and its dashboard with an open-source mobile application, while 

meeting the demand of offline data collection and asynchronous upload to the database. Finally, 

we built CTLS using existing tools, and unlike REDCap mobile application, ours works with 

both phones and tablets and it is open source. 
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4.5. ETHICS, DATA ACCESS AND SECURITY 

In this research project, we first conducted a survey in all the HDSSs affiliated to INDEPTH 

network using REDCap online questionnaire. For the survey, we requested support from 

INDEPTH network research capacity building manager, who issued a support letter to all the 

site leaders. In addition to that, we sought permission from each site leader, prior to the inclusion 

of their site in the survey. The questionnaire targeted data managers by circulating an 

information sheet and a consent form. It was anonymous in terms of the respondent details. We 

did not need to know the identity of the respondent as all the information was about the site.  

No sensitive data was collected. Moreover, the collected information are kept confidential and 

used only for the purpose of this research project. 

With regard to the development component of this work, particularly for the purpose of the 

testing, we requested access to forms and data collected in the Nairobi Urban HDSS. We used 

the Entry and Exit forms for 100 individuals in the HDSS. To ensure confidentiality, we 

performed all these tests using Wi-Fi network of APHRC. We setup a separate database on a 

test server to avoid interaction with APHRC live database. 

The protocol of this study was submitted to and approved by the University of the 

Witwatersrand Faculty of Health Sciences Human Research Ethics Committee under the 

clearance n° M141173 on May 3rd, 2015. 

4.6. CHALLENGES AND LIMITATIONS 

EDC systems data models and dictionaries are stored in different templates and formats. For 

instance, REDCap data dictionary is a CSV file with a specific template. This module will only 

work for the EDC system we have incorporated so far, namely REDCap. For the sake of this 

project, we only interfaced with REDCap. We are currently designing the module to be scalable. 

Future work will focus on how to add more EDC systems like OpenClinica. 
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In addition, a REDCap data dictionary is only generated from the metadata entered while 

creating the project and its forms. Therefore, exceptions can be thrown by our module should 

some special characters be found in the data dictionary. For instance, an escape or next line 

character, when included in the field labels or notes of the data dictionary, will change the 

format of the CSV file, and therefore make the module fail to parse it. We hence recommend 

special to avoid unnecessary characters in the design of the form in REDCap. 

Finally, we still have to work on data security issue, since we are dealing with health research 

data and protected health information. 
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CHAPTER 5: EXPERIMENTAL SETUP AND VALIDATION 

In this chapter, we describe tools and technologies that have been involved in this project, and 

how we setup the system to perform our tests. 

5.1. EXPERIMENTAL SETUP 

5.1.1. Development, tools and technologies 

- Client side application 

We used ODK collect version 1.4.5 release 1048 source code. It has been cloned from 

https://google.code.com/p/collect in July 2015. Development was performed using Eclipse 

Kepler with Android Software Development Kit (SDK) and the Android Development Kit 

(ADT) plug-ins.  

Android API 22 was our target SDK, and the minimum SDK was Android API 10. This means 

that our module is guaranteed to work on the release of Android 5.1 API 22, and can be 

supported by mobile devices running previous version of Android from API 10. Those running 

Android API 9 for instance, will not be supported. 

We have used the Java packages OpenCSV 2.4 for the parse component of the module. The 

web-service used HTTP client and PHP code saved on PHP files. 

- Server side environment setup 

We have setup a REDCap server on a Windows machine running Windows 8.1. REDCap was 

provided by the University of the Witwatersrand REDCap administration. We used REDCap 

version 6.1.3. The database server was with MySQL 5.6, as REDCap works with MySQL 

server, which we installed along with Apache24 server. 

https://google.code.com/p/collect
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5.1.2. Testing and prototyping 

CTLS was tested with a Samsung Galaxy tab 3 (7 inches) running Android 4.1 throughout the 

development process.  

For the purpose of testing the application, we designed, on desktop, REDCap questionnaires 

for the exit and entry questionnaires of the Nairobi Urban HDSS. Then, we used CTLS to 

download the forms and convert them to get XForms. Using those forms, we entered 50 records 

of each forms that were already entered in NUHDSS database. 

We tested the behaviour of the module by turning on and off the Wi-Fi, and see how data was 

synchronised with the database server and loaded. Through this process, we tested the module 

regarding data integrity. 

5.1.2.1. Form design 

The questionnaires have been designed using the desktop online form builder of REDCap. 

REDCap has different approaches in designing forms on the interface: cross-sectional surveys 

and longitudinal studies. We designed our forms within a longitudinal study project. This is 

because it is more complicated: a tool that can handle longitudinal studies can easily take care 

of survey, but not vice-versa.  

In REDCap, creating the project and forms allow us to get the database in MySQL as described 

in the section above. Those forms are the ones to be fetched by CTLS and displayed onto the 

screen for the user. Screenshots of the forms are shown below (Figure 11). Figure 11 presents 

the list of forms on dashboard of REDCap. We can see that the entry form entitled “Entry Form 

Nairobi” has 26 fields and the exit form entitled “Exit Form Nairobi” has 20 fields. This view 

allows user to get access to each form by clicking on it (Figure 11). This is how the main menu 

displays forms in the longitudinal study project in REDCap, as belonging to the same project, 

unlike in cross-sectional surveys.  
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Figure 11: Forms on REDCap project interface 

In Figure 12, the top 4 questions of each of the forms as displayed by REDCap for data entry 

are presented. 



51 

 

 

  

Figure 12: Forms as designed in REDCap 
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Figure 13 shows how fields are displayed with CTLS. The first screenshot shows a text field 

in which the user is expected to enter the relationship between the head of household and the 

respondent. The keypad is used to type the answer. The second screenshot shows a date 

variable. In this case, CTLS displays a calendar; the user just select the appropriate date 

(Figure 13). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Example of CTLS text and date field 

5.1.2.2. Data synchronisation 

We installed PHP, Apache, MySQL and REDCap and then, we entered the Internet Protocol 

(IP) address of the machine as well as all credentials to access the database server in the 

preference of CTLS. The PHP files have also been copied into the REDCap server configuration 

folder. This establishes the connexion with the database and the data was then uploaded. 

During these tests, we assessed the atomicity and data integrity with REDCap database: 
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- Atomicity 

A batch of records is sent to the database as a unique transaction. Failure due to interruption of 

internet connectivity or when we turn the tablet off while the data was being sent, cause the 

entire process to fail and the records remain in the tablet memory if the transaction is not 

completed. Thus, either the form datasets are sent in its entirety or not at all. 

- Data integrity 

We paid specific attention to exceptions thrown by REDCap database. The aspect we dealt with 

was that, because the field “record” of the table redcap_data stores a value entered on the tablet 

for the first field of each REDCap form, different users can enter the same value for different 

forms. This does not actually throw an exception, but it changes data integrity and the way rows 

are identified in REDCap. 

When CTLS converts data dictionaries, it also takes care of the check controls: all constraints 

in data dictionaries are translated into XForm constraints accordingly. Consequently, data 

allowed at the application level could not violate constraints at the database level.  

Even when we had many sets of records, each particular form is parsed, and its data sent to the 

database as a unique transaction, one after the other. To achieve that, we used the credentials 

of the database that we stored in the PHP files in the application server. Each transaction is 

handled by a specific logging script and transaction query. Forms are handled one by one in the 

background. 

5.2. DATA SOURCES AND DATA PROCESSING METHODS 

Due to time constraint, we could not setup a study to evaluate this module on actual clinical or 

health related study. Instead, we used a sample of previously collected data from Nairobi Urban 

Health and Demographic Surveillance System entry and exit at the African Population and 
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Health Research Center (APHRC), Nairobi, Kenya, to re-enter data using our module in order 

to verify the different components and perform all our tests. 
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CHAPTER 6: CONCLUSION 

For their core follow up, INDEPTH affiliated HDSSs mainly use manual modality for data 

collection. Although the emergence of mobile data collection is on the rise, the rate of utilisation 

in monitoring core health and demographic events is still low. This does not seem to be 

attributable to a lack of computational or programming skills because conversely, mobile 

devices are being used for embedded cohort studies. The rate of utilisation of mobile devices, 

mainly tablets, was much higher in embedded studies. Data quality and timeliness were the 

main motivations. Lack of reliable internet connectivity and initial cost of devices for mobile 

data collection are factors that still hinder the use of these technologies in health research data 

collection. The current trend of adopting OpenHDS could improve the rate of utilisation of 

mobile devices in HDSSs, and bring its advantages to improve and facilitate HDSSs data 

management.  

We implemented a mobile application for embedded cross-sectional and longitudinal studies 

that can work across platforms. The application adds to ODK-collect functionalities, the 

capability of linking to a REDCap database, fetches metadata, converts data dictionary into 

XForm, displays it on tablets as well as smartphones for mobile data collection. Collected data 

can be uploaded into the REDCap database asynchronously. Finally, users can browse and view 

in their normal REDCap project as if data was entered using REDCap desktop. This module 

provides an alternate option for mobile data collection, particularly with REDCap, which has 

been found to be the most used EDC system in HDSSs in our study. Furthermore, this 

application is open source. In future work we will increase its spectrum by adding other relevant 

EDC platforms and improve data security. We will also explore new ways of storage data such 

as cloud-based data store, and new connectivity option such as Bluetooth. A user’s manual will 

be provided for this application and the source code will be made available on GitHub.  
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