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Abstract

Introduction

Health-related data collection tools, including digital ones, have become more prevalent across
clinical studies in the last number of years. However, using digital data collection tools in low-
and middle-income countries presents unique challenges. In this review, we aim to provide an
overview of the data collection tools currently being used in randomised controlled trials
(RCTs) conducted in low resource settings and evaluate the tools based on the characteristics
outlined in the Mobile Survey Tool (MST) evaluation framework. These include functionality,
reliability, usability, efficiency, maintainability, portability, effectiveness, cost-benefit,
satisfaction, freedom from risk, and context coverage. This evidence may provide a guide to
selecting a suitable data collection tool for researchers planning to conduct research in low-
and middle-income countries for future studies.

Methods and Analysis

Searches will be conducted in four electronic databases: Pubmed, CINAHL, Web of Science,
and EMBASE. For inclusion, studies must be a randomised controlled trial, mention a health-
related data collection tool, and conducted in a low- and middle-income country. Only studies
with available full-text and written in English will be included. This systematic review will
utilise the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
tool. Two review authors will screen the titles and abstracts of search results independently for
inclusion eligibility based on the selection criteria. In the initial screening process, the full-text
articles will be retrieved if the abstract contains limited information about the study.
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Disagreements will be resolved through discussion. If the disagreement cannot be resolved, a
third author (JD) will adjudicate. The study selection process will be outlined in a PRISMA
flow-diagram. Data will be analysed using a narrative synthesis approach. The included studies
and their outcomes will be presented in a table.

Ethics and Dissemination

Formal ethical approval is not required as primary data will not be collected in this study. The
findings from this systematic review will be published in a peer-reviewed journal.

Trial registration number

PROSPERO CRD42023405738.

Strengths and Limitations of this Study

- This systematic review is the first to explore health-related data collection tools used
in RCTs in low- and middle-income countries. Evidence generated from the review
may be relevant for future research conducted in these settings.

- The formulation and development of comprehensive search terms which cover the
various types of data collection is challenging. The terms selected are as inclusive and
as generalisable as possible.

- Studies that are not published in English will be excluded. Since most LMICs are
non-English speaking countries, relevant non-English articles could have been
excluded due to the applied filters.

Introduction

Data collection tools are a key part of service delivery and medical research, as it is the means
through which statistics on a micro and macro level are gathered in relation to healthcare of the
patient and or at the population level via Public Health. Data collection tools are defined as any
instrument used by researchers and healthcare professionals to collect data ranging from paper
questionnaires to peak flow metres (1). The field of clinical medicine is unique in that countless
specialised data collection tools exist. For instance, one specialised data collection tool is the
blood glucometer, which was invented in the 1970s (2). While this was initially available to
practitioners, over time, they became more portable and widely accessible to the general public.
The data collection of blood glucose levels on a public scale has played a significant role in
discovering new diabetes medications and in calibrating the management of diabetes (2).
Similar patterns exist with other types of health-related data collection tools, as they have been
instrumental in positively impacting public health.

Over the last number of years, the development of new digital technologies has enabled

researchers to collect data in a more effective and efficient manner (3). Digital data collection
tools such as mobile survey tools, apps, wearable devices, Al, video and audio analytical tools
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and internet-of-things based products are becoming more prevalent in clinical research. One
particular benefit of digital data collection tools is that it enables researchers to undertake these
processes digitally and remotely, without requiring the physical presence of the patient (e.g.
remote monitoring). Other benefits include their cost effectiveness and time efficiency (4),
which is of particular importance in low resource settings. More recently, the application of
wearable devices was highlighted during the COVID-19 pandemic (5). These tools collected
data on a range of parameters such as “pulse, physical activity, and sleep” in order to calculate
the regional probability of a COVID-19 outbreak (5). Hence, this review will also focus on the
emerging digital aspect of health-related data collection tools used in low- and middle-income
countries.

According to the World Health Organisation, developing research capacity in LMICs is one of
the key ways to promote global health equality (7). More specifically, it is recommended that
governments of LMICs must enact policies that incentivise health research, offer financial
support for higher education research departments, and promote research partnerships between
research bodies, academia, and health providers (6). One article highlighted the importance of
identifying and improving preexisting data collection tools in LMICs can be instrumental in
saving lives, particularly in emergency departments (7). LMICs, which include low-income
and lower middle-income countries, are defined as those with a GNI per capita of below $4,255

(8).
The Country classification by GNI per capita for 2023 is presented in Table 1.

A Randomised Controlled Trial (RCT) is a research methodology in which participants are
randomly assigned to one of two or more clinical interventions (9). RCTs are considered the
most scientifically rigorous method of hypothesis testing available and is regarded as the gold
standard study design for evaluating the effectiveness of interventions (9). The use of RCTs as
a study design is becoming more prevalent in LMICs (10). Therefore, conducting research
focused on RCTs could offer valuable guidance for researchers utilising RCTs in similar
settings in the future.

In this review, the mobile survey tool (MST) framework will be used to assess the
characteristics of the data collection tools (11). While there are various evaluation frameworks
for certain subtypes of digital data collection tools such as wearables (12) and apps (13), an
overarching framework for all data collection tools does not exist. It may be challenging to
evaluate the wide variety of data collection tools available under one framework. While the
MST is designed for evaluating mobile survey tools, the characteristics within this framework
provide a comprehensive assessment that may be applicable for other data collection tools. It
contains the key characteristics that practitioners may consider when choosing a data collection
tool for their research. Fisher et al. defines the function of mobile survey tools by stating “MSTs
allow users to gather and transmit field data in real time, standardise data storage and
management, automate routine analyses, and visualise data” (11). This is broadly the function
of all data collection tools. Therefore, a framework used to evaluate the functions of an MST
can be applicable when evaluating the function of all data collection tools. Based on other
frameworks reviewed (14,15), the MST has been modified to include the following additional
criteria:

- Type of data collection tool

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

I

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

- Online or offline data storage

- Whether the tool is custom, off the shelf, or open source

- Details of the process of planning/development of the tool (e.g. requirements gathering)
- Data protection and privacy

The aim of this systematic review is to identify randomised controlled trials that have used
health-related data collection tools in low- and middle-income countries and to evaluate the
characteristics of the identified data collection tools according to the modified MST
framework.

Similar reviews investigating data collection tools in LMICs have been conducted. A
systematic review by Keating et al. investigated electronic data collection tools used for
outbreak response in the context of the COVID-19 pandemic (16). The review identified 75
electronic data collection, analysis, and management tools that were used during the pandemic
(16). It emphasised the importance of improving interoperability among different tools and
software to effectively manage outbreaks in LMICs (16). The review also highlighted the need
for additional training on these tools and software (16). Faruk et al. conducted a review
examining the screening tools utilised in low- and middle-income countries (LMICs) to
identify developmental delays encompassing a range from neurological to behavioral concerns
in children (17). A total of 16 tools were identified for qualitative synthesis (17). The findings
indicated a significant lack of culturally sensitive tools in LMICs (17). Furthermore, most of
the tools failed to reach the expected specificity and sensitivity due to the lack of access to a
gold standard assessment tool (17). However, there is yet to be a review conducted that
examines data collection tools as a whole.

The objectives of this review are:

- Categorise the types of health-related data collection tools currently being used in
LMICs. This may include digital/manual, custom/Off the shelf, wearable/non-
wearable among others.

- Identify the primary differences in the attributes between the various health-related
data collection tools used in randomised controlled trials in low middle-income
countries.

- Establish a robust framework (e.g. modified MST) for researchers to assess the
characteristics of health-related data collection tools.

Review Questions

This systematic review aims to address the following questions:

- What are the health-related data collection tools that are used in randomised
controlled trials in low- and middle-income countries?

- What are the key differences in the attributes of health-related data collection tools
that are used in RCTs in low- and middle-income countries with the modified Mobile
Survey Tool (MST) framework as a reference point?

- How suitable is the modified MST framework for healthcare researchers to evaluate
the characteristics of health-related data collection tools in LMICs?
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Methods

Design

This protocol has been registered with the International Prospective Register of Systematic
Reviews (PROSPERO) (registration number: CRD42023405738). It has been developed using
the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRIS-
MA-P) checklist.

Inclusion and Exclusion Criteria

Inclusion Criteria:

- The review will include only randomised controlled trials (RCTs) as this study design
is regarded as the gold standard for evaluating the effectiveness of interventions.

- The RCT must be conducted in a low- and middle-income country and mentions a
health-related data collection tool.

- Participants are adults aged 19+.

- Recruitment of participants exclusively from the local population.

- Published, peer-reviewed, randomised controlled trials that utilise a health-related data
collection tool in a low- and middle-income country will be eligible for inclusion in the
initial stage of the systematic review.

- Publication dates between 2005 and 2023. The year 2005 is set as the publication year
limit as mobile devices such as smartphones became available along with the rollout of
the internet to facilitate the transmission of data.

- English language only articles.

- Published in full-text.

Exclusion criteria:

- The RCT does not utilise a health-related data collection tool.

- Studies where participants are under 19 years of age. Including younger participants in
studies that utilise complex data collection tools may skew the results as they may not
possess the skills to interpret the instructions or results of the tools accurately.

- The study will be excluded if there is insufficient information in the RCT regarding the
characteristics within the modified MST framework.

Search Strategy

A search of the literature will be conducted in four electronic databases: PubMed, CINAHL,
Web of Science, and Embase. The primary search strategy was designed for PubMed and
adapted as appropriate for each of the databases. The full search strategy is presented in the
online supplementary appendix. The terms will be slightly adapted to the search particulars
(eg. truncations, wildcards (*)) and filters available for each database. The search will be
conducted in July 2023.
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Selection Process

Two review authors (RK and NA) will screen the titles and abstracts of search results
independently based on the eligibility criteria. The full-text articles will be retrieved if the
abstract contains limited information about the study. Duplicate articles will be removed. Study
authors will be contacted for clarification if eligibility is unclear. Disagreements will be
resolved through discussion. If the disagreement cannot be resolved, a third author (JOD) will
adjudicate. The list of the excluded studies and the reasons for their exclusion will be presented
in a 'Characteristics of excluded studies' table. The study selection process will be outlined in
a PRISMA flow-diagram. Mendeley referencing software will be used to screen and determine
the eligibility of all the references from the initial search.

c
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Data Collection

Data from the included studies will be extracted by RK and NA independently into a data
extraction table in Microsoft Excel. This includes the following:

- Descriptive information about the study: DOI, author and year of publication,
objective of the study, where the RCT was conducted, language, and age of the study
participants.

- Descriptive information about the data collection tool: type of data collection tool,

online or offline data storage, whether the tool is custom, off the shelf or open source,
planning and development, and data protection and privacy.
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- Information relating to the characteristics of the MST framework: functionality,
reliability, usability, efficiency, maintainability, portability, effectiveness, cost-
benefit, satisfaction, freedom from risk, and context coverage.

Assessment of Risk of Bias

Risk of bias will not be conducted for the selected RCTs, as this systematic review is focused
on the data collection tools being used, not the outcome of the RCTs themselves. However,
quasi experimental studies that do not involve randomisation will be excluded.

Data Synthesis

Data will be analysed using a narrative synthesis approach. The included studies and their
outcomes will be presented in a table format and categorised based on relevant parameters.
Qualitative analysis will be used to assess the tools identified within each study against the
criteria of the modified MST framework. There are 11 characteristics within the framework.
These include functionality, reliability, usability, efficiency, maintainability, portability,
effectiveness, cost-benefit, satisfaction, freedom from risk, and context coverage. These
characteristics are broken down into 32 sub-characteristics. For example, functionality involves
assessing the suitability, accuracy, interoperability, and security of a data collection tool. These
characteristics and the sub-characteristics will be used to conduct a descriptive analysis of each
selected data collection tool. Moreover, in future studies, researchers can use the same
characteristics, in addition to the added ones, to evaluate the attributes of any tools they are
investigating. Finally, the modified MST framework will be evaluated based on its efficacy of
assessing the characteristics of a data collection tool used in an RCT.

Discussion

This systematic review is the first to focus on health-related data collection tools in randomised
controlled trials (RCTs) conducted in low- and middle-income countries (LMICs). The review
aims to provide a comprehensive and up-to-date assessment of the various data collection tools
currently being used in RCTs in LMICs, categorise the type of data collection tools, and assess
their characteristics and the challenges associated with deploying them in these settings.

Achieving sustained growth in health policy and systems research in developing countries is a
systemic issue that requires significant reform to existing research law and policy in high-
income countries (18). The implementation of facility-building measures, such as the adoption
of advanced digital data collection methods, can play a crucial role in mitigating research
capacity issues in low- and middle-income countries (18).

The findings of this review may have significant implications for researchers seeking to utilise
data collection tools in LMICs. Researchers may be unaware of the available range of data
collection tools leading them to develop a customised tool, which can be costly and time-
consuming. By identifying and assessing the characteristics of the various data collection tools,
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this review will assist researchers in selecting an existing tool that will meet their research
objectives.

It is important to note that most LMICs are non-english speaking countries. Therefore, a
limitation of this systematic review is the exclusion of potentially relevant non-English articles,
as a result of the applied filters. The anticipated impact on the results is minimal, given the
relatively small number of non-English articles available. Another limitation is that individual
countries identified as low- and middle-income countries were not included in the search string
due to the massive volume of results generated. However, the search string has been modified
to include different variations of the term “LMICs” and the income classification of each
country will be evaluated based on the World Atlas Bank's definition.
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Table 1 Country classification by GNI per capita for the year 2023 according to the World Bank

Atlas method (8).
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Country Classification

GNI per capita

Low-income

$1,085 or less

Lower middle-income

$1,086 and $4,255

Upper middle-income

$4,256 and $13,205

Upper high-income

$13,205 or more
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Extraction Sheet

DOI

Author

Year of Publication

Where the RCT was conducted
Language

Purpose of study

Age of participants

Type of data collection tool
Online or offline data storage
Custom or off the shelf
Planning and development
Data protection/privacy
Functionality

Reliability

Usability

Efficiency

Maintainability

Portability

Effectiveness

Cost-benefit

Satisfaction

Freedom from risk
Context coverage
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Modified MST Framework

Functionality

Degree to which an MST meets stated and

Suitability implied user needs when used under
specified conditions
Degree to which an MST provides accurate
Accuracy

results with the needed degree of precision

Interoperability (Only

Degree to which MSTs can exchange
information with other systems and use

Reliability

Digital) information that has been exchanged
Degree to which an MST protects data from
Security unauthorized access by other persons or
systems
Degree to which an MST has overcome
Maturity initial bugs and defects, and meets needs

for reliability under normal operation

Fault Tolerance
(Digital)

Degree to which an MST operates as
intended despite the presence of hardware
or software faults

Recoverability

Degree to which, in the event of an
interruption or a failure, an MST can
recover the data directly affected and re-
establish the desired state of the system

Usability

Understandability

Degree to which the features and functions
of an MST can be understood by users with
a wide range of backgrounds and levels of

expertise

Degree to which users with a wide range of
backgrounds and levels of expertise can

Learnability efficiently learn to use an MST to achieve
specified goals
Operability Degree to which an MST is easy to operate

and control
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Modified MST Framework

Attractiveness

Degree to which users perceive an MST’s
user interface to be attractive and satisfying
to use

Efficiency

Time Behaviour

Degree to which MST response times,
processing times, and

throughput rates meet or exceed user
requirements

Resource Utilisation

Degree to which the amounts and types of
resources used by

an MST, when performing its functions,
meet requirements

Maintainability

Analyzability

Degree of effectiveness and efficiency with
which it is possible to assess the impact on
an MST of an intended change to one or
more of its parts, or to diagnose an MST for
deficiencies or causes of failures, or to
identify parts to be modified

Changeability

Degree to which an MST can be effectively
and efficiently modified by users without
introducing defects or degrading existing
product quality

Stability

Degree to which an MST performs free
from failures, interruptions, and unexpected
effects

Testability

Degree of effectiveness and efficiency with
which test criteria can be established for an
MST and tests can be performed to
determine whether those criteria have been
met

Portability

Adaptability

Degree to which an MST can effectively
and efficiently be adapted for different or
evolving hardware, software or other
operational or usage environments
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Ease of Installation

Degree of effectiveness and efficiency with
which an MST can be successfully installed
and/or uninstalled in a specified
environment

Co-Existance

The capability of an MST to exist and
operate on systems on which other
software simultaneously exists and
operates

Replacability

The capability of an MST to be used in
place of another specified MST for the
same purpose in the same environment

Effectiveness

User
accomplishment

Accuracy and completeness with which
users achieve specified goals

Efficiency

Cost-Benefit

Resources expended in relation to the
accuracy and completeness with which
users achieve goals

Satisfaction

Usefulness

Degree to which a user is satisfied with
their perceived achievement of pragmatic
goals, including the results of use and the
consequences of use

Trust

Degree to which a user or other stakeholder
has confidence that an MST will behave as
intended

Pleasure

Degree to which a user obtains pleasure
from fulfilling their personal needs when
using an MST

Comfort

Degree to which the user is satisfied with
his or her physical comfort when using an
MST

Freedom from Risk

Economic Risk
Mitigation

Degree to which an MST mitigates potential
risks to financial status, efficient operation,
commercial property, reputation or other
resources in the intended contexts of use
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Health and Safety
Risk Mitigation

Degree to which an MST mitigates potential
risks to people in the intended contexts of
use

Environmental Risk

Degree to which an MST mitigates potential
risks to property or the environment in the

Context Coverage

Mitigation intended contexts of use
Degree to which an MST can be used with
Context effectiveness, efficiency, freedom from risk

Completeness

and satisfaction in all the specified contexts
of use

Flexibility

Degree to which an MST can be used with
effectiveness, efficiency, freedom from risk
and satisfaction in contexts beyond those
initially specified in the requirements

DOI

Author and Year of
Publication

Where the RCT was
conducted

Language

Purpose of the
Study

Age of Participants

Type of Data
Collection Tool

Online or Offline
Data Storage

Custom or Off the
Shelf

Planning and
Development

Data
Protection/Privacy

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s39gV) Jnaiadns 1uswaublasug
| @p anbiydeibollqig sousby re gzoz ‘2 aung uo /wod fwag uadolway/:dny woil pspeojumod 20z Arenuer 6z uo 8yT//0-£202-uadolwa/9eTT 0T Se paysiignd 1siy :uado rNG


http://bmjopen.bmj.com/

oNOYULT D WN =

BMJ Open

Search Strategy

#1

"Digital form*" OR "Digital Data Collection Tool*" OR "Mobile Data Collection Tool*" OR "Mobile
Survey Tool™ OR "Mobile Data Collection" OR "Electronic Data Collection" OR "mHealth" OR
"Wearable Technology" OR "Wearable Sensor*" OR "Biosensor*™ OR "Smart medical device™"
OR “electronic data capture” OR “patient monitoring device* OR “electronic medical device
OR “digital self monitoring” OR “survey*” OR "data collection" OR "data collection tool*" OR
"data entry" OR "data logging" OR "self report*™ OR "self-reporting" OR "self-monitor*™ OR "self
test™

%77

#2

"Low middle income countr*" OR "low and middle income countr*" OR "low income countr*" OR
"developing countr*" OR "LMIC"

#3

"Randomised controlled trial*" OR "RCT" OR "RCTs" OR "randomized controlled trial*"

#4

#1 AND #2 AND #3
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Search 8 least 1 database, including any limits used, such
that it could be repeated.
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sources of 9 (i.e., screening and eligibility) included in the
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Abstract

Introduction

Health-related data collection tools, including digital ones, have become more prevalent across
clinical studies in the last number of years. However, using digital data collection tools in low-
and middle-income countries presents unique challenges. In this review, we aim to provide an
overview of the data collection tools currently being used in randomised controlled trials
(RCTs) conducted in low resource settings and evaluate the tools based on the characteristics
outlined in the modified Mobile Survey Tool (MST) framework. These include functionality,
reliability, usability, efficiency, maintainability, portability, effectiveness, cost-benefit,
satisfaction, freedom from risk, and context coverage. This evidence may provide a guide to
selecting a suitable data collection tool for researchers planning to conduct research in low-
and middle-income countries for future studies.

Methods and Analysis

Searches will be conducted in four electronic databases: Pubmed, CINAHL, Web of Science,
and EMBASE. For inclusion, studies must be a randomised controlled trial, mention a health-
related data collection tool, and conducted in a low- and middle-income country. Only studies
with available full-text and written in English will be included. The search was restricted to
studies published between January 2005 and June 2023. This systematic review will utilise the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) tool. Two
review authors will screen the titles and abstracts of search results independently for inclusion.
In the initial screening process, the full-text articles will be retrieved if the abstract contains
limited information about the study. Disagreements will be resolved through discussion. If the
disagreement cannot be resolved, a third author (JOD) will adjudicate. The study selection
process will be outlined in a PRISMA flow-diagram. Data will be analysed using a narrative
synthesis approach. The included studies and their outcomes will be presented in a table.

Ethics and Dissemination

Formal ethical approval is not required as primary data will not be collected in this study. The
findings from this systematic review will be published in a peer-reviewed journal.

Registration Number

PROSPERO CRD42023405738.

Strengths and Limitations of this Study

- The review will utilise four well-established databases, which cover the primary area
of interest.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 21

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

I

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

Page 3 of 21

oNOYTULT D WN =

BMJ Open

- The formulation and development of comprehensive search terms that cover the
various types of data collection is challenging.
- Studies that are not published in English will be excluded.

Introduction

Data collection tools are a key part of service delivery and medical research, as it is the means
through which statistics on a micro and macro level are gathered in relation to the healthcare
of the patient and or at the population level via public health. Data collection tools are defined
as any instrument used by researchers and healthcare professionals to collect data ranging from
paper questionnaires to peak flow metres (1). The field of clinical medicine is unique in that
countless specialised data collection tools exist. For instance, one specialised data collection
tool is the blood glucometer, which was invented in the 1970s (2). While this was initially only
available to practitioners, over time, it became more portable and widely accessible to the
general public. The data collection of blood glucose levels on a public scale has played a
significant role in discovering new diabetes medications and in calibrating the management of
diabetes (2). Similar patterns exist with other types of health-related data collection tools, as
they have been instrumental in positively impacting public health.

Over the last number of years, the development of new digital technologies has enabled
researchers to collect data in a more effective and efficient manner (3). Digital data collection
tools such as mobile survey tools, apps, wearable devices, Al, video and audio analytical tools,
and internet-of-things-based products are becoming more prevalent in clinical research. One
particular benefit of digital data collection tools is that they enable researchers to undertake
these processes digitally and remotely, without requiring the physical presence of the patient
(e.g. remote monitoring). Other benefits include their cost effectiveness and time efficiency
(4), which is of particular importance in low-resource settings. More recently, the application
of wearable devices was highlighted during the COVID-19 pandemic (5). These tools collected
data on a range of parameters such as “pulse, physical activity, and sleep” in order to calculate
the regional probability of a COVID-19 outbreak (5). Hence, this review will also focus on the
emerging digital aspect of health-related data collection tools used in low- and middle-income
countries.

As the years progress, data collection in healthcare will keep increasing. An editorial from 2023
by Md Aanisur Rahman claims machine learning and deep learning techniques will greatly
increase the volume of medical data collected in the future. The editorial cites the PATINA
decision support tool as an example of an intelligent monitoring system that can prevent the
hospitalisation rates of frail older adults (6). Social media can also be used to harness data on
patients to improve their management. This can occur on an individual and population level

(.

According to the World Health Organisation, developing research capacity in LMICs is one of
the key ways to promote global health equality (8). More specifically, it is recommended that
governments of LMICs enact policies that incentivise health research, offer financial support
for higher education research departments, and promote research partnerships between research
bodies, academia, and health providers (8). One article highlighted that identifying and
improving pre-existing data collection tools in LMICs can be instrumental in saving lives,
particularly in emergency departments (9). LMICs, which include low-income and lower-
middle-income countries, are defined as those with a GNI per capita of below $4,255 (10).
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The Country classification by GNI per capita for 2023 is presented in Table 1.

Table 1 Country classification by GNI per capita for the year 2023 according to the World
Bank Atlas method (10).

Country Classification GNI per capita
Low-income $1,085 or less
Lower middle-income $1,086 and $4,255
Upper middle-income $4,256 and $13,205
High-income $13,205 or more

A Randomised Controlled Trial (RCT) is a research methodology in which participants are
randomly assigned to one of two or more clinical interventions (11). RCTs are considered the
most scientifically rigorous method of hypothesis testing available and are regarded as the gold
standard study design for evaluating the effectiveness of interventions (11). The use of RCTs
as a study design is becoming more prevalent in LMICs (12). Therefore, conducting research
focused on RCTs could offer valuable guidance for researchers utilising RCTs in similar
settings in the future.

In this review, the mobile survey tool (MST) framework will be used to assess the
characteristics of the data collection tools (13). While there are various evaluation frameworks
for certain subtypes of digital data collection tools such as wearables (14) and apps (15), an
overarching framework for all data collection tools does not exist. It may be challenging to
evaluate the wide variety of data collection tools available under one framework. While the
MST is designed for evaluating mobile survey tools, the characteristics within this framework
provide a comprehensive assessment that may be applicable to other data collection tools. It
contains the key characteristics that practitioners may consider when choosing a data collection
tool for their research. Fisher et al. define the function of mobile survey tools, stating, “MSTs
allow users to gather and transmit field data in real-time, standardise data storage and
management, automate routine analyses, and visualise data” (13). This is broadly the function
of all data collection tools. Therefore, a framework used to evaluate the functions of an MST
can be applicable when evaluating the function of all data collection tools. Based on other
frameworks reviewed (16,17), the MST has been modified to include the following additional
criteria:

- Type of data collection tool

- Online or offline data storage

- Whether the tool is custom, off-the-shelf, or open source
- Data protection and privacy

The aim of this systematic review is to identify randomised controlled trials that have used
health-related data collection tools in low- and middle-income countries and to evaluate the
characteristics of the identified data collection tools according to the modified MST
framework.
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Similar reviews investigating data collection tools in LMICs have been conducted. A
systematic review by Keating et al. investigated electronic data collection tools used for
outbreak response in the context of the COVID-19 pandemic (18). The review identified 75
electronic data collection, analysis, and management tools that were used during the pandemic
(18). It emphasised the importance of improving interoperability among different tools and
software to effectively manage outbreaks in LMICs (18). The review also highlighted the need
for additional training on these tools and software (18). Faruk et al. conducted a review
examining the screening tools utilised in LMICs to identify developmental delays
encompassing a range from neurological to behavioural concerns in children (19). A total of
16 tools were identified for qualitative synthesis (19). The findings indicated a significant lack
of culturally sensitive tools in LMICs (19). Furthermore, most of the tools failed to reach the
expected specificity and sensitivity due to the lack of access to a gold-standard assessment tool
(19). However, there is yet to be a review conducted that examines data collection tools as a
whole.

The objectives of this review are:

- Categorise the types of health-related data collection tools currently being used in
LMICs. This may include digital/manual, custom/Off-the-shelf, and wearable/non-
wearable among others.

- Identify the primary differences in the attributes between the various health-related
data collection tools used in randomised controlled trials in low-middle-income
countries.

- Establish a robust framework (e.g. modified MST) for researchers to assess the
characteristics of health-related data collection tools.

Review Questions

This systematic review aims to address the following questions:

- What are the health-related data collection tools that are used in randomised
controlled trials in low- and middle-income countries?

- What are the key differences in the attributes of health-related data collection tools
that are used in RCTs in low- and middle-income countries with the modified Mobile
Survey Tool (MST) framework as a reference point?

- How suitable is the modified MST framework for healthcare researchers to evaluate
the characteristics of health-related data collection tools in LMICs?

Methods

Design

This protocol has been registered with the International Prospective Register of Systematic
Reviews (PROSPERO) (registration number: CRD42023405738). It has been developed using
the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRIS-
MA-P) checklist.
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Inclusion and Exclusion Criteria

Inclusion Criteria:

- Published, peer-reviewed, randomised controlled trials that utilise a health-related data
collection tool in a low- and middle-income country will be eligible for inclusion in the
initial stage of the systematic review.

- Participants are adults aged 18+.

- Recruitment of participants exclusively from the local population.

- Publication dates between January 2005 and June 2023. The year 2005 is set as the
publication year limit as mobile devices such as smartphones became available along
with the rollout of the internet to facilitate the transmission of data.

- English language-only articles.

- Published in full-text.

Exclusion Criteria:
- Quasi-randomised trials and randomised clinical trials will be excluded.
- The RCT does not utilise a health-related data collection tool.
- Studies where participants are under 18 years of age.
- The study will be excluded if there are less than 5 MST characteristics addressed in the
RCT.

Patient and Public Involvement
None

Search Strategy

A search of the literature will be conducted in four electronic databases: PubMed, CINAHL,
Web of Science, and Embase. The primary search strategy was designed for PubMed and
adapted as appropriate for each of the databases. The full search strategy for all databases is
presented in the online supplementary appendix. The terms were slightly adapted to the search
particulars (eg. truncations, wildcards (*)) and filters available for each database. The search
was conducted in June 2023.

Selection Process

Two review authors (RK and NA) will independently screen the titles and abstracts of search
results based on the eligibility criteria. The full-text articles will be retrieved if the abstract
contains limited information about the study. In the case where a relevant conference

abstract is identified, RK and NA will contact the authors for the full-text article. Duplicate
articles will be removed. Study authors will be contacted for clarification if eligibility is
unclear. Disagreements will be resolved through discussion. A third author (JOD) will
adjudicate if the disagreement cannot be resolved. The list of the excluded studies and the
reasons for their exclusion will be presented in a 'Characteristics of excluded studies' table. The
study selection process will be outlined in a PRISMA flow diagram. Mendeley referencing
software will be used to screen and determine the eligibility of all the references from the initial
search.
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Data Collection

Data from the included studies will be extracted by RK and NA independently into a data
extraction table in Microsoft Excel. This includes the following (supplementary file):

- Descriptive information about the study: DOI, author and year of publication,
objective of the study, where the RCT was conducted, language, and age of the study
participants.

- Descriptive information about the data collection tool: type of data collection tool,
online or offline data storage, whether the tool is custom, off the shelf or open source,
and data protection and privacy.

- Information relating to the characteristics of the MST framework: functionality,
reliability, usability, efficiency, maintainability, portability, effectiveness, cost-
benefit, satisfaction, freedom from risk, and context coverage.

Assessment of Risk of Bias

Risk of bias will not be conducted for the selected RCTs, as this systematic review is focused
on the data collection tools being used, not the outcome of the RCTs themselves. However,
quasi experimental studies that do not involve randomisation will be excluded.

Data Synthesis

Data will be analysed using a narrative synthesis approach. The included studies and their
outcomes will be presented in a table format and categorised based on the relevant parameters.
Qualitative analysis will be used to assess the tools identified within each study against the
criteria of the modified MST framework. There are 11 characteristics within the framework.
These include functionality, reliability, usability, efficiency, maintainability, portability,
effectiveness, cost-benefit, satisfaction, freedom from risk, and context coverage. These
characteristics are broken down into 32 sub-characteristics. For example, functionality involves
assessing the suitability, accuracy, interoperability, and security of a data collection tool. These
characteristics and the sub-characteristics will be used to conduct a descriptive analysis of each
selected data collection tool. Moreover, in future studies, researchers can use the same
characteristics, in addition to the added ones, to evaluate the attributes of any tools they are
investigating. Finally, the modified MST framework will be evaluated based on its efficacy of
assessing the characteristics of a data collection tool used in an RCT.

Ethics and Dissemination

Formal ethical approval is not required as primary data will not be collected in this study. The
findings from this systematic review will be published in a peer-reviewed journal.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

I

* (s3gv) Inalladns juswaublasug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Discussion

This systematic review is the first to focus on health-related data collection tools in randomised
controlled trials (RCTs) conducted in low- and middle-income countries (LMICs). The review
aims to provide a comprehensive and up-to-date assessment of the various data collection tools
currently being used in RCTs in LMICs, categorise the type of data collection tools, and assess
their characteristics and the challenges associated with deploying them in these settings.

Achieving sustained growth in health policy and systems research in developing countries is a
systemic issue that requires significant reform to existing research laws and policies in high-
income countries (20). The implementation of facility-building measures, such as the adoption
of advanced digital data collection methods can play a crucial role in mitigating research
capacity issues in low- and middle-income countries (20).

The findings of this review may have significant implications for researchers seeking to utilise
data collection tools in LMICs. Researchers may be unaware of the available range of data
collection tools leading them to develop a customised tool, which can be costly and time-
consuming. By identifying and assessing the characteristics of the various data collection tools,
this review will assist researchers in selecting an existing tool that will meet their research
objectives.

It is important to note that most LMICs are non-English speaking countries. Therefore, a
limitation of this systematic review is the exclusion of potentially relevant non-English articles,
as a result of the applied filters. The anticipated impact on the results is minimal, given the
relatively small number of non-English articles available. Another limitation is that individual
countries identified as low- and middle-income countries were not included in the search string
due to the massive volume of results generated. However, the search string has been modified
to include different variations of the term “LMICs” and the income classification of each
country will be evaluated based on the World Atlas Bank's definition.
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RK, NA, JOD, KPF, and EJK designed the protocol. RK and NA wrote the first draft of the
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Extraction Sheet

DOI

Author

Year of Publication

Where the RCT was conducted
Language

Purpose of study

Age of participants

Type of data collection tool
Online or offline data storage
Custom or off the shelf
Data protection/privacy
Functionality

Reliability

Usability

Efficiency

Maintainability

Portability

Effectiveness

Cost-benefit

Satisfaction

Freedom from risk
Context coverage
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Modified MST Framework

Functionality

Degree to which an MST meets stated and

Suitability implied user needs when used under
specified conditions
Degree to which an MST provides accurate
Accuracy

results with the needed degree of precision

Interoperability (Only

Degree to which MSTs can exchange
information with other systems and use

Reliability

Digital) information that has been exchanged
Degree to which an MST protects data from
Security unauthorized access by other persons or
systems
Degree to which an MST has overcome
Maturity initial bugs and defects, and meets needs

for reliability under normal operation

Fault Tolerance
(Digital)

Degree to which an MST operates as
intended despite the presence of hardware
or software faults

Recoverability

Degree to which, in the event of an
interruption or a failure, an MST can
recover the data directly affected and re-
establish the desired state of the system

Usability

Understandability

Degree to which the features and functions
of an MST can be understood by users with
a wide range of backgrounds and levels of

expertise

Degree to which users with a wide range of
backgrounds and levels of expertise can

Leamability efficiently learn to use an MST to achieve
specified goals
Operability Degree to which an MST is easy to operate

and control
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Attractiveness

Degree to which users perceive an MST’s
user interface to be attractive and satisfying
to use

Efficiency

Time Behaviour

Degree to which MST response times,
processing times, and

throughput rates meet or exceed user
requirements

Resource Utilisation

Degree to which the amounts and types of
resources used by

an MST, when performing its functions,
meet requirements

Maintainability

Analyzability

Degree of effectiveness and efficiency with
which it is possible to assess the impact on
an MST of an intended change to one or
more of its parts, or to diagnose an MST for
deficiencies or causes of failures, or to
identify parts to be modified

Changeability

Degree to which an MST can be effectively
and efficiently modified by users without
introducing defects or degrading existing
product quality

Stability

Degree to which an MST performs free
from failures, interruptions, and unexpected
effects

Testability

Degree of effectiveness and efficiency with
which test criteria can be established for an
MST and tests can be performed to
determine whether those criteria have been
met

Portability

Adaptability

Degree to which an MST can effectively
and efficiently be adapted for different or
evolving hardware, software or other
operational or usage environments
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Ease of Installation

Degree of effectiveness and efficiency with
which an MST can be successfully installed
and/or uninstalled in a specified
environment

Co-Existance

The capability of an MST to exist and
operate on systems on which other
software simultaneously exists and
operates

Replacability

The capability of an MST to be used in
place of another specified MST for the
same purpose in the same environment

Effectiveness

User
accomplishment

Accuracy and completeness with which
users achieve specified goals

Efficiency

Cost-Benefit

Resources expended in relation to the
accuracy and completeness with which
users achieve goals

Satisfaction

Usefulness

Degree to which a user is satisfied with
their perceived achievement of pragmatic
goals, including the results of use and the
consequences of use

Trust

Degree to which a user or other stakeholder
has confidence that an MST will behave as
intended

Pleasure

Degree to which a user obtains pleasure
from fulfilling their personal needs when
using an MST

Comfort

Degree to which the user is satisfied with
his or her physical comfort when using an
MST

Freedom from Risk

Economic Risk
Mitigation

Degree to which an MST mitigates potential
risks to financial status, efficient operation,
commercial property, reputation or other
resources in the intended contexts of use
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Health and Safety
Risk Mitigation

Degree to which an MST mitigates potential
risks to people in the intended contexts of
use

Environmental Risk

Degree to which an MST mitigates potential
risks to property or the environment in the

Context Coverage

Mitigation intended contexts of use
Degree to which an MST can be used with
Context effectiveness, efficiency, freedom from risk

Completeness

and satisfaction in all the specified contexts
of use

Flexibility

Degree to which an MST can be used with
effectiveness, efficiency, freedom from risk
and satisfaction in contexts beyond those
initially specified in the requirements

DOI

Author and Year of
Publication

Where the RCT was
conducted

Language

Purpose of the
Study

Age of Participants

Type of Data
Collection Tool

Online or Offline
Data Storage

Custom or Off the
Shelf

Data
Protection/Privacy

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s39gV) Jnaiadns 1uswaublasug
| @p anbiydeibollqig sousby re gzoz ‘2 aung uo /wod fwag uadolway/:dny woil pspeojumod 20z Arenuer 6z uo 8yT//0-£202-uadolwa/9eTT 0T Se paysiignd 1siy :uado rNG


http://bmjopen.bmj.com/

"Digital form*" OR "Digital Data Collection Tool*" OR "Mobile Data Collection Tool*" OR
June 2023

-Adult (19-44)
Middle aged (45-64)
Aged (65+)

-English articles only

d

; "Mobile Survey Tool*" OR "Mobile Data Collection" OR "Electronic Data Collection" OR

y "mHealth" OR "Wearable Technology" OR "Wearable Sensor*" OR "Biosensor*" OR "Smart

B medical device*" OR “electronic data capture” OR “patient monitoring device*”” OR “electronic
; medical device*” OR “digital self monitoring” OR “survey*” OR "data collection" OR "data

S o
BMJ Open g g Page 16 of 21
o =
5 B
1 S 3
SN
2 @ R
3 Eal
4 Search Strategy 5 3
5 = 3
? Database Search String H I% Filters
8 5] ©
9 ; m %
10 PubMed #1 3 § s | -RCT
1 "Digital form*" OR "Digital Data Collection Tool*" OR "Mobile Data Collection Tool*" OR %‘gé -Full text
12 "Mobile Survey Tool*" OR "Mobile Data Collection" OR "Electronic Data Collection” OR &3 § | -Adult: 19+
13 " " " " " £ "R: £ " 5 S u | -English articles only
1k mHealth" OR "Wearable Technology" OR "Wearable Sensor*" OR "Biosensor*" OR "Smart 522 | -Humans
13 med%cal dev%ce*" OR “el'ec‘tronic data c‘apt‘ure” OR “patient monitoring device"f” OR “electronic§§ 2 | _Publication years: 2005-
! ; medical device*” OR “digital self monitoring” OR “survey*” OR "data collection" OR "data = 5% 2023
1 ) collection tool*" OR "data entry" OR "data logging" OR "self report*" OR "self-reporting" OR 'g@
19 monitor*" OR "self test*" 3@3
==
20 5~ =
2 #2 g
2 "Low middle income countr*" OR "low and middle income countr*" OR "low income countr*" QR%r
2 ; n 1 kn n n E O.
o developing countr*" OR "LMIC S %
25 @ g
26 #3 g 32
2y "Randomised controlled trial*" OR "RCT" OR "RCTs" OR "randomized controlled trial*" ; %
! . :
(4]
3 #1 AND #2 AND #3 % %
37 A
33 CINAHL #1 & g |-Exclude medline
34 & &' | -Publication years: Jan 2005-
3p 2
3k &
3 2
@
3 ov]
3 =2
4 S
5
=)
Qo
c
(0]
o
i

45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

S o
Page 17 of 21 BMJ Open e g
< 5
g
SN
@ R
2 w
- o
collection tool*" OR "data entry" OR "data logging" OR "self report*" OR "self-reporting" OR 'Felfy | -Full-text
monitor*" OR "self test*" -RCT

#2
"Low middle income countr*" OR "low and middle income countr*" OR "low income countr*"
"developing countr*" OR "LMIC"

#3
"Randomised controlled trial*" OR "RCT" OR "RCTs" OR "randomized controlled trial*"

#4
#1 AND #2 AND #3

Web of Science

NNNN= 22200000 00N0OGDWN=-
O —<—Cror—=—to—I< v —

ulW B1ep pue 1xa} 01 pare|al sagn Joj Buipn|

s3gy) Jnapadns 1uawaublasuzp

#1
ALL=("Digital form*" OR "Digital Data Collection Tool*" OR "Mobile Data Collection Tool*"

E

y woly papeojumoq v20z Arenuer 6z uo gyT

-Jan 2005- June 2023
-English articles only

s "Mobile Survey Tool*" OR "Mobile Data Collection" OR "Electronic Data Collection" OR > 5

b "mHealth" OR "Wearable Technology" OR "Wearable Sensor*" OR "Biosensor*" OR "Smart 5 %’
U medical device*" OR “electronic data capture” OR “patient monitoring device*” OR “electronicgi 3
25 medical device®*” OR “digital self monitoring” OR “survey*” OR "data collection" OR "data <& =
26 collection tool*" OR "data entry" OR "data logging" OR "self report*" OR "self-reporting" OR ":’éelﬁ;-
2f monitor*" OR "self test*" ) o S
29 4 5 3
30 T <
3 ALL=("Low middle income countr*" OR "low and middle income countr*" OR "low income § %
3P countr*" OR "developing countr*" OR "LMIC") s ~
33 S 8
34 #3 5 0
g’ ALL=("Randomised controlled trial*" OR "RCT" OR "RCTs" OR "randomized controlled trial*" ) «%

P I

7 >
L #4 3
3b #1 AND #2 AND #3 o
4 g
41 )
42 -ST
43 ?D
44 o
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ®
46

N
N



http://bmjopen.bmj.com/

BMJ Open

Page 18 of 21

S o
e ©
g 3
5 o
S ¢
1 < N
2 @ R
-0 w
3 — 9 . )
4| Embase #1 3 § - Randomized controlled trial
5 "Digital form*" OR "Digital Data Collection Tool*" OR "Mobile Data Collection Tool*" OR & § - Publication years: 2005-
? "Mobile Survey Tool*" OR "Mobile Data Collection" OR "Electronic Data Collection" OR é > 212?131 18.64
8 "mHealth" OR "Wearable Technology" OR "Wearable Sensor*" OR "Biosensor*" OR "Smart S & |~ ule (18-64)
2 dical device*" OR “electronic dat ture” OR “patient itoring device*” OR “electronic 5 2 Aged (65+)
) me %ca ev%ce e 'ec' ronic data c‘ap Pre patient monitoring ev1ce. electronicg § £ | -Exclude Medline
: medical device*” OR “digital self monitoring” OR “survey*” OR "data collection" OR "data %g‘; - English articles only
12 collection tool*" OR "data entry" OR "data logging" OR "self report*" OR "self-reporting" OR 'gegﬁ;
8 monitor*" OR "self test*" g3 o
! 2es
hi #2 L
1 ; "Low middle income countr*" OR "low and middle income countr*" OR "low income countr™*" QE§
18 "developing countr*" OR "LMIC" TN =
19 393
20 #3 =8z
«Q - T
3, "Randomised controlled trial*" OR "RCT" OR "RCTs" OR "randomized controlled trial*" > =
D = 3
28 ST 2
2 i 53
25 #1 AND #2 AND #3 & Z
26 g2
27 o 9
28 5 32
29 5 S
30 8 €
31 =
32 3 2
o N
33 Q O
34 é' N
35 2
36 Q
37 2
38 o
©
39 =S
40 Q
41 °
©
42 =)
43 ?D
44 a
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ®
46

N
N


http://bmjopen.bmj.com/

o 3
o =
Page 19 of 21 BMJ Open < 3
o D
Ee] =]
ERS
(o] N
! Z 9
i PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis Protocols) 2015 cilecglist: recommended items to
. . . Qo
5 address in a systematic review protocol* 5 9
—n N
6 Section and topic  Item Checklist item Repdrted on page/line #
7 No e R
X e0e
9 ADMINISTRATIVE INFORMATION ; éﬁ
10 Title: % 2 §
n Identification la  Identify the report as a protocol of a systematic review E?D > 1/8
(o))
12 Update Ib  If the protocol is for an update of a previous systematic review, identify =8 N/A
13 as such g_(gn 5
12 Registration 2 Ifregistered, provide the name of the registry (such as PROSPERO) %J_g.ga_ 2/51
and registration number a 2 e
16 g §52
17 Authors: SN é‘"
18 Contact 3a  Provide name, institutional affiliation, e-mail address of all protocol g E 3 1/13
19 authors; provide physical mailing address of corresponding author 5<2
Q- T
20 Contributions 3b  Describe contributions of protocol authors and identify the guarantor of > = 9/11
21 the review = %
22 Amendments 4  If the protocol represents an amendment of a previously completed or %- S NA
23 published protocol, identify as such and list changes; otherwise, state g _5"
24 plan for documenting important protocol amendments 9
25 Support: 2 &
o
26 Sources 5a Indicate sources of financial or other support for the review % 3 924
27 Sponsor 5b  Provide name for the review funder and/or sponsor 5 2 NA
;g Role of sponsor 5c  Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in g & NA
or funder developing the protocol S 3
30 — g~
31 INTRODUCTION g m
gg Rationale 6  Describe the rationale for the review in the context of what is already o g‘l 5/3
known TR
34 P . — ; ; - >
35 Objectives 7  Provide an explicit statement of the question(s) the review will address g 521
with reference to participants, interventions, comparators, and outcomes a
36 (PICO) ®
37 L
(o}
38 METHODS =
ig Eligibility criteria 8  Specify the study characteristics (such as PICO, study design, setting, E 6/3
41 g
42 o
Qo
ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ~ ®
45



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

ul ‘ybiAdoo Aq |

time frame) and report characteristics (such as years considered,
language, publication status) to be used as criteria for eligibility for the
review

£,6¢ uo 8y /0-€20z-uadolw

c
=
=
«©«
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Data collection 1lc Describe planned method of extracting data from reports (such as = m i 6/47
process piloting forms, done independently, in duplicate), any processes for 278
obtaining and confirming data from investigators > §

Data items 12 List and define all variables for which data will be sought (such as #363nd extraction sheet
PICO items, funding sources), any pre-planned data assumptions and %‘ =
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bias across studies, selective reporting within studies)

Confidence in 17  Describe how the strength of the body of evidence will be assessed N/A

cumulative evidence (such as GRADE)
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