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Abstract

Background: Botswanahas made significant investmentsinits health careinformation infrastructure, including vertical programs
for child health and nutrition, HIV care, and tuberculosis. However, effectively integrating the more than 18 systemsin place for
data collection and reporting has proved to be challenging. The BotswanaHealth Data Collaborative Roadmap Strategy (2020-24)
states that “there exists parallel reporting systems and data is not integrated into the mainstream reports at the national level,”
seconded by the Botswana National el earning strategy (2020), which states that “there is inadequate information flow at all
levels, proliferation of systems, reporting tools are not synthesized; hence too many systems are not communicating.”

Objective: The objectives of this study are to (1) create a visual representation of how data are processed and the inputs and
outputs through each health care system level; (2) understand how frontline workers perceive health care data sharing across
existing platforms and the impact of data on health care service delivery.

Methods: The setting included a varied range of 30 health care facilities across Botswana, aiming to capture insights from
multiple perspectives into data flow and system integration challenges. The study design combined qualitative and quantitative
methodologies, informed by the rapid assessment process and the technology assessment model for resource limited settings.
The study used a participatory research approach to ensure comprehensive stakeholder engagement from its inception. Survey
instruments were designed to capture the intricacies of data processing, sharing, and integration among health care workers. A
purposive sampling strategy was used to ensure awide representation of participants across different health care roles and settings.
Data collection used both digital surveys and in-depth interviews. Preliminary themes for analysis include perceptions of the
value of health care data and experiences in data collection and sharing. Ethical approvals were comprehensively obtained,
reflecting the commitment to uphold research integrity and participant welfare throughout the study.

Results. The study recruited almost 44 health care facilities, spanning a variety of health care facilities. Of the 44 recruited
facilities, 27 responded to the surveys and participated in the interviews. A total of 75% (112/150) of health care professionals
participating camefrom clinics, 20% (30/150) from hospital's, and 5% (8/150) from health posts and mobile clinics. As of October
10, 2023, the study had collected over 200 quantitative surveys and conducted 90 semistructured interviews.

Conclusions: This study has so far shown enthusiastic engagement from the health care community, underscoring the relevance
and necessity of this study’s objectives. We believe the methodology, centered around extensive community engagement, is
pivotal in capturing a nuanced understanding of the health care data ecosystem. The focus will now shift to the analysis phase of
the study, with the aim of developing comprehensive recommendations for improving data flow within Botswana's health care
system.
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Introduction

Background

Over 2500 years ago, Hippocrates argued it was important to
keep a record of a patient’s conditions and symptoms [1,2].
Whilewe have devel oped new ways of record keeping, accurate
and timely record keeping remains asimportant, if not more so,
given theinterconnectedness of communities. The World Health
Organization has further emphasized the importance of
electronic health records (EHRs) toward the achievement of
Universal Health Coverage and hedth-related sustainable
development goas [3]. In the United States and other
high-income countries, EHRs capture 90% or more of these
data. However, in low- and middle-income countries, the
percentage is much smaller but steadily increasing. Despite the
documented benefits of EHRs, anumber of concerns have been
raised. The aim of this study is to assess the flow of clinical
data through various systems (EHRs and electronic medical
records) by understanding and describing the flow of clinical
data. In addition, the study explores the perceptions of health
careworkersregarding health care data collection, sharing, and
use across Botswana's health care facilities.

Data Generators

Data are often collected using multiple separate systems and
reported in aggregate at asystem or national level, with varying
benefits seen by frontline clinicians[4]. Thisismorethan simply
an aggravation. Ensuring that frontline clinicians have proper
accessto data could improve clinical outcomeson awiderange
of issues, from the correct treatment of pediatric malaria[5] to
decreasing medication errorsin tubercul osistreatment and even
reducing patient wait timesin clinics[6].

From a systems perspective, lack of access to data, concerns
about data validity and accuracy, perceived usel essness of data
collection, and an inability to transfer information are
continually ranked among the leading barriers to effectively
implementing EHRs by clinical staff, administrators, medical
directors, and information technology personnel [7,8]. A study
conducted in South Africa [9] emphasized that data routinely
collected at health carefacilities and submitted to district offices
are commonly unreliable. The study investigators further
asserted that “ data validation was limited” and “little analysis
of dataoccurred” at the participating facilities sampled in their
study, leading to a gloomy picture overall. However, even if
analysis tools were improved, with multiple systems in use,
they would only be applicable to a small subset of all the data
collected. Another study on the Prevention of Mother to Child
Transmission of HIV (PMTCT) in South Africa[10] adds that
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there are major gaps in both compl eteness and accuracy in the
collection and reporting of datathat track service delivery.

Given these concerns, it is crucia to understand the views of
those inputting and generating these data. As one study found,
“data quality issues are not a result of the type of record, but
the attitude of the person inputting the data’ [11].

I nteroperability

What is desired is to integrate organizational information
systems, devices, and applications to access, exchange, and
cooperatively use dataacross organizations. Thiswould provide
a platform where systems with different infrastructures could
share data and services and, hence, have the same expectations
for the contents, context, and meaning of the data. To advance
health information system interactions, there must be
interoperability (“the ability of two or more systems or
componentsto exchange information and to use theinformation
that has been exchanged” [12]). Improved interoperability would
result in adecreasein missing dataas systemsfill in each other’s
gaps and alleviate some of the clerical burden inherentin using
multiple systems. Consequently, therewould beimproved health
data quality [13]. Interoperability is often guided by an
interoperability framework, offering an agreed approach for
multiple organizations to achieve interoperability toward the
joint delivery of services.

Botswana supports noninteroperabl e diverse health information
systems [14] and currently has more than 18 systems in place
for data collection and reporting. A 2019 UNICEF report on
Botswana highlights these points [15], making note of the
different data tracking systems that “are not necessarily
coordinated or reliable across health facility levelsand systems.”
For example, UNICEF highlights Botswana s strong HIV early
infant diagnosis program but notes the long turnaround times
for results and lack of HIV-exposed infants' final infection
status. The report further states, “Key PMTCT variables have
poor quality data thought to be associated with lack of
understanding of the required data and lack of uniformity in
recording and reporting” [15]. One of the key recommendations
of this report was to “look for opportunities to simplify,
harmonize, reduce redundancy and roll out the most reliable
systemsto al districts and health facilities.”

In response, the Botswana Ministry of Health (MOH) released
the Botswana Health Data Collaborative Roadmap Strategy
(2020-24) [16], which statesthat “there exists parallel reporting
systems and data is not integrated into the mainstream reports
at the nationa level”, seconded by the Botswana National
eLearning strategy (2020) [17], which states that “there is
inadequate information flow at all levels, proliferation of
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systems, reporting tools are not synthesized; hence too many
systems are not communicating.”

Objectives

This study was driven by 2 primary goals to align with the
MOH'’s objectives of enhancing data collection, data sharing,
reporting, and usage: to create a visua representation of data
flow within the health care ecosystem of Botswana, and gain
insightsinto how frontline workers perceive the collection, use,
and sharing of data with the health care sector.

A dataflow diagram would encompass the entire data journey,
starting with data generation by the frontline clinician and
tracking it through various stages, including data transfers,
reporting, administrative processes, laboratory operations,
government involvement, and, where applicable, returning it to
the frontline workers who generated it. By visualizing this data
flow, the study intends to offer insights into how data inform
operations at different levels and highlight the exchange of
information among people, processes, and system components.
Describing and understanding this flow, along with relevant
system protocols and boundaries, is crucial for improving
decision-making and strategic planning within an organization.
Poor dataflow could lead to incompatible and inconsistent data
systems, resulting in information silos. Conversely, if data
linkages are properly established, there is potential to enhance
data access and sharing, ultimately leading to valuable insights
that exceed the sum of isolated data sources.

Understanding the perceptions of frontline health care workers
is essential, particularly in the context of potential system
integration and workflow changes. Frontline workers' attitudes
toward data collection directly impact how it is used aswell as
its quality [11]. This goal aims to assess how health care data
are currently accessed, transferred, used, and reported by
workers, as well as whether they recognize value in these
processes.

Methods

Setting and Community Engagement

This study commenced to engage health care facilities across
the country, with an attempt to engage facilities as widely as
possible in each district. The purpose of the sensitizations was
to introduce the study, secure buy-in, and increase the
participation of health care workers at each site.

The approach to engaging health care facilities involved direct
contact with their leadership. The study team reached out
through phone calls and formal email invitations, followed by
virtual and onsite sensitization meetings and workshops. Over
70 emailswere sent out to health care facilitiesto arrange their
involvement in the study, and close to 100 phone calls were
made to engage facilities’ leadership to coordinate participants
involvement in the study. These sessions played a crucial role
in gaining the facilities' buy-in and motivating their health care
workers to participate. To encourage maximum participation
and inclusivity, we embraced an open community research
approach. Our target population consisted of health care
professionals who were directly involved in data collection,
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data sharing, and data-driven decision-making or used
information and communications technology systemsfor health
caretasks. Healthcareworkers' daily experiencein data-related
tasks made them inval uabl e contributors to this study. The study
team emphasized clinicians role as collaboratorsin the project,
underlining the significance of their input in shaping theresearch
instruments. This approach resulted in the refinement of
guestions in the REDCap (Research Electronic Data Capture;
Vanderbilt University) survey instruments and the inclusion of
new ones, ultimately leading to more insightful responses.

Study Design

This study adopts amixed methods approach to assess the flow
of clinical data across Botswana's health care fecilities. The
design of the study encompassed both qualitative and
guantitative methods to gain a comprehensive understanding
of how health care data are collected, shared, and used in the
selected facilities. The surveys were informed by the rapid
assessment process [18-20] model and the technology
acceptance model for resource-limited settings[21,22], ensuring
they were both comprehensive and contextually relevant.

Survey Instruments

Our data collection instruments were developed to align with
the study's objectives and to ensure that we could capture a
comprehensive view of the health care data flow in Botswana's
health care system. During the development, we discovered a
notable gap in the existing literature. Previous assessments of
e-health readiness and maturity have used various frameworks
[23-26] that assess dimensions such as core need readiness,
technological readiness, and learning readiness. The MEASURE
Evaluation [27] framework emerged as the only assessment we
found that documents the flow of clinical datafrom the patient
to the clinician, to the labs or government, and ultimately back
totheclinician and patient. Visual representationswere essential
for enhancing our comprehension, given their widespread use
across various health care specialties and industries [28,29].

This resulted in a 2-pronged survey approach. The first was a
self-led quantitative digital survey used to broadly understand
how clinicians collect data and share it. This method focused
on the demographics of the participants, the electronic systems
used, data collection mechanisms, frequency of reporting, and
usage of the collected health care data.

The qualitative component of this study involved a
semistructured interview method, allowing the participants to
offer detailed perceptions on the use of technology and data
management practices within health care settingsin Botswana.
These interviews, conducted by research assistants, were
informed by the study’s objectives and relevant literature,
focusing on health care workers' perspectives on collecting and
managing health care data and service delivery. Participants,
including administrators, nurses, and doctorswith variousroles
in the health care sector, were encouraged to provide in-depth
insights into both manual and digital data collection methods,
along with their views on data sharing and usage in Botswana.
The aim wasto elicit comprehensive information and opinions
regarding theflow of clinical data, focusing on key featuresand
critical questions outlined in Figure 1.
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Figure 1. Key features and questions.
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Sampling

Purposive sampling was used to select participants who
interacted with health care data representing various levels of
the hedlth care system, including general nurses, monitoring
and evaluation officers, health care administrators, frontline
clinicians, and IT professionals. All participants were invited
to participate in the 2 surveys of this study.

Selection Criteria and Representation

We strategically chose health carefacilitieslocated at 3 locations
in Botswana: Gaborone, Maun, and Selebi Phikwe. Each of
these facilities and their surrounding areas represent a distinct
region of the country. This choice allowed usto capture diverse
perspectives, reflecting the varied health care environments
within the country. Ethical approval at the facility level was a
paramount prerequisite before the study commenced, with key
contactstypically residing within theinstitutional review board
(IRB) chairmanship.

Data Collection

The REDCap system, together with interviews, was used to
collect data from study participants. The surveys were
distributed electronically to a representative sample of health
careworkers across different health care facilitiesin Botswana.
A comprehensive list was compiled for al of the large public
health carefacilitiesin the country, leading to invitations being
extended to over 30 health care facilities, encompassing both
comprehensive public hospitals and clinics. Out of these, 23
sites expressed interest in the study and actively participated in
it, with full engagement in sensitization and data collection
workshops. About 15 sensitization sessionswere held to inform
and engage health care facility leadership and health workers
about the study’s objectives, methods, and potential impacts
and obtain feedback. Of the 15, 4 were held in-person, while
11 were held virtualy via Microsoft Teams led by the study
team research assistants at the University of Botswana.

A total of 157 responses were collected from the first survey,
while the second survey had 227 responses.

Data Analysis

Data from the quantitative survey will be analyzed using
descriptive statistical methods to examine trends, correlations,
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and associations related to health care data sharing and usage
at hospitals and clinics.

We plan to use thematic analysis to analyze the qualitative
results of the study, mainly to identify recurring themes,
patterns, and insights from the qualitative data provided by the
study participants. The analysis will begin by focusing on
themes such as perceptions of the value of health care data,
experiences of data collection and sharing, and the adoption
and familiarity of different technological solutions.

Findings from both qualitative and quantitative data collection
will be integrated to provide a comprehensive understanding
of the flow of clinical data across the sampled facilities. Data
integration will involve comparing and contrasting qualitative
themes with quantitative survey results to validate and
complement the findings.

For analysis purposes, tools including Jupyter notebooks and
NVivo software will be used to pre-process the dataand develop
codefor analyzing the data coming from the participating health
care workers.

Ethical Consider ations

Before starting this study, we ensured we had all appropriate
permissions from the IRBs at the University of Botswana
(protocol or reference number UBR/RES/IRB/BIO/258), the
Human Research Development Committee in Botswana, the
University of Pennsylvania (protocol number 849993), and the
Children’s Hospital of Philadelphia (protocol number
22-019994), in addition to letters of support from the MOH and
thelocal institutions with which we wereworking. Additionally,
ethical approval was obtained at the health facility level through
IRB approval and review. Prior to participating, all responders
agreed and signed an informed consent. All identifiable data
were stored securely in an encrypted cloud server, requiring
password access, with regular security auditing.

Adapting to COVID-19 Restrictions

Acknowledging the constraints imposed by the COVID-19
pandemic, this study was adapted to ensure safety without
compromising engagement. Most sensitization sessionsand all
interviews were conducted remotely, using video conferencing
tools to maintain interactive and personal communication
channels.
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Results

This study recruited close to 44 health carefacilities, including
district hospitals, public referral hospitals, primary health care
clinics, mobile health clinics, and health posts. Out of the 44
facilitiesrecruited, 27 responded to our surveysand interviews.
About 75% of the health care professional swho participated in
the study came from clinics, 20% from hospitals, and 5% from
health posts and mobile clinics. Our results indicate that 2
essential factors are crucial to participation in our assessment.
First, sensitization meetings are followed by stakeholder
engagement workshops with participants. Second, establishing
an open and collaborative environment and treating participants
as experts and key stakeholders in the project will ensure their
inputs and suggestions are valued and incorporated into the
study.

The stepstaken in order to perform our study so far have broader
value. These steps should be adopted by most research studies
in the health care sector and are especially important in
environments where it may be difficult to get buy-in regarding
participation.

During this process, local health care centers commented that
they required further data science education. To this end, we
created a free data science workshop to teach basic skills to
thoseworking in the health care sector. As part of thisworkshop,
we invited the participants to help us collect further data about
Botswana's data health care infrastructure as part of phase 2 of
our project to try and broaden and deepen our understanding.

The data collection process commenced in June 2022 and was
projected to end in December 2023. Data were collected
virtually using REDCap forms, and interviews were conducted
via Zoom and Microsoft Teams and then transcribed into the
REDCap system. Out of the 30 facilities enrolled in the study,
as of October 24, 2023, we have collected 200 records for the
initial survey and captured 90 records for the semistructured
interviews.

Discussion

This research project aimsto systematically map the data flow
within Botswana's health care infrastructure and to delve into
health care workers perspectives on data sharing practices.
Using a series of sensitization meetings, the study effectively
engaged the community, making them aware of the project and
diciting feedback for the project itself. The enthusiastic
engagement from the health care community underscored the
relevance and necessity of the study’s objectives. The use of
virtual tools (such as REDCap forms) for data collection
demonstrates adaptability to modern technologies, which can
enhance efficiency in remote data collection, especialy in the
context of global events such as the COVID-19 pandemic. As
of October 24, 2023, over 200 records were collected for the
initial survey and 90 records were captured for the
semistructured interviews from 30 facilities around the country.

Given the response and enthusiasm to the study, it would seem
to suggest both that the health care community appreciates why
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thisproject isimportant and that engaging the community early
and fostering collaboration and transparency encourage more
active participation. Thisapproach wasinstrumental in building
trust and a sense of ownership among participants, qualitiesthat
are often overlooked yet critical for the success of such
endeavors. The preliminary results do seem to indicate that the
study was successful in engaging a wide range of health care
professionals involved in the day-to-day management and
utilization of health care data. The insights derived will help
identify bottlenecksin dataflow and opportunitiesfor enhancing
interoperability among the myriad of health care information
systems currently in use.

The study highlights the significance of engaging stakeholders
in the health care sector, including health care professionals
from various types of facilities. Sensitization meetings and
workshopswerefound to be crucial in encouraging participation
and ensuring the insights and perspectives of participants were
valued. This emphasizes the importance of collaboration and
inclusive decision-making processes in health care research.
The finding that stakeholder engagement and participation are
critical for the success of health care research aligns with
previously published works. A growing body of literature in
global health has emphasized the importance of involving
stakeholders, including health care professionals, in all stages
of research to enhance relevance, ownership, sustainability, and
uphold ethical standards [30-33]. Although no studies
specifically evaluating participatory research in global health
informatics were found, this study would seem to suggest that
these principles observed in a broader global health context
appear to be applicable.

There are a number of limitations that should be taken into
account. A wide range of health care professionals, but with
this kind of study, a larger cross section of the health care
workers would improve the generalizability of the findings. In
addition, the study relied on self-reported data, which may
introduce response bias. Interviews conducted and recorded by
research assistants could have inconsistencies due to variations
in data capturing or missing nuanced information from
participants. Future research could benefit from alarger sample
size, morevaried health carefacilities, audio recording and | ater
transcribing al of theinterviews, and direct observation at health
care facilities.

Aswemoveforward, thefocuswill shift toward amorein-depth
analysis of the data collected, with the aim of developing
comprehensive recommendationsfor improving dataflow within
Botswanas health care system. The anticipated second
manuscript will detail these findings and recommendations,
providing more concrete guidance for Botswana's continued
digitization of its health care system. By documenting and
sharing the methodology and initial steps of our study, this
research aims to provide a blueprint for similar research
endeavors, emphasizing the importance of community
engagement and methodological rigor. This approach will not
only inform health care policy but also contribute to more
effective and integrated health care practices.
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