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Abstract
Innovation and Application of Data Flow Diagram to Inform Stakeholders, Validate
Process, Align Operations, and Inform Systems Architecture for the Child Health and
Mortality Prevention Surveillance (CHAMPS) Network

By J. Patrick Caneer

Background: The development and implementation of a technical systems architecture for a
complex global health childhood mortality surveillance initiative in Sub-Saharan Africa and South
Asia lacked a broadly understandable and comprehensive form of technical documentation to
communicate the complexity, interdependency, timing, and orchestration of demographic
information, specimen collection, clinical and laboratory data, pathology results, photographs,
verbal autopsy data, and other case-specific information to stakeholders, program administrators,
field workers, clinical staff, laboratorians, epidemiologists, public health professionals,
statisticians and information technology professionals.

Key Aims and Methods: The purpose of this thesis project was to develop a new form of

informatics diagram to capture the broader surveillance logistics of the network by incorporating

processes, study artifacts, standard operating procedures, and data exchange. The key aims of the

project were to develop a:

(1) Methodology for the development and refinement of novel data flow diagram for the global
case-based public health surveillance program

(2) New type of technical documentation artifact for the global case-based public health
surveillance program that could be generalizable for other similar public health surveillance
programs

Results: A refined version of the novel data flow diagram artifact and a method for development
was established. The resulting technical document met the overall objective of providing a
comprehensive depiction of the surveillance data flow that is informative, instructive, and
universally engaging. The artifact had the appropriate balance of communicating both a technical
and non-technical system workflow consumable by a multitude of international stakeholders.

Conclusions: This project-based thesis presents an innovative technique of technical
documentation developed in service of a complex global public health surveillance network that
may offer a more comprehensive, versatile, and intelligible illustration technique to capture the
flow of surveillance data, potentially disrupting conventional techniques within the industry. The
data flow diagram was intentionally designed and honed to communicate the appropriate ratio of
operational/functional workflow specificity such that the document could inform the broadest
audience of surveillance stakeholders, at the appropriate level magnification. If refined and more
broadly adopted, this data flow development methodology and the resulting artifacts could
change how public health surveillance networks are designed, communicated, and
comprehended.



Innovation and Application of Data Flow Diagram to Inform Stakeholders, Validate
Process, Align Operations, and Inform Systems Architecture for the Child Health and

Mortality Prevention Surveillance (CHAMPS) Network

By

J. Patrick Caneer

Bachelor of Science
University of Alabama

1997

Thesis Committee Chair: J. Mark Conde

A thesis submitted to the Faculty of the
Rollins School of Public Health of Emory University
in partial fulfillment of the requirements for the degree of
Master of Public Health
in Applied Public Health Informatics
2020



Acknowledgements

“A man who carries a cat by the tail learns something he can learn in no other way”
- Mark Twain

My journey in public informatics started with a toe in the water as a non-degree seeking
enrollee in an introductory class about applied public informatics. There an enthusiastic
evangelist of systems thinking had my attention and later my commitment to enroll and
go for it. I did not know what the next five years would have in store for me...

I did not know that going for it would mean that two and half years of classes would need
three and half years so that I could maintain my full-time job and try to manage being a
husband and father. I did not know that I would switch careers into global heath before I
finished my degree and need put things on hold to help craft and implement an
international multi-site surveillance network.

There so many people from so many places that I am grateful to have met, learned from,
and been inspired by during my public health quest. I would like to thank the faculty and
staff at the Rollins School of Public Health, my classmates (across few cohorts), and
countless numbers people I have worked with through the CHAMPS program, a project
like no other.

I especially want to thank my committee members, Mark Conde, Tim Morris, and Navit
Salzberg for their support, guidance, and encouragement. Your influence in my
achievement of this milestone are so much more than this paper.

The most important acknowledgement of all goes to my wife and sons who supported
and encouraged me to persevere. I think we did it. I promise I will be a lot more fun
going forward...



Table of Contents

Chapter 1 INTroduUCHION ...........ccoooiiiiiic e 1
1.1. Introduction and RaAtionNale.............oooeoiooeieeoe et ee e s eee e s 1
1.2 ReVIEW OF The LIECTATUTC ...t e e e e e e aee e s 5

1.2.1 Overview of Collaborative Requirements Development

MeEtROAOIOZY ........c.ooieiiieee ettt steneas 5
1.2.2 Example Documentation Artifacts of the CRDM ................cccoevreinnnene. 6
1.2.3 Role of CRDM in Public Health Informatics..................ccccoeveverninnnnnnnn. 11

1.2.4 Literature specific to critiques of the CRDM and technical
diagrams of public health surveillance networks................c.ccocccinninnn. 12

1.2.5 Literature Regarding Alternative forms of Informatics Diagrams.12

1.3 Problem Statement ..o 13
1.3.1 Framing the problem in the context of CHAMPS...............ccccoeevrrerennnne. 13
1.3.2 Formal problem statement..................ccooiininniinnncieee e 19

1.4 Purpose statement ...............ocoooiiiiiiiiii e 19

1.5 K@Y ALINS ..ottt 20

1.6 Significance statement ................ccocooiiiiiiii s 20

Chapter 2 Methodology ..o 21

2.1 INPOAUCHION ...t 21

2.2 DESCIIPHION ...ttt 21
2.2.1 CHAMPS Bill & Melinda Gates Grant Proposal (2015) ........ccccccoeveueneeee. 22
2.2.2 CHAMPS Laboratory and Diagnostics Plan (2015)........c.cccccoeveivvenenene. 22
2.2.3 Information Technology Milestone Deliverable (2015)........................ 22
2.2.4 Business Process Workflow Documentation....................ccccccceeveeeennn. 23
2.2.5 Subject Matter Expert Interviews and Facilitated Discussions ....... 23

2.3 Project deSiZN.........ooooiiiiii s 24
2.3.1 Development of a prototype diagrams...................ccccooevevevcieeeeeecenn 24
2.3.2 Internal programmatic baseline version ...................ccccoocoeevveveieinenenn 27

2.3.3 External in-country overview and site-specific capabilities and

2 1 0 1O 28
2.4 PPrOCEAUIES .........c..coooniiieeeeeeeee ettt ettt e st st nseaeeteeteeaeerens 29
2.4.1 Document Components and Features....................c.ccocoevevveveicecieesenn, 29
2.4.2 Internal Programmatic Design ................cccccooeviiiiiiiiiccccceeeee 37

2.4.3 IN-Country OVEIVIEWS ............cccovrieirieirieiseisieese e ses e ssens 38



2.5 INSIIUIMENES. ... e e e e et e 41

2.5.1 Microsoft Visio Professional 2016...............ccccooeeeeiiieviiiceieceeee e, 41
2.5.2 Microsoft POowerPoint 2016 ..................ccoccooeveieiiieiciceceeeeeeee e 42
2.5.3 High Resolution PDF (portable document format) of Data Flow
DIHAGIAINL. ...ttt ettt se et se s e s e s e s esesaesessenenteneeseneans 43
2.5.4 High Resolution Oversized Paper Printouts.............ccccccccovvinnineennne. 45
2.6 Analytic Methodology ............ccooiiiiiiiie s 45
Chapter 3 FINal ProdulCt ... 46
S A INIPOAUCHON ...ttt ettt ettt ae e eaeaas 46
3.2 Key FINAINGS ..ot 46
3.2.1 Universal Engagement Tool ...................cccoiiiiniinicceceee 46
3.2.2 Method Accelerated Findings and Implementation............................. 47
3.2.3 REQUITEIMENLES ...ttt 47
3.2.4 Technical Architecture .................c.ccccoooiiiiciicicccec e 51
3.2.5 Implementation Planning................cccococveirinnincineinceeeeeese s 52
3.2.6 Reference DOCUIMENT .................cociiiiiiiiiicccceceeeee et 52
3.3 0ther FINAINGS ..........c.cooooviiicece et 53
3.3.1 Cross-functional Organization..................ccccoceoevveivieinicescceceeeee e 53
3.3.2 Change Management ..............ccccoiiiiiiiiinininieceeee e 54
Chapter 4 DISCUSSION ..ot 55
4.1 INEPOAUCHION ...ttt ae e ereaas 55
4.2 SUmMmMAry Of PPOJECL ...........c.ococoiiiiicc e 55
4.3 IMPHCAIONS ...t a e 56
4.4 LIMITATIONIS ...ttt ettt ae et eteerenas 58
4.5 Recommendations and NeXt STePS ........c.ccccveireirenieinieeeeeeseeee s 58
4.6 CONCIUSION ..ottt ettt et et eas e beereeseeaeennas 59

BeO RELEIEIICES ...ttt ettt ettt et steere e beebeeaseebeersesseessensesreennens 62



Page 1

Chapter 1 Introduction

1.1. Introduction and Rationale

Public health surveillance is defined by the Centers for Disease Control as “the ongoing
systematic collection, analysis, and interpretation of health-related data essential to the
planning, implementation, and evaluation of Public Health practice, closely integrated
with the timely dissemination of these data to those who need to know. The final link in
the surveillance chain is the application of those data to prevention and control” [17].
Collection methods of public health surveillance data continue to evolve [2] with the
“technology” of the times with an ever-increasing dependence on electronic data capture,

transfer, storage, analysis, dissemination, and representation (e.g., visualization).

The relatively young interdisciplinary field of public health informatics continues to play
an essential role in bridging the information gap between the surveilled and those
looking to investigate, evaluate, monitor, and impart public health
interventions[2,6,7,15]. When describing the application of public health informatics (by
informaticians) in the field of surveillance, Krishnamurthy and St. Louis state that
“Informaticians use disciplines such as information science, computer science,
communications theory, psychology, neuroscience, and systems engineering to

understand and address the information requirements of an organization” [7].

The Collaborative Requirements Development Methodology (CRDM) [11], developed by
the Public Health Informatics Institute (PHII), is a commonly utilized informatics

methodology applied in the field of public health informatics in recent decades. The
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CRDM methodology relies heavily on a classic operational or systems engineering
approach whereby subject matter experts and/or participants within a business process
are engaged in a detailed workflow or task flow analysis. This approach begins by first
considering the general context of the business (or public health operation). Next, the
current state of how the work is being done is elicited from stakeholders and
documented in a series of task flow diagrams that illustrate the primary tasks and
decision points performed when completing a specific task. Once agreement is reached
on the current state, a second phase of the methodology calls for a critical evaluation of
the current state to identify inefficiencies or opportunities to improve the current state
workflows resulting in a new enhanced future state. The final phase of the CRDM is to
translate the future state workflows into a comprehensive body of functional system
requirements. The functional system requirements in conjunction with the future state
workflows serve as the reference documentation to perform a system evaluation for a
technology system(s) that may best serve the newly designed future state of the business

process.

In early 2015, the Bill & Melinda Gates Foundation announced their commitment of an
initial $75-million-dollar investment in the Child Health and Mortality Prevention
Surveillance Network (CHAMPS), granted to the Emory University Global Health
Institute (EGHI) [5]. The Public Health Informatics Institute (PHII), a division of the
Task Force for Global Health, was one of the foundational partners working in
association with EGHI to engineer, implement, and operate the CHAMPS network. The
CHAMPS project was an ambitious and broad surveillance project intended to bring
together multiple complicated surveillance streams (or disciplines), including verbal
autopsy, child clinical medical record abstraction, maternal clinical record abstraction,

postmortem minimally invasive tissue sampling (MITS) and specimen collection, and
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laboratory testing results, into a comprehensive case file of evidence to aid
interdisciplinary medical and public health experts in the determination of a definitive
cause of death for children under the age of 5 in multiple countries of sub-Saharan Africa
and South Asia[14]. While pilot programs had been instituted in a number of locations to
perform some of the individual components of the surveillance goals of CHAMPS [4,
8,9], there had yet to be a single program or initiative that had attempted to bring all
such data elements and streams together to come to a definitive cause of death for
individual cases, nor a singular effort attempted at such a geographically significant scale
with the potential of influencing health outcomes for such a sizable region of the globe.
Lastly, no such program had ever attempted to bring this volume and type of data from
multiple low-resource countries into a single standardized comprehensive surveillance

data repository.

In the summer of 2015, PHII informaticians initiated the CRDM with CHAMPS
stakeholders to elicit the fundamental business processes and functional requirements
necessary to meet the informatic needs of the surveillance network. However,
application of the CRDM for this initiative faced a significant challenge; the CHAMPS
surveillance network was not a pre-existing “business process”, rather it was a vision of a
network conceptualized in a grant proposal. Therefore, there was not a current state, nor
a group of subject matter experts experienced with or within the current state of
CHAMPS for informaticians to reference and engage during the CRDM. This lack of a
current state was further confounded during the tactical planning of the project due to
the silos of subject matter expertise among those responsible for the respective
components of surveillance data sources required (e.g., verbal autopsy, histopathology,
laboratory, etc.). A lack of common and cohesive understanding of the where, when, and

how these components fit within the whole system complicated the ability to achieve
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consensus vision for enterprise-level data flow and subsequent technical design. In this
context, the CRDM was a valuable method for capturing hyper-focused topics with small
groups of related subject matter experts that could provide insight into specific
components of the larger network. However, the volume of individual hyper-focused
business process workflows distracted from the ability to identify critical pathway(s) for
achievement of the overall surveillance objectives. Informaticians, as the common
denominator of each of the surveillance streams, were responsible for developing of all
aspects of the network and needed to devise a new approach to adjust the project

perspective to the appropriate level of magnification.

This method-based thesis will describe the techniques developed, tested, and applied by
informaticians in the field that were iteratively refined resulting in what is now referred
to as a data flow diagram. The data flow diagram was able to bring together a number of
critical concepts and components at a high enough level of context to provide an overall
picture of the surveillance data collection and workflows while at the same time
providing sufficient level of specificity regarding information exchanges, critical
workflows, essential system interactions, case reporting forms, and standard operating
procedures. This innovation in technical documentation and method facilitated the
communication of complexity, interdependency, timing, and orchestration of the
surveillance deliverables to the stakeholders, program administrators, field workers,
clinical staff, laboratorians, epidemiologists, public health professionals, statisticians and
information technology professionals involved in the development and operation of the

surveillance network.

This paper is an in-depth description of the specific aims, deliverables, and informatics

challenges encountered by informaticians and the CHAMPS implementation partners in
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2015-2017 as they began developing the CHAMPS surveillance protocol, architecture and
design of systems, and strategies for implementation in low-resource countries. Through
an overview of CRDM, this paper will explore how this fundamental informatics
methodology was applied at the onset of the project to attempt to inform potential
system needs. Finally, this paper will address how the CRDM was not fully meeting the
needs of the programmatic and informatics stakeholders to reach a clear consensus on
the surveillance network requirements, thus creating a need for a more evolved approach

to meet the complex challenges of CHAMPS Network design.

1.2 Review of the literature

1.2.1 Overview of Collaborative Requirements Development Methodology

The CRDM, developed by the Public Health Informatics Institute (PHII), is a commonly
utilized informatics methodology applied in the field of public health informatics in
recent decades. The CRDM methodology relies heavily on a classic operational or
systems engineering approach whereby subject matter experts and/or participants
within a business process are engaged in a detailed workflow or task flow analysis. This
approach begins by first considering the general context of the business (or public health
operation). Next, the way that work is being done, or the current state, “is documented in
a series of task flow diagrams which elicit the primary tasks and decision points engaged
in completing a specific task. Once agreement is reached on the current state, a second
phase of the methodology calls for a critical evaluation of the current state to seek
inefficiencies or opportunities to improve the current state task flows resulting in a new
enhanced future state. The final phase of the CRDM is to translate the future state

workflows into a comprehensive body of functional system requirements. The functional
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reference documentation to perform a system evaluation for a technology system(s) that

may best serve the newly designed future state of the business process.

1.2.2 Example Documentation Artifacts of the CRDM

1.2.2.1 Business Process Matrix

A business process matrix is an organized listing of related business processes offering

details of each goal, objective, rule, and trigger in a matrix format. An example of a

business process matrix is provided in Figure 1.

BusinNEss PROCESS

GoaL

OBJECTIVE

BusinEss RuLEs

TRIGGER(S)

The major health goal that the
business process supports. The
goal is the end state to be
achieved by the work of the
health agency and should be
defined in terms of the benefits
provided to the community/
population or individual/client.

A concrete statement describing what
the business process seeks to achieve.
The objective should be specific to the
process such that one can evaluate the
process or reengineer the process and
quantify performance measures. Awell-
worded objective will be SMART (Specific,
Measurable, Attainable/Achievable,
Realistic and Time- bound).

A set of criteria that defines or
constrains some aspect of the
business process. Business rules
are intended to assert business
structure or to control or
influence the behavior of the
health agency (business).

Event, action, or state that
initiates the first course of action
in a business process. A trigger
may also be an input, but not
necessarily so.

BILLING AND
ACCOUNTS
RECEIVABLE

Assurance that the fiscal
process supports the strategic
goals of public health an
complies with all legal and policy
requirements.

Process accounts receivable in a timely,
efficient and accurate manner to assure
cash flow, compliance with legal
requirements, and alignment with
budgeted public health activities.

GAAP; OMB Circ A-133 (Single
Audlt} U.S. Government Auditing
Standards; City/ county
charter/law; State law.

Services provided to customer.

COMMUNICABLE
DISEASE AND
CLinicAL
INTERVENTION &
TREATMENT

Early identification, treatment
and resolution of health
condition; Promotion and
protection of population's health.

Complete accurate and timely screening,
diagnostic and treatment processes;
Assure individual compliance with and
completion of recommended course of
treatment.

Public and private medical
providers; State and local health
departments; Diagnostic labs and
other entities; Hospitals/acute
care system; Standardized and
best practice communicable
disease control.

Client presents with symptoms or
risk factors; Periodicity schedule
for screening; Referral for
services; Alert (population risk);

b repnrl Surveillance reports;
Clinical diagnosis.

COMMUNITY HEALTH
ASSESSMENT

Assessment of the health status
and needs of the community.

Compile and analyze data as requested
by stakeholders.

Statistical methods; Data
collection prolocots Reporting
guidelines.

Public Health requirements to
track core set of indicators;
Identification of data gaps by
stakeholders; Continued health
surveillance; Health emergenc
identified by Public Health staff or
others.

Figure 1 Example of a Business Process Matrix [12]
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1.2.2.2 Context Diagram

A context diagram provides a high-level visualization of various entities involved in a
business process or series of business processes (as outlined in a business process
matrix) and each entity is connected by lines that document the exchange of information
or deliverables among the entities. Figure 2 provides an example context diagram for

placing a food order.

LEGEND
B ——— .
T Transaction  ENTITIES:
o — .
outcome core SANDWICH FOOD INVENTORY

e | DIRECT STATION SUPPLIES (WRAPPERS)
---------- - (NPUT INTERACTION
OouTPUT
- GREETING
ORDER DETAIL
AMOUNT DUE SIDE ORDER SIDES &
CUSTOMER SALADS FOOD INVENTORY

SALAD SIDE STATION SUPPLIES (VEGGIES, BOWLS)

CHANGE
ORDER

GoAL: Timely provision of food and service to the
customer at the bestvalue.

OBjECTIVE: Accurately process food order and receive
payment from drive-through customers in a minimal
amount of time.

BusINESS RULES: FDA/USDA standards; cashier does not
handle unwrapped food; cashier provides greeting and
acts as point of contact for all food stations.

TRIGGER: Customer arrives at drive-through station.
TasK SET: Greet customer; take order; process order; bill
customer; receive payment; receive order from stations
and deliver to customer.

DRINK
STATION

BEVERAGE INVENTORY
~ SUPPLIES (STRAWS, CUPS)

S1d1373Y ‘S1804d3Y

Figure 2 Example of a Context Diagram [12]
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1.2.2.3 Task flow (or workflow) diagram

A workflow diagram depicts a business processes that support a clear objective with
defined beginning and ending (or endpoints). Key features are event triggers that
indicate what event or issue must occur to start the business process, process steps, and

critical decision points within the process. Figure 3 is an early rendition of the CRDM

workflow model.

T TRIGGER:

S REQUEST FOR SERVICE

COMPLETE
INTAKE FORM

DOES
PATIENT HAVE YES —

r No HISTORY?
y

CoMPLETE NURSE
CONSULT VISIT HISTORY IS
(GATHER |NFO) RECORDED

/ AND/OR

Gz'r OTHER
E;f;:‘:: PROVIDER
D.lTA
LEGEND

BEGINNING OR
END OF TASK SERIES

™\

r
W/

PRCN‘IDER
DETERMINES —, CONNECTION
NEEDED VACCINES A BETWEEN
¥ TWO TASKS
<> DECISION
YEs
l = L masx
p VACCINE
OMPLETE DETAILS I:I PREDEFINED
VFC TASKS TASK SERIES
No
UPDATE ———————
ST > TRANSACTION
RECORDS
¥ +
cooﬁ';‘;:.r PROVIDE
FOLLOW-UP
+ INSTRUCTIONS
OBTAIN & *
v SCHEDULE
+ NEXT VISIT
DISPENSE +
Llsells CHECK OUT

OuTcoME: VACCINE l OuTPUT: BILLING i
e ™
| END )
~—

Figure 3 Example of a Task flow diagram [12]
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Figure 4 is a more recent evolution of the workflow that includes swim lanes to indicate
transference of steps/decisions among roles and enumerated descriptions of the

workflow process steps and objectives.

3.1.1 MITS Core Specimen Collection Child Health and Mortality Prevention Surveillance (CHAMPS) Network

20f3 {Triggers 3.1.0 MITS Procedures & Specimen Collection Decision 8 is the MITS @re option

1. Cerebral Spinal o
Fluid (CSF) ’ > 2Blood H 3. Swol | 4. NP/OP Swabs 5. Liver H 6 Lung H 7Bone Marrow
Start
L[ 8. Brain H 9. Heart

13. Umbilical

. -
e 11. Placenta 12. Membrzne Cord®

Response Team
MITS Technician

Concludes Sub-process; Return to Step 11 of
3.1.0 MITS Procedures & Specimen Collection

Objective: Activity Description:
« Collection of MITS specimens in support of the 7. Bone Marrow p e
N " . - 13. Umbilical Cord*
MITS Procedures & Spedmen Collection Process 1. Cerebral Spinal Fluid (CSF) Record & collect i CHAMPS Protocd i
a5 prescribed by the CHAMPS Protocol +  Record & collect specimen per CHAMPS Protocal - re - COeCTspeaimen per rotecel+ Recora & collect spedmen per CHAMPS
Measurable Outcomes: 2. Blood 8. rsin
" . Record & callect i CHAMPS Protocol
+ Clinical Spedmen Samples + Record & collect spedmen per CHAMPS Protocol * = ¢ sedmenper rored
i +  Case Obsenation/Notation Data 9. Brain
= «  Imege Files 3. Stool )
Record & collect CHAMPS Protocol
g 2| s Tracking Datz s Record & collect spedmen per CHAMPS Protocal * seora e Peamen per rorec
=
10. stillborn/I diate Death?
> E General Notes: 4. NP/OP (Nasopharyngeal/Orthopharyngeal) Swabs IFYes ;&r:rrn;eedem Step 11
5 2 = This process outlines the activities that will » Record & collect spedmen per CHAMPS Protocol . IfNo. "hm end process
E ‘occur as a part of the MITS Core Specimen ’
Collection sub-process affiliated to the MITS 5. Liver 11. Placenta®
Procedures & Spedmen Collection Process + Record & collect spedmen per CHAMPS Protocol : .
+ Reference. LobfSaence Protocol 2015-05.50 s Record & collect spedimen per CHAMPS Protocol
* (*)Ifavailable, as tissue may not be present 6. Lung 12. Membrane*
» Record & collect spedmen per CHAMPS Protocol «  Record & callect specimen per CHAMPS Protocal

Figure 4 Example of a CHAMPS Workflow diagram [10]
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1.2.2.4 System/Functional Requirements

A set of system/functional requirements are a form of documentation whereby a listing
of enumerated functional requirements is recorded and organized. These functional
requirements may be one or more descriptive statements that help define the functional
requirement. Figure 5 and Figure 4 are simple examples of system (2.5) and functional

(2.7) requirements are provided below.

2.5 PROVIDE CROSS-CHECKING OF SCHEDULES.

System should be able to provide constraints such that staff hours are not over-allocated. The system
should be capable of cross-checking availability on all staff covering multiple coded departments.

2.7 PROVIDE A USER-FRIENDLY METHOD TO ADJUST CUSTOMIZED FIELDS.

The system should be a common interface that can be customized to make it more appropriate to a
program or department.

The scheduling parameters should be flexible. View of schedule information should be configured for
appropriate departmental staff. Each individual should be able to configure the interface, within limits,
to import, view, or update information to their needs.

The system should, where applicable, assist the users in updating scheduling information by presenting
the users with suitable prompts.

The system should, where applicable, permit established limits on certain fields.

Figure 5 Example of a System and Functional Requirements [12]
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1.2.3 Role of CRDM in Public Health Informatics

The CRDM has been an influential methodology within the field of public health
informatics since its development and applied practice in 2002. A number of
publications within the field cite the application of the methodology [18,19,20,21,22,23].
Moreover, the Public Health Informatics Institute (PHII) continues the application of
this approach across several projects, initiatives, and programs currently. Conventional
wisdom in public health informatics is, “If you have seen one public health system, then
you have seen one public health system.” The CRDM sought to evaluate and share
findings regarding workflow and system requirements as a way to show that while public
health agencies are different, they share common needs, deliverables, high-level
workflows, and therefore, have similar system requirements [12]. Over time, a catalogue
of industry white-papers, guidance documentation, facilitated collaborative
sessions/conferences, blogs, and publications have been developed in association with

PHII, contributing to the broader knowledge base of public health informatics.

While these contributions have been informative, offering general guidance and insight
into a number of the facets of public health informatics, the information provided is not
specific enough for actual technical development of software systems or surveillance
networks; they provided high-level context, general workflows, and generic
system/functional requirements. Technical architecture and system developers require
different contextual perspectives and data-focused detail to produce actual functioning
systems to support the public health system/surveillance needs. In other words, the

documentation resulting from the CRDM provides an initial context of operations and
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some understanding of business activities, but is incomplete relative to system design,
technical development requirements, system implementation guidance, and fails to
provide specifications regarding data elements, a significant deficiency for data-driven

surveillance systems.

1.2.4 Literature specific to critiques of the CRDM and technical diagrams of

public health surveillance networks.

Looking to build off the work the CRDM, it was reasonable to explore for scholarly
articles critical of the methodology and its prescribed artifacts so that these critiques
could be evaluated and considered. A thorough literature review did not yield scholarly
articles or reputable publications that were specifically critical of the CRDM nor were
there materials expressing weakness or challenges with CRDM as a method of public

health system requirements development.

1.2.5 Literature Regarding Alternative forms of Informatics Diagrams

A review of alternative approaches for informatic technical diagrams was investigated. A
thorough literature review did not yield scholarly articles or reputable publications that
were specifically regarding prescribed methodologies for technical diagrams of public
health surveillance systems. It was feasible to find some reference to the need for and the
benefit of data flow, workflow, or information flow diagrams. Krishnamurthy and St.
Louis pointed out that, “By process of abstraction, flow diagrams should provide a
simplified yet rich view of the critical transactions that occur from the point of original

capture of data all the way through the final dissemination of findings for public health
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action”[7]. While this source did offer small-scale diagram examples, it did not expound

on the methods or techniques for development.

It was clear from efforts to find referential articles or potentially alternative methods to
direct the development of “a simplified yet rich view” [7] of the CHAMPS surveillance
project that the requirements of this thesis project and the resulting method/artifacts

were born out of the need for something truly novel.

1.3 Problem Statement

1.3.1 Framing the problem in the context of CHAMPS

In the fall of 2015, as the CHAMPS program was starting up and hiring staff, the funder
required, as a grant payment contingent milestone of CHAMPS program, that a formal
and comprehensive information technology plan to support the grant surveillance
proposal be authored and submitted to the funder for review and evaluation by
December of 2015 [10]. In addition to the expected CRDM workflows, the foundation
recommended development of supplemental user personas and use cases that correlated
to some of the workflows and add some potential user perspectives to the
documentation. Examples below highlight the related user persona (Figure 6), use case
(Figure 7), and workflow diagram (Figure8) for the CHAMPS Expert Panel to Determine

the Cause of Death.

With consent of families, the CHAMPS project curated demographic information,
autopsy procedure data and specimens, laboratory results data, histopathological

findings, clinical data, verbal autopsy data, and other evidence regarding the deaths of
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children under five years of age into a comprehensive case file [14]. These case files were
submitted for review to a panel of public health experts (the CHAMPS Expert Panel to
Determine the Cause of Death) to derive the immediate and underlying cause(s) of death
for each case [3,14]. The informatics team developed three artifacts within the technical
documentation [10] related the CHAMPS Expert Panel to Determine the Cause of Death.
First, a user persona regarding one of the panel members was created to articulate
details regarding the role and anticipated user needs (Figure 6). Then, the panel member
persona was incorporated into a use case diagram to provide user context amongst the
technical system(s) and introduce some data/information flow (Figure 7). Finally, the
persona and use case were linked to the business process workflow diagram to illustrate
the specific procedures and decision points that an expert panel member was expected to

encounter (Figure 8).

Persona Dr. Clinician ‘ Persona ID:‘ KP_10
Role Cause of Death Panel Member ‘ Date:‘ 2015-10-12
Role Variation(s) nla
User Group Final Cause of Death Panel
Data Entry: Xeoooo Field Responsibilities: Xoocooo
CHAMPS Data QA/QC: Xeoooo Operational Responsibilities: X 0 0 o o
Data Profile Data Consumption: Xess e e Data Decisicn Making Xessss
Data Family (3 of 6) Surveillance Data, Specimen Collection Process Data, Clinical Results and Diagnostic Report Data
Narrative Dr. Clinician is an accomplished physician and respected global health researcher who specializes in neglected tropical diseases. She serves the CHAMPS Program as an

expert panel member on the Final Cause of Death Panel. Dr. Clinician is expected fo independently review detailed case information regarding the death of individual children|
enrolled in the CHAMPS program to diagnose and grade primary and contributory determinants that lead each child’s death. She is also expected to convene with other
panel member to review and compare outcomes. Dr. Clinician is eager to serve the CHAMPS mission, but has some concerns about the time commitment.

Use Case Diagram(s) UCD_10 Expert Panel to Determine Cause of Death (DeCoDe)

Taskflow(s) 7.1 MITS Final Cause of Death Panel Review Process
Objectives Review CHAMPS case data, both independently and as panel member, to assign final cause of death and grade the primary and contributory determinants
Actions « Independently review comprehensive case data and artifacts to diagnose a final cause of death (asynchronously)

e (Grade/Score primary and contributory determinants (asynchronously and then with panel)
e Participate in panel sessions to compare, review, and discuss aggregate panel findings in order to settle on a final cause of death for each case

Needs e Simple and convenient virtual methed to schedule, access, and review all available case data from the CHAMPS Network (asynchronously)
e Access fo pertinent epidemiology information, regienal surveillance data, and the ability to consult the resulis of the CHAMP'S predictive model(s) and data reliability
rankings
*  Record her observations, questions, and graded findings for future reference during panel meetings, where she may have to adjudicate more than one case file with
the panel
Technology Needs «  Ability to access comprehensive case data (clinical, images, laboratory, pathology, surveillance) (web portal)

e Method to select and grade determinants (web form/application)

« Individual Assessment - Method to record her observations, questions, and graded findings for future reference during panel meetings, where she may have to
adjudicate more than one case file with the panel. (web form/application)

o Panel Assessment - Access to a convenient platform to seamlessly communicate with other panel members and simultaneously view (physical/ virtual) all the same
relevant case data and CHAMPS resources along with aggregate grading data from each of the panel members. (web application, WebEx, Conference Line)
e Method to document and communicate the panel findings to the CHAMPS Program Office (web form/application)

Figure 6 Example CHAMPS user persona for a member of the Expert Panel to

Determine Cause of Death (later referred to as the “DeCoDe” panel) [10]



UCD-10 Expert Panel to Determine Cause of Death (DeCoDe)

Page 15

Child Health and Mortality Prevention Surveillance (CHAMPS) Network

1of1

Access Case Data
e 7 .

CHAMPS Network

CHAMP:
PMO Manage MITS
Assign & Grade
> Determinants
Document Case
Notes
Review Aggregate
DeCoDe Findings
Panel
Member
DeCoDe Panel
Results Data
Record Panel
Outcomes
DeCoDe Panel
Description Scope Flow of Events Technology Stack
DeCoDe System Preconditions All of the required 1. Case Review Notification 3. DeCoDe Panel Review solution:

In orderto uftimately diagnose a final
cause of death for each CHAMPS case,
Members of an Expert Panel to
Determine Cause of Death (DeCaDe) will
require a custom interface to view and
interact with CHAMPS case data. The
CHAMPS Protocol requires that DeCaDe
Panel Members review and grade case
data inde pendently prior to a full pane|
review. The system must facilitate data
presentation and capture for each of
these scenarios where a DeCoDe
Member must interact CHAMPS Network
information.

data components required for an
individual Cause of Death (COD)
Case review have been completed
and registered in CHAMPS
network. Components include, but
not limited to: histopathology
results, laboratory [culture and
molecular diagnostics] results,
clinical data, verbal autopsy
findings, and images

Success Guarantees Expert Panel
will have registered their final
Cause of Death for each respective
case reviewed in the CHAMPS
Network via the DeCoDe System
Interface

‘CHAMPS PMO will notify the DeCoDe

+ Reviewand compare individual

Pane| Member when
case isready to be reviewed and
graded in the system

2. Individual Case Review

The DeCoDe Pane| Membe r will login
tothe DeCoDe System to review the
«case data

DeCoDe Panel Member will diagnose
and grade primary and contributory
determinants

DeCoDe Panel Member will record
observations, questions, and graded
findings for future reference during
DeCoDe Panel Meetings

case review grades

* Allcase data will be accessible
and available for view via the
DeCoDe System

* Discusscase discrepancies

«  Reach final diagnosis by majority
vote

4.Final DeCoDe Submission

*  Record and submit final cause of
death as decided by the DeCoDe
Panelin the DeCoDe System

* Document any dissention
opinions in DeCoDe System

*  Close the case in DeCoDe System

+  Browser

+  DeCoDe Application - custom
application for case review,
principle and contributory
determinant grading, and
conclusive panel findings

+  Skype, WebEx, or other video
conferencing software

+  Adobe Reader

Hardware:
+  Laptop/Desktop

of Death Panel member [10]

Figure 7 Example CHAMPS use case diagram for the Expert Panel to Determine Cause
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P v review per the CHAMPS DeCoDe Protocol + Submit Individual case findings for DeCoDepanel o IfYes, then proceed to Step 12
> Measurable Outeomes: aggregation per the CHAMPS DeCoDe Protocol +  IfNo, then proceed to Step 11
= + DeCoDePanel Member Results 2 Case Review
.g g DeCobie Pandl Agg egate Rasuits +  Review case materiak and data 7. Review Aggregate Case Findings 11. Document Reason(s) for Panel Disagreement
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Omen ietesion ttom for SVE Secsion 4, Assign Contributary CoD Determinant(s) +  DeCoDe Panel Members to discuss and debate DeCoDe Protocol
P ' + Ifapplicable, assign & record Contributory CoD details of case per the CHAMPS DeCoDe Protocol
~ Omen discussion ftem for Determinant{s) per the CHAMPS DeCoDe 13. Confirm Receipt of CoD Panel Results
SME Sess P Protocol «  CHAMPS Program Office to confirm receipt of the
esslon DeCoDe Panel Results per the CHAMPS DeCoDe
Protocol

Figure 8 Example CHAMPS Workflow diagram for the Expert Panel to Determine

Cause of Death Panel Process [10]

The subsequent CRDM evaluation of the CHAMPS program technical needs yielded

eleven key personas with corresponding use cases and revealed eight (8) core business

processes comprised of twenty-five (25) detailed workflows. Each of the artifacts
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were intelligible and informative studies of hyper-focused aspects of CHAMPS. However,
consumption of the individual artifacts failed to articulate the larger scale of the
surveillance network, including actual surveillance data procurement and exchange. An
enumeration scheme was devised to link and correlate related concepts. However, the
issue remained that the volume and granularity of the detailed workflows obfuscated the
comprehensive picture. Figure 9 captures printouts of the workflow diagram pasted to a
large whiteboard with hand-drawn connectors and notations. This was how the

workflows were “connected” in early attempts to piece together the whole picture.

Figure 9 Complex Surveillance Program/Network Required Linkage of Numerous

Workflows
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Inspired by subway maps, a diagram was developed to show the relationships of the
enumerated materials. While this illustrated the relationships of the documented
business process components and presented a flow of information, this format lacked
sufficient detail to inform data collection or system implementation; it resulted in an

over-consolidation of information flow.

The CHAMPS Network Process Map

From both an operational and technology perspective, the activities for the steps to ascertaining causes of death will follow a series of interconnected
core business processes that inform the CHAMPS Network. This linear view of the program processes, represents the high-level workflow that is
anticipated to occur across all sites within the CHAMPS Network. We recognize and appreciate that the process specifics and subsequent
technology support required will need to adapt and flex based on current site capacity, as well as, maturation over time.

Pregnancy

(2

? A

e .
L 3

Maternal ?- ;i.teblali(s.&

Specimen a iobanking

LY

X :

Autopsy & Splelmmen CDC Labs &

Collection N N
Verbal E‘.})) Biobanking

I DeCoDe Results Data
. Program

Transport

Autopsy I
Severely &O" E ‘
1 s
(+]
Death

CHAMPS Core Business Processes
1. Community-Based Surveillance Processes 5. Site Based Laboratory Specimen Tracking, Reporting, & Biobanking Processes
2. Healthcare-Facility Based Surveillance Processes 6. Central Pathology Laboratory Specimen Tracking, Reporting & Biobanking
3. Specimen Collection Procedures and Processes 7. Assigning Final Cause of Death Processes

4. Specimen Labeling, Tracking, Transportation Processes 8. CHAMPS Program Management Office Processes

Figure 10 CHAMPS Network Process Map from IT Plan [10]

Ultimately, the team needed to develop a better way to visualize the surveillance network

with the right level of detail and information.
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1.3.2 Formal problem statement

A public health informatics team was charged with the requirements gathering,
development, and implementation of a technical systems architecture for the Child
Health and Mortality Prevention Surveillance (CHAMPS) Network. CHAMPS
stakeholders lacked a broadly understandable and comprehensive programmatic and/or
technical documentation to describe and communicate the complexity, interdependency,
timing, and orchestration of the surveillance case-level deliverables to a multitude of

international stakeholders and data consumers.

1.4 Purpose statement

The purpose of this thesis is to describe how the creation of unique form of technical
diagramming was able to holistically depict the complex series of workflows, decision
points, operational hand-offs/information exchanges and dependencies required to
collect and consolidate the near-real-time mortality surveillance data necessary for an in-
country panel of experts to reach an informed and definitive cause of death
determination for deceased under-five children. The documentation, in concert with
intentionally facilitated discussions about the diagram, proved to be a significant
strategic resource for the originating project stakeholders, helping them formulate the
overarching surveillance design. This resulting in a consensus blueprint which served as
the keystone document for orientation to the project, discovery of local processes,
training, and implementation at each CHAMPS location: Soweto, South Africa, Bamako,
Mali, Manhica, Mozambique, Kisumu, Kenya, Harar/Kersa, Ethiopia, Baliakandi,

Bangladesh and Makeni, Sierra Leone.
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1.5 Key Aims

Aim 1: Methodology for the development and refinement of novel data flow diagram for

the CHAMPS case-based public health surveillance program

Aim 2: New type of technical documentation artifact for the CHAMPS case-based public
health surveillance program that could be generalizable for other case-based public

health surveillance programs

1.6 Significance statement

While the purpose and objective of a public health surveillance system may be clear,
challenges to design, implement, operate and evolve technical systems to support the
increasing data demands to support surveillance objectives is ever more complex and

must keep pace with the speed of technological advances.

This project-based thesis presents an innovative technique of technical documentation
developed in service of a complex global public health surveillance network that may

offer a more comprehensive, versatile, and intelligible illustration technique to capture
the flow of surveillance data, potentially disrupting conventional techniques within the

industry.
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Chapter 2 Methodology

2.1 Introduction

The charge of this thesis project was to develop new form of informatics diagram that
would capture the broader surveillance logistics of CHAMPS by incorporating the
confluence of processes, study artifacts, standard operating procedures, and data flow.
Moreover, this diagram would be needed as a visual communication tool and baseline
guide for system implementation at each site. This chapter will describe, in detail, how
the data flow diagram was created, how it catalyzed the development of stakeholder
consensus regarding the development of the surveillance protocol, and how it was then
leveraged as the foundation for informatics planning and implementation at each

surveillance location.

2.2 Description

Programmatic reference documentation provided written descriptions of the newly
conceived surveillance scope, goals, desired case data, specimen collection methods, and
anticipated laboratory and histopathology diagnostic results. Subject matter expert
interviews and facilitated discussions added context, clarification, and opportunities to
elicit new insights or rethink preconceived concepts as the program evolved. Both the
documentation and interviews were used as inputs to develop and hone iterations of the

data flow diagram artifact.
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2.2.1 CHAMPS Bill & Melinda Gates Grant Proposal (2015)

The CHAMPS grant proposal to the Bill and Melinda Gates Foundation provided
strategic-level description of the overall scope of work, the planned contributions of
program partnerships, key data and specimen collection methods, definitions of
surveillance site selection criteria, and set general expectations for the timeliness of data

curation and data dissemination.

2.2.2 CHAMPS Laboratory and Diagnostics Plan (2015)

The CHAMPS Laboratory and Diagnostics Plan was a comprehensive and detailed plan
describing the specimen types (both tissue and non-tissue) to be collected from
surveillance cases, the procedures for specimen collection, sample preparation, sample

testing, and long-term storage among local and central biorepositories.

2.2.3 Information Technology Milestone Deliverable (2015)

The Information Technology Milestone Deliverable [10] was an overarching information
technology plan devised to identify the potential classes of systems, applications, and
hardware anticipated to facilitate the data collection and management across the
CHAMPS surveillance sites and the central CHAMPS Program Office. This plan
incorporated a description of the anticipated categories data to be collected (i.e., data
families), twelve detailed user personas and corresponding use case diagrams, a suite of
24 individual business process flow diagrams detailing eight core business processes, a

network reference architecture, and budget allocation projections.
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2.2.4 Business Process Workflow Documentation

A suite of twenty-four individual business process flow diagrams which documented the
underlying workflows of eight core business processes: (a)community-based surveillance
processes, (b) healthcare-facility based surveillance processes, (c) specimen collection
procedures, (d) specimen labeling, tracking, and transportation processes, (e) site-based
laboratory specimen tracking, reporting, and biobanking processes, (f) central pathology
laboratory specimen tracking, reporting, and biobanking (g) assigning the final cause of

death processes, and (h) CHAMPS program management office processes.

2.2.5 Subject Matter Expert Interviews and Facilitated Discussions

Subject matter expert (SME) interviews and facilitated discussions were utilized in two
primary contexts/formats: CHAMPS Program Office SME discussions (2.2.5.1) and

CHAMPS Site/Field SME discussions (2.2.5.2)

2.2.5.1 CHAMPS Program Office SME Discussions

Individual interviews and facilitated group discussions were held with stakeholders,
partners, consultants, and staff representing the Emory Global Health Institute (EGHI),
United States Centers for Disease Control and Prevention (CDC), International
Association of National Public Health Institutes (IANPHI), Task Force for Global Health,
Deloitte, and the World Health Organization (WHO). These discussions covered both
broad and highly specific topics in the fields of Social Behavior Sciences, Laboratory
Sciences, Histopathology, Demography, Epidemiology, Verbal Autopsy, and Mortality

surveillance (e.g., causal chain). The primary intention of gathering information in these



Page 24

sessions was to develop consensus agreement among respective stakeholders regarding
methods (both case-level and network-level), processes, data collection, data exchanges,
and outputs of each surveillance component required to compile mortality case files

necessary for formal cause of death determinations.

2.2.5.2 CHAMPS Site/Field SME Discussions

Individual interviews and facilitated group discussions were held with CHAMPS site
personnel responsible for implementation and operation of each surveillance component
(of data stream) prescribed by the CHAMPS mortality surveillance protocol. Site
personnel included physicians and other health providers, social behavioral experts,
demographers, laboratorians, pathologists, community health workers, public health
policy makers, and local information technology professionals. The primary goal of these
discussions was to provide a comprehensive overview of the CHAMPS surveillance
requirements to local site staff, with subsequent discussions focused on the current state
of resources, methods, processes, and systems that may be locally utilized to facilitate the
CHAMPS surveillance requirements (e.g. does the site utilize a laboratory information

management system? Paper or electronic health records?).

2.3 Project design

2.3.1 Development of a prototype diagrams

In the context of this applied project, the original diagrams were effectively draft

sketches captured in MS PowerPoint to help think through what was needed.



Page 25

Figure 11 shows an example of an attempt to expand on the subway map concept

originally developed for the Information Technology Milestone plan. The iteration in

Figure 11 served more as a mind-map of the business processes that would need to be

included in the more formal version.
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Additional informal drafts tried to indicate where consents, data capture/case report

forms, specimen collection, and other case artifacts may have been required. These

drafts began to incorporate more narrative detail and notes for consideration in a more

formal model (Figure 12).



Page 26

E& 5: Forms Across All Science Data Capture Processes
I?Zl\d Dss i [Surveillance + (Maternal, Severely lll, & MITS Specimen Collection)] v2.1

Individual Case

;—,ﬂ Pregnancy Review Form

® ~@

=4 Maternal -

Specimen

-

Panel Case
Review Form

Social

;—’d Autopsy &'. X3
G *
Verbal &
Z._’J Autopsy B))) [
1
- Research
-4 Adverse Events(AE)
= &serious AE (SAE)
=24 +
E &
~ I-—%.l B’ c ~11% +TBD)
= —#|” Consents (~11x + ) CHAMPS
— . s > ?
5& Form(s) (~30 +TBD) :rft:_gram :
3 fice Forms .-

Figure 12 Data flow prototype version 2.1.

The third significant iteration of the diagram development was the creation of the more
formalized model developed in MS Visio (Figure 13). This model was purposely cleaner
and more uniform with professional and polished appearance. This model brought
together the key components of the previous sketches. Furthermore, these items where
organized in a logical sequence of events with indications of significant decision points
and flow of information thorough and among the business processes. Lastly, a person
model and diagram legends were added. The formal prototype diagram was reviewed
and modified iteratively with the field advisor and the informatics team until there was
consensus that the prototype fulfilled the initial requirements and was ready for

stakeholder review and engagement.
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Figure 13 Final working prototype the formal model, version 3.0

2.3.2 Internal programmatic baseline version

The formal prototype data flow diagram, that evolved from model sketches and
informatic team review, was then intentionally engaged in iterative design and
refinement sessions. The diagram was subjected to a series of collaborative reviews and
design sessions whereby SMEs, partners, and other stakeholders could comment,
question, and ultimately validate incremental changes until a satisfactory generic version
of the document was derived. The outcome of these sessions was the inaugural baseline
version of the comprehensive and novel data flow diagram. This version of the data flow
diagram (Figure 14) represented the expected or ideal state of how a participating site
would implement CHAMPS; it would serve as a blueprint for the model house prior to

the discovery of site-specific capabilities, gaps, and constraints.



Page 28

Figure 14 Inaugural baseline version of the data flow diagram, version 3.1

2.3.3 External in-country overview and site-specific capabilities and gaps

The generic baseline version of the diagram was then presented to CHAMPS site teams
in-country where it was initially used to provide an overview of how the mortality
protocol functioned among and across the varied surveillance modalities (or work
streams). Then the diagram was used in small group settings with the specific work
stream groups (e.g. laboratory technicians, pathologists) to facilitate discussions around
data collection methods and local capacities. For example, laboratory data collection
could occur within a pre-existing laboratory information system (LIMS) or the local
group may require a custom paper/electronic case report form. During these sessions,
CHAMPS informaticians could articulate the specific needs of the surveillance network
to the site staff while also discovering the site-specific capabilities, gaps, and constraints

that would be needed to plan for future system implementation and operation.
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2.4 Procedures

2.4.1 Document Components and Features

2.4.1.1 Data Flow Icons or Symbols

The data flow icons or symbols are images used in the diagram to represent artifacts,
processes, decision points, and other applicable concepts. Whenever feasible, commonly
recognized business process notation symbols were used or adapted. New symbols or
icons were created as needed. Common data flow symbols include icons for case report
forms, standard operating procedures (SOP), data files, reports, decision points, and
business processes to name a few. Figure 16 is a legend with data flow icons. Other

symbols and icon are found among additional figures herein.

It is important to highlight the indication of SOP and case report forms within this
diagraming method, as it is novel to this method. Inclusion of these items expands
audience and utility of the diagram as these components are important linkages to
programmatic/operational activities and artifacts that are beyond traditional
information technology diagrams. Their presence in the diagram serves as a roadmap for

where SOP/data collection occurs or is needed and is use for staff training.



Page 30

2.4.1.2 Person/Case Entity Relationship Model

Unlike a specific disease surveillance system, where a case-type is defined by the
presence or absence of a specific condition, the original CHAMPS surveillance scope and
planned duration allowed for the possibility that a person (or case) could be engaged in

CHAMPS surveillance in a number of contexts over time.
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Figure 15 Person/Case Entity Relationship Model for CHAMPS Morality Surveillance
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The data flow legend is included to provide an explanation of common symbols or icons

used within the diagram to facilitate a better understanding or interpretation. Key

symbols were included in the legend with generic labeling to describe the shape/symbol/

purpose within the diagram (Figure 16).
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2.4.1.4 Data Flow Connectors

Data flow connections are directionally indicative solid (event/exchange shall occur)or
dashed lines (event/exchange is optional) that express the flow of information, data,
and/or artifacts between and among business process groupings, decision points, and
other icons/symbols. Colors were applied to emphasize specific data flow connections,
relationships, or specific types of information (e.g. orange for image files, red for
data/artifacts shared with both the CHAMPS program office and the central pathology

laboratory).Figure 17 provides examples of data flow connectors within a diagram.

Spedimen

07.03 Central
Pathology and
Processing
x F
A ey
- — 588

CPL CPL Protocd CRF 07.00.08 CPL
CPL Results

] Histopathology ~ Deviation(s) Specimen
Chedklist (IDPB Path Archive
Report) Report ( xisx)
- Hmm\hobgy Side
CPL Slide Images
SOP_07.00.01 Specimen Accessioning & Distribution Accessible via
(__{ SOP_07.0100 Ciinical Specimen Processing & Testing Cloud Share
\ SOP_07.03.00 Central Pathology and Specimen Processing
) SOP_07.04.00 Shipping. Storage, and Labeling
sop 07.05.00 OMS
o o

Local Slide Images Accessible via Cloud Share

BB

Local Lab and Telepathology Joint Pathology
Hstopathology Data Report (New)
o CDC CPL
sy
i Local Side
Images
Accessible via

Cloud Share

>—

”lgmm‘@ﬂm’@

CRF_( wm 0 o CRF 07.00.09 CRF umuuz CRF_07.00.04 CRF_07.00.10 CRF_07.00.11 CRF_07.00.12 CRF_07.00.13 CRF
TACTracker | B H3E Clmml Placenta Gross Plact
esuts” Resits-Blood* Results-CSF*  Results-BMA* Results-Lung* | Examination®  Micre

TACRaw TACSie TAGResuilts™
Data eds) Imerpre(eﬂ (xdsx) (H'V BT (New) (New) (New) :Eb:::
sutts
( o)
Histopathology
SOP_07.00.01 Specimen Accessioning & Distribution Side Imagef(s)

SOP_07.02.00 Site Pathology and Specimen Processing
SOP_07.04.00 Shipping, Storage, and Labling

= ( SOP_07.01.00 Clinical Specimen Processing & Testing
=
UG 06.01.08 Guiddines for Reportable Dissases

* Datamay NOT require form due to direct data capture in LIMS, TAC, or EMR

‘Figure 17 Image depicting large number and types of connectors (solid, dashed, and

colors)



Page 33

2.4.1.5 Data Flow Decision Points

Standard diamond decision icons were used to indicate significant data flow decisions
points that impact case data collection pathways or hand-offs. Data flow connectors
leaving a decision icon were labeled with the applicable decision outcome associated to

the flow (e.g., “yes” or “no”). Figure 18 provides examples standard decision diamonds.

Record Specific Authorization(s)
[
Lt

—1
CRF_06.01.09
Consent
b oo BEEREE, b oo nnoeos oo Authorization(s)
BPF_06.01
Case a a .
- Notification & . . R p:q....
Eligibility : o . C
....... > AE—— IFes CRF_06.01.03 : . .
—1 —1 — Consent Tracking . 0 '
CRF_06.01.01 CRF_0601.10 CRF_06.01.02 o= . .
Initial Death Death Motification Eligibility : i . :
Moatification Management Screening ; ‘2 . c
3 : :
14 . :
= MITS Yes ,.. = B
= Cmsy . :
®— .
No No MITS Informed No :
Consent Form ;
St
L8
- 43

Recoxd Quicame

—\, SOP 06.01.02 CHAMPS Consent Process

(— | SOP 06.01.01 Death Notification & Eligibility S creening
| ) SOP 06.03.03 Record Confidentiality

Figure 18 Section of the data flow diagram with decision points (orange diamonds)
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2.4.1.6 Business Process Grouping

A business process grouping is a collection of symbols, icons, data flow connectors and
decision points that share a common core business process and are encapsulated within
a background shape. The core business process may represent one or many sub-business
process workflow diagrams associated with it, representing the larger or overarching

process (Figure 19).

Local Skide Images to

5 Cloud Share
BPF_07.02
Site Lab ik
Processes
A J Y h 4 Y h 4 h 4 '
— — | — — | — — —
CRF_07.01.01 EIEIEI 88 EEE CRF_07.00.09 CRF_07.00.03 CRF_07.00.04 CRF_07.00.10 CRF_07.00.05; CRF_07.00.07
TAC Tracker” =52 ==a Gross ClinicalLab  Microbiology ~ Microbiology  Site Pathology: Non-Confarming
TACRaw TACSite TAC Results Examination ﬁlﬁd% mlaﬁg)&wlt&Blood Results-CSF* Report Efr:t Report
Data (eds) Interpreted (dsx) T -
— R 007 vscpatoy
(eds) Slide Image(s)

SOP_07.00.01 Specimen Accessioning & Distribution ~ Specimen
SOP_07.01.00 Clinical Specimen Processing & Testing Local Biobank Archive
SOP_07.02.00 Site Pathology and Specimen Processing Report (xsx)

) )SOP_07.04.00 Shipping, Storage, and Labeling
UG_06.01.08 Guiddines for Reportable Diseases

* Data may NOT require form due to direct data capturein LIMS, TAC, or EMR

Figure 19 depicts a business process group for the site laboratory process. It includes
icons for applicable case report forms, data files, images, and the governing standard

operating procedures.
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2.4.1.7 Consent Attributes

Consent attributes were depicted as distinct symbols within small tables or listings that
detail the specific attributes a subject is consenting to when agreeing to participate in the

surveillance program (Figure 20).

v MITS Consent | NON-MITS Consent
Clnlcal Dal:a Clinical
U. ™) Colection Data(*)
Future VA
A Decedent )
images(’) E. ) Fallow-up(*)
(*) tems may be Opt InfOut
men within consent. If No, then will
- Shspeipqment{*) not take place in Cata Flow
Long-Term \ﬂ Maternal Data
Tissue Storage(*) Abstraction Consent
Future 221 Matemal
Genetic H Clinical
Testing(*) Data(*)
Future WA
E'B) Fdlow-up(*) \ﬂ Verbal Autopsy
(*) ltems may be Opt InfOut Consent
within consent. If No, then will Verba
not take place in Data Flow E.J]) =

Figure 20 Depiction of the consent attribute information found on the CHAMPS

mortality data flow diagram
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The diagram version notes is a table or notes section that recorded the current diagram

version and documents any changes to the diagram since the previous version. Here,

data flow elements that are changed, removed, or added are documented (Figure 21).

Version 4.1
Last Updated based on 02/20/2017

Consent
+* No Changes

Shipping & Tracking Specimen
+ No Changes

Site Lab
+ No Changes

Biobanking
+ No Changes

Verbal Autopsy
+ No Changes

Clinical Data Abstraction

+ Original long form, divided into 11 total forms

+ CRF_06.01.06 Child Clinical Data Abstraction — Refired
s CRF_06.01.07 Child HIV and TB Abstraction — Renamed

Maternal Clinical Data Abstraction
+* No Changes

SOP & Forms
Updated Titles where applicable
*  CRF_06.01.07 Child HIV and TB Abstraction -> CFl
*  SOP_06.02.04 Child Clinical Data Abstraction -> S
*  SOP_06.01.08 Guidelines for Reportable Diseases

Addition of New SOP/Forms where applicable (ieu)

« CRF_06.04.01 Case Information and Abstraction Sources
o CRF 06.04.02 Recent Encounters

« CRF_06.04.03 Present liness

o CRF_06.04.04 Physical Exam

« CRF_06.04.05 Past Medical History
o CRF_06.04.06 Immunizations

« CRF_06.04.07 Growth Records

e CRF_06.04.08 HIV and TB

« CRF_06.04.09 Hospital Course

o CRF_06.04.10 Labs and Diagnostics
« CRF_06.04.11 Summary

General Data Flow
+ Separated the Child Clinical Data Abstraction modified from 2 forms to 11 forms

DeCoDe
* No Changes

Other Mortality SOP and Forms
* No Changes

Figure 21 Sample Diagram Version Notes section
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2.4.1.9 Retired Diagram Components

This is a section of the diagram where icons of case report forms, SOP, decision points or
other key elements were placed if they were retired from the current version and were
present in a previous version of the document. This served as a reminder that the items

were present at one point in the past (Figure 22).

Jn| Retired Forms & SOP
W]

CRF 060202  CRF 070006  CRFO70001  CRF 070008  CRF_07.0004  CRF 040101 CRF_040103 CRF 040105 CRF 040108 CRF 050003 CRF_0B0004  DeCoDeICD-10 De ocnns\

{ Transport ofMITS  Spedmen Archive Ste Lab Shigment Specimen Archive Micmbiology 2014 WHO Vzé‘f“m'g" Verbd Autopsy  1CD-10 Translation RIS Output Perinatal DeCoDe  Perinatal DeCole  Translation CodedResults
Specimens after 1o CPL Results® Verbal Autopsy CoD Form Panel Indidual  Panel Fnal Report
Callecton (Interpretation of Report

\ — Automated V&) E| -
(—( |;| -~ I;I l;l
\ = 50P_04.00.02 CHAMPS Enhanced Perinatal Verbal Autopsy CRE p40102 e ool o
=) S0P 06.01.03 Site Consent Form Management DSS Da  H W CRF_0200.01 CHAMPS VA Summary chi
— H::i” Matemal Clinical e CHAMPS hid Clinieal Data cmm HIV and TB
Utlization Data Data Abstraction Perinatal Perinatal Abstraction Absiracton
Verbal Autopsy

Figure 22 Depiction of Retired Diagram Components

2.4.2 Internal Programmatic Design

The purpose of internal programmatic design sessions were to depict the perceived
initial or current state of a single or series of business process groupings in order to

engage stakeholders and subject matter experts in reaching a consensus version.

A review of applicable reference materials was required for the informatician to account
for the key diagram components needed to depict an initial/proposed current state
model prior to discussion. The initial model was presented to the applicable SME. The

informatician stepped through the process steps, flow of information and related
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artifacts, reports, and data capture needs. Any changes, decision points, new
information, and undecided aspects of the diagram were noted during the discussion. A
new version of the document was generated that represents the feedback from the
previous discussion. Then, the diagram version notes, the version number, and date were
updated. In addition, the changes applied to diagram are outlined: any new icons added
to diagram are indicated as “new”, changed, or relabeled icons were noted, and any icons
removed were copied to the retired diagram component section. The updated version
document (i.e., revised state) was shared with the SME along with the previous version.
A follow-up facilitated discussion where the previous and revised versions are presented
and compared was organized. If the revised version receives consensus approval from
the SME, then it is adopted. However, if consensus approval from the SME is not
achieved, the process of iterative revisions and reviews were to be continued until a
consensus can be reached. The ultimate outcome expected is a clear depiction of the
most current consensus thinking of a specific business process grouping or series of

interconnected process groupings.

2.4.3 In-Country Overviews

The purpose of the in-country overview sessions were to engage and orient the disparate
local working groups to the full scope of the CHAMPS surveillance requirements such
that the local working groups had a sense of the big picture and their respective place in
contributing to the overall surveillance goals. Secondly, the in-country overview sessions
allowed for the facilitation of small groups sessions whereby local working groups and
program informaticians could communicate the location-specific capacities and

workflows relative to the generic standardized dataflow (e.g., local laboratory results case
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report forms may not be applicable if the site has a laboratory information system in

place).

For large group presentations, a soft copy of the most current version of the data flow
diagrams were incorporated into a slide presentation whereby a general overview of the

whole diagram and drilldowns of specific sections were projected.

Several copies of the most current version of the data flow diagrams were printed on
large paper prints that were three feet by four feet (3'x4’) in dimension. More intimate
small group meetings were arranged with local SMEs to perform a review of the generic
flow and they were engaged in a detailed discussion regarding how the generic flow
would be implemented locally. Key details regarding the staff involved, facilities,
systems, equipment, timing, strengths, exceptions, gaps, and risks were discussed.
Handwritten notes and modifications were captured on the paper data flow in real-time.

Following the small group sessions, the notes regarding the local context were recorded
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(Figure23).

Figure 23 Depiction of over-sized, high-resolution paper printout of the data flow

diagram with hand-written notations collected during facilitated discussion(s)

The information gathered during the in-country sessions were incorporated into the
enterprise technical architecture considerations and site implementation planning,
informing budgets, staffing needs, timelines, equipment procurement, and technical

assistance planning.
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2.5 Instruments

2.5.1 Microsoft Visio Professional 2016

Microsoft Visio Professional 2016 is a diagramming and vector graphics software
application produced and distributed by the Microsoft Corporation. This is the primary
application used for the development of the data flow diagram. The application provides
a library custom and industry standard stencils (or icons) from a variety of industries
(e.g., electrical engineering, network engineering). Many of the standard business
process notation icons were employed for use in the data flow diagram. Other custom
icons were developed using the native drawing and formatting tools within the

application (Figure 24).

CHAMPS Datafiow DRAFT Pregnaney Feb 020 [Compatibility Made] -V

AFxap@ercedlaedel RAES P |

?
)

Y

Figure 24 Depiction of data flow diagram development within Microsoft Visio

Professional 2016 software
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2.5.2 Microsoft PowerPoint 2016

Microsoft PowerPoint 2016 is a presentation development software application,
produced and distributed by the Microsoft Corporation, that uses electronic slides to
convey information at text, images or other forms of multimedia. This application was
used for two primary purposes: (a) development of custom icons or images for
incorporation into data flow diagrams and (b) facilitation of interviews and facilitated

discussions with subject matter experts (Figure 25).

Figure 25 Depiction data flow diagram discussion facilitated with aid of Microsoft

PowerPoint software [16]
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2.5.3 High Resolution PDF (portable document format) of Data Flow

Diagram

PDF document files allow for the data flow diagram (which is developed in MS Visio and
then exported as an image in PDF format) to be shared and displayed as a high-
resolution image file. Adobe provides a software product, Adobe Acrobat Reader, to

open, view, and print PDF files that is easily accessible at no cost (Figure 26).
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Figure 26 Depiction data flow diagram as high-resolution pdf format, version 5.0
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2.5.4 High Resolution Oversized Paper Printouts

Data flow diagrams were printed on large paper prints that were three feet by four feet
(3’x4’) in dimension and used or local context notes and additional copies were left for
local reference. Please see Section 2.4.3 and Figure 23 for procedural details regarding

use of oversized paper printouts of the data flow diagram

2.6 Analytic Methodology

The analytic methodology for the development the data flow diagram for this thesis
project was an iterative trial and error method based on immediate qualitative feedback
from subject matter experts that were engaged in facilitated discussions using the
diagram as a requirements facilitation tool (i.e., discovery) and/or those SME that
independently reviewed the diagram content for accuracy. This feedback was
incorporated in an updated version of the diagram that was then used in the next
iterative round of facilitated discussion or review. Versions of the document were saved
over time as changes were made. Changes and innovations to the diagram that achieve
consensus acceptance were retained (i.e., validation) and maintained going forward in

future versions.
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Chapter 3 Final Product

3.1 Introduction

Through multiple iterations and rounds of changes, the data flow diagram achieved the
overall objective of providing a comprehensive depiction of the surveillance data flow
that is informative, instructive, and universally engaging, striking the appropriate
balance of communicating both technical and non-technical system workflow without
overwhelming in the minutia task-level activities. This balance is similar to a theme park
kiosk that clearly informs the viewer “you are here” and engages the viewer at the right
perspective level, such that the viewer is promptly acclimated to his/her immediate
position within the park ecosystem and ultimately enabled to discern how or where to go

next.

3.2 Key Findings

3.2.1 Universal Engagement Tool

The data flow diagram served the informatics objective of providing an engaging visual
blueprint of the surveillance network that facilitated both technical and operational
sessions among and across a variety of stakeholders. The diagram at its core is a picture
transcending language barriers and technical/professional jargon with its use of non-

verbal and written communication of process and flow.
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3.2.2 Method Accelerated Findings and Implementation

The data flow diagram and facilitated requirements sessions improved stakeholder
engagement by accelerating overall comprehensive requirement gathering through
discussions and reviews at the appropriate level and context of review. These data flow
informed sessions improved general requirements collection by delaying deep-technical
task flow sessions until higher-level decisions were finalized. The diagram shifted the
focus of the enterprise technical architecture from collection of completed case results to
facilitating an ongoing transactional procurement and redistribution of data to complete
a case file. Finally, the resulting comprehensive view of all the case data depicted in the
data flow served as an implementation roadmap for the implementation of the

underlying systems required to collect and transmit case data.

3.2.3 Requirements

Early in the development of the CHAMPS program, the challenge of gathering technical
requirements was confounded by the translation of proposed concepts (e.g., collection of
verbal autopsy was required) to actual tactical procedures and operational decisions
(e.g., which specific verbal autopsy instrument would be used and if/how/when would it
be analyzed). A task flow diagram is ideal when a task/method is known and therefore
can be documented and evaluated. However, when the task is complete, how that task
contributes to a larger operation, and what is to become of the task output is out of scope

for the task flow documentation.

The data flow method allowed for the facilitation of requirements gathering at a higher

level of focus. Again, the verbal autopsy is a good example within the CHAMPS context.



Page 48

Review of the serial versions of the data flow diagrams with a focus on the verbal autopsy

(VA) section reveals a constant change in both approach and expected outputs.

First, Version 3.0 requires a standard WHO VA to be implemented for cases between the
ages of 4 weeks and 5 years old with a second custom CDC VA to be implemented for
neonates and stillbirths. Version 3.0 then called for both VAs to be summarized,
interpreted, assigned an International Classification of Diseases Tenth Revision (ICD 10)

code and run through automated review software (Figure 27).

Version 3.0

[ =
» —_ - ApA
wivem CRF 040101
%" 2014WHO

o VA Summary
2014WHO
L=

CRF_0401.06
RISOt

Famis)

SOP_04.01 Verbal Autopsy (WHO) ;
SOP04.02 Vertd Autopsy (Neorstal) CFF.

Figure 27 Version 3.0 of Verbal Autopsy section of data flow diagram

Then in Version 3.1 the interpretations, coding, and software analysis were abandoned

(Figure 14).



Page 49

Version 3.1

— -~
> >

4 e

', CRF_040101

[ -—<e—<®

Verbal Autopsy
Verbal Autopsy
Informed
Consent
Fam(s)

VA Summary
2014 WHO

SOP_04.01 Verbal Autopsy (WHO) L
SOP_04.02 Verbal Autopsy (Neondtal) CRF_0401.02

Figure 28 Version 3.1 of Verbal Autopsy section of data flow diagram

Lastly in version 4.0, a newer version of an integrated WHO VA was adopted for all ages

with the requirement that both the raw data and a summary be provided as an output

(Figure 29).
Versic?n 4.0
= :

Consent
Fermis)

SOP_04.00.01 Verbal Autepsy (WHO)

Figure 29Version 4.0 of Verbal Autopsy section of data flow diagram

The requirements sessions at the level of the data flow of inputs, outputs, and how they
contributed to the final case file were critical decisions that had to be made before it was
prudent to engage in the technical facilitation of the final process. Engagement
constrained to magnification of the task flow would not account for operational impact of
timing, staffing, training, custom VA development, integrations into software tools, or
the downstream contributions to the final case file. At the data flow level, we were able to

raise important considerations regarding the technical facilitation of automated verbal
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autopsy analysis, physician coding, impact of timing of these methods, and the
complexity of potential conflicting or inconsistent results without expending analyst and

SME time altering and reviewing the detailed task flow.

.
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Figure 30 Depiction changes in sequence with the CHAMPS Verbal Autopsy high-level

requirements over time and iterative versions of the data flow diagram
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3.2.4 Technical Architecture

Early technical thinking on the CHAMPS project was that surveillance locations would
collect, curate, and aggregate case information locally (or in-country); CHAMPS would
collect the results when the case was completed. In fact, the first draft of the data flow
diagram utilized in Mozambique was initially presented as an educational tool for the
teams on what “they” needed to do. CHAMPS informaticians planned to document how
the site teams were going to fulfill the requirements. As the CHAMPS informatics team
engaged with the individual site team modalities (e.g., lab, clinicians, community
contacts, demographers, etc.), it became apparent that local support and systems lacked
the technical capacity to orchestrate and collate the disparate data in a manner that
fulfilled the data requirements of individual case files that consolidated all the prescribed
surveillance data into a single comprehensive report. This was a “technical” epiphany
that changed the direction of the CHAMPS technical architecture planning, shifting to a
model whereby a central CHAMPS system would need to receive transactional
components of the case data, transform, and then redistribute the information
throughout the case life cycle. This new technical paradigm required deeper
consideration by the informatics team for more detailed and intentional data linkage
strategies for all the surveillance data components to facilitate asynchronous data
collection, asynchronous transactions of that data, and the eventual case-level
assimilation of the most current case data available in support of operational hand-offs
over time[1]. For example, surveillance site laboratory results were needed by CDC
pathologists aid in their histopathology testing. The data flow diagram immediately
found a broader purpose of documenting the central data flow blueprint for the honest

brokering of data (i.e., collection, linkage, and consolidation of surveillance data on
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behalf of the research sites) by a central system amongst stakeholders as the case

developed, not just acceptance and validation of the final results.

3.2.5 Implementation Planning

Subsequent site implementation visits continued to leverage the data flow diagram to
inform and educate the site teams on the broader process and procedures. However, the
CHAMPS informaticians focus shifted to understanding which local systems were
currently in-place to integrate with and where gaps existed whereby the CHAMPS
informaticians needed to devise and implement solution offerings. The data flow
diagram was then used to plan implementation steps and track progress of system
implementation components. Both local and central stakeholders could see which

components were complete and which remained outstanding.

3.2.6 Reference Document

This new form of diagraming serves as a keystone reference document for the project.
When new surveillance sites are evaluated, the most current version of the data flow
diagram is an essential artifact provided to represent the mortality surveillance
operation. The data flow animates the protocol and procedures; visualizing the organized
and sequential depiction of the significant decision points, consent milestones, case
report forms, applicable standard operating procedures, and exchanges of data as it

flows to the case-level summary report and final cause of death determination.
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3.3 Other Findings

3.3.1 Cross-functional Organization

The CHAMPS surveillance project requires the curation and orchestration of case-level
data across a number of modalities: community engagement, demographics, autopsy
procedure, photos, and specimen collection, clinical laboratory results, child and
maternal medical record abstraction, pathology images and diagnostics, biorepository
data, verbal autopsy data, and cause of death determinations with ICD 10 coding.
Surveillance of any one of these data streams from multiple countries is a daunting
challenge. The data flow diagram resulted in a unifying depiction of the overall project
allowing, without sacrificing, the representation and acknowledgement of the seemingly

disparate parts.

This holistic view of the system facilitated awareness amongst the working groups
regarding where their data elements or components fit within the project and how their
contributions impacted the work of downstream consumers of the data, ultimately
impacting the final case file. This appreciation for the bigger picture and broader goal
aided in cross-functional organization and operation of the project, expanding
perspectives beyond the seemingly siloed components/artifacts. Those working to
respond to reported cases, administer consent, and perform the specimen collection
procedures, understood that timely collection of high-quality specimens was essential to
accurate and timely laboratory and pathology testing. Those working to procure
comprehensive medical record abstractions and timely verbal autopsy data, appreciated
how this data informed and influenced additional diagnostic testing for each case.

Ultimately, all data streams converged to form comprehensive case files that provided
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clinical decision makers with essential case evidence necessary for determining a cause

of death.

3.3.2 Change Management

An unexpected outcome of the development cycles was the value the documentation
played in process and system change management. The data flow diagram is now
leveraged as a tool for the evaluation and/or impact analysis of potential workflow
changes. Both technical and non-technical surveillance staff are able to consider the
impact of additional forms, form version changes, new diagnostics, or new data streams
by visualizing and considering where the change may impact the targeted surveillance

component(s) and how that change may impact the broader network.

3.4. Summary

In summary, the call to action to improvise a novel product and method to better
communicate and elicit the operational and technical requirements of a complex and
undefined surveillance initiative succeeded in its goal. The data flow diagram captured
the surveillance system/network at the appropriate level of magnification and
incorporated essential operational and technical elements that served and affected the
widest range and diversity of stakeholders without sacrificing the informatic-integrity of
technical information needed to support design, planning, and implementation of the

surveillance network.

In late 2019 and early 2020, the CHAMPS program began planning for a new line of

surveillance - Pregnancy surveillance - set to rollout to three CHAMPS locations in the
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late summer and early fall of 2020. One of the first requests of the CHAMPS program
team was to commission a draft data flow diagram based on the proposed protocol. This
request speaks to the value and the appreciation of the tool and its perceived benefits

and potential advantages for surveillance “system” planning beyond just the informatics

field.

Chapter 4 Discussion

4.1 Introduction

The dataflow methodology and resulting technical artifacts described in this review have
the potential to advance the public health informatics field by building on the CRDM
collaborative design approach to produce more robust and comprehensive technical
documentation that captures an enterprise-level view of a surveillance system/network.
This innovative style of documentation represents the network of workflows, coupling
them with the data collection mechanisms, information flow, and operational procedures
that comprise the holistic body of a surveillance system of systems. The data flow
diagram is better suited to communicate the whole informatic story via a visual and

tactile medium that informs a more diverse range of stakeholders.

4.2 Summary of Project

The informatics team tasked with architecture, development, and implementation of the
CHAMPS mortality surveillance protocol began requirements analysis leveraging the
Public Health Informatics Institute’s Collaborative Requirements Development

Methodology (CRDM). The CHAMPS mortality surveillance protocol was a complex
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endeavor seeking to bring together case-level demographic information, verbal autopsy
data, clinical record abstraction data, maternal clinical abstraction data, autopsy
procedure and specimen collection data, laboratory testing results, images, documents,
and both local and centralized histopathology image and diagnostic data for under-five
childhood deaths from multiple low-resource setting with seven sites in Africa and Asia.
Application of the CRDM yielded a library of intricate workflows that collectively
obfuscated the broader technical objectives of the surveillance project and were an
impediment to the alignment of stakeholders on the full scope of the project (i.e., “could
not see the forest for the trees”). The project described herein was to create a new format
of technical documentation that would honor and include the fundamental business
process work while simultaneously depicting the full scope surveillance activities,
interconnections, dependencies, and general flow of data/information for each case from

discovery to final cause of death determination.

4.3 Implications

The innovative technique of technical documentation developed and described within
this paper has potential to change how both technical and nontechnical public health
surveillance personnel view and consider surveillance systems documentation. The
CRDM method recommends development of context diagrams that provide a high-level
view of relationships and interactions amongst entities and are simple to follow.
However, the context diagram lacks the level of specificity to capture the decision points
or specific file exchanges. The CRDM workflow approach is helpful and appropriate at
the task level. Unfortunately, in a large complex network, this level of detail is too
granular and the resulting volume of workflows obscures the broader picture. Classic

technical network architecture provides a wealth of technical infrastructure information
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and detail, but lacks the operational context to resonate with non-technical audiences.
The data flow diagram was intentionally designed and honed to communicate the
appropriate ratio of operational/functional workflow to the amount of specificity/detail
such that the document could inform the broadest audience of surveillance stakeholders,
establishing a common denominator at the appropriate magnification. If refined and
more broadly adopted, this data flow development methodology and the resulting
artifacts could change how public health surveillance networks are designed,
communicated, and comprehended. Moreover, this approach could benefit research or
surveillance on a wide range of scales, from smaller projects (e.g., connections single
reference lab to a local public health jurisdiction) to larger more complex multi-

component international networks like CHAMPS.

While the actual implications of the data flow diagram on the broader public health
informatics community remains to be seen, the CHAMPS program continues to utilize
the data flow diagram as a principle reference document and planning tool. New staff
are given the diagram to orient them to the surveillance operations. The diagram is used
to train and orient technical informatics staff or technical contractors and is often
referenced to think through potential system impacts or aid in troubleshooting issues.
Updated versions of the diagram are requested by non-technical staff when standard
operating procedures or case report forms are added, updated, or retired. A number of
case report forms and procedures for the mortality protocol were upgraded or modified
in 2019 and the data flow diagram has been updated to remain current. The diagram
may be seen posted in staff offices across the network both stateside and abroad. The
adoption of the data flow artifact into the fabric and operational culture of CHAMPS
program by a variety of programmatic roles speaks to the success of this new instrument

and serves as evidence that the key aims of this thesis project were met.
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4.4 Limitations

Several limitations to this thesis project should be noted. This thesis project was charged
with devising something new and innovative, as such, problem-specific informatic
references for literature review was considerably limited. A broader more comprehensive
and creative review of other industries (e.g., engineering, manufacturing, supply chain
logistics) may yield more substantive guidance with potential application in the public
health surveillance context. The thesis project was conducted on a single public health
surveillance project which raises the issue of generalizability. The methods and products
need to be applied on additional surveillance projects to further evaluate the merit and
effectiveness of the approach. Subjective feedback gathered during the development
iterations may have been affected by confirmation bias [13] whereby the desire and
commitment to devise a better methodology and products in an applied rather than
experimental setting fostered a bias in the perception of its effectiveness. Further
research of the methods and products by a more objective party is required to ascertain

the effectiveness without prejudice.

4.5 Recommendations and Next Steps

The dataflow methodology and resulting technical artifacts have potential to advance
informatics practice by building on the Public Health Informatics Institute’s
Collaborative Requirements Development Methodology (CRDM), offering a more
comprehensive next step for the operational and technical engineering of a surveillance
network on a number of scales. Where the CRDM adds value by yielding public health
workflows and defining functional requirements for information systems that support

those workflows, the dataflow methodology contextualizes the workflows within the full
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constellation of a surveillance system’s network of systems, operational procedures, and
work-streams of information to reveal a more comprehensive picture of the surveillance

system at an enterprise perspective.

Potential next steps for advancing the data flow methodology within PHII include the
formalization of the methods into more consumable and easily transferable instructional
guidance followed by application of the method on additional informatics projects with
the intent of further critical evaluation of both methods and end products. Direct
benefits of these actions for PHII or other informaticians are an eventual refinement of
the method from its originating form, such that the method is shareable to the broader
public health informatics community and may be consistently repeatable. These actions
set the stage for more objective study and evaluation by PHII or other researchers.
Lastly, there is potential immediate value to the operators and stakeholders of the
systems evaluated resulting from the system documentation curated within the data flow
artifacts. This recommended approach aligns with the beginnings of PHII when in 2002
the institute developed and published the Collaborative Requirements Development

Methodology™ (CRDM).

4.6 Conclusion

The purpose of this thesis project was to develop a new form of informatics diagram that
captured the broader surveillance logistics of a complex global public health surveillance
network by incorporating processes, study artifacts, standard operating procedures, and
data exchange. This charge required the achievement of two key aims. The first aim was
to devise and document a methodology for the development and refinement of novel

technical diagram in support of a global case-based public health surveillance program.
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The technique of iterative design sessions with stakeholders to solicit and apply feedback
resulted in the creation of functional protypes. Continued application of this
methodology on a broader and more diverse cohorts of stakeholders lead to the
achievement of the second key aim of the project, an original type of technical
documentation artifact for the global case-based public health surveillance program that
could be generalizable for other case-based public health surveillance programs. The
tangible manifestation of document itself coupled with the application of document in
the field are evidentiary of the achievement of initial component of the second aim. The
subsequent adoption of the data flow artifact into the fabric and operational culture of
the CHAMPS program by a variety of programmatic roles speaks to the success of this
new instrument within the CHAMPS program and serves as convincing circumstantial
evidence for the potential generalizability of the diagraming technique for other

surveillance initiatives.

Ultimately, a refined version of the novel data flow diagram artifact and a method of
developed was established. The artifact had the appropriate balance of communicating
both technical and non-technical system workflow consumable by a multitude of
international stakeholders. The resulting technical document met the overall objective of
providing a comprehensive depiction of the surveillance data flow that is informative,
instructive, universally engaging, and could be applied to systems and programs of

varied scale beyond the scope of this thesis project.

The general application and effectiveness of the innovative data flow methodology and
technical diagram are apparent within the context of the CHAMPS surveillance program.
The current data flow diagram and the development methods described herein shall

serve as the foundation for the direct application and further research regarding the
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efficacy of the tool for other public health surveillance initiatives. If refined and more
broadly adopted, this data flow development methodology and the resulting artifacts
could change how public health surveillance networks are designed, communicated, and

comprehended.
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