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Geographic Data?...

* “Geographic data” are spatial data that result
from observation and measurement of earth

phenomena referenced to their locations on
the earth’s surface.

« Examples of reference locations:
longitude/latitude, street address, G-pins,
census tracts, city/county/state borders, zip
codes, known neighborhoods, polygons...




What is GIS?...

* GIS = Geographical Information Systems

« Computer-based systems for the
Integration and analysis of geographic
data.

* May be several usages of the term "GIS”
— As a technology (GPS, etc.)
— As a research field
— As a “community”




In GIS, Data Layers (or themes)...
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«Can be overlapped using a
common geographic
reference system.

*There is almost no limit to
the number and type of
layers (themes) which can be
spatially represented on
maps with data from
underlying databases.

Interesting items can be
lead the observer to open the
underlying database—even
editing the databases if
necessary while still in the
GIS program.



Examples of Data Themes/Layers

« Streets, alleys

* Lakes, rivers

» City limits, zones

» Rallroads

» Parcels of land

* Building
footprints

* Events (EMS
runs)

- ° Hospitals, clinics
M - Fire, EMS, PD
=" stations

Demographics
Elevation, land use
Crime statistics

Census tracts.
blocks, block groups

Sets of data by
graduated color and
symbols, unique
values, labels, etc.

Utilities (pipes, lines,
cable, zoning, etc.)



What Advantage Does GIS Offer?

* Visualization—the human eye...

« Somehow it Is easier to discern patterns
by looking at spatial representations

(maps) and graphs rather than columns
of figures In tables.

* Large amounts of data can be
represented at one time, and in a
g variety of contexts.




Geographical distribution of cardiac arrests
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Mean age of cardiac arrest by geography
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Fractile response times for cardiac arrest
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Spaual Vaniation and Geographic-Demographic Determinants of
Out-of-Hospital Cardiac Arrests in the Ciry-State of Singapore

Mgrcus Eng Hock Ong, MBBS (5°pore). FRCS Ed (ARE), MPH, Arul Esmest. MSc, PRO, Nur Shahidah,
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Geographic factors are associated with increased risk for out-of
hospital cardiac arrests and provision of bystander cardio-pulmonary
resuscitation in Singapore*

Marcus Eng Hock Ong**, Win Wah®, Li Yang Hsu", Yih Ying Ng*,
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Geographic factors and OHCA surviva

Bukit Batok -

Jurong East ¢
Clementi®y

Planning Areas

- RR of survival to discharge<0.9 & RR of BCPR <0.9 & RR of OHCA>1.2 (LLH)
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GEOGRAPHICAL VARIATION IN AMBULANCE CALLS IN
SINGAPORE IS EXPLAINED BY SOCIO-ECONOMIC
STATUS




What I1s Operations Research?

* Operations Research, or Operational
Research (OR), Is a discipline that
deals with the application of advanced
analytical methods to help better
decisions

* ‘management science’, ‘decision
science’




What I1s Operations Research?

« Simulation

« Mathematical optimization
* Queueing theory

« Stochastic-process models
« Markov decision processes
« Econometric methods

« Data envelopment analysis
* Neural networks

* EXxpert systems

* Decision analysis

« Analytic hierarchy process




SCDF Projected Call Volume
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Factoring for aging population- 10% elderly (Age >65 years) accounted for
35% of usage in 2011



Distribution of ambulance calls
by hour of the day
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Top 35 postal code districts with the highest number of Ambulance
Calls by time periods

Top 35 postal code districts with the highest number of Ambulance Calls by time periods
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Reducing Ambulance Response
Times Using Geospatial-Time
Analysis of Ambulance
Deployment

Marcus Eng Hock Ong, MBBS (S’pore), MPH, Tut Fu Chiam, MBBS (S’pore), MMed,
Faith Suan Peng Ng, MApp Stat, Papia Sultana, PhD, Swee Han Lim, MBBS (S’pore),
FRCS Ed (A&E), Benjamin Sieu-Hon Leong, MBBS (S’pore), MRCS Ed (A&E), Victor
Yeok Kein Ong, MBBS (S’pore), FRCS Ed (A&E), Elaine Ching Ching Tan, MBBS
(S’pore), MRCS Ed (A&E), Lai Peng Tham, MBBS (S’pore), MMed, Susan Yap, RN, and
V. Anantharaman, MBBS (S’pore), FRCS Ed (A&E), on behalf of
the Cardiac Arrest Resuscitation Epidemiology (CARE) Study Group:

ACADEMIC EMERGENCY MEDICINE 2010; 17:951-957 . 2010 by
the Society for Academic Emergency
Medicine
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Simulation Model
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SGH_Map 13072012 - ArcMap - ArcView
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The CARE Study

General Hospital
SingHealth 2 5

rﬁfj Singapore
/

Patients. At the Heart of All We Do. {=Z#
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Cardiac Arrest & Resuscitation Epidemiology
(CARE) in Singapore: Comparison of Outcomes
with Implementation of System Status Plan

Marcus Ong?!, Poon Beng Hoong?, David Matchar?,
Wang Qinan#, Zhang Zhong Cheng?, Oh Hong Choon5

1Singapore General Hospital
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3Duke-NUS Graduate Medical School
4Nanyang Technological University
5Singapore Health Services Pte Ltd
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What is the Optimum Number of

Emergency Ambulances Needed

In Singapore? A Discrete Events
Simulation Modeling Study

Zhang Zhong Cheng

Supervisors

A/Prof Huang Boray
A/Prof Marcus Ong

Cardiac Arrest and Resuscitation Epidemiology



IT’S ABOUT
UNDERSTANDING
AND IMPROVING
THE SYSTEM!

The problem of response times in
Out of Hospital Cardiac Arrest
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Th|s IS the power of crowdsourcing!
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The SCDF myResponder App

v myResponder App
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Leverage on existing I.T.

e

9-9-5 Dispatch System
National authentication
system: SingPass

OneMap for detailed map
layers

Govt Cloud Services
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Proportion of myResponder alerts that were OHCAs vs OHCAs attended by SCDF
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myR OHCA cases with responders alerted, accepting and arriving

OHCA with myR alert
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NEEEW RIS BPZEl  SINGAPORE
g€ = Dashboard

¢ Automated External Defibrillators
installed on 100 SMRT taxis
jcTIv SR The initiative is part of a three-year pilot programme called SMRT-
PO Temasek Cares AED on Wheels, which aims to increase the
1 O 1 3 2 2 8 availability of AEDs within the community
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SMRT taxi driver Simon Ngiam Shu Leng with the AED which will'be installed in
his taxi. (Photo: SMRT)
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* Witnessed cardiac arrest

survival rates have doubled
from 11.6to 21.3%

e Overall survival rates have

gone up from 3.5 t0 5.3%

* Younger patients (<65) are 2.6

times more likely to survive
than older patients (>65)



Timeline of Interventions
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e Total survivors
increased from 48
to 125.

e Bystander CPR
rates increase
from 22% to 54%

e AED use 1.8% to
4.1%

* EMS response
time gradually
increasing
8.3mins—>9.3mins



Pre-hospital Emergency Care National IT Blueprint

Manage Calls and Dispatch Manage EMS Transition and Return )m
= Early - — Conveyance Handover to - = Case Record
Diagnosis Emergency Call Dispatch Locate/Treat/Deliv =5, Return to Service Audit

= Public - . . = Planning &
&m
‘ e

Education Deployment
= Real World
Training and
Research
\Ne

Challenge of getting Challenge of
patient providing patient

identification case details in
advance to EDs

Challenge of locating patient loop to

paramedics on

“"Challenge of limited Situational™

Awareness Need for real time

“Need for greater “““Challenges at appliance status automated clinical
involvement of Operations centre updates quality audit of
community due to increased patient case

responders responsibilities Need for ED capacity for ord
getting patient to most

appropriate ED

Process/People

\Need f mergency Ambulance case

broad d network e o (e s record
capture of ambulance

for data synchronisation
S case record
communication challenges

Minimal use of
data
communications

>
(=2
o
o
=
1=
(S}
(0]
—

Reception and voice quality challenges when using VHF radio

Need for integration across PEC lifecycle

© 2014 KPMG Services Pte. Ltd. (Registration No: 200003956G), a Singapore incorporated company and a member firm of the KPMG network of independent member firms affiliated with KPMG International Cooperative 40
(“KPMG International”), a Swiss entity.



PEC Potential Solution Capabilities

Manage Calls and Dispatch Manage EMS Transition and Return )m
= Early - — Conveyance Handover to - = Case Record
Diagnosis Emergency Call Dispatch Locate/Treat/Deliv =5, Return to Service Audit
L SN - -

= Public = Planning &

Education [‘} ) &\u-' ¢ Deployment
f [ B W e : = Real World
i . Training and
4 2 ‘g Research

MOBHE Multi-channel emergency communication Clinical Event Capture and Decision Support Use of data
Application analytics for
for . - — — Education &
Symptoms Patient Geo - location Digital Integrated Data Communications TG
Identification

Public Traffic and Road Condition Integration Integrated Paramedic Mobile device UStIE Ct)f dafta
i analytics for
Mobile
icati f ; Situational’Awareness for Ambulance: Performance
Application ED Capacity Integration . . .
ppfor Real time Traffic Integration Improvement

Emergenc ; : Situational’Awareness for Ambulance:
First Responder Activator .
Automated Re - routing Use of data
AED Locator analytlc_s for
Integrated AED Registry Smart Restock for operational readiness Planning
Online
Mobile Incremental Build of Incident Case Records
Learning
Application Mobile Application for Community First " "
responder Intelligent ED Assignment

Re-training certification scheduler for
first responder

Status Board at ED

© 2014 KPMG Services Pte. Ltd. (Registration No: 200003956G), a Singapore incorporated company and a member firm of the KPMG network of independent member firms affiliated with KPMG International Cooperative
(“KPMG International”), a Swiss entity.
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PEC IT Blueprint and Analytics

Manage Calls and Dispatch f Manage EMS Transition and Return
Locate/Treat/Deliver

IV &\“) .7 k m
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Smart Ambulance Device

Electronic
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Clinical
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|=| Hospital Firewall |
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Reporting and Analytics Services e R
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Emergency Medicine

- Unigue domain of medicine that encompasses the acute care
of medical, surgical, paediatric, obstetric/gynaecological and
other emergencies

- It has also developed sub-specialty niches in:
- Pre-hospital Emergency Care

- Paediatric emergency medicine * Critical Emergency Care
- Toxicology  Resuscitation

- Emergency Trauma Care * Disaster Medicine

- Emergency Airway Management
- Emergency cardiac care

- Emergency imaging

- Observation Medicine
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Availability of Data across the spectrum of healthcare

°_
I Our Patients '

Community / Primary Acute / Secondary Tertiary / Quaternary Intermediate / Long Term

Bright

Vision
°° e

Regional
Hospitals
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SingHealth Analytics Infrastructure
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Research Standing Database

Healthcare Digital Twin Integration Framework
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Al/ Data Science models need to go beyond
validation to IMPLEMENTATION

1.
2.
3.

Research Implementation
increment Impact
Developm Internal al value of External Model Test- Scal
ent validation new validation updating assest:smen bedding cale up
(bio)mark
e Datasource ¢ From same e C-statistic e Temporal e To e Quantify e Explore * Implement
e Quality sample e Net e Geographic adjust/impr impact on context e Sustain
e Missing e Random reclassificati al ove behaviour * Adoption
data split on e Domain performanc and
o Variable o improveme (different e fo!r other deci§ion
selection Bootstrap nt population) settings or making,
ping populations health
e Need to outcomes &
undergo cost-
further effectivenes
external ° Our Goal is
validation * Comparativ .
e designs Implementatlon!

Moons et al. Heart. 2012;98(9):691-698

Data Rich with INformation and Knowledge (DRINK!)

Moons et al. Heart. 2012;98(9):683-690
Amarasingham et al. Health affairs 2014;33(7):1148-54
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Research Associate Vi l'tual Si ngapo re
PRI~ T TS Marcus.ong.e.h@

*» Data gnaly}ics & optimisation . ﬂ ‘ﬁ; .
-ﬁ?nﬁnl\ln(g::eix Computer Science A2 B e ™ = “‘. e S I n g h ea It h * CO m ) Sg

« Min. 1 year experience .

Research Associate

{ -2018-0097860) ; i A collaborative project between Nanyan

OB RE0P000) e s E:;;;:ngﬂ?:ﬂ:h Fellow Technological UI::'livlarsity, SingHaaltrll'll:- Siﬁgapum

* Modelling & simulation e ' - i Civil Defence Force, & GovTech, the Virtual

¢+ Understanding of Complexity . . = # - Ethnographic & human factors Singapore platform is a 3D virtual replica of
Science oy > o design Singapore's built Infrastructure, used to simulate,

« MSc in Applied Mathematics it % * 3D modelling & visualisation model, & enhance medical emergency response

« Min. 1 year experience | ey * Data analysis & quantitative systems. A Smart Nation initiative, it is set to

research methods transform emergency care.

A8 . _«l ¥ __4 -PhDin Psychology/Sociology
Senior Research Fellow i — e - « Min. 2 years experience
{JOB-2018-0097871) BN Y =

: T e, Project Officer
* Agent-based crowd modelling & ¢} ; - uoa-jzum-mnz?zs}
simulation 3 -
- - = Jullware Eoygimeen pusilive

#3D modelling & visualisation

+ Data analysis & optimisation. - ~ — e :g?;;;?:m;:l%ﬁ_l'gis:lajiiaf?:nymﬂn
* PhD in Computer Science .. SRR — « BASc in Computer Science I e
* Min. 2 years experience v ~TiF * Min. 2 years experience

] ]
Project Officer H I rl n g
(JOB-2018-0102230)

« Software Engineer position

+ 3D modelling & visualisation

* Programming - C++, Java, Python

* MSc in Computer Science Enguiries :

* Min, 2 years experience HgBWiE@ntu.edu.sg

Apply Now!




