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Objectives

Understand how relational database management systems work
Understand how predictive analytics are used in clinical decision making

Integrate Server Query Language (SQL) coding to develop an interactive
dashboard using Tableau

Be adventurous!



Background

Decision Support Systems (DSS) began approximately 40 years ago

DSS is an interactive process whereby data informs us to pursue certain actions
Computers, broadband internet, and large databases became practical

Complexity demanded a formal method to organize and standardize data
Data can be structured or unstructured
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Source: A Brief History of Decision Support Systems
http://dssresources.com/history/dsshistory.html



http://dssresources.com/history/dsshistory.html

Relational Database Management Systems

Data is the new olil. It’'s valuable, but if unrefined it cannot really be used.
-- Clive Humby

Databases are collections of interrelated data organized according to
a schema to serve one or more applications. A database is [...] a
collection of tables whose organization is based on the relational
model. There may be one or more databases available in each system
on the host from each product.

Relational Database Management System (RDBMS) A collection of
integrated services which support database management and together
support and control the creation, use and maintenance of relational
databases.

https://tools.ietf.org/html/rfc1697



Relational Database Management Systems

Patient Table

234632 | Smith John Howard 1234 Pacific St, Seattle, WA 98195 1/1/1955
687568 | Turner Justin 100 College Drive, Hillcrest, CA 90022 2/1/1934
436356 | Jackson Michael 1005 N. Tennesee Ave, San Francisco, CA 90056 3/1/1967
Laboratory Table
3547347 234632 Smith John Howard Chem7 2/4/2017
These are unique 6568674 || 234632 Smith John Howard LFT 5/7/2017
. oo 1234121 687568 Turner Justin Chem7 6/9/2015
identifiers for each of the 2638765 || 687568 Turner Justin Chem7 |7/21/2016
tab|es 4234525 687568 Turner Justin Lipid Panel [5/22/2017
3509876 436356 Jackson Michael Chem7 |[12/1/2017
6708765 436356 Jackson Michael Chem7 1/13/2018
6788432 436356 Jackson Michael Chem7 2/5/2018
6807853 436356 Jackson Michael Culture 2/5/2018
1244151 436356 Jackson Michael LFT 2/5/2018
Diagnosis Table
247965 234632 AA-867 2/2/2016
230780 234632 AA-867 2/2/2016
768547 234632 AA-324 3/24/2016
345676 234632 AA-452 5/23/2018
785476 687568 AA-634 9/12/2017
4654374 687568 AB-573 10/13/2017




Relational Database Management Systems

These are not unique
identifiers for each of the

tables

Patient Table

234632 Smith John Howard 1234 Pacific St, Seattle, WA 98195 1/1/1955
6875 Turner Justin 100 College Drive, Hillcrest, CA 90022 2/1/1934
434856 Jackson Michael 1005 N. Tennesee Ave, San Francisco, CA 90056 3/1/1967

Laboratory Table

3547347 234632 Smith John Howard Chem?7 2/4/2017

6568674 234632 Smith John Howard LFT 51712017

1234121 687568 Turner Justin Chem 7 6/9/2015

2638765 687568 Turner Justin Chem7 |7/21/2016

42355 687568 Turner Justin Lipid Panel [5/22/2017

3509876 436356 Jackson Michael Chem7 [12/1/2017

6708765 436356 Jackson Michael Chem7 |[1/13/2018

6788432 436356 Jackson Michael Chem?7 2/5/2018

6807853 436356 Jackson Michael Culture 2/5/2018

1244151 436356 Jackson Michael LFT 2/5/2018

Diagnosis Table

24g5 | 234632 AA-867 2/2/2016

2307 ;"‘ 234632 AA-867 2/2/2016

76854788 234632 AA-324 3/24/2016

345676 234632 AA-452 5/23/2018

785476 687568 AA-634 9/12/2017

4654374 687568 AB-573 10/13/2017




Relational Database Management Systems

Primary keys are unique identifiers that represent a single row in a table

Foreign keys are identifiers that link with a unique primary key

DiagnosisID

PatientIlD

PatientID

I—

Description
Date

LastName
FirstName
MiddleName
Address
DOB

LablD

Patient|D |

LastName
FirstName
MiddleName
LabTest
Date



VA Academic Detailing Service
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https://www.pbm.va.gov/PBM/academicdetailingservice/AboutUs.asp

SQL Server Management Studio (SSMS

File Edit View Query Window
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ER Production.ProductCostHistory

ER Production.ProductDescription

EH Production.ProductDocument

ER Production.Productinventory

ER Production.ProductListPriceHistory
EH Production.ProductModel

BB Production.ProductModellllustration

L = e

ER Production.ProductPhoto

BB Production.ProductProductPhoto
FH Production.ProductReview

ER Production.ProductSubcategory
ER Production.ScrapReason

ER Production.TransactionHistory
ER Production.TransactionHistoryArchive
BH Production.UnitMeasure

EH Production.WorkOrder

ER Production.WorkOrderRouting
ER Purchasing.ProductVendor

ER Purchasing.PurchaseOrderDetail
ER Purchasing.PurchaseOrderHeader
ER Purchasing.ShipMethod

ER Purchasing.Vendor

ER Sales.CountryRegionCurrency

EH Sales.CreditCard

ER Sales.Currency

ER Sales.CurrencyRate

FR Sales.Customer

BB Sales.PersonCreditCard

FH Sales.SalesOrderDetail

FR Sales.SalesOrderHeader

FR Sales.SalesOrderHeaderSalesReason
FH Sales.SalesPerson

FR Sales.SalesPersonQuotaHistory
FH Sales.SalesReason

FH Sales.SalesTaxRate

ER Sales.SalesTerritory

ER Sales.SalesTerritoryHistory

ER Sales.ShoppingCartltem

ER Sales.SpecialOffer
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ER Production.ProductModelProductDescriptionCulture
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=ISELECT TOP (1000) [SalesOrderID]

,[SalesOrderDetaillD]
,[CarrierTrackingNumber]
,[OrderqQty]

, [ProductID]

, [SpecialOfferID]
,[UnitPrice]

, [UnitPriceDiscount]
,[LineTotal]

, [rowguid]
,[ModifiedDate]

5 - mEpEE-.

******/

13 FROM [AdventureWorks2017].[Sales].[SalesOrderDetail]

100% ~

FH Resutts @i Messages
SalesOrderlD

W~ ; e W N =

42001 17

SalesOrderDetaillD

4911-403C-98 1
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
4911-403C-98
6431-4D57-83
6431-4D57-83
4EQA-4F8S-AE

4EQA-4F8S-AE
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» @ Query executed successfully.

CamierTrackingNumber ~ OrderQty

ProductlD  SpecialOfferlD
776 1

777
778
77
772
773
774
714
716
709
712
m
762
758
745

743
247

W

UnitPrice
2024.9%4
2024.9%4
2024.9%4
2039.994
2039.954
2039.994
2039.954
28.8404
28.8404
5.70
5.1865
20.1865
419.4589
874.794
809.76

7147043
7147042

UnitPriceDiscount  LineTotal
0.00 2024.994000
0.00 6074.982000
0.00 2024.954000
0.00 2039.994000
0.00 2039.994000
0.00 4079.983000
0.00 2039.994000
0.00 86.521200
0.00 28.840400
0.00 34.200000
0.00 10.373000
0.00 80.746000
0.00 419.458500
0.00 874.734000
0.00 809.760000
0.00 714.704300
nnn 1420 An0CNN.

rowguid
B207C96D-DSE6-402B-8470-2CC176C42283
7ABB600D-1E77-41BE-9FE5-B3142CFCO8FA
475CF8C6-49F6-486E-BOAD-AFCE6A50CDD2F
04C4DE91-5815-45D6-8670-F462719FBCE3
5A74CTD2-E641-438E-ATAC-37BF23280301
CE472532-A4C0-45BA-816E-EEFD3FD848B3
80667840-F962-4EE3-96E0-AECA108E0D4F
E9D54907-E7B7-4969-80DS-76BA6SF8AB36
AAS542630-BDCD-4CE5-89A0-C1BF82747725
AC769034-3C2F-495C-A5A7-3B71CDB25D4E
06A66921-6BSF-4193-A912-DDAFD3834728
0E371EE3-253E-4BB0-B813-83CF4224F572
419A1302-AC7A-4044-97B2-66D3D 14CD0O2E
5D0B2B03-1D4C-4C34-9696-C14C58E7301C
EDE1759E-6733-4C7B-A43F-DC6F48002D8A

FE10BF0S-D477-485B-3541-27AEB053A6D4
D12C0RIE 24CQ ANNE ONAQ D1AACEELA297

DESKTOP-JQLPCBS (14.0 RTM) | DESKTOP-JQLPCBS\mboun ...

ModifiedDate

2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000
2011-05-31 00:00:00.000

2011.0F_21.00-00-N0.NON

AdventureWorks2017 | 00:00:00

>

v

1000 rows

Tutorial link



https://docs.microsoft.com/en-us/sql/ssms/tutorials/tutorial-sql-server-management-studio?view=sql-server-2017

Writing SQL queries
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Writing SQL queries

SELECT *

FROM

°
4

SELECT DISTINCT ColumnID

FROM

°
4

[ Database] .

, Columnl
, Column?2

[ Database] .

[Schema] .

[Schema] .

[Table]

[Table]

The optimizer reads from the SELECT
statement to the terminator (; )

Checks for gross errors

Finding none, it starts on the FROM
statement and looks for the
[Database] . [Schemal]. [Table]
and binds as
[Database] . [Schemal]. [Table]

The optimizers looks at SELECT and
brings back all the columns that are in
the comma separated list



Predictive analytics

Constantly updated Machine learning Interface Outcomes
4 ) 4 ) 4 ) 4 ) 4 )
Electronic Statistical Technolo Decision
health |e——) AUSHICAL ] Vallidation [ EY |y .
model system making
record
\_ J \_ J \ J \_ J \_ J

Electronic Healthcare Predictive analytics (e-HPA) is the use of
technologies or software systems that can autonomously
employ—and sometimes reengineer, modify, or update —clinical

risk prediction models for real-time, point-of-care decision making.
-- Health Affairs (2014)



https://www.ncbi.nlm.nih.gov/pubmed/25006140

Clinical and Operational
Activities

Wearable
EHR Data Device
Data

Electronic Health Medical
Device

Information Data
Admin System(S)

/Billing
Data

Output Input

E-HPA System

Clean Data

Predict Risks
Update Dynamic Model

/ Challenges: \

Implementation
Stakeholder engagement
Local champions
Patient privacy
Interoperability
Training
Support

Funding
\ Sustainability /

Figure 1. Electronic Healthcare Predictive Analytics (e-HPA) could theoretically utilize electronic data from any source,

to clean and analyze, run and/or update predictive models , and output risk estimates back into the health

information system to trigger or monitor specific clinical and/or operational activity.

Health Affairs (2014)



https://www.ncbi.nlm.nih.gov/pubmed/25006140

Predictive analytics: Clinical application

# > Veterans Affairs > ...

Predictive analytics pointing VA to veterans at risk of
suicide

By Nicole Ogrysko
@nogryskoWFED

April 20, 2018 5:35 pm
e soshares (@) © @ = &

@ 4 min read

—-

Link


https://federalnewsradio.com/veterans-affairs/2018/04/predictive-analytics-pointing-va-to-veterans-at-risk-of-suicide/

Predictive analytics

Psychological Services In the public domain
2017, Vol. 14, No. 1, 34-49 http://dx.doi.org/10.1037/5er0000099

Development and Applications of the Veterans Health Administration’s
Stratification Tool for Opioid Risk Mitigation (STORM) to Improve
Opioid Safety and Prevent Overdose and Suicide
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Oliva (2017) Park (2004)



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2698108/
http://psycnet.apa.org/doiLanding?doi=10.1037/ser0000099

Dashboard Development
USING i+ +ableau

15 October 2018



Tableau

Business intelligence software to visualize data

Home Appliances
computers [0 55013 40
Cameras and camcorders
TV and Video
Cell phones
Audio
Music, Movies and Audio Bo..

A Good Design

Continent Country
North America China
asia 2700203 986.15 Japan [JJ]s236.424.498.11
Europe Australia
India
Iran
Turkmenistan
Syria
Pakistan
Product Category Product Subcategory Desc..

Projectors & Screens

Laptops | 593313059378

Desktops

Printers, Scanners & Fax

Monitors
Computers Accessories

Games and Toys

Product Name Manufacturer Brand Style

Adventure Works Laptop19W.. Works Works Product0301031
Adventure Works Laptop19W.. Works Works Product0301043
Adventure Works Laptop19W.. Works Works Product0301037
WWI Laptop19W X0196 Black Wide World Wide World Impx 301053
Fabrikam Laptop19 M9000 Bl.. Fabrikam, Inc. Fabrikam Product0301006
Fabrikam Laptop19W M9800 .. Fabrikam, Inc. Fabrikam Product0301001
Adventure Works Laptop19W.. Adv Works Adventure Works Product0301049

Colour

Red

Silver
Black
Black
Black

City

Tokyo

Osaka
vokohama || 35436 543 24

Sapporo

Nagoya

Kyoto

Product Name
e ——
savenurs wors Lorron. R

Fabrikam Laptop19W M9800 ..
Fabrikam Laptop19 M3000 BI..

Adventure Works Laptop19W..
Adventure Works Laptop19W..
WWI Laptop19W X0196 Black

WWI Laptop19W X0196 White
WWI Laptop19W X0196 Blue

st sacnnn

[ —

Sales Qty Unit Price Sales Amount
105 $12,990.00 $132,952.65
87 $11,691.00 $110,155.20
84 $10,392.00 $107,102.55
66 $9,093.00 $85,019.55
72 §7,693.00 $77,75425
64 §7,194.00 $76,316.35
32 $3,897.00 $41,568.00

NOT a statistical package

Profitability Overview

Total Sales

$2,297,201

Total Profit
$286,397

Profit Ratio
12.5%

© OpenStreetMap contributors

Monthly Sales by Segment - States: All
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Home
Office

$60,000
$40,000
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$0
$60,000
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$20,000
0
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$20,000
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Furniture

Office
Supplies
I | Technology
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$40,000
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$40,000
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$0
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Dashboards

A dashboard is a platform that integrates multiple datasets, data structures, and
sources into a single interface that is easily visualized and understood [1, 2]

Dashboards provide real-time surveillance of the health system’s progress giving
key personnel the ability to take corrective action

Dashboards emerged as a visualization tool that integrate balanced scorecards
with electronic health data

Decision-makers would use these dashboard visualizations to access and analyze
key performance indicators (KPIs), which were intuitive and meaningful

Since their initial development, dashboards have found application as a clinical
decision support tool


https://www.ncbi.nlm.nih.gov/pubmed/16060101
https://www.ncbi.nlm.nih.gov/pubmed/25453274

In-class exercise — Building a dashboard

Part 1: We want to perform a custom SQL query to answer the
following questions from a hypothetical database:

e How many units were sold by item type?

e How many units were sold across time by item type?

e \What was the average cost by item type?

e How much did each company purchase?

Part 2: Build a dashboard to visualize these answers



Connect to a SQL server database

http://www.sqlservercentral.com/articles/Adventureworks/99281/

AdventureWorks2012 on Azure - Hosted by Red Gate Software
and provided to the community for practice

Server: mhknbn?kdz.database.windows.net
Database: AdventureWorksz2012
User: sglfamily

Password: sqlf@mlly


http://www.sqlservercentral.com/articles/Adventureworks/99281/

Add a Connection

Microsoft Excel

Text file

PDF file
Spatial file
Statistical file

More...

Oracle

Amazon Redshift
Microsoft SQL Server
MySQL

More...

Amazon Athena
Amazon Aurora
Amazon EMR Hadoop Hive
Amazon Redshift
Anaplan

Apache Drill
Aster Database
Box

Cloudera Hadoor
Denodo

Dropbo

EX” 5OL

Google BigQuery

Microsoft SQL Server

Server: mhknbn2kdz.

database.windows.net

Database: AdventureWorks2012

Enter information to sign in to the database:

Use Windows Authentication (preferred)

(® Use a specific username

Username:  sqlfamily

Password: TYI XYY

Require SSL
Read uncommitted data

Initial SQL...

and password




Connections Add

mhknbn2kdz.da...e windows.net
Microsoft SQL Server

Database

AdventureWorks2012 v

Table
fFH Address (Person.Address)
fFH AddressType ...AddressType)
fH Alphabetical I...t of products)
fH ATest (calendar.ATest)
FH AWBUildVersion
FH bigProduct

fH bigTransactionHistory

fH BillOfMaterial...lIOfMaterials)
fFH BusinessEntit...sinessEntity)
fH BusinessEntit...ntityAddress)

FR New Custom SQL

F5 New Union

Stored Procedures pel
[=] ApplyConstraint

=] ApplyTrigger

=] AssertEmptyTable

[=] AssertEqualsString

[=] AssertEqualsTable

[=] AssertEqualsTableSchema

=] AssertLike

F=1 AcrartNhinAtNAArN D vind

B Data Source

Number of componenets sold

B3- Custom SQL Query (AdventureWorks2012) Connection Filters
® Live Extract 0 | Add
Custom SQL Query
= T3bles in the AdventureWorks2012 database
i= Sortfields Data source order v Show aliases Show hidden fields | 114 rows
#* #* #* # Abc Abc ) # 3 #
Custom SQL Query Custom SQLQuery  Custom SQL Qu Custom SQL Query Custom SQL Query Custom SQL Query Custom SQL Query Custom SQLQuery ~ Custom SQL Query Custom SQL Query
Customer ID Person ID Store ID Territory ID Account Number Rowguid Modified Date Order ID Product ID Unit Price
10309 4659 null 9  AW00010309 2E89CBEC-20C8-461...  10/13/2008 11:15:07... 10309 4 17.600(
10326 8852 null 9 AW00010326 3C3846A2-0139-411...  10/13/2008 11:15:07... 10326 4 17.600C
10336 3136 null 1 Aw00010336 5073DA44-D322-4FE...  10/13/2008 11:15:07... 10336 4 17.600(¢
10339 18292 null 4 AW00010339 74501D59-AAED-453...  10/13/2008 11:15:07... 10339 4 17.600(
10344 19667 null 1 AwW00010344 A4C164BF-F2A9-4C9...  10/13/2008 11:15:07... 10344 4 17.600C
10464 10482 null 4 AW00010464 3C24BD7E-244A-4C0...  10/13/2008 11:15:07... 10464 4 17.600C
10511 18052 null 10 AwW00010511 478F3274-BF26-4D6...  10/13/2008 11:15:07... 10511 4 22.000(
10527 15526 null 10 AwW00010527 68F50E67-957D-42F... 10/13/2008 11:15:07.... 10527 4 22.000(¢
10533 9207 null 8 AwW00010533 EC865C98-ABEB-473...  10/13/2008 11:15:07... 10533 4 22.000(
10606 9668 null 10 AwW00010606 0ACA17FE-0570-466...  10/13/2008 11:15:07... 10606 4 22.000(¢
10635 2388 null 10  AW00010635 5DCB38D2-A71C-4CE... 10/13/2008 11:15:07... 10635 4 22.000(
10636 10996 null 7 AW00010636 CEDFFDD5-E3F3-4B6...  10/13/2008 11:15:07... 10636 4 22.000(

Average price of components

Number of units purchased by c...

Number of units purchased by c...
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File Data Worksheet Dashboard Story Map Format Server Window Help

#® | € >R §-C- @'&mm' & & IF g-0 -1 & g~ 7 | o
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File Data Worksheet Dashboard Story Map Format Server Window Help

#|le >E 8 8-<

Dashboard Layout :

Device Preview

Size
Desktop Browser (1000 x8... v

[i] Averagepriceofco.. o
L] Number of units sol...

[ Number of units pur...
[@ Country-1998

[@ Country-1997

[@ Country-1996
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Objects
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E' Vertical [:| Blank
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M Image

Show dashboard title

B Data Source

Number of units sold
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Number of units sold over time

Number of units purchased by c...
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You can place the Sheet in
any area in the Dashboard
workspace. Notice the
shaded area, which
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