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Information visualization
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Numerical Categorical

Patient ID: 45851737

04/26/2010 10:00 31.03 12/02/2008 14:26 Arrival
04/26/2010 10:15 31.01 12/02/2008 14:36 Emergency
04/26/2010 10:30 31.02 12/02/2008 22:44 ICU
04/26/2010 10:45 31.08 12/05/2008 05:07 Floor
04/26/2010 11:00 31.16 12/14/2008 06:19 Exit
Time -
. A ‘u’)\m‘\q Arrival V
,'vxm_/\/lM A\ A/ ﬂ Emeérgency
\/ | ICUA
= - - Floor _
i Exit
%nl_ﬁZB 12 pm 2 pm L_J ‘ A .

) + intervals

e.g. High/Normal/Low



Prototype evolution

 [o]o}! Event Records Display
Types

LifeLines Points, Individual
Intervals
LifeLines2 Points Many Individual,
Summary
Similan Points Many Individual
LifeFlow Points Many Individual,
Aggregate
EventFlow Points, Many Individual,
Intervals Aggregate
ORACLE " Adobe @) M_\e’as'tar Washington NIH
Children's National HOSpltal Center National Institutes

of Health

THE
UNIVERSITY OF
BRITISH
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: Yale University
UNIVERSITY of MARYLAND IUF. ' School of Medicine

SCHOOL OF PHARMACY
FLORIDA
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www.cs.umd.edu/hcil/toolname



Many application domains

Electronic Health Records: symptoms, treatment, lab test
Student records: course, paper, proposal, defense, etc.

Web logs, usability logs, security etc.
Traffic incident logs: confirmed, unit arrived, lane closed etc.



A SINGLE RECORD

What is the situh

What has been done?
What should we do now?




MULTIPLE RECORDS

Are we following guidelines?

Do you have patients for my clinical trial?

Retrospective analysis:
How are opioids prescribed?
Patterns of readmissions?
Drug adverse reactions?
How can we improve care?

—__ RECORD

RECORD




A SINGLE RECORD
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s B In progress version of Lifeline Frame (not for demo purposes - Microsoft Internet Explorer - [Working Offline] WIXII@III@IE 2] %]
J File Edit Yiew Go Favortes Help ‘
J . Links @]Best of the Web @_]Channel Guide @Customize Links @Jlntemet Explorer News @]Intemet Start
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< | 2
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LifeLines — Single Patient

http://www.cs.umd.edu/hcil/lifelines
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Controlled experiment

e 306 participants used either LifeLines or Tabular display (static display only)

e Series of tests:

first impression, 31 question quiz, subjective satisfaction
questionnaire, recall test, spatial ability

& HCIL Experiment [_[o]x] ¢ HCIL Experiment [_[O]x]
j Joe Smith 11 years old Suicide Risk Revi
ews
DOB: 09/25/84 Caucasian Diabetic lew D
Whereabouts: Waxter Male Case| Review Date
- Phone: (410) 555-1212 5-4",100 Ibs 1| 315895
Joe Smith 11 years old Suicide Risk 1| 4/2/95
DOB: 09/25/84 Caucasian Diabetic 2 | 5/26/95
Whereabouts: Waxter Male Intake | Decision Court 2 | 6835
Phone: {410) 555-1212 B-4", 100 Ibs Case | Received | Alleged Offense |Severity |Decision | Date Court Finding Date Closed 3 | 61595
1 | 22085 |BaE 4 |informal| 3385 | NA 4/22/95 3 | 7n3m5
_____ Lifeline. | |__ Identification |  MedicalRecord | FeluoalionRecord | Contactinformation | Comments 2 5/4/95 | Arson 6 Informal | 51195 | NA 6/29/95 3 | 7/29/95
3 | 51985 | Auto Theft 6 |Fommal | 52895 | Guilty 6/2095 | 822/95 5| s
, 4 9/14/95 | Assault 8 Formal 9/20/95 NA
595 1095
3(95 4|f95 If sifss 7{95 3(95 9(95 10{95 i 5 10/12/95 | Drug Possession 7 NA : }gﬂggg
Cases| B&E Informal AI’SOHW Drug P Assignments Leaves
- Type Placement Severity Date(s)
AutoThettEomal_cullt Assault Formal Case | Worker Type Start Finish Tedion Drug Rehab Normal | 512895
* Jones
1 Intake 220095 | 4/22/95 Cheltenham Nomal | 612085
2 Jones Intake 5/4/95 6/29/95 .
. Jones Intake Cheltenham Critical 7/2/95
Assighments|  Jones Jones Jones g Court Court ggggg 5/28/95 Cheltenham Normal 7/3/95
ou
3 Ness Probation /2095 ggggg Cheltenham Normal 714195
Jones Court  Ness Green Court Cheltenham Normal 7/5/95
A—— 4 Green Intake 9/14/95 9/20/95
e — — 4 Court Court 9/20/95 Cheltenham Normal 8/6/95
Pl t Drug Rehab Cheltenham Waxter 5 Jones Intake 10112555 " P, noma__ 1011395
lacements| Reh: Placements Behavior Cheltenham Normal 6/22/95
Medical ] | m ] | Cheltenham Normal 7/11/95
Behavior N " Case | Placement Type Start Finish Cheltenham Nommal | 7/27/95
Educalion ] Cheltenham Normal 8/2/95
] 3 Drug Rehab Program | 5/28/95 6/9/95 Waxter Normal 10/11/95
3 Ch [ itted | 6/20/95 8/22/95
I A Waxter Normal 10/15/95
Gl 444 KKK LEKELCLE» 222200002000 @ 5 Waxter Detention | 10/10/85
i i i i i i 7 7 7 Cheltenham Normal 6/22/95
395 4795 6135 695 7m5 895 995 10/85 s Cheltenham Normal 8/16/95

Alonso, D., Rose, A., Plaisant, C., Norman, K.

Viewing Personal History Records: A Comparison of Tabular Format and Graphical Presentation Using
LifeLines

Behavior and Information Technology 17, 5, 1998, 249-262.



Strong benefits

LifeLines twice as fast for many tasks

(e.g. time interval comparison, or task across categories)

& HOIL Eaperiment

Better recall
4.3 vs 2.8 correct out of 6 questions

More accurate “1st impression”

Joe Smith

DOB: 09/25/84
Whereabouts: Waxter
Phone: (410) 555-1212

11 years old Suicide Risk
Caucasian Diabetic
Male

5-4",100 Ibs

_____ Lfeline | | identiication | MedicalRecord | EducationRecord | ContactInformation | Camments
38 495 55 55 785 i g5 10735 Lies
Cases| B&E Informal Arson InfoEal Drug P
AutoTheft Formil Guili Assault FDrmiI
Assighments|  Jones Jones Jones|
Jonescourt  Ness Green Court
—
Placements| Drug Rehab Cheltenham VWaxter|
Medical I | m ] |
Behavior | | | | |
Education | |
[& [ 444 KKK LEKELCLE» 222200002000 (6]
I | I I I | I 1 )
395 4135 6135 695 7195 895 /35 10/85 s

IIE E3

¢ HCIL Experiment

Joe Smith

11 years old Suicide Risk Reviews
DOB: 09/25/84 Caucasian Diabetic lew D
Whereabouts: Waxter Male Case | Review Date
Phone: (410) 555-1212 5-4",100 Ibs 1| 3nsm5
1| 41295
2 | 5/26/95
Intake Decision Court 2 6/8/95
Case | Received | Alleged Offense |Severity |Decision | Date Court Finding Date Closed 3 | 6/15/95
1 2/2095 | BRE 4 Informal | 3/3/95 | NA 4122/95 3| mams
2 5/4/95 | Arson 6 Informal | 5/11/85 | NA 6/29/95 3| 720095
3 5/19/95 | Auto Theft 6 Formal 5/28/95 | Guilty 6/20/95 8/22/95 3 | 814/95
4 | 91495 | Assault 8 Formal | 9/2095 | NA 5 | 9r22i95
5 10/12/95 | Drug Possession| 7 NA : }gﬂggg
Assignments Leaves
Case | Worker Type Start Finish Type Placement Severity Date(s)
Medical Drug Rehab Normal 5/28/95
1 Jones Intake 212085 | 4/22/95 Cheltenham Nomal | 6/20/95
2 Jones Intake 54195 6/29/95 Cheltenham Critical 712195
3 Jones Intake 5/19/95 5/28/95 Cheltenham Normal 7/3/95
3 Court Court 5/28%5 | 6/20/95 Cheltenham Nomal | 7/4/95
3 Ness Probation 6/20/95 8/22/95 Cheltenh N |
4 Green Intake 9/14/95 9/20/95 S onnan omna 7598
: court court 9/20/95 Cheltenham Normal 8/6/95
p Jones Intake 1011295 i Waxter Normal 10/13/95
Placements Behavior Cheltenham Normal 6/22/95
Cheltenham Normal 7/11/95
Case | Placement Type Start Finish g:e:zen:am Normal 7/27/95
eltenham
3 Drug Rehab Program 5/28/95 6/9/95 Waxter ::m:: ?:)2/;515/95
3 ch [ itted | 6/20/95 8/22/95 Waxter Nommal 10/15/95
5  |waxter Detention | 10/10/95
Cheltenham Normal 6/22/95
Cheltenham Normal 8/16/95




MULTIPLE RECORDS




Constructing the
EventFlow Overview
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EventFlow ~ e.g. Transfers within Hospital

@ EventFlow v2.2.1 | .. Distribution Options | ©3epod M
© 2015 University of Maryland
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LifeFlow v  View v Help v

Please select how to align:

() No alignment

Data Manager | Control

1 [t (A Arival (7123) [v]

| from the beginning B

Timeline | Overview

(V] A Arrival
(/I A ER
/I A ICU
™ A MC

(V] 4 Floor

] | . Exit-Alive/None
(V| A Exit-Dead

] Exit-LWBS

(] 7 4 ExitAWOL

¥ 1+ ExitDISC

S

“[Arrival> ER > " Exit-DISC"

4591 instances
65.2% of displayed data
65.2% of original data
Time to previous event
Median: 5:41:00 hrs
Mean: 8:07:05 hrs
SD: 1 days 19:08:01 hrs
Time to root: 9:30:42 hrs




Children’s Hospital in DC: Trauma Bay




Primary Survey (ABCDE)

Airway
/ ] Identify and manage

Breathing life-threatening
| conditions in a
Circulation sequential manner
Disability

\ =
Exposure

Q:)/Q Children’s National

Medlical Center,

33



Secondary Survey

O Head to

Begins once

: . Toe
Primary Survey is L
Examinati

complete and on

patient is stable

R © Children’s National
Medical Center, 34



At first... Confetti.
Need strategy to get answers

R6a " entFlow v2.1-R - D! ildrensDemo-06-26- «t (DND-ChildrensDemo-06-26
File Dataset Selection View Help

Selected: 0 patient
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- I 1 I
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(®) No alignment
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Focus:

1 1 1
Before Both After

A Advanced Options... |

(no advanced option selected)

(] automatic update Align

V] (V] A airways

(V] (V] A breathing

V][V = central pulse

(V] (V] A distal pulse

V] (V] A disability

(/][] = secondary survey
(/] (V] A blanket

MV Aiv

AL A

skip




Focusing on the first two events

84% of patients are checked in the correct order.
The most common deviation is that the breathing is checked before the airways (14% of patients)

Reversed group takes longer on average than the correct sequence

00 0 .
File Dataset Selection View Help

6s 8s 10s 12s

Zoom: 32 [ Seconds vl - e

Selected: 0 patient y All ne

. 31 Dec 1969 19:00 31 Dec 1969 19:37 =

@ .S 0ETN 3m 6m 9m 12m 15m18m 21m 24m 27m 30m 33m 36m
1 1 1 1 1 1 1 1 1

1 I 1
Hide others

[ aiign | Filter | Merge | Window |

(®) No alignment

O [+)st (A aiways v
| from the beginning

Focus:

| 1
Before Both

X Advanced Options...

(no advanced option selected)

(] automatic update Align

V] (V] A airways

(V] [¥] A breathing

[J  central pulse

[J [ A distal pulse

[J ¥ A disability

(][] m secondary survey
[[J (¥ A blanket

OV Aiv

LA A




Distributions

File Dataset Selection View Help

Selected: 0 patient

All [Hldeselochonj
e oo

[ aiign | Filter | Merge | Window |

(®) No alignment

O [ 1 st (A aiways

[ from the beginning |

7 U
L

A

—

Focus: .
1 | | |

Before Both

l X Advanced Options... J

(no advanced option selected)

(V] automatic update Align

V] ] A airways

(V] (/] A breathing

[J¥  central pulse

[J [ A distal pulse

[J ¥ A disability

(][] m secondary survey
[[J (V] A blanket

OV Aiv

LA A

[4, Distribution Options] 25 4s 65 8s 10s 125

 Zoom: 32 |5 |Seconds v |
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Adding third event type (central pulse)

3 ol 4s 8s 125 165205 245 28s 325365 40s
Selected: 0 patient ‘Zoom: 1[5 Minutes v)
[ Al ] . e seeeien / ‘ 3m 6m 9m 12m 15m 18m 21m 24m 27m 30m 33m 36m
1 1 1 1 1 1 1 1 1

| Hide others A ainways

[ aiign | Filter | Merge | Window |

(®) No alignment

O [5)st (A airways v|
| from the beginning

Focus:

1 1 | 1 | 1 1
Before Both After

| A& Advanced Options... |

(no advanced option selected)

(] automatic update Align

V] (V] A airways

(V] (V] A breathing

V][V = central pulse

[J [V A distal pulse

[J [ A disability

(][] m secondary survey
[[J (¥ A blanket

OV Aiv

LA A




Adding distal pulse

Combine the 2 pulse types

Category Name:

any_pulse

Sub-Categories:

central pulse
A distal pulse

Selected: 0 patient
Al | Hide selection |
| Hide others |

[ aiign | Filter | Merge | Window |

(®) No alignment

O [)st (A aiways v|
[from the beginning v
Focus: —

1 | 1 | | |
Both After

|
Before

| 3K Advanced Options... |

(no advanced option selected)

(] automatic update Align

V] (V] A airways

(V] (] A breathing
V][]  central pulse
V] (V] A distal pulse

[J ¥ A disability

(][] m secondary survey

[[J (¥ A blanket

OW AV A

LA A

Other Categories:

A airways

A breathing

A disability

[% secondary survey
A blanket
Aiv
A oxygen
A pupils
A temp

[ Apply || Cancel |




Graphical search & replace to remove duplicates

New Sequence Name: |<any_pulse>

(® Replace All (O Replace: 1 stMatch
(V] Allow Overlap of Matched Sequences

| Replace | | Clear | | Cancel |




81% of the patients are treated in the correct order.
The largest deviation is still the airway and breathing being out of order,

but there are also instances where the circulation is checked too early.

00 0. . . ’
File Dataset Selection View Help
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(V] [¥] A breathing

[J [V A disability
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[[J (] A blanket

OV Aiv

(J () A oxygen

[J ] A pupils

CLT A tamn




Add disability check

78% of patients treated in the correct order...

155 30s 45 1m 155

Showing: 2 2 S £ !
Selected: 0 patient ‘ '\—35 M \ll Records 215 patients 0 selected ::Hii’
: ; 31 Dec 1969 19:37
[ Al ] iide selection 3m 6m 9m 12m 15m18m 21m 24m 27m 30m 33m 36m

1 1 1 1 1 1 1 1 1 1 1 1
| Hide others A ai s
A breathir

Adi
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CLT A tamn




The average time between steps continues to be longer for the reversed airway and breathing check
groups. The time between circulation and disability checks is about 1 minute for the correct sequence and

2 minutes and 15 seconds for the reversed order group.

File Dataset

Selected: 0 patient

Al Hide selection
Hide others
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Searching with a time constraint.

See where check is taking longer than one minute

Selected: 71 patients
[ A | Hide selection |

[ aiign | Filter | Merge | Window |

°I 15s 30s 455 1m 15s 30s 455 2m

Zoom: 5 5] [Minutes
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Add secondary survey

Correct procedure drops to only 48% of patients,

File Dataset Selection View Help

Selected: 0 patient
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Other example

in collaboration with Army PharmacoVigilance Center
Analysis of prescription patterns of asthma medication
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20 case studies

15 strategies

Extraction
S1: Goal-Driven Record Extracting
S2: Goal-Driven Event Category Extracting

S3: Identifying Features Linked to Outcome
S4: Aligning

S5: Temporal Windowing

S6: Selecting Milestone Events

S7: Random Sampling of Records

Folding ° °

S§8: Temporal Folding ° ° Y Y ° ° ™

Pattern Simplification ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° )
S9: Grouping Event Categories

$10: Coalescing Repeating Point Events into One = - - o b d d d b i
S11: Coalescing Repeating Interval Events into 1 ® o [ [

$12: Converting Hidden Complex Events into 1

$13: Bucketing by Time Period e e d h

Iteration

$14: Analyzing Small Subset then Larger One L4 L4

S15: Partitioning ) [ ] o [ ]

Du et al. (2017) Coping with Volume and Variety in Temporal Event Sequences: Strategies for Sharpening Analytic Focus
IEEE Transactions Visualization and Computer Graphics



Event Analytics

Eventflow to:
review the data from individual records

search for temporal patterns of interest
summarize all the event sequences
perform data transformations

select cohorts of interest for further studies

see also lots of other projects in event analytics
e.g. workshop at IEEE Vis 2016
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e
Common question:

Comparison of 2 groups of records.
Two Eventflow side by side (hard to find differences)

000
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Cohort Comparison: Coco
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CoCo | Cohort Comparison version 0.5 About
Human-Computer Interaction Lab, University of Maryland, College Park

P-VALUE & METRIC FILTERS
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Cohort Comparison: Coco
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