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Welcome!



In this part we 
will: 

Look at public health and social determinants 
of health in the context of addressing pain 
management and the opioid use

Go over data visualization basics: 
● What is data visualization and how it

support understanding &
decision-making

● Data visualization design & cautions

Provide examples of public health 
visualizations of opioid data and social 
determinants of health



By the end of 
this part of the 
preconference 

you will 
understand:

Why it’s important for clinical sites working on 
pain management to understand what is going 
on in their communities by looking at public 
health data to complement clinical data

Basics of Data visualization – how it can  support 
understanding and decision-making 

Current examples of public health visualizations 
of opioid data and social determinants of health
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Why look at 
public health?



Pain management & opioid abuse are 
multifaceted phenomena
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Pain management & opioid abuse are 
multifaceted phenomena

Risk factors for pain
- Smoking
- Being obese
- Poor health
- Occupation
- Stress
- Poor mental health
- Low education
- Low socioeconomic status

Risk factors for opioid abuse
- Taking high daily doses of 

prescription pain relievers
- Poor mental health (e.g., 

depression, anxiety)
- Other substance abuse
- Rurality 
- Low socioeconomic status

https://www.cdc.gov/drugoverdose/opioids/prescribed.htmlhttps://www.mayoclinicproceedings.org/article/S0025-6196(14)00865-9/fulltext

Everyday lifeClinic

Diagnoses

Treatment 
plans

Episodic 
treatments

Patient history 
& 
demographics

https://www.cdc.gov/drugoverdose/opioids/prescribed.html


Clinical data only captures a fraction of the 
pain management & opioid use picture
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https://www.kff.org/wp-content/uploads/2018/05/8802-02-figure-1.png
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There are many other frameworks of 
looking at the health ecosystem 
(especially when looking at inequities)

http://www.countyhealthrankings.org/sites/default/files/styles/resour
ce_images/public/resources/CHRRmodel.png?itok=xlZ0E05O

http://www.sbccimplementationkits.org/demandrmnch/wp-content/uploads/2014/02/Theory-at-a-Glance-A-Guide-For-Health-Promotion-Practice.pdf
https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html

http://www.sbccimplementationkits.org/demandrmnch/wp-content/uploads/2014/02/Theory-at-a-Glance-A-Guide-For-Health-Promotion-Practice.pdf
https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html


There are many other frameworks of 
looking at the health ecosystem 
(especially when looking at inequities)

http://www.countyhealthrankings.org/sites/default/files/styles/resour
ce_images/public/resources/CHRRmodel.png?itok=xlZ0E05O

http://www.sbccimplementationkits.org/demandrmnch/wp-content/uploads/2014/02/Theory-at-a-Glance-A-Guide-For-Health-Promotion-Practice.pdf
https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html

Clinical factors 
only part of what 

impacts a 
person’s health

http://www.sbccimplementationkits.org/demandrmnch/wp-content/uploads/2014/02/Theory-at-a-Glance-A-Guide-For-Health-Promotion-Practice.pdf
https://www.cdc.gov/violenceprevention/publichealthissue/social-ecologicalmodel.html


Where does Public Health come in?
Public health “promotes and protects the health of 
people and the communities where they live, learn, 
work and play” https://www.apha.org/what-is-public-health

Support policy change, community education, 
safety (e.g., car seat installation, restaurant 
inspections), health services, and other functions 
that impact the all health factors including those 
associated with clinical care (especially access)

https://www.apha.org/what-is-public-health
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Where does Public Health come in?
Public health “promotes and protects the health of 
people and the communities where they live, learn, 
work and play” https://www.apha.org/what-is-public-health

Support policy change, community education, 
safety (e.g., car seat installation, restaurant 
inspections), health services, and other functions 
that impact the all health factors including those 
associated with clinical care (especially access)

Clinical care can capture some of these data and 
facilitate access to these factors (e.g., health 
behaviors) -- public health helps do this within the 
larger context of a person’s everyday life

https://www.apha.org/what-is-public-health


Individual level indicators

How does Public Health use data?
Public health data helps quantify these factors

● National data:
○ Behavioral Risk Factor Surveillance System (BRFSS)
○ Youth Risk Behavior Surveillance System (YRBSS)
○ National Health and Nutrition Examination Survey 

(NHANES)
○ National Center for Health Statistics
○ US Department of Agriculture
○ Housing and Urban Development (HUD)
○ And others (e.g., https://www.cdc.gov/DataStatistics/)

● State and local health departments
○ National Association of County and City Health 

Officials (NACHHO)
○ State departments of health

Overdose 
deaths

Prevalence of 
pain of 

conditions that 
are associated 

with pain

Substance 
use

https://www.cdc.gov/DataStatistics/


Community level indicators

How does Public Health use data?
Public health data helps quantify these factors

● National data:
○ Behavioral Risk Factor Surveillance System (BRFSS)
○ Youth Risk Behavior Surveillance System (YRBSS)
○ National Health and Nutrition Examination Survey 

(NHANES)
○ National Center for Health Statistics
○ US Department of Agriculture
○ Housing and Urban Development (HUD)
○ And others (e.g., https://www.cdc.gov/DataStatistics/)

● State and local health departments
○ National Association of County and City Health 

Officials (NACHHO)
○ State departments/agencies of health

Access to care and 
health insurance

Use and access to healthcare

Interpersonal factors

Substance abuse services 
& prevention activities

Policy

Poverty

Housing

https://www.cdc.gov/DataStatistics/


How does Public Health use data?
Data quality issues: Some data is collected 
yearly and some monthly or quarterly, lack 
of data from underrepresented and rural 
populations
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yearly and some monthly or quarterly, lack 
of data from underrepresented and rural 
populations

One way to overcome data quality issues and 
limitations of looking at clinical data alone 
and public health data alone is trying to find 
ways to bridge the two

● Support data exchange between 
clinical sites and public health

● Support social determinant of health 
data to be collected in clinical sites



How does Public Health use data?
Data quality issues: Some data is collected 
yearly and some monthly or quarterly, lack 
of data from underrepresented and rural 
populations

One way to overcome data quality issues and 
limitations of looking at clinical data alone 
and public health data alone is trying to find 
ways to bridge the two

● Support data exchange between 
clinical sites and public health

● Support social determinant of health 
data to be collected in clinical sites

OCHIN (Oregon Community Health Information Network)
Development of electronic health record (EHR) 
tools for collecting, reviewing, and acting on 
patient-reported social determinants of health 
(SDH) data in community health centers (CHCs).
https://ochin.org/  

https://ochin.org/


What are ways in which Public Health 
leverages data to understand and address 
issues like pain management & opioids?



What is data 
visualization?
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What is data visualization
No established definition

In general, data visualization is using visual 
encodings to represent data or information

Combination of cognitive & perceptual science, 
biology of vision, design & art, computer science 

https://static1.squarespace.com/static/57adc8101b631b66ecf30e1b/t/57ad
d2805a655b44d8f734df/1471009467208/tumblr_lcn7j2UpBF1qdipdoo1_12
80.png



What is data visualization
No established definition

In general, data visualization is using visual 
encodings to represent data or information

Combination of cognitive & perceptual science, 
biology of vision, design & art, computer science 

Aids in our “understanding of data by leveraging 
the human visual system's highly tuned ability to 
see patterns, spot trends, and identify outliers”
http://queue.acm.org/detail.cfm?id=1805128

What patterns do 
you see?



What is data visualization
No established definition

In general, data visualization is using visual 
encodings to represent data or information

Combination of cognitive & perceptual science, 
biology of vision, design & art, computer science 

Aids in our “understanding of data by leveraging 
the human visual system's highly tuned ability to 
see patterns, spot trends, and identify outliers”

Addresses cognitive limitations in memory, 
calculating, seeing trends within raw data

https://web.stanford.edu/class/cs101/table-spreadsheet.png
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the blue castle 
than the red?



What is data visualization
No established definition

In general, data visualization is using visual 
encodings to represent data or information

Combination of cognitive & perceptual science, 
biology of vision, design & art, computer science 

Aids in our “understanding of data by leveraging 
the human visual system's highly tuned ability to 
see patterns, spot trends, and identify outliers”

Addresses cognitive limitations in memory, 
calculating, seeing trends within raw data
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What is data visualization
No established definition

In general, data visualization is using visual 
encodings to represent data or information

Combination of cognitive & perceptual science, 
biology of vision, design & art, computer science 

Aids in our “understanding of data by leveraging 
the human visual system's highly tuned ability to 
see patterns, spot trends, and identify outliers”

Addresses cognitive limitations in memory, 
calculating, seeing trends within raw data

Can support decision making



How do we create 
visaulizations for 
dashboards to support 
decision-making?



Identify purpose of how 
user uses data Analyze

Understand

Persuade



Analyze
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raw numbers and find 

patterns in data



Analyze

Basic understanding of 
raw numbers and find 

patterns in data

“Among all children the percent of 
those who are obese is between 

about 12 and 18%. 
There are greater percentages of 
boys than girls who are obese at 

all ranges.”



Analysis with context

Use reference ranges, 
benchmarks, indicators, 

etc to bring more 
meaning to the 
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Analysis with context

Use reference ranges, 
benchmarks, indicators, 

etc to bring more 
meaning to the 

visualization

Understand

https://www.healthypeople.gov/2020/topics-objectives/topic/nutrition-and-weight-status/objectives

Objective NWS-10.3

Reduce the proportion of 
adolescents aged 12 to 19 years 

who are considered obese

Target: 14.5%



Analysis with context

Use reference ranges, 
benchmarks, indicators, 

etc to bring more 
meaning to the 

visualization

Understand

https://www.healthypeople.gov/2020/topics-objectives/topic/nutrition-and-weight-status/objectives

Objective NWS-10.3

Reduce the proportion of 
adolescents aged 12 to 19 years 

who are considered obese

Target: 14.5%

“The prevalence of boys who are 
obese is further away from the 

target value than girls, 
therefore…”



Visual representation 
that is engaging  and 

provides elements 
needed to make a 

decision and compels 
someone to take action

Persuade
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Visual representation 
that is engaging  and 

provides elements 
needed to make a 

decision and compels 
someone to take action

Persuade
We need interventions to 

reduce obesity among 
teenage boys

About 20% of boys 12-19 years old are obese

This percentage is above the CDC target of 14.5%



Analyze

Basic understanding of 
raw numbers and find 

patterns in data

Understand Persuade

Analysis with context

Use reference ranges, 
benchmarks, indicators, 

etc to bring more 
meaning to the 

visualization

Good target audience: 
Practitioners who are 

decision-makers

Good target audience: 
In-house analysts

Good target audience: 
Community members & 

Policy-makers

Visual representation 
that is engaging  and 

provides elements 
needed to make a 

decision and compels 
someone to take action



What are examples of 
PH visualizations and 
dashboards?



More and more examples are coming out 
especially regarding opioids

Purpose of most: to analyze 

Little information available beyond just the data 
(often presented in maps)



https://www.doh.wa.gov/DataandStatisticalReports/HealthDataVisualization/OpioidDashboards

https://www.doh.wa.gov/DataandStatisticalReports/HealthDataVisualization/OpioidDashboards


https://opioidmisusetool.norc.org/



CDC dashboard
https://www.cdc.gov/nchs/data-visualization/index.htm 

https://www.cdc.gov/nchs/data-visualization/index.htm


http://www.countyhealthrankings.org



PolicyMap.com



Institute for Health Metrics and Evaluation (affiliated with UWash | Global 
Health) http://www.healthdata.org/results/data-visualizations 

http://www.healthdata.org/results/data-visualizations


PHAST: Public Health Activities & Service Tracking (based @UWash) 
https://phastdata.org 

https://phastdata.org


Examples in the medical literature
https://www.ncbi.nlm.nih.gov/pubmed?
term=((public%20health)%20AND%20vi
sual*)%20AND%20dashboard 

https://www.ncbi.nlm.nih.gov/pubmed?term=((public%20health)%20AND%20visual*)%20AND%20dashboard
https://www.ncbi.nlm.nih.gov/pubmed?term=((public%20health)%20AND%20visual*)%20AND%20dashboard
https://www.ncbi.nlm.nih.gov/pubmed?term=((public%20health)%20AND%20visual*)%20AND%20dashboard


SHARE-NW
Currently in year 2 of 5

Developed paper prototypes of 
visualizations to include in dashboard
Meeting with potential end users for 
them to give feedback on the 
visualizations

Pulling from current dashboard 
examples, visualization literature, and 
user needs assessments

Also developing trainings to support 
use of the dashboard and 
understanding about health 
disparities



What are some 
nuts and bolts of 
data viz I need to 
make my 
dashboard?



Data viz nuts and bolts

Data types

Color

Avoiding bias and misleading visualizations
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Data types

Color

Avoiding bias and misleading visualizations



Data types
How variables are classified in 
programing languages

Also important when we develop 
visualizations



How you can visualize data is dependent on data type

Quantitative
● Numeric
● Interval: location of zero is arbitrary

○ E.g., Dates, latitude 
● Ratio: zero fixed

○ E.g., Counts, amounts ($), physical 
measurements (length)
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How you can visualize data is dependent on data type

Quantitative
● Numeric
● Interval: location of zero is arbitrary

○ E.g., Dates, latitude 
● Ratio: zero fixed

○ E.g., Counts, amounts ($), physical 
measurements (length)

Nominal
● Categorical without order
● Includes binary categories (e.g., no/yes)
● Examples: Ethnicity, diagnosis

Ordinal
● Categorical with order
● Examples: Educational attainment



Why do data types matter?
Data types help us figure out which types of 
visualizations are appropriate 



Recommendations based on research
● Based on previous research 

there are several 
recommendations based on 
the type of data you’re using 
and number of variables 
you’re using

● We will focus looking at 1-2 
variables but these 
recommendations can be 
extended to looking at 3 or 
more variables

WS Cleveland, R McGill. Graphical perception: Theory, experimentation, and application to the development 
of graphical methods. Journal of the American statistical association. 1984;79(387):531-554.

http://vis.stanford.edu/files/2010-MTurk-CHI.pdf



Recommendations based on research
1. 1 or more nominal or ordinal 

variables: 
X-axis: variables
Y-axis: n or %’s

This table tells you the 

makeup of your sample 

Use this to see if there are 

over/underrepresented 

groups and how your 

sample compares to a 

similar population



Recommendations based on research

This histogram tells you 

the distribution of the 

values for a variable

Use this to see if the 

distribution is normal 

which informs your 

statistical analyses 

1. 1 or more nominal or ordinal 
variables: 
bar chart

2. 1 quantitative ratio variable: 
histogram



Recommendations based on research
1. 1 or more nominal or ordinal 

variables: 
bar chart

2. 1 quantitative ratio variable: 
histogram

3. 1 quantitative ratio variable 
and years: line graph



Recommendations based on research
1. 1 or more nominal or ordinal 

variables: 
bar chart

2. 1 quantitative ratio variable: 
histogram

3. 1 quantitative ratio variable 
and years: line graph

4. 1 quantitative ratio variable 
and 1 nominal or ordinal 
variable: 
bar chart

This bar tells you if there are 

differences between groups



Recommendations based on research
● Visualization experts tend to 

discourage use of pie charts 
unless you have few (2-4) slices 
and they are easy to tell apart

● People may use pie charts 
because

○ They’re Widely used
○ Often one of the top 

recommended visualization 
options in programs

● Instead: use a bar chart
○ Quicker more accurate 

understanding of the same data

More accurate

Less accurate
http://vis.stanford.edu/files/2010-MTurk-CHI.pdf



ht
tp

s:
//p

bs
.tw

im
g.

co
m

/m
ed

ia
/D

Y
Q

Tj
Y

tU
8A

E
LA

Y
8.

jp
g



ht
tp

s:
//p

bs
.tw

im
g.

co
m

/m
ed

ia
/D

Y
Q

Tj
Y

tU
8A

E
LA

Y
8.

jp
g



Data viz nuts and bolts

Data types

Color

Avoiding bias and misleading visualizations



Color

We could spend the whole day talking 
about the biology, psychology, and 
cultural conceptualizations of color

We will focus on two things that are 
often things to consider in PH data viz
1. Color vision inclusiveness
2. Gradients



Color vision inclusiveness
Color blindness can affect a person’s ability to see 
certain colors (usually green and red)

http://blog.usabilla.com/wp-content/upl
oads/2015/11/colorblind_01_03-1.jpg

https://medlineplus.gov/colorblindness.html



Color vision inclusiveness
Color blindness can affect a person’s ability to see 
certain colors (usually green and red)

This can be an issue given that many visualizations 
use red and green to indicate bad (red) or good 
(green) related to western cultural norms

https://www.ncbi.nlm.nih.gov/pubmed/26174865



Color vision inclusiveness
Color blindness can affect a person’s ability to see 
certain colors (usually green and red)

This can be an issue given that many visualizations 
use red and green to indicate bad (red) or good 
(green) related to western cultural norms

Solutions:
● Use safe colors like orange and blue
● Engage potential users of your viz to see if 

color selection is an issue based on ability to 
see colors and cultural cues about what the 
colors mean

http://blog.usabilla.com/wp-content/upl
oads/2015/11/colorblind_01_03-1.jpg

There are many resources on color in viz if you want to learn more
E.g., Chapter 4 of 
https://www.amazon.com/Information-Visualization-Third-Interactive-Technologies/dp/0123814642

https://www.amazon.com/Information-Visualization-Third-Interactive-Technologies/dp/0123814642


Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value
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Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value

Problem: Hard to tell 
differences in colors

http://thelens.news/2016/02/26/data-visualization-key-washington-state-public-health-indicators/

What’s the 
difference between 
those two colors? 

Does that 
difference matter?



Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value

Problem: Hard to tell 
differences in colors

http://thelens.news/2016/02/26/data-visualization-key-washington-state-public-health-indicators/

Where is this 
county on the 

gradient? 
Does that position 

on the gradient 
have meaning? 



Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value

Problem: Hard to tell 
differences in colors

Solution: Use one 
color with steps that 
differ in saturation and 
that have meaning Below state 

average
At state 
average

Above state 
average

Rationale:
State average 
(compare to 

what’s “normal”)



Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value

Problem: Hard to tell 
differences in colors

Solution: Use one 
color with steps that 
differ in saturation and 
that have meaning 1st tertile 2nd tertile 3rd tertile

Rationale:
Equal 

proportions 
across steps 

(statistical 
basis)



Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value

Problem: Hard to tell 
differences in colors

Solution: Use one 
color with steps that 
differ in saturation and 
that have meaning 0% uninsured

(Healthy People 
2020 Goal)

>0& and <17% 
uninsured (between 
Healthy People 2020 
Goal and baseline)

>17% uninsured 
(exceeding Health 

People 2020 
baseline)

https://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Access-to-Health-Services/data

Rationale:
Based on if 
meeting a 
target or 
baseline



Gradients
Often the default for 
quantitative variables 
to use a color gradient 
to indicate a 
quantitative value

Problem: Hard to tell 
differences in colors

Solution: Use one 
color with steps that 
differ in saturation and 
that have meaning 0% uninsured

(Healthy People 
2020 Goal)

>0& and <17% 
uninsured (between 
Healthy People 2020 
Goal and baseline)

>17% uninsured 
(exceeding Health 

People 2020 
baseline)

https://www.healthypeople.gov/2020/leading-health-indicators/2020-lhi-topics/Access-to-Health-Services/data

Gradient takeaways

Use steps instead of gradient

3-4 steps best (people can’t tell differences 
between steps if more than 4)

Use 1 color for single variable and change 
saturation (light to dark)

Have rationale for steps



Data viz nuts and bolts

Data types

Color

Avoiding bias and misleading visualizations



Misleading viz Visualizations can consciously or 
subconsciously be misleading 





Data visualization



They’re everywhere



Visualizations, like sats, can be used to mislead
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…or to look pretty



…or to look pretty









Even if a program 
makes a viz for 
you, it doesn’t 
mean that viz 
makes sense

The program can 
make a viz it will 

but it won’t tell you 
*if* that viz should 

be made

Programs rely on 
*you* to make the 

decision about what 
should be made into 

a viz

With visualizing data comes great responsibility



Categorical

Example: 
Not paying 
attention to 
data types

Scatterplot of 
race and gender

NOT APPROPRIATE!

Can only make scatter 
plots with 2 quantitative 

variables

Can lead to erroneous 
interpretations!

Men WomenBinary 
Gender 
Identity

Race
Categorical

White

Black

American Indian/ 
Alaska Native

Asian



Example: 
Not paying 
attention to 
data types

This is appropriate!

Bar charts

Men Women
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Maps/Choropleths

Uba Bacoknja 2017



Maps

Often used to show disease 
prevalence or incidence



Maps

Often used to show disease 
prevalence or incidence

https://www.cdc.gov/obesity/images/data/brfss_2016_obesity-overall.jpg

Prevalence of Self-Reported Obesity Among U.S. 
Adults by State and Territory, BRFSS, 2016
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When used well:
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○ E.g. relationship between asthma 
prevalence & pollution-causing 
factors like factories

● Allows investigators to see how 
geography impacts health
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Color indicate ranges

When used well:
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space/context-related issues
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prevalence & pollution-causing 
factors like factories

● Allows investigators to see how 
geography impacts health

What do you think about 

this use of a map? 

Is it u
sed well?

Could be more appropriate if 
looking at regional-level 

segregation and physical 
access to resources that 

relate to social determinants 
of health which can impact 

life expectancy



Making maps

Determine if a map is the best way to 
represent your data: 

● Do your data relate to geographic, 
built environment, and other 
space/context-related issues?

● What other geographic features 
would you need to add to give the 
context you need to make sense of 
the map?

Cascades?

Factories in Tacoma?



Making maps

Be careful when choosing your 
ranges & colors indicating ranges

● Use 1 color if possible
○ Blue often recommended 

● Just change the saturation 
○ e.g., light blue to dark blue

● Try to have as few bins (i.e., 
ranges) as possible 

○ 2-4 ideal
○ Have the bins be purposeful

■ Equal distribution 
between groups

■ Groups based on 
accepted standards 
or norms

Do these groupings make sense? 

Can they help you understand the 

situation or m
ake a decision?

Which are 76-79 and 

which are 80-83?
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● Understanding pain management and opioid abuse 

also requires looking outside the clinic to public health
● Data visualizations included in data dashboards can 

help support understanding and decision-making
○ There are more and more examples of PH 

dashboards with visualizations of data related to 
factors associated with pain and opioid addiction

● These visualizations should be carefully constructed 
using informed design decisions -- bad design can 
impact understanding of the data and lead to 
wrong/bad decisions
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Any final thoughts, 
questions, reactions?



Thanks!
backonja@uw.edu


