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What Makes a “Good” Assessment?

* Measures what it is supposed to

* Doesn’t measures what it says it doesn’t

* Repeatable

» Same result regardless of who gives the assessment (consistent)
* Other factors??

COSMIN Standards

COnsensus-based Standards for the selection of health status
Measurement INstruments




COSMIN standards v

Internal Consistency — Does the test measure what it is meant to?
Reliability — Does the test provide stable, consistent results?
* Over time, between administrators, across items in the test
Measurement Error — Difference between the measured value and its true value

Content Validity — How well the test measures the behavior for which it is intended
* Correspondence between test items and symptoms

Structural Validity - How well the questionnaire score reflects the construct being
measured

Hypothesis Testing — Test the size and direction of effect in a random sample
Cross-cultural Validity — Can the test be used in different populations and cultural groups
Criterion Validity — How well the tool measurements compare to the ‘gold standard’

Responsiveness — The ability of the tool to detect change over time in the measured
construct

Reliability

* “The degree to which the result of a measurement, calculation, or
specification can be depended on to be accurate.”

* Internal Reliability
* Consistency of results across items within a test

* External Reliability
* Extent to which a measure varies fro use to anotl
 Test re-test: stability of test over time
* Inter-rater: consistent results across different independent raters
* Inter-method reliability: consistent results with other tests/instruments used

* Reliability does not equal validity

How to Evaluate Reliability

Internal reliability/consistency — Cronbach’s alpha
* Used to determine if the designed test accurately measures the variable of interest

Reliability (correlation) coefficient — correlation between 2 or more variables
* 0.9-1.0 — excellent reliability
* 0.8-0.9 — good reliability
* 0.7-0.8 — acceptable reliability
* 0.6-0.7 — questionable reliability
Test-re-test — correlation between two or more separate occasions
Inter-rater — correlation between scores from two or more administrators

* Note: high correlation does not ensure the test is administered correctly, only that the test is
being measured the same

The more items in the test, the larger the sample needed
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Validity
* “The extent to which a test accurately measures what it is supposed to measure”

+ Content Validity
what it was designed to measure
r ed mainly on kno

Face Validity
* Ability of an instrument to be understandable and relevant for the targeted population

terion-related Validity
+ Useful for predicting a person’s performance on an external criterion measure
. core on test A pre: in test B

Construct Validity
The degree to which a test measures what it claims to be measuring
The appropriateness of the inferences made on is of observations or measurements
Content Validity — The degree to which an assessment is relevant to or representative of the targeted
construct it is designed to measure
- Enables instrument to make meaningful and appropriate infes » th
Concurrent Validity - Measures how consistent the results are compared to other already validated tests
ive Validity - The extent to which test predicts score on some criterion measure

How do we Determine Validity

* “The extent to which a test accurately measures what it is supposed
to measure”

* Concurrent Validity: Correlation with existing test measuring same
construct

* Content Validity: Expert Opinion, Cronbach’s alpha
* Predictive Validity: Correlation with predicted outcome

* Need to make sure that you have a large e h sample

Relationship between Validity and Reliability

If a test is unreliable, it cannot be valid
For a test to be valid, it must be reliable
Just because a test is reliable, does not mean it will be valid

Reliability is a necessary but not sufficient condition for validity

High alpha does not guarantee construct of interest is being measured or
that important concepts are not missing

High test-retest reliability does not imply that all items are relevant or that
important concepts are not missing
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Examples: o~ @ :
* Every day for the past year, : &/

your scale at home says

that you weigh 200 lbs. At Rikemiysmerktiboter S ettt sttt
the doctor’s office, you od sttempts are unfocussed 9ot simast the same (but wrong) results

weigh 150 Ibs.

* Is your home scale
reliable?

* Is your home scale valid?

Falrly valld but not very reliable Valid and reliable
The research mothods hit the aim of the The research methods hit the heart of the
study fairly closely, but repeated attempts research aim, and repeated attempts ail hit
have very scattered results (not reliable) in the heart (similar results)

Examples:

* You and a colleague are testing a new device to measure
temperature. You each take temperatures with the new device and
the “gold standard” thermometer.

* You get different values than your colleague and the values you
obtain change on the same person between week 1 and week 2

* Does the new test have good external reliability? Internal reliability?
Test-retest reliability? Inter-rater reliability?

* Is this new measurement for temperature valid?

Reliability and Validity: What'’s the Big Deal?

* Validity is important because if the test does not measure what it is
intended to, then the results cannot be used to answer that question
* The results cannot be used to generalize the findings
* Ensures that results can be used effectively

* Reliability is important because if the results are inconsistent across
time or administrators, then changes in the test result cannot be
trusted — uncertain if change in outcome due to test or actual change
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Sensitivity & Specificity

* Measures of classification accuracy
* Sensitivity: True positive rate
* Proportion of actual positive that are correctly identified as such
* Specificity: True negative rate
* Proportion of actual negatives that are correctly identified as such
* Positive Predictive Value
* Percentage of patients with a positive test who actually have the condition
* Negative Predictive Value
* Percentage of patients with a negative test who do not have the condition

Evaluating Sensitivity & Specificity

» Want high sensitivity and high specificity

* Sensitivity = true positive / (true positive + false negative)
* Specificity = true negative / (true negative + false positive)
* PPV = true positive / (true positive + false positive)

* NPV = true negative / false negative + true negative)

Disease present Disease absent

9/10/19

2P 5P
I Test negative S (FN) am)
Sensitivity: Specifcity.
o/ (as0) o o+
77 Truo posiive. 7P False posiive. PN Falss nogaiive. TN Truo nogaive

08

TER (Sensitvity)
04




9/10/19

Sensitivity and Specificity:

Why Do They Matter?

* If a test claims 100% sensitivity, it may not be very specific and
provide a large number of false positives

* Tests and screening tools should be as accurate as possible,
particularly when it governs who gets intervention or treatment

The Importance of Good

Study Design

Factors to Keep in Mind in your Own Studies

Process of Research Inference

Population of Interest 14 _5”
& AQu

1. Draw Sample from
P

sssmsmam
2. Calculate
Measurements on
Sample

POI = population of interest




9/10/19

dy Design Basics

* Multiple types of study designs
« All aimed at answering some sort of specific topic or question
« Study design will depend on the question you want to ask and the
type of data you will be collecting or have already
* Question needs to be clearly defined
* Outcome needs to be measurable
* Each type of study design has strengths and limitations
* Vary in terms of bias and overall strength

Study Design

DEFINE " o
4. Characterize POI i
POPULATION ammEE Estimate and Test
Population Parameters

DEFINE
QUESTION

13
8
5
S
5
3
g
5

IDENTIFY WHICH

MEASUREMENTS |  Collect Data from
ARE NEEDED TO sample sEmams

2. Calculate
ANSWER Measurements on
QUESTION Sample

POI = population of interest

Types of Study Design

* Classified broadly based on two characteristics:
1. Time period in which the data is collected
2. Employ an experimental treatment




udy Design

Present Future
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* Prospective — subjects recruited and

‘pro”
data collected on subsequent events Cross-sectional Study

* Retrospective — subjects recruited and

data is collected on prior events or g Dospective Gotort Sty >

exposures Retrospective Cohort Study,

* Cross-Sectional — subjects recruited
and data collected at a single fixed Case-Control Study

time point, rather than multiple time
h > Dirwcton of Wrvesigaton i Tems
points % Start of Investigation

udy Design

* Experimental —impose a oyl bt
treatment/intervention and collect
information on responses.
) o Exporimental Studies hssrvationsi Studies
* Aims to determine if treatment affects ¢ " iarpiasetior
response L]
* Can only be done prospectively Uecnkansd) [comvheTie
* Observational — observe the individuals and
collect variables of interest
+ Do not impose any condition on the subjects
* Can be prospective, retrospective, or cross-
sectional

“Any proof of effectiveness cannot be obtained

from a non-randomized study™
Key Concepts Norum tal, 2012 ’

Bias - any influence that acts to make the observed results not actual\y representative of the true
results. Can occur in te design, conduct, or interpretation of the stud
. I an study involving patient interviews, could bias the results by asking \eadmy questions or chang
tone of voice that might influence the
“Do you have difficulty finding your mom in th
“Yo imes have difficulty finding your ma
Variability — spread of outcomes between or within individuals
* High variability can make it difficulty to draw conclusions because it can mask the differences between groups
Randomlzatlon participants are randomly assigned to groups
heads or tails

Blinding — mask the identity of the assigned group/intervention
I trial, usually the patient and the physician are not aware which group that individual is
Placebo effect — beneficial response produced by a pla‘cebo that are due to the patient’s belief in

the treatment, rather than the treatment/placebo itself
* E.g. controls for Drug A given a sugar pill, but still improve in symptoms




Experimental Study:
Randomized Control Trial (RCT)

* Gold Standard in study design
* Reduces bias (affects accuracy)
* Reduces variability (affects precision)
* Sample from population is randomly assigned to
groups
* e.g. treatment and control, treatment 1 and 2, etc.
* Randomization is very important!
* Helps ensures that potentially confounding effects are
balanced between the groups

* Can more safely assume that difference in outcomes
attributed to treatment

* Enables cause and effect relationship to be drawn
* Prospective, randomized, and comparison group

Experimental Study:
Cross-Over Design

* In Cross-Over Design, each subject receives all
treatments
* Enables comparisons within and between groups
* Subject can serve as their own control because they
are part of both groups
* Repeated measures: measure outcomes before
and after the switchover

» Sometimes unethical for one group not to
receive the treatment

* OR want each subject to serve as their own
control

Observational St

* Ecological

* Cross-Sectional
* Cohort

* Case-control

SAMPLE FROM
POPULATION OF
INTEREST

RAND! TION

Group 1 Group 2

\ 4 \ 4

OUTCOMES OUTCOMES

S s’

Compare outcomes
between groups & draw
conclusions about Tx

SAMPLE FROM
POPULATION OF
INTEREST

N

RANDOMIZATION

Group 1 Group 2
™ ctl
| 1

OUTCOMES ouTCOMES

Group 1 Group 2
ctl ™

OUTCOMES OUTCOMES
~ -

Compare outcomes between
& within groups,
draw conclusions about Tx
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Observational Study Type
Ecological Design

* At least 1 variable measured at a population or group level, rather than at
the individual level

* E.g. Relationship between per capita preterm birth and prevalence of visual
impairments across regions in the USA

* Per capita preterm birth: ecological variable
* Cases of visual impairment per 1,000 within the region is group data because region, rather
than individual information

* Often used to monitor population health

* can make large-scale comparisons (e.g. between countries, states,
provinces)

* Can study relationship between population-level exposure to risk factors
and disease

Observational Study Types:
Cross-sectional Design

* Measure outcome and the exposure in the participants at the same
time at a single time point
* Assessing prevalence of condition
* Population-based surveys
* Calculate odds ratios (e.g. males have a higher odds of having a beard)

’ Participants Study the Estimate the prevalence
recruited based on exposure and (of outcome and exposure

inclusion and outcome at the as well)

I exclusion criteria same time Calculate odds ratios

Observational Study Types:
Cohort Design

* Evaluate the effect of exposure (e.g. exposure to
radiation, presence of a genetic factor, etc.) on
the outcome of interest (e.g. incidence of cancer)

Prospective: Recruit subjects and collect baseline
exposure data before any subjects have
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developed the outcome of interest
* E.g. Framingham Heart Study, Nurses Health Study

Retrospective: Recruit subjects and collect data
after exposure and compare outcome of interest

* E.g. Comparing the incidence of cancer in the Smith
family between those with and without genetic factor

10
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Observational Study Type
Case-Control Design

Observational Study Designs: Case Control vs Cohort

» Compare a group of subjects with condition
and those without the condition and
compare the level of exposure to factors of
interest

« Suggests an association between the level of
exposure and the condition of interest

* E.g. Recruit group of patients with cancer and
those without and evaluate differences in
lifestyle factors between the groups that may
be associated with cancer (e.g. smoking)

Summary

Design Type Strengths Limitations

Can be time

Control Trial Prospective Comparison Group,  consuming and
can apply different  expensive, not ethical
treatment designs for all situations

Ecological Observational Useful for hypothesis Findings for group may
generation not apply to individual

Cross-Sectional Observational Faster and less Cannot determine
expensive than trends over time
cohort studies

Observational, ~ Can asses temporal Difficult for rare
Prospective changes diseases or long
latency periods
Case-Control Observational, Useful for rare Could be recall or
Retrospective outcomes misclassification bias

udy Design Overview

—

Filtered " systematic
. / Reviews

Meta-analysis

Randomized @
Controlled Trials KN

Cohort Studies.

Case control studies
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Summary of Things to Keep in Mind W
Evaluating the Results of Studies

* Association is not causation
* Importance of reproducibility

* Isolating effects with control and experimental groups

* Learning effects (doing anything twice will likely make you better)

* Unbiased, “blinded” assessment — staying objective
* The power of a big ‘n’ (large sample sizes matter)

Tools for CVI

Applying a Critical Eye to CVI:

Questions to Ask Yourself When Evaluating a Study or New Tool

Does this study use:

« Treatment AND control groups?

*+ Controlled intervention:

+  Adequate statistical analysi:

* Evidenc ed approache:

* Clear and measurable outcomes?

Does this tool have
* Clear and m ble outcomes?
*  Evidence-based de:

+time, betw
+ Content Validity?
- itis intended to
« Structural Valid
- efe tbeing measured
+ Cross-cultural validity?
. it appropriate to use in my population?
« Criterion validity?
+ How does it compare against the “gold standard
* Responsiveness
meaningful cha

* Canit be used to test a hypothe:

9/10/19
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The Challenge with CVI...

Before we can gauge the efficacy of an intervention on a specific skill,
we first need to empirically determine the baseline level of function.
Otherwise, it is unclear whether there was actual (rather than
perceived) improvement

* Need sensitive and specific empirical tests

* Need targeted interventions or compensatory strategies for different aspects

of visual processing
* Outcomes cannot be the same as the intervention

* But, we need effective tools and intervention strategies now (or n
years ago)

CVI Range

+ “Designed to evaluate the degree of effect of the unique visual and behavioral
characteristics [0f CVI]” (Roman Lantzy and Lantay, 1vIB, 2010)

* Has been used to “monitor changes in functional vision status’ man Lantzy and Lantzy

+ 10 characteristics found to be descriptive of brain-based rather than ocular-based visual
impairment in infants and young children
Color preference
Need for movement
Visual latency
Visual field preferences
Difficulties with visual complexity
Need for light
Difficulty with distance viewing
Atypical visual reflexes
Difficulty with visual novelty
Absence of visually-guided reach

RESEARCHARTICLE

The 5 Questions Towards population screening for Cerebral
Visual Impairment: Validity of the Five
« 5 questions from the CVI Inventory, Questions and the CVI Questionnaire
found to be particularly discriminating,
while screening of CVI

Does your child have difficulty
walking down stairs?

Does your child have difficulty

seeing things which are moving 0

quickly, such as small animals?

Does your child have difficulty ¥
seeing something which is pointed

out in the distance?

Does your child have difficulty 4

locating an item of clothing in a pile

of clothes?

Does your child find copying words

or drawings time-consuming and

difficult? Diagaostic Group

9/10/19
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Reliability of a question inventory for

CVI Invento % structured history taking in children with

cerebral visual impairment

* Structured history taking inventory
of 51 questions for evaluating the

presence of specific functional
visual impairments

* Good predictive value for
identifying children with CVIs based
on sensitivity and specificity

P

CVI Questionnaire n——— s

Questionnaire

« Screening tool for identifying potential CVI e [LLW‘

* 47 questions covering: [Ep—
* Visual Attitude o S

« Fixation, fields, visual attention, influence of familiar 1 meaha s P
environment e

Ventral Stream ESEfecl
Dorsal Stream vt PR———
Complex Problems
Other Senses
Associated Characteristics
* E.g. memory, anxiety, compensatory behaviours
Good sensitivity and specificity
Good agreement with other tests of visual perceptual
tasks

1-94, TVPS-R, and VP subtask
35 gt ks o s By e o
Rl oo ey et v, g ek st by

o (s, g, )
Do ot o way i h oo, Ina s Gl evrmmers)

‘The Leuven Perceptual Organization Sercening Test
(L-POST), an online test to assess mid-level visual perception

1 P shape 2Stape o 30w laticws 3 3RFP orlou  validity of the Leuven Perceptual
Fegaton 3

dtcminsion Sacamnstin

¥

oRrpraa 7 Gl maton 8K et 9Bicogeat 10 otoumng
P i seamenision rean

ing Test (L-POST)

Katbleen Vanclef', Eia Acke', atrien Torfs", Nele Demeyer’,
Christophe Lajosse, Gyn Huumphreys”,Joran Wagemars. and

1 g rouna 12 Emsedtsd 13 Recogtonct 14 Recagptenct e o - Nt o
segmentation fgure deection missingpan checsin - - I I
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CVIT 3-6: Children’s Visual Impairment Test
for 3-6 y/o

* 14 subtests across 4 domains of visual perception
* Object Recognition
* Degraded Object Recognition
* Motion Perception

* Global-Local Processing

Assessment tool for visual perception deficits in
im t: development and normative data of
developing children

IO ANCLE | A SANSSENSE | SN PETE | JOWAN WAGEUANSE |15 ORTIUSYS
Group

Assessment tool for visual perception deficits in cerebral visual Fore 3 Bosplts of Grdra's Ve npsment Tt -5 Gear
iment: ‘and validity s GV 3-6) o for aur our ldaion gcps: e wih -
. . - v e (VT el i 1,y devl-

Object RQ
B Recognition % »

Degraded
Object
Recognition

CVIT 3-6 —

Motion
Designed for = Perception
developmental age range

3-6 years

and for children Global —
with visual acuity > 0,2

= Local € (O/\

Processing

VI Minisymposium Ortibus.
Slde courtesy of Els Ortibus Vancleef et al, DMCN, accepted

N =300, age 3-6, Cronbach’s a = .65
- Internal consistency is rather low as expected

© 40 Test-retest reliability
8 S 621 N=32
8 o L i 2-3 weeks interval
g -1.84
5 . v .t
£ b} 989  Small learning effect
5 0 ——r——ht— . = =
A=-18,p=.01
40 5 60 70 r=.86,p<.001
Average score

Side courtesy of Els Ortibus.

VI Minisymposium Ortibus.

> Very good reliability

Vancleef et al, DMCN, accepted
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904 r=82p<.001 .J-.f:
X

B o o
T58 %0 .
295
388 0©
T
) .

CVIT 3-6 total score

High correlation with visual perceptual
skills on L94
Low correlation with the VMI Vi Minisynposium Ortibus

N=32:

<o
+ Intellectually impaired
+ Typically developing

70
-] gy e
50 N
Intellectually
impaired
40
Typically
o developing

Group differences indicate specificity
of CVIT 3-6

Vancleef et al, DMCN, 2019
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Slide courtesy of Els Ortibus

CVIT 3-6 summa

The CVIT-3-6 is a scientifically sound tool for identifying visual perceptual/ ‘higher
vision’ difficulties in children with a developmental age 3- 6 years;

It does not involve motor skills and could be used with a wide group of children
including those with cerebral palsy

It is an online tool, fun and easy to use in the clinic (https://psytests.be/clinicians/test-
centrum/cvi-t.php)

It potentially assesses and identifies children who would be in Sakki et al Cluster
subtype A1 and Cluster subtype A2

of Els Ortibus Minisymposium Ortibus

Teach CVI

teachCVI is a European partnership that aims to create collaborative tools for teachers and
healthcare professionals that will help bridge the gap between teachers/educators and healthcare
professionals so that they can work together to benefit the target group: children with CVI

Aims of the project:

Making a tool for healthcare professionals and educators to screen for CVI
Creating a common database of tools for CVI detection

Producing resources for teachers to support their work in the assessment of CVI

Making teaching methodologies to enable the child’s access to literacy, this includes training and
teaching materials for teachers/educators of children with CVI

https://www.teachcvi.net
Series of assessments, screening tools, and other helpful resources
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e e o Visual Matching VISW)

Assessment of cerebral visual impairment with the L94 visual
perceptual battery:clinical value and correlation with MRI
findings

Overaging Lo rawings (OVERL)
* Perceptual battery created in
Leuven, Belgium in 1994

* Shows correlation with MRI and Do VosTsk (0EVOS)

agreement with other tests of visual

perceptual functions

Uncometonl Ot Views (VEW)
] 9

d% q}

Foreshortening o horzontal axis

Number of patients

1 x impairment * 2.x impairment '3 x impairment
Numbor of impairments

Infant Screening Tools - Italy

Ocular Visual Component:

¥ Red Reflex
+ Photomotor Reflex

ing- blackwhite et | i

Hparatts e i e

= @ ?j

v Eation L

Complctavarkap  Partal overap  Touching

Motor Visual Component: | I
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Basic Visual Functions
_ [

o vt [ ¥

v Pursuit
+ Vertical

 Saccadic movements

e ot o sy o e 1 bt o gt

Screening tools for VI in schools - UK

- puppet Face

R —

« Young Children (ability to match) gctlanicounty=s
- BUST near and

Ttom’
0 normal

1 borderiine

2 imy

NA not assessable
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Screening tools for VI in schools - France

Vilayphonh et al., 2009

Visual Skills Inventory: 4-8, 9-12 y/o

* Structured clinical history taking inventory
* Home and School strategies

* https://www.ulster.ac.uk/research/topic/biomedical-
sciences/research/optometry-and-vision-science-research-
group/vision-resources/resources-for-professionals/cerebral-visual-
impairment-assessment

How can we increase our knowledge of CVIs
to improve patient care?

* Rigorous scientific evaluations
* Large studies with diverse populations or multiple replications
« Significant and sustained effects

9/10/19
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Evidence-Based Principles

* “A systematic approach to clinical problem solving which allows the integration
of the best available research evidence with clinical expertise and patient
values”

* Masic et al., 2008

* " we would be better to base our decisions on the collective experience of
thousands of clinicians treating millions of patients, rather than on what
individuals have seen and felt”

« Greenhalgh

The Big Picture

Use neuroscience to determine the anatomical substrate of visual dysfunctions associated with CVI
In turn, this can help inform the definition, diagnosis, and treatment of CVIs

* For example, CVI initially defined mainly on acuity and visual field Ioss and from “damage to the
visual system between the lateral geniculate nucleus and the corte:
« Steendam 1989

We now know that CVIs extend to include many perceptual functions and that it can be caused by
mjury to other parts of the brain involved with visual processing, not just to the primary visual
way

* “A verifiable visual dysfunction which cannot be attributed to disorders of the anterior visual
pathways or any potentially co-occurring ocular impairment’
° CeliiiEch 350 Is there consensus in defining childhood cerebral
visual impairment? A systematic review of
terminology and definitions

Hanna £, Sakk Naomi J.Dae?Jenefe Srgen, Teesa Perer-Roche
Richard Bowman"

“The benefits of evidence-based medicine, when properly applied, are
obvious. We can use test characteristics and results to make better
diagnoses. We can use evidence from treatments to help people make
better choices once diagnoses are made. We can devise research to
give us the information we are lacking to improve lives. And, when we
have enough studies available, we can look at them together to make
widespread recommendations with more confidence than we’d
otherwise be able.”

Aaron E. Carroll
TheUpshot, The New York Times
Dec. 27, 2017
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