
Tables: 
Yes, they count as visualizations, too.

Jackie Wirz & Steven Bedrick
CSE 631, 10/25/16 http://en.wikipedia.org/wiki/File:Plimpton_322.jpg

Cuneiform table of Pythagorean triplets, ca. 1800 BCE.
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What is a table?

A structure for organizing 
information in which:

1. Information is arranged in 
columns and rows...

2. Information is encoded as text.

Note: “columns and rows” does not imply anything about 
grid lines (or lack thereof).



Tables are not necessarily quantitative:

Time Topic Speaker

09:30 Welcome Steven

10:00 Introductions Group

10:30 Vampire defense strategies Jackie

11:30 Werewolf taxonomy & phylogenetics Alison

12:30 Cthuloid informatics Steven
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When should we use tables?

Tables...

... make it easy to look up individual values.

... make it easy to compare pairs of related values.

... already have their data encoded as text.
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When should we use tables?

How will your information be used?

Will you be looking up and comparing 
individual values? Table

Do you want people to be able to 
identify patterns, or compare large 
numbers of values? Graph
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Income Under 50 50 & Over Under 50 50 & Over
Up to $50,000 643 793 590 724
Over $50,000 735 928 863 662

College degree No college degree

Job Satisfaction by Income, Education, and Age

Single-value lookup, and two-value comparison is easy.



Note: It’s OK to present both!

Income Under 50 50 & Over Under 50 50 & Over
Up to $50,000 643 793 590 724
Over $50,000 735 928 863 662

College degree No college degree

Job Satisfaction by Income, Education, and Age

Single-value lookup, and two-value comparison is easy.

Patterns in the data become apparent, but details are lost.
Under 50 50 & Over
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College, <$50,000

College, >$50,000

No College, <$50,000

No College, >$50,000
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Tables have many strengths:

Look up individual values...

Compare pairs of related values...

Display & access precise values...

Include multiple sets of quantitative values that use 
different units or on different scales...

Communicate both detail and summary 
information in one display...

All of these are hard/impossible to do in a graph!



In order to design a table, we must know 
what relationship we’re trying to show.



Time Topic Speaker

09:30 Welcome Steven

10:00 Introductions Group

10:30 Vampire defense strategies Jackie

11:30 Werefolf taxonomy & phylogenetics Alison

12:30 Cthuloid informatics Steven

The key to a table is the relationship between 
the rows and the columns.





Quantitative-to-categorical, between:



Quantitative-to-categorical, between:

One quantitative and one categorical variable



Quantitative-to-categorical, between:

One quantitative and one categorical variable

One quantitative and the intersection of 
multiple categories



Quantitative-to-categorical, between:

One quantitative and one categorical variable

One quantitative and the intersection of 
multiple categories
One quantitative and the intersection of 
hierarchical categories



Quantitative-to-categorical, between:

Quantitative-to-quantitative:

One quantitative and one categorical variable

One quantitative and the intersection of 
multiple categories
One quantitative and the intersection of 
hierarchical categories



Quantitative-to-categorical, between:

Quantitative-to-quantitative:

One quantitative and one categorical variable

One quantitative and the intersection of 
multiple categories
One quantitative and the intersection of 
hierarchical categories

One quantitative and multiple categorical items



Quantitative-to-categorical, between:

Quantitative-to-quantitative:

One quantitative and one categorical variable

One quantitative and the intersection of 
multiple categories
One quantitative and the intersection of 
hierarchical categories

One quantitative and multiple categorical items

Multiple quantitative sets and a single 
categorical item
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One quantitative and one categorical variable

Session Enrollment

Vampire defense strategies 12

Werewolf taxonomy & phylogenetics 14

Cthuloid informatics 4

Computational demonology 5

AgNO3 synthesis lab 28

Post-apocalyptic grantwriting 2

Total 65
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Quantitative-to-categorical, between:
One quantitative and the intersection of multiple 
categories:

Session AM PM

Vampire defense strategies 12 30

Werewolf taxonomy & phylogenetics 14 28

Cthuloid informatics 4 14

Computational demonology 5 10
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Quantitative-to-categorical, between:
One quantitative and the intersection of hierarchical 
categories

Track Session AM PM

Labs Vampire defense strategies 12 30

AgNO3 synthesis lab 28 5

Cthuloid informatics 4 14

Theory Computational demonology 5 10

Werewolf taxonomy & phylogenetics 14 28

Administrative Post-apocalyptic grantwriting 2 4

Lab management for zombies 0 3

Total 65 94



Quantitative-to-quantitative:

One set of quantitative values associated with 
multiple categorical items:

Session AM PM

Vampire defense strategies 12 30
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Quantitative-to-quantitative:

One set of quantitative value associated with 
multiple categorical items:

Session AM PM

Vampire defense strategies 12 30

Werewolf taxonomy & phylogenetics 14 28

Cthuloid informatics 4 14

Computational demonology 5 10

AgNO3 synthesis lab 28 5

Post-apocalyptic grantwriting 2 4

Total 65 91



Quantitative-to-quantitative:

Multiple quantitative sets and a single 
categorical item:

Session AM PM

Vampire defense strategies 12 30

Werewolf taxonomy & phylogenetics 14 28

Cthuloid informatics 4 14

Computational demonology 5 10

AgNO3 synthesis lab 28 5

Post-apocalyptic grantwriting 2 4

Total 65 91
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Different layouts prioritize different activities.



Another important consideration:

Unidirectional vs. Bidirectional
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In a unidirectional table, categorical 
items vary across either rows or columns:

Department Headcount Expenses

Finance 26 202,202

Sales 93 983,393

Operations 107 948,216

Total 226 $2,133,811

Department Finance Sales Ops Total

Headcount 26 93 107 226

Expenses 202202 983,393 948,216 2,133,811

Note: “Headcount” and “Expenses” are two distinct sets of 
quantitative information, not levels of a categorical variable!



Unidirectional tables can get more complex:

Department Expense Type Expenses

Finance Compensation 160,383

Supplies 5,038

Travel 10,385

Sales Compensation 683,879

Supplies 193,378

Travel 125,705

Total $1,178,768

Even though there’s multiple categorical 
variables, they are still only vertically-oriented.



Bidirectional tables display more than one categorical 
set, and do so across both rows and columns:

Dept

Expense Type Finance Sales Total

Compensation 160,383 683,879 844,262

Supplies 5,038 193,375 198,413

Travel 10,385 125,705 136,090

Total $175,806 $1,002,959 $1,178,765
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Few, S. 2012. “Show me the numbers”, p. 157

Anatomy of a table:
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Delineating columns and rows:

The basic table activities involve scanning along 
rows and columns...

... our goal is to make that as easy as possible.

Question: which is more important: rows, or 
columns?

Answer: it depends!

We can control which is easier using white space.
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In this example, column scanning is much easier.

Pop quiz: Why?

Adding white space between rows makes row-
scanning easier.



Rule of thumb:



Rule of thumb:

To optimize vertical scanning, put more space 
between columns than between rows...



Rule of thumb:

To optimize vertical scanning, put more space 
between columns than between rows...

To optimize horizontal scanning, put more space 
between rows than between columns.
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1. How many elements are in each category?

2. How long are their labels?

3. Is there a logical ordering of some kind?

3a. If so, what?
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3. Is there a logical ordering of some kind?



3. Is there a logical ordering of some kind?

Time goes from left to right...



3. Is there a logical ordering of some kind?

Time goes from left to right...

“Ranks” go from top 
to bottom...



3. Is there a logical ordering of some kind?

Time goes from left to right...

“Ranks” go from top 
to bottom...
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As always, the guiding principle:

What lookups and comparisons do you 
want to emphasize?

Focus on your viewer’s task!
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Rules and grids:

Remember the Gestalt principle of enclosure!

Having too many rules/grids breaks up the data, 
and inhibits scanning.

Use them sparingly and intentionally!
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Fill colors can be a better choice than rules...

... but must be used with caution!

A little bit of visual contrast on a row can help 
guide the eye...

... too much constrains the eye.



Session AM PM

Vampire defense strategies 12 30

Werewolf taxonomy & phylogenetics 14 28

Cthuloid informatics 4 14

Computational demonology 5 10

AgNO3 synthesis lab 28 5

Post-apocalyptic grantwriting 2 4

Total 65 91



Session AM PM

Vampire defense strategies 12 30

Werewolf taxonomy & phylogenetics 14 28

Cthuloid informatics 4 14

Computational demonology 5 10

AgNO3 synthesis lab 28 5

Post-apocalyptic grantwriting 2 4

Total 65 91

Vertical scanning is inhibited by too much contrast!



Data from www.NathansFamous.com





Competitor 2011 2012 2013 2014
Joey	Chestnut 62.00 68.00 69.00 61.00
Matt	Stonie 34.00 46.00 51.00 56.00
Tim	Janus 45.00 52.25 50.00 44.00
Erik	Denmark 32.00 28.00 34.00
Brian	Dudzinski 34.00
Kiki	Sudo 34.00
Sonya	Thomas 40.00 45.00 36.75 27.75
Michelle	lesco 20.00 25.50 27.50 27.00
Juliet	Lee 29.50 33.00 36.00 23.00
Meredith	Boxberger 21.50 26.00 18.00
Total 358.75
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Matt	Stonie 34.00 46.00 51.00 56.00
Tim	Janus 45.00 52.25 50.00 44.00
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Tim	Janus 45.0 52.3 50.0 44.0
Erik	Denmark 32.0 28.0 34.0
Brian	Dudzinski 34.0

Women
Kiki	Sudo 34.0
Sonya	Thomas 40.0 45.0 36.8 27.8
Michelle	Lesco 20.0 25.5 27.5 27.0
Juliet	Lee 29.5 33.0 36.0 23.0
Meredith	Boxberger 21.5 26.0 18.0



Competitor 2011 2012 2013 2014

Men
Joey	Chestnut 62.0 68.0 69.0 61.0
Matt	Stonie 34.0 46.0 51.0 56.0
Tim	Janus 45.0 52.3 50.0 44.0
Erik	Denmark 32.0 28.0 34.0
Brian	Dudzinski 34.0

Women
Kiki	Sudo 34.0
Sonya	Thomas 40.0 45.0 36.8 27.8
Michelle	Lesco 20.0 25.5 27.5 27.0
Juliet	Lee 29.5 33.0 36.0 23.0
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Competitor 2011 2012 2013 2014

Men
Joey	Chestnut 62.0 68.0 69.0 61.0
Matt	Stonie 34.0 46.0 51.0 56.0
Tim	Janus 45.0 52.3 50.0 44.0
Erik	Denmark 32.0 28.0 34.0
Brian	Dudzinski 34.0

Women
Kiki	Sudo 34.0
Sonya	Thomas 40.0 45.0 36.8 27.8
Michelle	Lesco 20.0 25.5 27.5 27.0
Juliet	Lee 29.5 33.0 36.0 23.0
Meredith	Boxberger 21.5 26.0 18.0

Table	1	depicts	the	historical	performance	of	the	2014	Top	5	competitors	in	both	 the	men’s	
and	women’s	category	of	Nathan’s	Famous	Hot	Dog	Eating	Competition.		Numerical	values	
represent	the	number	of	hot	dogs	and	buns	eaten	by	each	competitor	during	the	10	minute	

competition	time	frame.

Nathan’s	Hot	Dog	Eating	Competition	Historical	Consumption



Formatting text
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Europe 413,874,773
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Watch out for fonts that affect number width!

Helvetica Big Caslon



A couple of “ripped from the headlines” examples...



McCrea M, Guskiewicz KM, Marshall SW, et al. Acute Effects and Recovery Time Following Concussion in Collegiate Football Players: The NCAA Concussion Study. 
JAMA. 2003;290(19):2556-2563. doi:10.1001/jama.290.19.2556.

and collision sports continues to be rela-
tively high.10 Overall, concussion is one
of the most common injuries in many
collegiate sports.11,12 Recent data from the
National Collegiate Athletic Associa-
tion (NCAA) Injury Surveillance Sys-
tem reveal that concussion accounted for
a significant percentage of total inju-
ries among athletes participating in col-
legiate ice hockey (12.2%), football (8%),
and soccer (4.8%) during the 2002-
2003 season.11

Of all sports, football has the high-
est absolute number of concussions
each year because of the large volume
of participants at the high school and
collegiate levels.11,13,14 Recent epide-
miological and prospective clinical stud-
ies estimate that approximately 3% to
8% of high school and collegiate foot-
ball players sustain a concussion each
season.10,13,15-25 More concerning is the
trend toward an increasing rate of con-
cussion in collegiate football over the
last 7 years.11,12

Despite a growing body of sport-
related concussion research, little evi-
dence-based guidance is available on
how long it takes for an athlete to re-
cover after concussion and when it is safe
to return to competition. A review of the
literature reflects estimates of symp-
tom and cognitive recovery ranging any-
where from several hours to several
weeks after sport-related concus-
sion.15,18,19,21-24,26-36 Computerized and
clinical tests have detected postural sta-
bility deficits at least 3 days after con-
cussion,37-41 but the course of longer-
term recovery in balance functioning has
not been extensively studied. It also re-
mains unclear whether all domains af-
fected by concussion (eg, symptoms,
cognition, balance) follow the same or
different recovery patterns.

Studying the course of recovery of
postconcussive abnormalities is a criti-
cal step toward determining the inter-
val during which a concussed brain may
be most vulnerable to reinjury and es-
tablishing evidence-based guidelines for
safe return to play by athletes after con-
cussion.2 The purpose of this NCAA-
sponsored study was to prospectively
measure the acute effects of concus-

sion and the continuous time course to
recovery following concussion in com-
petitive athletes participating in colle-
giate football.

METHODS
Participants
A total of 1631 football players from 15
NCAA Division I, II, and III member
institutions were enrolled in 1 arm of
a larger cohort study of the effects of
sport-related concussion in the 1999,
2000, and 2001 seasons. In sum, 2410
player-seasons were analyzed; 779 play-
ers were enrolled for more than 1 year
of the study. A case series of 94 play-
ers who sustained a concussion (5.76%
of players; 3.90% of player-seasons)
were enrolled in an extensive injury as-
sessment protocol.

A noninjured control was selected
from each injured player’s team; 56 con-
trols matched to injured players on age,
years of education, and baseline perfor-
mance on concussion assessment mea-
sures were administered the identical
protocol during the first year of the study.

A master list of potential controls for each
player was formed after preseason base-
line testing, which facilitated immedi-
ate selection of a matched control in the
event of a concussion during competi-
tion and allowed follow-up testing of
control players under the same condi-
tions and retest intervals as injured play-
ers. Limited resources did not allow en-
rollment of controls in years 2 and 3 of
the study, which had a minimal effect on
matching characteristics for the com-
plete study sample. As a group, control
participants were slightly younger and
less educated than injured participants,
but there were no statistically signifi-
cant group differences in history of con-
cussion or other neurological disorders
(TABLE 1). There also were no signifi-
cant differences in baseline perfor-
mance on assessment measures for in-
jured and control participants (Table 1),
with the exception of the Trail-Making
Test Part B.42-47

This study was approved by the in-
stitutional review boards for protec-
tion of human research subjects at the

Table 1. Concussion Group and Control Group Characteristics and Baseline Test Results

Characteristics
Concussion Group

(n = 94)*
Control Group

(n = 56)*
Mean Difference

(95% CI)
Demographics

Age, y 20.04 (1.36) 19.20 (1.45) 0.84 (0.37 to 1.32)
Academic year (collegiate) 2.78 (1.18) 2.02 (1.23) 0.76 (0.35 to 1.16)
Height, in 73.50 (2.94) 72.75 (3.23) 0.75 (−0.28 to 1.78)
Body weight, kg 105.87 (21.10) 98.33 (20.79) 7.54 (0.47 to 14.62)

Self-reported history
No. of previous concussions

in past 7 y
0.58 (0.78) 0.39 (0.68) 0.19 (−0.07 to 0.44)

Concussion (lifetime), No. (%) 41 (43.2) 17 (30.4) 12.8 (0.0 to 28.9)
ADHD, No. (%) 2 (2.30) 1 (1.80) 0.5 (0.0 to 59.2)
Learning disability, No. (%) 2 (2.30) 1 (1.80) 0.5 (0.0 to 58.8)

Baseline test results†
GSC total score17 1.95 (4.94) 0.99 (3.26) 0.96 (−0.49 to 2.43)
SAC total score42 27.40 (2.17) 27.43 (1.77) −0.03 (−0.68 to 0.61)
BESS total score41 11.89 (8.09) 12.73 (7.57) −0.84 (−3.47 to 1.80)
HVLT Immediate Memory43 25.03 (4.36) 25.31 (4.05) −0.28 (−1.70 to 1.13)
HVLT Delayed Recall43 8.61 (2.18) 9.15 (2.13) −0.54 (−1.27 to 0.18)
HVLT Recognition43 22.60 (1.97) 22.94 (1.26) −0.34 (−0.92 to 0.24)
Trail-Making Test Part B44 64.42 (22.22) 57.30 (18.69) 7.12 (0.12 to 14.11)
SDMT45 55.56 (11.61) 58.90 (12.19) −3.34 (−7.29 to 0.60)
Stroop Color-Word Test46 47.21 (9.23) 48.66 (9.75) −1.45 (−4.59 to 1.70)
COWAT47 40.46 (12.36) 37.15 (10.61) 3.31 (−0.61 to 7.23)

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; BESS, Balance Error Scoring System; CI, confidence in-
terval; COWAT, Controlled Oral Word Association Test; GSC, Graded Symptom Checklist; HVLT, Hopkins Verbal
Learning Test; SAC, Standardized Assessment of Concussion; SDMT, Symbol Digit Modalities Test.

*Data are expressed as mean (SD) unless otherwise specified.
†See Table 2 for explanation of total possible range of scores.
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ity of injured players vs controls across
all assessment points. The shape of
these curves illustrates a pattern of more
severe symptoms, cognitive impair-
ment, and balance problems (postural
instability) immediately after injury, fol-
lowed by a gradual improvement over
the first several postinjury days.

After controlling for potential con-
founders in the multivariate regression
models, the recovery patterns depicted
in the Figure persist. TABLE 3 provides
adjusted mean differences and 95% con-
fidence intervals for the concussion vs

control groups, controlling for covari-
ates, on measures of symptoms, cogni-
tive functioning, and balance at each
postinjury assessment point. Increased
symptoms were very evident during the
acute phase immediately following con-
cussion, and strong group differences in
symptom scores persisted through
postinjury day 5. On average, symp-
toms in players with concussion re-
solved by day 7. Ninety-one percent of
players with concussion returned to per-
sonal baseline symptom levels within 7
days after concussion.

Cognitive impairment in players with
concussion was most severe at the time
of injury and persisted through postin-
jury day 2. Milder cognitive deficits ap-
peared to persist up to postinjury day 5
but, on average, resolved by day 7. Bal-
ance deficits were most pronounced dur-
ing the first 24 hours after concussion
but appeared to resolve by day 5, slightly
earlier than symptoms and cognitive ef-
fects resolved.

After plotting raw means for the con-
cussion and control groups on the neu-
ropsychological tests, we fit multivar-
iate regression models to further explore
these effects and to control for varia-
tions in baseline scores on each test and
other potential confounders. TABLE 4
presents raw group means and 95%
confidence intervals for the concus-
sion and control groups, and TABLE 5
provides adjusted mean differences and
95% confidence intervals, controlling
for covariates, on the neuropsychologi-
cal test battery at postinjury days 2, 7,
and 90. Players with concussion exhib-
ited mild impairment in cognitive pro-
cessing speed and verbal fluency 2 days
and 7 days after concussion. There was
also suggestion of a subtle decline from
baseline in players with concussion on
measures of verbal memory and men-
tal flexibility on postinjury day 2. On
day 90, players with concussion per-
formed less well than controls on a

Table 3. Model-Based Adjusted Estimates of Mean Differences Between Concussion and
Control Groups in Symptoms, Cognitive Functioning, and Postural Stability*

Assessment Point

Mean Difference (95% Confidence Interval)

Symptoms (GSC)
Cognitive

Functioning (SAC)
Postural

Stability (BESS)
Time of concussion 20.93 (15.65 to 26.21) −2.94 (−4.38 to −1.50) 5.81 (−0.67 to 12.30)
Postgame/postpractice 16.97 (12.61 to 21.33) −2.15 (−3.26 to −1.04) 5.66 (1.27 to 10.06)
Postinjury day

1 11.53 (8.37 to 14.69) −1.59 (−2.43 to −0.75) 2.72 (−0.14 to 5.57)
2 6.88 (4.17 to 9.59) −0.72 (−1.51 to 0.08) 2.33 (−0.30 to 4.95)
3 5.08 (2.27 to 7.88) −0.46 (−1.25 to 0.32) 1.46 (−1.22 to 4.14)
5 2.02 (−0.03 to 4.06) −0.52 (−1.28 to 0.25) −0.31 (−3.02 to 2.40)
7 0.33 (−1.41 to 2.06) −0.03 (−1.33 to 1.26) −0.55 (−3.19 to 2.09)
90 0.62 (−0.90 to 2.14) −0.51 (−1.41 to 0.39) −2.45 (−5.09 to 0.18)

Abbreviations: BESS, Balance Error Scoring System, GSC, Graded Symptom Checklist; SAC, Standardized Assess-
ment of Concussion.

*Estimated mean differences for the GSC are adjusted for baseline GSC score and number of previous concussions;
SAC estimates are adjusted for baseline SAC score, academic year, number of previous concussions, history of
learning disability and attention-deficit/hyperactivity disorder, and institution; BESS estimates are adjusted for base-
line BESS score, height, body weight, number of previous concussions, and institution. Positive mean differences
indicate more severe symptoms reported on the GSC and poorer performance on the BESS in the concussion group
relative to baseline; negative mean differences indicate poorer performance in the concussion group on the SAC
relative to baseline.

Table 4. Neuropsychological Test Battery Results in Concussion and Control Groups at Postinjury Days 2, 7, and 90*

Measure

Mean Score (95% Confidence Interval)

Day 2 Day 7 Day 90

Concussion Group Control Group Concussion Group Control Group Concussion Group Control Group
Memory

HVLT Immediate
Memory43

24.41 (23.49-25.34) 25.29 (24.02-26.55) 25.63 (24.74-26.53) 25.85 (24.53-27.17) 26.25 (25.27-27.23) 27.61 (26.15-29.08)

HVLT Delayed Recall43 8.07 (7.52-8.61) 8.76 (8.04-9.47) 8.50 (7.94-9.06) 10.22 (8.37-12.06) 9.03 (8.49-9.56) 9.68 (8.97-10.39)
HVLT Recognition43 22.18 (21.80-22.57) 22.84 (22.39-23.28) 22.50 (22.18-22.82) 22.65 (21.91-23.39) 23.19 (22.92-23.46) 23.29 (22.94-23.64)

Cognitive processing
Trail-Making Test

Part B44
59.99 (55.65-64.32) 53.31 (48.62-58.00) 53.72 (49.44-58.00) 44.87 (40.51-49.24) 51.59 (47.62-55.57) 45.44 (41.10-49.78)

SDMT45 54.78 (52.50-57.06) 60.67 (57.09-64.24) 54.84 (52.69-57.00) 59.20 (55.93-62.46) 59.87 (57.42-62.31) 61.42 (57.30-65.54)
Mental flexibility

Stroop Color-Word
Test46

48.20 (45.83-50.56) 51.43 (48.73-54.13) 53.47 (51.16-55.78) 55.39 (52.16-58.62) 53.97 (51.65-56.30) 54.32 (50.27-58.37)

Verbal fluency
COWAT47 39.99 (37.75-42.23) 40.29 (37.34-43.23) 41.57 (39.26-43.88) 42.63 (39.56-45.70) 42.65 (40.29-45.01) 44.94 (41.26-48.61)

Abbreviations: COWAT, Controlled Oral Word Association Test; HVLT, Hopkins Verbal Learning Test; SDMT, Symbol Digit Modalities Test.
*Higher scores on the Trail-Making Test indicate slower performance; lower scores indicate poorer performance on all other measures.
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This study was approved by the Institutional ReviewBoard
(IRB) for protection of human research participants at the
host institutions of the principal investigators. All partici-
pants granted written informed consent prior to enrollment
in the study.

Study Design
All players underwent a preseason baseline evaluation on a
battery of concussion assessment measures and extensive
health questionnaire prior to their first year of participation
in this study. Injured participants were identified and enrolled
in the study protocol by a team physician or certified ath-
letic trainer present on the sideline during an athletic con-
test or practice.Concussionwas defined as an injury resulting
from a blow to the head causing an alteration in mental
status and one or more of the following symptoms pre-
scribed by the American Academy of Neurology Guideline
for Management of Sports Concussion (Practice Parameter,
1997): headache, nausea, vomiting, dizziness0balance prob-
lems, fatigue, trouble sleeping, drowsiness, sensitivity to
light or noise, blurred vision, difficulty remembering, or
difficulty concentrating (Kelly & Rosenberg, 1997). Loss
of consciousness (LOC), posttraumatic amnesia (PTA) (e.g.,
inability to recall exiting the field, aspects of the examina-
tion, etc.), and retrograde amnesia (RGA) (e.g., in ability to
recall aspects of the play, events prior to injury, score of the
game, etc.) were documented immediately after injury.
All players identified by the team physician or certified

athletic trainer as having sustained a concussion according
to the study’s injury criteria were tested with a Graded Symp-
tom Checklist (GSC) (Lovell & Collins, 1998), the Stan-
dardized Assessment of Concussion (SAC) (McCrea et al.,
2000), and the Balance Error Scoring System (BESS)
(Guskiewicz et al., 2001) on the sideline immediately fol-
lowing injury. Follow-up testing on these measures was
then conducted postgame0postpractice (2–3 hr after injury),
and again on postinjury days 1, 2, 3, 5, and 7. The brief

neuropsychological test battery (see Table 2) was adminis-
tered to assess neurocognitive functioning at baseline and
on days 2 and 7 postinjury. A day-90 assessment point was
also included in the original design, but significant attrition
for both injured and control participants did not allow appli-
cation of the standard regression-based methods employed
in this study for this assessment point. Assessments were
conducted by certified athletic trainers who were trained by
the researchers and required to watch a training video on
administration and scoring of all outcome measures used in
the study.

Main Outcome Measures
Asummary of the main outcomemeasures used in this study
to assess postconcussive symptoms, cognitive functioning,
and postural stability is provided in Table 2. Several studies
on the effects of sport-related concussion have demon-
strated the reliability and accuracy of the GSC (Lovell et al.,
2003), SAC (Barr & McCrea, 2001; McCrea, 2001), BESS
(Guskiewicz et al., 2001; Riemann et al., 1999; Riemann &
Guskiewicz, 2000), and components of the neuropsycholog-
ical test battery (Collins et al., 1999) in correctly classifying
injured and noninjured participants after concussion.

Statistical Analysis
There was limited missing data, with 93% of data cells
complete across all time points for all participants. To exam-
ine the potential effect of missing data on the results, we
compared the baseline scores for the missing and nonmiss-
ing participants at every time point for all outcomes. The
baseline scores did not differ between missing and nonmiss-
ing, suggesting that the data was missing at random (Diggle
et al., 1994). As part of our previous analysis (McCrea
et al., 2003), we also estimated the missing data using a
single imputation model (Rubin, 1976, 1996; Schafer, 1997),
based on time, participants status (injured vs. control), and

Table 1. Concussion and control group characteristics

Concussion
(n5 94)

Control
(n5 56)

Mean SD Mean SD
Mean
Diff. t p

Demographics: 73.50 2.94 72.75 3.23 .75 1.44 .151
Weight (lbs.) 235.26 46.88 218.50 46.19 16.76 2.11 .037*
Age (years) 20.04 1.36 19.20 1.45 .84 3.51 .001*
Academic year (collegiate) 2.78 1.18 2.02 1.23 .76 3.71 .001*

Self-reported history of:
No. of previous concussions (past 7 years) .58 .78 .39 .68 .19 1.47 .145
Range 0–5 0–3
Any concussion (lifetime) (%) 43.2 30.4 x2 5 2.78 .123
ADHD (%) 2.30 1.80 x2 5 .034 .854
Learning disability (%) 2.30 1.80 x2 5 1.64 .440

Notes. *Statistically significant. ADHD5Attention Deficit Hyperactivity Disorder. LD5 Learning Disability.
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Acute cognitive dysfunction, as measured by impairment
on the SAC, was evident in 80% of the injured sample at the
time of concussion. Persistent cognitive impairmentwas seen
on the SAC in 31% of the injured sample on day 1, 23% on
day 2, and 9% (essentially at control levels) on day 7. Statis-
tically defined abnormality on the SAC ranged from only
5–9%of the control group across all assessment points. Sim-
ilarly, examination of the neuropsychological test results indi-
cates that 23%of concussed players were impaired on two or
more measures on postinjury day 2 and 17% were impaired
on day 7. Eight percent of control participants were impaired
on two ormoremeasures at day 2, and 9%on day 7.Analyses
of individual neuropsychological test scores on days 2 and 7
indicate that the largest percentage of injured participants
obtained abnormal test scores on measures of delayed recall
and recognitionmemory (HVLTDelayedRecall andRecog-
nition), cognitive processing speed (Trails B, Symbol Digit
Modalities Test), and verbal fluency (COWAT).
Impairments in postural stability, as defined by poorer

performance on the BESS, were seen in 36% of the injured
participants immediately following concussion, compared
to 5% of the control group. Twenty-four percent of injured

participants remained impaired on the BESS on day 2, com-
pared to 9% by day 7 postinjury. Table 5 presents the rates
of impairment in concussion and control groups for the
composite battery of brief measures (GSC, BESS, SAC) at
all time points, and the addition of neuropsychological test-
ing at postinjury days 2 and 7.
Sensitivity and specificity values are provided for each

measure in Table 6. The results indicate that the GSC pro-
vided the most sensitive (Se5 .89) and specific (Sp5 1.00)
measure of abnormality at the time of injury. The specific-
ity values remained at 1.00 at each time point thereafter,
indicating that none of the controls exhibited a significant
increase in self-reported symptoms at any time point. Sen-
sitivity values for the BESS were highest at the time of
injury (Se 5 .34). Specificity values for this instrument
ranged from .91 to .97 across the various time points. A
similar pattern of data was obtained with the SAC, with a
peak sensitivity value of .80 at the time of injury and spec-
ificity values ranging from .89 to .98 through day 7. The
neuropsychological test battery classified injured partici-
pants with sensitivity values of .23 and .19 at days 2 and 7,
respectively. Specificity values were .93 and .91.

Table 3. GSC, SAC, and BESS data for concussion and control groups at baseline and postinjury assessment points

GSC SAC BESS

Concussion Control Concussion Control Concussion Control

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Baseline 1.97 4.94 .99 3.26 27.37 2.16 27.43 1.77 11.95 8.09 12.73 7.57
Time of concussion 20.60 10.58 .20 2.54 24.94 3.07 27.69 1.91 19.46 9.48 12.34 9.06
Postgame0 postpractice 16.73 11.86 .18 1.96 25.58 3.03 27.76 1.85 16.70 9.16 12.49 9.32
Day 1 12.25 12.52 .18 .69 26.25 2.79 27.96 1.65 14.18 8.04 11.96 8.11
Day 2 7.63 10.55 .06 .45 27.44 2.32 28.02 1.51 12.96 7.26 11.20 9.40
Day 3 6.03 10.26 .04 .44 27.57 2.46 27.96 1.64 12.31 7.80 11.29 7.71
Day 5 3.06 5.95 .04 .47 28.02 3.24 28.73 1.40 10.97 6.78 11.69 7.95
Day 7 1.27 3.37 .02 .46 28.41 1.85 28.37 3.39 9.67 6.88 10.93 8.21

GSC5 Graded Symptom Checklist (Lovell & Collins, 1998); SAC5 Standardized Assessment of Concussion (McCrea et al., 2000); BESS5 Balance
Error Scoring System (Guskiewicz et al., 2001).

Table 4. Neuropsychological test data for concussion and control groups at baseline and postinjury days 2 and 7

Baseline Day 2 Day 7

Concussion Control Concussion Control Concussion Control

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

HVLT Immediate Memory 25.03 4.36 25.31 4.05 24.42 4.52 25.42 4.37 25.56 4.26 26.17 4.59
HVLT Delayed Recall 8.61 2.18 9.15 2.13 8.11 2.68 8.84 2.48 8.50 2.65 10.29 5.88
HVLT Recognition 22.60 1.97 22.94 1.26 22.20 1.88 22.95 1.52 22.50 1.54 22.77 2.39
Trail Making Test, Part B 64.42 22.22 57.30 18.69 59.70 21.20 51.33 16.67 53.30 20.49 42.05 15.36
SDMT 55.56 11.61 58.90 12.19 55.05 11.21 62.23 13.76 55.00 10.35 61.65 13.35
Stroop CW Trial 47.21 9.23 48.66 9.75 47.94 11.68 51.50 9.61 53.33 11.34 55.86 10.77
COWAT 40.46 12.36 37.15 10.61 40.17 10.99 40.22 10.12 41.45 10.96 42.44 10.07

HVLT 5 Hopkins Verbal Learning Test (Shapiro et al., 1999); Trail Making Test (Reitan & Wolfson, 1985); SDMT 5 Symbol Digit Modalities Test
(Smith, 1991); Stroop CW Trial5 Color Word Trial (Golden, 1978); COWAT5 Controlled Oral Word Association Test (Benton et al., 1983).
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ity of injured players vs controls across
all assessment points. The shape of
these curves illustrates a pattern of more
severe symptoms, cognitive impair-
ment, and balance problems (postural
instability) immediately after injury, fol-
lowed by a gradual improvement over
the first several postinjury days.

After controlling for potential con-
founders in the multivariate regression
models, the recovery patterns depicted
in the Figure persist. TABLE 3 provides
adjusted mean differences and 95% con-
fidence intervals for the concussion vs

control groups, controlling for covari-
ates, on measures of symptoms, cogni-
tive functioning, and balance at each
postinjury assessment point. Increased
symptoms were very evident during the
acute phase immediately following con-
cussion, and strong group differences in
symptom scores persisted through
postinjury day 5. On average, symp-
toms in players with concussion re-
solved by day 7. Ninety-one percent of
players with concussion returned to per-
sonal baseline symptom levels within 7
days after concussion.

Cognitive impairment in players with
concussion was most severe at the time
of injury and persisted through postin-
jury day 2. Milder cognitive deficits ap-
peared to persist up to postinjury day 5
but, on average, resolved by day 7. Bal-
ance deficits were most pronounced dur-
ing the first 24 hours after concussion
but appeared to resolve by day 5, slightly
earlier than symptoms and cognitive ef-
fects resolved.

After plotting raw means for the con-
cussion and control groups on the neu-
ropsychological tests, we fit multivar-
iate regression models to further explore
these effects and to control for varia-
tions in baseline scores on each test and
other potential confounders. TABLE 4
presents raw group means and 95%
confidence intervals for the concus-
sion and control groups, and TABLE 5
provides adjusted mean differences and
95% confidence intervals, controlling
for covariates, on the neuropsychologi-
cal test battery at postinjury days 2, 7,
and 90. Players with concussion exhib-
ited mild impairment in cognitive pro-
cessing speed and verbal fluency 2 days
and 7 days after concussion. There was
also suggestion of a subtle decline from
baseline in players with concussion on
measures of verbal memory and men-
tal flexibility on postinjury day 2. On
day 90, players with concussion per-
formed less well than controls on a

Table 3. Model-Based Adjusted Estimates of Mean Differences Between Concussion and
Control Groups in Symptoms, Cognitive Functioning, and Postural Stability*

Assessment Point

Mean Difference (95% Confidence Interval)

Symptoms (GSC)
Cognitive

Functioning (SAC)
Postural

Stability (BESS)
Time of concussion 20.93 (15.65 to 26.21) −2.94 (−4.38 to −1.50) 5.81 (−0.67 to 12.30)
Postgame/postpractice 16.97 (12.61 to 21.33) −2.15 (−3.26 to −1.04) 5.66 (1.27 to 10.06)
Postinjury day

1 11.53 (8.37 to 14.69) −1.59 (−2.43 to −0.75) 2.72 (−0.14 to 5.57)
2 6.88 (4.17 to 9.59) −0.72 (−1.51 to 0.08) 2.33 (−0.30 to 4.95)
3 5.08 (2.27 to 7.88) −0.46 (−1.25 to 0.32) 1.46 (−1.22 to 4.14)
5 2.02 (−0.03 to 4.06) −0.52 (−1.28 to 0.25) −0.31 (−3.02 to 2.40)
7 0.33 (−1.41 to 2.06) −0.03 (−1.33 to 1.26) −0.55 (−3.19 to 2.09)
90 0.62 (−0.90 to 2.14) −0.51 (−1.41 to 0.39) −2.45 (−5.09 to 0.18)

Abbreviations: BESS, Balance Error Scoring System, GSC, Graded Symptom Checklist; SAC, Standardized Assess-
ment of Concussion.

*Estimated mean differences for the GSC are adjusted for baseline GSC score and number of previous concussions;
SAC estimates are adjusted for baseline SAC score, academic year, number of previous concussions, history of
learning disability and attention-deficit/hyperactivity disorder, and institution; BESS estimates are adjusted for base-
line BESS score, height, body weight, number of previous concussions, and institution. Positive mean differences
indicate more severe symptoms reported on the GSC and poorer performance on the BESS in the concussion group
relative to baseline; negative mean differences indicate poorer performance in the concussion group on the SAC
relative to baseline.

Table 4. Neuropsychological Test Battery Results in Concussion and Control Groups at Postinjury Days 2, 7, and 90*

Measure

Mean Score (95% Confidence Interval)

Day 2 Day 7 Day 90

Concussion Group Control Group Concussion Group Control Group Concussion Group Control Group
Memory

HVLT Immediate
Memory43

24.41 (23.49-25.34) 25.29 (24.02-26.55) 25.63 (24.74-26.53) 25.85 (24.53-27.17) 26.25 (25.27-27.23) 27.61 (26.15-29.08)

HVLT Delayed Recall43 8.07 (7.52-8.61) 8.76 (8.04-9.47) 8.50 (7.94-9.06) 10.22 (8.37-12.06) 9.03 (8.49-9.56) 9.68 (8.97-10.39)
HVLT Recognition43 22.18 (21.80-22.57) 22.84 (22.39-23.28) 22.50 (22.18-22.82) 22.65 (21.91-23.39) 23.19 (22.92-23.46) 23.29 (22.94-23.64)

Cognitive processing
Trail-Making Test

Part B44
59.99 (55.65-64.32) 53.31 (48.62-58.00) 53.72 (49.44-58.00) 44.87 (40.51-49.24) 51.59 (47.62-55.57) 45.44 (41.10-49.78)

SDMT45 54.78 (52.50-57.06) 60.67 (57.09-64.24) 54.84 (52.69-57.00) 59.20 (55.93-62.46) 59.87 (57.42-62.31) 61.42 (57.30-65.54)
Mental flexibility

Stroop Color-Word
Test46

48.20 (45.83-50.56) 51.43 (48.73-54.13) 53.47 (51.16-55.78) 55.39 (52.16-58.62) 53.97 (51.65-56.30) 54.32 (50.27-58.37)

Verbal fluency
COWAT47 39.99 (37.75-42.23) 40.29 (37.34-43.23) 41.57 (39.26-43.88) 42.63 (39.56-45.70) 42.65 (40.29-45.01) 44.94 (41.26-48.61)

Abbreviations: COWAT, Controlled Oral Word Association Test; HVLT, Hopkins Verbal Learning Test; SDMT, Symbol Digit Modalities Test.
*Higher scores on the Trail-Making Test indicate slower performance; lower scores indicate poorer performance on all other measures.
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