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Context: Clinical reaction-time (RT) measures are frequent-
ly used when examining patients with concussion but do not
correlate with functional movement RT. We developed the
Standardized Assessment of RT (StART) to emulate the rapid
cognitive demands and whole-body movement needed in sport.

Objective: To assess StART differences across 6 cognitive-
motor combinations, examine potential demographic and health
history confounders, and provide preliminary reference data for
healthy collegiate student-athletes.

Design: Prospective, cross-sectional study.
Setting: Clinical medicine facilities.
Patients or Other Participants: A total of 89 student-

athletes (56 [62.9%] men, 33 [37.1%] women; age¼ 19.5 6 0.9
years, height ¼ 178.2 6 21.7 cm, mass ¼ 80.4 6 24 kg; no
concussion history ¼ 64 [71.9%]).

Main Outcome Measure(s): Student-athletes completed
health history questionnaires and StART during preseason
testing. The StART consisted of 3 movements (standing, single-
legged balance, and cutting) under 2 cognitive states (single
task and dual task [subtracting by 6’s or 7’s]) for 3 trials under
each condition. The StART trials were calculated as millisec-
onds between penlight illumination and initial movement. We
used a 3 3 2 repeated-measures analysis of variance with post

hoc t tests and 95% CIs to assess StART cognitive and
movement differences, conducted univariable linear regressions
to examine StART performance associations, and reported
StART performance as percentiles.

Results: All StART conditions differed (P � .03), except
single-task standing versus single-task single-legged balance (P
¼ .36). Every 1-year age increase was associated with an 18-
millisecond (95% CI ¼ 8, 27 milliseconds) slower single-task
cutting RT (P , .001). Female athletes had slower single-task
(15 milliseconds; 95% CI¼2, 28 milliseconds; P¼ .02) and dual-
task (28 milliseconds; 95% CI ¼ 2, 55 milliseconds; P ¼ .03)
standing RT than male athletes. No other demographic or health
history factors were associated with any StART condition (P �
.056).

Conclusions: The StART outcomes were unique across
each cognitive-motor combination, suggesting minimal subtest
redundancy. Only age and sex were associated with select
outcomes. The StART composite scores may minimize con-
founding factors, but future researchers should consider age
and sex when providing normative data.

Key Words: mild traumatic brain injury, response time,
return to play, rehabilitation

Key Points

� The Standardized Assessment of Reaction Time (StART) combined composite score was unaffected by sex, age, or
any other demographic or health history factors assessed and, therefore, may be a more robust dual-task, functional
movement reaction-time measure.

� Before StART is implemented clinically, investigators should determine if postconcussion deficits can be detected
using StART or if StART provides additional diagnostic value beyond the standard concussion assessments
(symptoms, balance, and neurocognition) currently used.

C
oncussion is a prevalent injury throughout athletic

settings,1,2 resulting in transient symptom presen-

tations, impaired postural stability, and diminished

neurocognitive function.3,4 Clinicians typically examine

patients with concussion by using assessments that evaluate

these deficits to accurately diagnose and guide clinical
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recovery decisions.4–6 Reaction time is a widely exam-
ined7–10 and important cognitive domain because of acutely
prevalent impairments.10,11 Clinicians and researchers have
therefore created numerous methods to ensure that reaction
time can be examined in many settings after concus-
sion.12–17

Reaction time is commonly assessed after concussion by
using either computerized neurocognitive assessments7,12 or
the clinical reaction-time assessment (ie, rod-embedded
hockey puck dropped and then caught by the partici-
pant).14,15 However, neither assessment corresponds with
whole-body functional movement reaction time (ie, center
of mass moving during a sport-related task in response to a
stimulus),13,18 which raises the concern that clinical
measures are suboptimal metrics in sport settings. These
clinical assessments starkly differ from those of most sports
in which ever-changing environments, split-second deci-
sion-making, and simultaneous cognitive planning and
movement are required. Current clinical assessments also
often occur in isolated testing environments,19,20 where
participants use simple finger movements (computerized
neurocognitive testing) or static stances (postural stability)
with their cognitive focus solely on performing the given
task.

Investigators have identified lingering impairments in
dual-task (ie, simultaneously completing cognitive and
motor tasks) gait assessments 2 months after concussion21

and consistently observed a 2-fold increase in musculo-
skeletal injury for up to 2 years after a concussion.22,23 With
these findings, researchers13,21–23 suggested that concussion
management lacks a functional, sport-like applicability to
deficit recognition. Differences between clinical and sport
environments may be the vital components missing from
return-to-sport decision-making and may explain why dual-
task gait assessments are associated with a heightened
musculoskeletal injury risk postconcussion, whereas cur-
rent clinical measures are not.24–26

Numerous factors, such as age, sex, sport contact level,
and concussion history may alter reaction-time measures
and thus confound the interpretation of postconcussion
changes.11,27 A novel, functional movement reaction-time
assessment has been developed to better emulate the rapid
whole-body movement and simultaneous cognitive and
motor demands required in most sports. The Standardized
Assessment of Reaction Time (StART) uses simple and
functional body movements under both single- and dual-
task conditions to gain insights into concurrent cognitive
and motor coordination and to address the limitations of
clinical reaction-time measures,13,18 but which confounding
factors may be specific to StART is unknown. Before
widespread implementation, it is important to determine
whether StART demonstrates a dual-task effect (ie, slowed
motor performance under cognitive loading) or is affected
by preexisting individual factors. After confounding factors
are identified, preliminary reference data may be provided
to aid clinicians in understanding postconcussion changes
in the absence of preinjury, baseline measures.

The purposes of our study were to (1) assess StART
differences across each cognitive-motor combination
under single- and dual-task conditions, (2) examine
possible contributing factors to StART performance, and
(3) provide preliminary reference data for StART in a
healthy collegiate student-athlete population. We hypoth-

esized that (1) participants would demonstrate slower
performance during more demanding cognitive and motor
tasks (eg, cutting and dual task) than during simpler tasks
and (2) only sex and sport type would statistically
confound StART performance based on previously
published research.11,13,27

METHODS

Study Design

We conducted a prospective, cross-sectional cohort study
to assess preinjury factors and StART performance among
healthy participants during preseason baseline screening.
This study is reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines.28

Participants

We enrolled a total of 89 (96.7%) individuals out of 92
who were enrolled in a larger study during the 2021–2022
academic year (Table 1). All participants were recruited at
baseline testing from a single university’s student-athlete
body during fall 2021. Individuals were eligible if they
completed the StART assessment and were undergoing
baseline assessments as part of their college athletic
preseason protocol. We excluded individuals who self-
reported a history of learning disability, neurologic
disorder, or psychiatric disorder, as these conditions and
associated medications may affect reaction time. All
participants provided written informed consent, and this
protocol was approved by the Boston Children’s Hospital
Institutional Review Board.

Table 1. Characteristics of Collegiate Student-Athletes (N¼ 89)

Characteristic Valuea

Age, y 19.5 6 0.9

Height, cm 178.2 6 21.7

Mass, kg 80.4 6 24

Sex

Male 56 (62.9)

Female 33 (37.1)

Race and ethnicity

White 56 (62.9)

Black 13 (14.6)

.1 Race 8 (9.0)

Asian, Hawaiian, or Alaskan 8 (9.0)

Hispanic or Latino 4 (4.5)

Concussion history

None 64 (71.9)

1 20 (22.5)

2 5 (5.6)

Caffeine intake before testing

None 74 (83.1)

1 13 (14.6)

2 1 (1.1)

3þ 1 (1.1)

Sleep the previous night, h 6.8 6 1.2

Sport contact level

Contact 67 (75.3)

Limited 11 (12.4)

Noncontact 11 (12.4)

a Percentages were rounded, so the sums may not equal 100%.
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Instrumentation and Procedures

Student-athletes completed health history forms and
StART during the same day as part of their preseason
baseline assessment. All baseline assessments were per-
formed serially in designated areas, either individually or
with 2 athletes at most in a testing area. The health history
forms were given to participants to self-report demographic
factors (eg, age, sex, race, and limb dominance), medical
history (eg, concussion history, caffeine intake before
testing, and hours of sleep the previous night), and sport
history (eg, sport type, contact level, position, and years of
participation). Primary sport was reported by participants
and then categorized into sport contact level (contact,
limited, or noncontact) based on an earlier study.29 At least
1 member of the research team was always present to
answer any questions about the form.

All StART trials were video and audio recorded (240 Hz
with 720p resolution) on an iPad Pro (model A1876; Apple
Inc) using the OnForm application30 attached to a tripod
3.05 m away from participants to ensure that those of
different heights could completely fit in the frame (Figure
1). The video frame rate was equivalent to or faster than
that of criterion standard motion-capture cameras and
allowed for high-fidelity movement detection.13,31 A light-
emitting diode penlight tip was placed in the camera frame
and provided a time-synchronized visual stimulus for

initiating reaction time (Figure 1A–C). Participants were
instructed to ‘‘get set’’ for all StART trials, and then the
penlight was illuminated randomly between 2 and 10
seconds after this preparatory cue (Figure 1D–F).

The StART consisted of 3 movements (standing, single-
legged balance, and cutting) across 2 conditions (single and
dual task), and 3 trials were completed per condition (18
trials total). The dual-task condition was serial subtraction
by 6’s and 7’s (randomly selected) due to established
cognitive loading and frequent use in dual-task litera-
ture.13,25,31 Participants stood with their feet together and
hands on hips as the starting position for standing trials;
stood on their nondominant leg (limb they would not use to
kick a ball) with hands on hips as they balanced for single-
legged balance trials; and stood in a semisquatted, athletic
stance with hands on hips for cutting trials.

For the standing and single-legged balance trials,
participants moved their hands off their hips until their
upper extremities were outstretched to a T position (ie,
parallel to the ground) immediately after the penlight was
activated. Cutting trials required them to rapidly accelerate
from the starting position to the left- or right-side targets
positioned 3.05 m away at 458 from the starting position by
performing an athletic cutting motion (Figure 1J). All
StART outcomes were calculated and scored as the time
between light activation and movement. Specifically, the
first frame of any upper extremity movement (eg, hands off
hips, elbows bending, or fingers raising) was considered the
reaction time for the standing and single-legged trials, and
the first frame of any body movement (eg, foot pivoting,
hands coming off hips, or torso or head deviating laterally)
was considered the reaction time for the cutting trials.
Reaction time was recorded using the OnForm time-
between-events function to accurately convert frames
between light and movement into seconds.

We conducted a sensitivity analysis of the pilot data to
determine the minimal number of trials for measurement
stability among StART outcomes, with all movement-
condition combinations needing 2 or 3 trials each. The
intra- and interrater reliability of each StART subtest was
assessed in 8 healthy college students before and separate
from the cohort described earlier by using intraclass
correlation coefficients (ICCs).32,33 The intrarater reliability
across participants using ICC (2,k) models was as follow:
single- (0.96) and dual- (0.99) task standing, single- (0.95)
and dual- (0.99) task single-legged balance, and single-
(0.99) and dual- (0.99) task cutting. The interrater
reliability across subtests using ICC (2,k) models was as
follows: single- (0.88) and dual- (0.98) task standing,
single- (0.92) and dual- (0.88) task single-legged balance,
and single- (0.95) and dual- (0.95) task cutting. Thus,
acceptable reliability32,33 was present among all StART
outcomes and has since been expanded upon and
independently reported in another study.34

The entire StART assessment took approximately 5
minutes on average for participants to complete and
approximately 10 minutes for the research team to analyze
each person. The StART values were averaged to calculate
9 outcome scores: single- and dual-task standing, single-
legged balance, and cutting reaction times (separately);
single-task reaction time composite (all single-task trials);
dual-task reaction time composite (all dual-task trials); and
StART composite (all 18 trials).

Figure 1. Standardized Assessment of Reaction Time starting
positions and data collection. A–C, standing; D–F, single-legged
balance; and G–I, cutting tasks are presented as snapshots
throughout an example trial. A, D, and G, the starting positions
for each task, with the penlight (left upper corner) off as the
participant waits for illumination. B, E, and H, examples of
movement starting and reaction time already occurring immediate-
ly after penlight illumination. C, F, and I, the ending positions for
each task. J, schematic for participant and instrument setup.
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Statistical Analysis

To describe the cohort, we used descriptive statistics
(frequencies and proportions, means and SDs) for health
history characteristics. We computed a 3 (standing, single-
legged balance, cutting)-by-2 (single and dual task)
repeated-measures analysis of variance with post hoc t
tests, deriving mean differences, 95% CIs, and Cohen d
effect sizes to assess whether StART cognitive and
movement differences were present. Effect sizes were
interpreted as small (�0.20), medium (0.21–0.79), or large
(�0.80).35 Univariable general linear models were calcu-
lated to examine if preexisting factors (age [continuous],
sex [dichotomous], hand and lower extremity dominance
[dichotomous], concussion history [dichotomous], caffeine
intake before testing [dichotomous]), hours of sleep the
previous night (continuous), and sport contact level (3-level
ordinal) were associated with StART. The StART prelim-
inary reference data were binned and reported in the
following percentile categories: ,2 (very poor), 2–9
(poor), 10–24 (below average), 25–75 (broadly normal),
76–90 (above average), and .90 (superior).36,37 All
applicable general linear model assumptions were assessed
with residual normality violations present among several
StART outcomes, as is common for reaction-time mea-
sures.38 Therefore, logarithmic transformations were per-
formed on the affected StART outcomes, normality was
successfully met before statistical analysis, and the
outcomes were back transformed for reporting.39,40 All
statistical analyses were conducted using R (version 4.0.4;
R Project for Statistical Programming), and the a level was
set a priori at .05.

RESULTS

A total of 89 collegiate student-athletes completed the
StART assessment (Table 1). A cognitive-by-movement
task interaction (F2,87 ¼ 32.4, P , .001), main effect for
cognitive task (F2,87¼800.4, P , .001), and main effect for
movement task (F2,87¼ 27.3, P , .001) were observed for
StART outcomes. Each cognitive-movement-condition was
different from the others (P � .03; d range ¼ 0.44–4.87;
Figure 2), except for single-task standing compared with
single-task single-legged balance (mean difference ¼ 2
milliseconds; 95% CI ¼�3, 8 milliseconds; P ¼ .36; d ¼
0.19). The movement task effect indicated that the standing
task produced a slower reaction time than single-legged
balance (mean difference¼ 21 milliseconds; 95% CI¼ 15,
28 milliseconds; P , .001; d ¼ 1.34), and the cutting task
was slower than single-legged balance (mean difference ¼
28 milliseconds; 95% CI¼21, 36 milliseconds; P , .001; d
¼ 1.49), but the standing task was not different from the
cutting task (mean difference¼�7 milliseconds; 95% CI¼
�16, 2 milliseconds; P ¼ .14; d ¼ 0.30). All single-task
condition trials were faster than all dual-task condition
trials (mean difference¼ 119 milliseconds; 95% CI¼ 109,
129 milliseconds; P , .001).

A summary of the univariable linear regressions between
StART outcomes and preexisting factors is given in Table
2. Only 3 student-athletes were left-hand dominant and
only 6 were left-leg dominant. Therefore, we did not
analyze the association between limb dominance and
StART performance. Only single-task (P ¼ .02) and dual-
task (P ¼ .03) standing were associated with sex: female

athletes had a slower reaction time by 15 milliseconds (95%
CI ¼ 2, 28 milliseconds; d ¼ 0.51) and 28 milliseconds
(95% CI ¼ 2, 55 milliseconds; d ¼ 0.47), respectively. No
other StART outcome differences were observed for sex (P
� .056). Age was associated with the single-task cutting (P
, .001) and single-task StART composite (P ¼ .001).
Every 1-year age increase was associated with a slower
reaction time by 18 milliseconds (95% CI ¼ 8, 27
milliseconds) for single-task cutting and 11 milliseconds
(95% CI ¼ 5, 17 milliseconds) for the StART single-task
composite score. No other StART outcome differences
were noted for age (P � .057). Height, mass, concussion
history, caffeine intake before testing, hours of sleep the
previous night, and sport contact level were not associated
with any StART outcomes (Table 2).

Preliminary reference value cutoffs for each StART
outcome and the composite score are supplied in Table 3.
The StART composite score was 287 6 31 milliseconds,
with a StART single-task composite of 227 6 26
milliseconds and a StART dual-task composite of 347 6
46 milliseconds. The movement subtests for the single-task
and dual-task conditions were 219 6 30 milliseconds and
366 6 62 milliseconds for standing, 216 6 28 milliseconds
and 325 6 51 milliseconds for single-legged balance, and
248 6 40 milliseconds and 350 6 58 milliseconds for
cutting, respectively (Figure 2).

DISCUSSION

Our findings indicated that StART elicited a clear dual-
task effect in almost every cognitive-motor combination.
Sex and age were associated with StART performance. We
present preliminary reference values (Table 3) that may be
helpful when interpreting StART performance. However,
these preliminary reference values are currently only
intended for research and exploratory purposes until their

Figure 2. Standardized Assessment of Reaction Time outcomes
among collegiate student-athletes (n ¼ 89). Standard Tukey
boxplots with 15% weighted participant datapoints among each 3-
trial averaged movement and cognitive condition and the compos-
ite scores. Mean numeric values are presented next to the boxplots.
The horizontal line in each box represents the median values; the
top and bottom of the box represent the first (25%) and third (75%)
quartiles, respectively; and whiskers represent the box quartiles 6
1.5 3 interquartile range.

Journal of Athletic Training 115

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-17 via free access



T
a

b
le

2
.

S
tA

R
T

R
e

la
ti

o
n

s
h

ip
to

D
e

m
o

g
ra

p
h

ic
a

n
d

H
e

a
lt

h
H

is
to

ry
F

a
c

to
rs

a

V
a

ri
a

b
le

V
a

lu
e

(9
5

%
C

I)

S
ta

n
d

in
g

S
in

g
le

-L
e

g
g

e
d

B
a

la
n

c
e

C
u

tt
in

g
C

o
m

p
o

s
ite

S
c
o

re

S
in

g
le

T
a

s
k

D
u

a
l

T
a

s
k

S
in

g
le

T
a

s
k

D
u

a
l

T
a

s
k

S
in

g
le

T
a

s
k

D
u

a
l

T
a

s
k

S
in

g
le

T
a

s
k

D
u

a
l

T
a

s
k

C
o

m
b

in
e

d

B
P

B
P

B
P

B
P

B
P

B
P

B
P

B
P

B
P

A
g

e
,

y
7

(�
2

,
1

6
)

.1
3

4
(�

1
2

,
2

0
)

.6
3

7
(�

1
,

1
4

)
.0

5
7
�

3
(�

1
6

,
1

0
)

.6
4

1
8

(8
,

2
7

)
,

.0
0

1
b

8
(�

7
,

2
3

)
.3

0
1

1
(5

,
1

7
)

.0
0

1
b

3
(�

9
,

1
5

)
.6

3
7

(�
1

,
1

5
)

.0
9

S
e

x
(f

e
m

a
le

s

v
e

rs
u

s
m

a
le

s
)

1
5

(2
,

2
8

)
.0

2
b

2
8

(2
,

5
5

)
.0

3
b

8
(�

4
,

2
0

)
.2

1
1

2
(�

1
0

,
3

4
)

.2
8

1
(�

1
6

,
1

9
)

.7
5

1
3

(�
1

2
,

3
8

)
.3

1
9

(�
3

,
2

0
)

.1
3

1
7

(�
2

,
3

7
)

.0
9

1
3

(�
1

,
2

6
)

.0
5

6

H
e

ig
h

t,
c
m

0
(�

1
,

1
)

.8
0

0
(�

1
,

1
)

.2
0

0
(�

1
,

1
)

.6
3

0
(�

1
,

1
)

.4
6

0
(�

1
,

1
)

.1
1

0
(�

1
,

1
)

.4
1

0
(�

1
,

1
)

.2
8

0
(�

1
,

1
)

.0
7

0
(�

1
,

1
)

.3
8

M
a

s
s
,

k
g

0
(�

1
,

1
)

.5
7

0
(�

1
,

1
)

.9
7

0
(�

1
,

1
)

.1
7

0
(�

1
,

1
)

.9
7

0
(�

1
,

1
)

.1
5

0
(�

1
,

1
)

.2
2

0
(�

1
,

1
)

.0
5

9
0

(�
1

,
1

)
.6

1
0

(�
1

,
1

)
.2

5

C
o

n
c
u

s
s
io

n
h

is
to

ry
,

y
e

s
v
e

rs
u

s
n

o
�

2
(�

1
7

,
1

2
)

.7
4

2
0

(�
9

,
4

8
)

.1
7

2
(�

1
1

,
1

5
)

.7
8

1
0

(�
1

3
,

3
3

)
.4

1
4

(�
1

5
,

2
4

)
.6

5
1

(�
2

5
,

2
8

)
.9

2
1

(�
1

2
,

1
3

)
.8

9
1

1
(�

1
0

,
3

1
)

.3
1

6
(�

9
,

2
0

)
.4

3

C
a

ff
e

in
e

in
ta

k
e

b
e

fo
re

te
s
tin

g
,

n
o

v
e

rs
u

s
y
e

s
1

0
(�

7
,

2
7

)
.2

6
8

(�
2

7
,

4
3

)
.6

6
9

(�
7

,
2

4
)

.2
8
�

9
(�

3
8

,
2

0
)

.5
3

1
7

(�
5

,
4

0
)

.1
3

7
(�

2
6

,
3

9
)

.6
9

1
2

(�
2

,
2

7
)

.1
0

1
(�

2
5

,
2

8
)

.9
1

7
(�

1
1

,
2

4
)

.4
4

S
le

e
p

th
e

p
re

v
io

u
s

n
ig

h
t,

h
�

2
( �

8
,

3
)

.3
4

4
(�

6
,

1
5

)
.4

4
�

4
(�

8
,

1
)

.1
3

3
(�

6
,

1
2

)
.4

7
�

6
(�

1
2

,
1

)
.1

0
�

1
(�

1
1

,
9

)
.8

1
�

4
(�

8
,

1
)

.0
8

2
(�

6
,

1
0

)
.6

1
�

1
(�

6
,

4
)

.7
3

S
p

o
rt

ty
p

e

L
im

ite
d

c
o

n
ta

c
t

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

R
e

f
R

e
f

C
o

n
ta

ct
�

9
(�

2
7

,
1

1
)

.3
9

2
8

(�
1

2
,

6
7

)
.1

7
�

1
5

(�
3

2
,

3
)

.1
0

2
3

(�
1

0
,

5
6

)
.1

7
�

3
(�

2
9

,
2

3
)

.8
4
�

1
1

(�
4

9
,

2
7

)
.5

7
�

9
(�

2
5

,
8

)
.2

9
1

4
(�

1
6

,
4

3
)

.3
7

2
(�

1
8

,
2

3
)

.8
2

N
o

n
c
o

n
ta

c
t

1
1

(�
1

4
,

3
7

)
.3

7
1

8
(�

3
4

,
7

0
)

.4
9
�

3
(�

2
6

,
2

0
)

.7
9

1
5

(�
2

8
,

5
8

)
.4

8
9

(�
2

5
,

4
3

)
.5

8
�

1
5

(�
6

5
,

3
4

)
.5

4
6

(�
1

6
,

2
8

)
.5

9
6

(�
3

3
,

4
5

)
.7

6
6

(�
2

1
,

3
3

)
.6

6

A
b

b
re

v
ia

tio
n

s
:

S
tA

R
T

,
S

ta
n

d
a

rd
iz

e
d

A
s
s
e

s
s
m

e
n

t
o

f
R

e
a

c
tio

n
T

im
e

;
R

e
f,

re
fe

re
n

t.
a

A
ll

o
u

tc
o

m
e

s
a

re
ro

u
n

d
e

d
to

th
e

n
e

a
re

s
t

w
h

o
le

m
ill

is
e

c
o

n
d

v
a

lu
e

to
e

n
s
u

re
m

e
a

s
u

re
m

e
n

t
p

re
c
is

io
n

o
n

ly
to

th
e

e
x
te

n
t

to
w

h
ic

h
it

w
a

s
m

e
a

s
u

re
d

.
b

In
d

ic
a

te
s

p
re

d
ic

to
r

p
re

s
e

n
t

fo
r

s
p

e
c
ifi

c
S

tA
R

T
o

u
tc

o
m

e
.

116 Volume 58 � Number 2 � February 2023

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-17 via free access



validity can be confirmed and StART postconcussion
deficits are understood.

From a theoretical viewpoint, each StART cognitive-
motor combination would be expected to result in slightly
altered reaction-time performance. Standing trials served as
a relatively simple reaction-time assessment. Single-legged
balance trials induced heightened sensorimotor coordina-
tion, as individuals with concussion have trouble integrat-
ing sensory information.21,41,42 Cutting trials emulated
sport-like functional movement that has been examined in
laboratory settings by researchers using motion-capture
equipment.13,31 In our study, most StART components
yielded unique reaction-time metrics, with moderate-to-
large differences between tasks (Figure 2). Only the single-
task standing and single-task single-legged balance com-
parisons were not different, and this result may indicate
some StART redundancy. Note that we studied a sample of
healthy collegiate athletes, and thus, results from the single-
task standing and single-task single-legged balance assess-
ments may differ after concussion due to acknowledged
balance impairments acutely after injury.43,44 Future
investigations involving athletes experiencing concussions
would help to better characterize the unique information
offered by the StART subtests.

Reaction time can be affected by numerous intrinsic and
extrinsic factors.11,27 Our preliminary findings indicated
that StART outcomes were overall resistant to many
demographic factors and health history, except for age
and sex. Age and sex are well-established factors associated
with reaction times measured among collegiate athletes,
with previous studies11,27 showing that females and
marginally older individuals typically displayed slower
reaction times. Our findings partially align with this earlier
work. We demonstrated that female athletes had slower
single-task and dual-task reaction times than male athletes
during the standing condition, although no other sex
differences were evident. Older age was associated with a
slower reaction time in the single-task cutting condition.
Overall, the StART composite scores were minimally
affected by age and sex (Table 2) and may have future
postconcussion utility, but further exploration is warranted
to understand if and which specific StART metrics elicit

deficits after concussion. Future authors should evaluate a
larger cohort to develop robust normative data and
comprehensively understand the effects of age and sex on
subtests. Based on our preliminary data, adjusting StART
composite scores for age and sex effects may not be
necessary.

The preliminary reference data we obtained provide
valuable and efficient insights into estimated preinjury
performance, especially when normative data are frequent-
ly used among most other concussion assessments.6,10,37,45

Our relatively small cohort was enrolled across a single
season and university, and therefore, providing robust
normative data or exploring by age and sex was not
possible. However, we supplied preliminary reference data
to report initial estimates given that the StART composite
outcomes were minimally affected by preexisting factors
and approximated Gaussian distributions (Table 3). These
values are intended for research and exploratory use only
until validated, postconcussion impairments for this
measure are determined, and we understand whether subtest
or composite scores are the optimal metric for assessing
deficits. Our results highlight the added cognitive process-
ing time and added variance due to individual capabilities
that occur when conducting reaction-time assessments
under a dual-task paradigm. Researchers have observed
similar increased reaction times and variances under dual-
task conditions,13,14 and thus, the signal-to-noise ratio may
be important to consider.

Our study had several limitations. We examined a healthy
collegiate student-athlete cohort from a single university
across a variety of sports, so these findings may not be
generalizable to other populations. The StART assessment
may have practice or learning effects. Given that it was
administered in a standardized order, practice effects might
partially explain why single-legged balance displayed a
faster reaction time than standing conditions. Lastly,
numerous demographic factors, such as limb dominance
and the specific sport played, were not assessed due to the
limited sample size, and others, such as concussion history,
ethnicity, and sport contact level, had small proportions or
variances. Future investigators should examine StART

Table 3. Preliminary Reference Values for StART Outcomesa

StART Outcome

Superior

(.90%)

Above Average

(75%–90%)

Broadly Normal

(25%–75%)

Below Average

(10%–24%)

Poor

(2%–9%)

Very Poor

(,2%)

Standing

Single task �184 185–194 195–235 236–264 265–281 �282

Dual task �294 295–315 316–397 398–435 436–535 �536

Single-legged balance

Single task �184 185–195 196–227 228–250 251–275 �276

Dual task �262 263–284 285–355 356–389 390–437 �438

Cutting

Single task �205 206–217 218–265 266–295 296–349 �350

Dual task �277 278–310 311–376 377–415 416–465 �466

Composite

Single task �193 194–208 209–240 241–260 261–290 �291

Dual task �289 290–310 311–370 371–407 408–431 �432

Combined �248 249–264 265–302 303–326 327–346 �347

Abbreviation: StART, Standardized Assessment of Reaction Time.
a These reference values are derived from a relatively small (n¼ 89), single-season cohort from 1 institution and, therefore, may not reflect

robust norms. They are intended for exploratory research use at this time until their validity and StART postconcussion deficits are
understood.
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among diverse cohorts across numerous settings to validate
the accuracy of the estimates reported here.

CONCLUSIONS

We demonstrated that StART performance was unique
across the cognitive-motor task combinations used and
therefore may offer efficient insights into postconcussion
examination. Age and sex were each associated with some
StART outcomes. The StART combined composite was
unaffected by age, sex, or any other demographic or health
history factors we explored and, thus, may be a more robust
dual-task, functional movement reaction-time measure. Yet
before StART is implemented clinically, future research is
necessary to determine if postconcussion deficits can be
detected using StART or if StART provides additional
diagnostic value beyond more commonly used measures.
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