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Dual-Task testing has been reported to have a higher sensitivity to deﬁcits associated with concussion; however,
the feasibility as a clinical or ﬁeld test is questionable due to the requirements of laboratory-based equipment.
With an overarching goal of exploration of clinically feasible Dual-Task testing options, the speciﬁc aims of this
study were 1) to evaluate the reliability of Dual-Task testing methods using the Expanded Timed Get-Up-and-Go
(ETGUG) paired with Backward Digit Recall (BDR), Serial Seven (SS), and Auditory Pure Switch Task (APST),
and 2) to determine the eﬀects of Dual-Task testing on motor and cognitive performance in healthy college-aged
individuals. Fifty-four healthy young adults completed two separate testing sessions, which consisted of SingleTask tests in a randomized order followed by 3 pairs of Dual-Task tests in a randomized order. Test-retest
reliability for ETGUG time to completion was excellent for all Single- and Dual-Task conditions (ICC 0.89–0.92);
however, ETGUGBDR and ETGUGSS were associated with learning eﬀects (p = 0.002 and 0.007, respectively).
Test-retest reliability for Response Rate of the cognitive tasks was lower than those of motor task and all outcomes were associated with learning eﬀects. The completion time of the ETGUGAPST pair indicated excellent
reliability with no learning eﬀect. Performance level declined in all tasks under Dual-Task conditions compared
to Single-Task; however, motor tasks showed larger deﬁcits indicating the prioritization of the cognitive task
compared to the motor task.

1. Introduction
Executive functioning allows higher-order cognitive behavior such
as planning, monitoring, and executing a sequence of goal-oriented
complex actions and is often aﬀected by concussions [1]. Dual-Task
testing is one method of assessing executive function, speciﬁcally assessing “divided attention” (attention necessary to multi-task) and is
commonly used in older adults to predict fall risk [2]. Decreased executive function has been associated with altered gait performance in
older adults when a cognitive task is performed simultaneously [3].
Dual-Task testing has also been reported to detect continued neurocognitive and functional deﬁcits in a concussed athlete, even after
standard concussion assessment scores returned to normal [4–9]. Assessment of executive function, speciﬁcally divided attention, may
provide further insight regarding readiness for returning to play as
sports participation involves simultaneous motor and neurocognitive
function [10]. It has been suggested that Dual-Task testing has the
potential to be a more sensitive and practical concussion assessment
tool [11]. The National Athletic Trainers’ Association position

statement on concussions endorses the use of diﬀerent types of
screening tools that separately evaluate postural stability, neurocognitive function and self-reported symptoms, which has been shown to be
sensitive, reliable, and feasible in a clinical setting [12]. Despite the
growing evidence supporting the eﬃcacy of Dual-Task testing for
concussion assessment, testing protocols reported in previous studies
typically require advanced laboratory equipment to measure exclusive
outcomes such as center of mass and ellipse area during gait and balance activities [4–9,11,13–16] and are therefore impractical in clinical
settings.
The Timed-Up-and-Go Test is an established clinical test used to
assess gait and postural control [17]. Gait speed during the Timed-Upand-Go test has been shown to decrease signiﬁcantly in an elderly population when combined with a cognitive task [17]. Slower gait speed
during Dual-Task tests using level-walking has also been reported in
concussed individuals [4,7,9,16]. These studies suggest that changes in
gait performance instigated by a concurrent cognitive task, referred to
as Dual Task Cost (DTC), is measureable using gait speed. The Expanded-Timed-Get-Up-and-Go test (ETGUG) is a modiﬁcation of the
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2.2. Dual-Task conditions

Timed-Up-and-Go test and is considered a more appropriate clinical
assessment for physically active individuals [18]. The increase in
walking distance from six to twenty meters provides an extended period
of time for cognitive task performance when utilizing Dual-Task testing.
The only equipment necessary to implement the ETGUG is a chair,
timer, and 10-m walkway, which makes this test more feasible in a
clinical setting compared to a laboratory-based gait assessment that
requires motion analysis systems.
The ideal cognitive tasks to be paired with ETGUG should be easily
administrable by a single examiner in a clinical setting. The selected
cognitive tasks should not utilize the same input or output used for the
motor task, which would cause structural interference. For example,
reading a sign and catching a baseball both require visual input, which
limits the ability of the Dual-Task test to assess divided attention [19].
Controlling for structural interference allows any deﬁciencies in DualTask performance, when compared to Single-Task performance, to be
attributed to the overload of the participant’s attention capacity. The
Serial Sevens (SS) test and the Auditory Pure Switch Task (APST) test
have previously been used in Dual-Task research and the Backward
Digit Recall (BDR) test is commonly used in on-ﬁeld concussion assessment [4,6,13]. These tasks do not create structural interference
when paired with the ETGUG and are number-based in order to minimize the inﬂuence of the participants’ English ability on the outcome
measures as compared to word-based tasks. These are also auditorybased tests that a clinician could implement without having additional
equipment, as opposed to visual-based test that requires a computer or
projector.
Previous Dual-Task concussion research has predominantly focused
on tasks requiring extensive equipment such as three-dimensional
motion analysis system, Sensory Organization Test and computerized
neurocognitive tests [4–9,11,13–16]. Therefore, the goal of this study
was to identify a combination of motor and cognitive tasks that produced a reliable and clinically feasible Dual-Task test in healthy young
adults that, once established, may prove valuable through future investigations in assessing deﬁcits in concussed patients in clinical settings. Therefore, the speciﬁc aims of this study were 1) to evaluate the
reliability of the Dual-Task testing methods using ETGUG paired with
SS, APST, and BDR, and 2) to determine the eﬀects of Dual-Task testing
on motor and cognitive performance in healthy college-aged individuals.

2.2.1. Motor task
Expanded Timed Get-Up-and-Go (ETGUG) was used as the motor
task. Participants were instructed to be fully seated with their back
against the back of an armless chair (seat height ∼46 cm), stand once
they heard a verbal cue, walk around a cone placed 10-m from the
chair, and sit back down in the fully seated position. The measured
outcome was the total time to complete the course. [18] The same
examiner recorded the time to completion, started at the verbal cue and
stopped when the participant had returned to fully seated position,
using a digital hand-held stopwatch.
2.2.2. Cognitive task
Three diﬀerent auditory-based cognitive tasks were paired with
ETGUG: SS, APST, and BDR. Participants were given instructions, including an example, prior to each task. All cognitive tests were administered for 20 s during the Single-Task session to standardize the
testing duration for all cognitive tasks. This duration was determined
based on the pilot testing to estimate the approximate time required to
complete the ETGUG. The measured outcomes for the cognitive tasks
were Percent Accuracy and Response Rate. Percent Accuracy was deﬁned as the ratio of correct answers to the total number of responses.
Response Rate was deﬁned as the ratio of total number of responses to
completion time (either 20 s for the Single-Task sessions or ETGUG time
to completion for the Dual-Task sessions).

• Serial Sevens (SS)
Participants were given a random number between 80 and 100 and
instructed to recite subsequent numbers resulting from subtracting
seven for each response throughout the test. Each subtraction was
considered a response; when participants failed to perform a correct
subtraction, an error was scored [20].

• Auditory Pure Switch Task (APST)
Participants were instructed to discriminate out loud between even
and odd numbers as the examiner called them out. The number set was
comprised of random digits between one and eight [6,13]. Each number
was given to participants immediately following the previous response.

• Backward Digit Recall (BDR)

2. Methods
2.1. Participants

Participants were asked to repeat sets of numbers given by the examiner in reverse order. The numbers included in this task were one
through nine. Each set of numbers was randomly selected with the
following restrictions: no digits were present more than once in any set
of numbers, immediate ascending or descending pairs were eliminated
(e.g., 5–6 or 6-5), no double multiple jumps were included (e.g., 2–4-6
or 3–6-9), and no consecutive sequences began or ended with the same
digit [21]. A baseline BDR trial was performed in accordance to the
BDR procedure to determine the length of number sets used during
Single-Task and Dual-Task trials. The baseline trials started from three
digits and increased by one digit if the digits were repeated correctly
until participants failed to respond correctly. The last set of numbers
each participant repeated correctly was utilized as their number of digits used for Single-Task and Dual-Task trials [22]. Each set was
counted as one response and considered correct only if the participant
repeated all numbers correctly.

A total of 54 participants (33 females, 21 males) were recruited
from the university. (Table 1) Exclusionary criteria included: a history
of diagnosed concussions, lower extremity injury within the last 3
months, diagnosed learning disability, previous exposure to SS, BDR,
APST, or ETGUG, or any physical condition that could aﬀect the outcomes of the test. Of the 54 participants, two males were unable to
complete the testing sessions due to injury. All participants completed
an informed consent form approved by the university’s Human Studies
Program Institutional Review Board.

Table 1
Participant demographics.

Age (y/o)
Height (m)
Body Mass (kg)

Male (n = 21)

Female (n = 33)

Overall (n = 54)

20.90 ± 1.6
1.75 ± 0.10
75.87 ± 17.33

21.00 ± 1.7
1.65 ± 0.08
62.71 ± 14.45

20.98 ± 1.67
1.69 ± 0.10
67.83 ± 16.77

2.2.3. Dual-Task
The motor task was combined with a cognitive task to create three
distinct Dual-Task conditions: ETGUGBDR, ETGUGSS, and ETGUGAPST.
The measured outcomes of each component of the Dual-Task conditions
were same as those measured in the Single-Task condition. To illustrate
23
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the eﬀects of Dual-Task on motor and cognitive performance, DTCs
were calculated as the ratio of the diﬀerence between Single- and DualTask to Single-Task [23].

Table 2
Test-retest Reliability and Diﬀerences between Session 1 and Session 2 for Expanded
Timed Get-Up-and-Go Completion Times (s).
Test-retest reliability

Diﬀerences between Session 1 and Session 2

2.3. Procedure
ICC

The data collection consisted of two sessions separated by an
average of 18.0 ± 4.3 days in order to minimize learning eﬀects
[14,15]. Two experienced examiners administered all Single- and DualTask tests with the same examiner administering all tests for a given
participant. Each participant performed two trials of each task and the
mean of the trials was used for analysis. For the cognitive tasks, different numbers or sets of number were used for each trial and testing
session. The ETGUG, SS, APST, and BDR were administered ﬁrst in a
randomized order as Single-Task tests to familiarize participants to each
test, followed by three diﬀerent pairs of Dual-Task tests in a randomized
order; the same testing order was used for the second trial and the
second data collection session for reliability analysis. All data collections were conducted in a quiet indoor facility with minimal distractions.

ETGUG
ETGUGBDR
ETGUGSS
ETGUGAPST

0.919
0.914
0.892
0.920

SEM (s)

0.776
1.609
1.631
1.156

Paired t-test

Mean Diﬀerence (s)

p value

(95% CI)

0.140
0.002a
0.007a
0.927

0.31 ± 1.48 (−0.10, 0.72)
- 1.28 ± 2.88 (−2.08, −0.48)
- 1.15 ± 2.94 (−1.97, −0.33)
0.03 ± 2.24 (−0.60, 0.65)

Abbreviations: ICC, Intra-class Correlation Coeﬃcient, SEM, Standard Error of Mean,
ETGUG, Expanded Timed Get-Up-and-Go; BDR, Backward Digit Recall; SS, Serial Sevens;
APST, Auditory Pure Switch Task. Lack of subtext indicates single-task test.
Mean diﬀerence (95% CI) is displayed as Session 2 minus Session 1; negative value indicates improvement (faster walking) during Session 2.
a
Signiﬁcant diﬀerence between Session 1 and Session 2 ETGUG completion times
(p < 0.05).
Table 3
Test-Retest Reliability and Diﬀerences between Session 1 and Session 2 for Response Rate
and Percent Accuracy.

2.4. Statistical analysis

Response Rate

Data were analyzed using SPSS Statistical Analysis Software Version
23 (IBM, Armonk, New York, USA) with an alpha level of p < 0.05. The
Percent Accuracy outcome was not normally distributed; therefore the
median and inter-quartile ranges (IQR) were reported, and the Intraclass Correlation Coeﬃcients (ICC), and Standard Error of the Mean
(SEM) should be interpreted with caution. Test-retest reliability of
outcome measures for each task were analyzed using two-way mixed
Intra-class Correlation Coeﬃcients (ICC2,1). Paired t-tests for ETGUG
and Response Rate, and Wilcoxon Signed Rank test for Percent
Accuracy were used to assess systematic diﬀerences between testing
sessions and between Single- and Dual-Task conditions and to assess
diﬀerences in outcome measures between trials and between genders.
One-way repeated measures ANOVAs with Bonferroni adjustment for
Post-hoc analyses were used to analyze the diﬀerences between Singleand Dual-Task conditions for the ETGUG. Intra-class correlation coefﬁcients were interpreted as follows: poor reliability ICC < 0.40, fair to
good reliability 0.40 ≤ ICC < 0.75, and excellent reliability
ICC ≥ 0.75 [24].

Test-retest reliability

BDR
BDRETGUG
SS
SSETGUG
APST
APSTETGUG

Diﬀerences between Session 1 and Session 2

ICC

SEM
(resp/s)

Paired t-test p
value

Mean Diﬀerence (resp/s) (95%
CI)

0.951
0.957
0.775
0.885
0.739
0.543

0.016
0.014
0.059
0.041
0.039
0.069

< 0.001a
0.024a
< 0.001a
< 0.001a
< 0.001a
0.019a

0.02
0.01
0.07
0.04
0.04
0.04

±
±
±
±
±
±

0.03
0.03
0.09
0.07
0.06
0.11

(0.01, 0.02)
(−0.01, 0.02)
(0.04, 0.09)
(0.02, 0.06)
(0.01, 0.06)
(0.03, 0.07)

Percent Accuracy
Test-retest reliability
ICC
BDR
BDRETGUG
SS
SSETGUG
APST
APSTETGUG

3. Results
Initial analyses revealed no signiﬁcant diﬀerences between trials for
all outcomes for both session 1 and session 2; therefore, two trials per
condition was deemed adequate for comparing means of these trials for
all outcome measures. Additionally, no diﬀerences were found between
genders for any of the outcome variables and the data were combined
by gender for subsequent analyses.

0.647
0.681
0.613
0.681
0.448
0.651

Diﬀerences between Session 1 and Session 2
SEM (%)

WSR test p value
a

0.000
0.012a
0.225
0.665
0.080
0.779

Median Diﬀerence (IQR)
9.52
9.52
0.00
0.00
0.00
0.00

(20.00)
(35.91)
(17.31)
(12.22)
(0.00)
(0.00)

Abbreviations: ICC, Intra-class Correlation Coeﬃcient, SEM, Standard Error of Mean,
resp/s, response per second, BDR, Backward Digit Recall; ETGUGBDR, Dual-Task
Backward Digit Recall with Expanded Timed-Get-Up-and-Go test, WSR, Wilcoxon Signed
Rank test, IQR, interquartile range. Lack of subtext indicates single-task test.
Mean diﬀerence (95% CI) is displayed as Session 2 minus Session 1; positive value indicates improvement during Session 2.
a
Signiﬁcant diﬀerence between Session 1 and Session 2 (p < 0.05).

3.1. Test-retest reliability and diﬀerences between sessions
3.2. Diﬀerences between single − and dual-task

All ICC for ETGUG were excellent for both Single- and Dual-Task
conditions. Completion time for ETGUGBDR and ETGUGSS signiﬁcantly
decreased during Session 2 compared to Session 1 (Table 2). The Response Rate for BDR and SS had excellent reliability for both Single- and
Dual-Task conditions, while APST had fair to good reliability for both
Single- and Dual-Task conditions; however, the Response Rate signiﬁcantly increased during Session 2 compared to Session 1 in all
testing conditions (Table 3). Percent Accuracy had fair to good reliability for all testing conditions; however, Percent Accuracy for BDR
signiﬁcantly increased during Session 2 compared to Session 1 for both
Single- and Dual-Task conditions. There were no signiﬁcant diﬀerences
between testing sessions for SS and APST in both Single- and Dual-Task
conditions (Table 3).

Completion times for the ETGUG signiﬁcantly increased for all DualTask conditions when compared to Single-Task in both Sessions 1 and 2
(Table 4). In Session 1, Response Rate and Percent Accuracy for APST
signiﬁcantly decreased under Dual-Task conditions compared to SingleTask, while no signiﬁcant diﬀerences existed between Single- and DualTask conditions for SS and BDR (Table 5). In Session 2, the Response
Rates of all three cognitive tests signiﬁcantly decreased during DualTask compared to Single-Task; no signiﬁcant diﬀerence existed between
Single- and Dual-Task conditions for Percent Accuracy in all cognitive
tasks (Table 5). The DTC was consistently larger in the motor task (Time
to Completion) compared to the cognitive tasks (Response Rate and
24
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Table 4
Comparison of Expanded Timed Get-Up-and-Go Test Between Single-Task and Dual-Task.
ST

DT-BDR

DT-SS

DT-APST

Session 1
Mean ± SD (s)
95% CI of mean diﬀerence (s) LB, UB

19.96 ± 2.73

25.85 ± 6.22a
4.33, 7.75

25.39 ± 5.60a
3.98, 7.09

22.16 ± 4.57a
1.29, 3.16

Session 2
Mean ± SD (s)
95% CI of mean diﬀerence (s) LB, UB

20.27 ± 2.72

24.57 ± 4.64a
3.15, 5.45

24.24 ± 4.23a
3.00, 4.95

22.19 ± 3.54a
1.28, 2.56

Abbreviations: DT-BDR, Expanded Timed Get-Up-and-Go paired with Backward Digit Recall; DT-SS, Expanded Timed Get-Up-and-Go paired with Serial Sevens; DT-APST, Expanded
Timed Get-Up-and-Go paired with Auditory Pure Switch Task; 95%CI, 95% Conﬁdence Interval of Mean Diﬀerence; LB, Lower Bound; UB, Upper Bound.
a
Signiﬁcant diﬀerence between Single- and Dual-Task conditions indicated by one-way repeated ANOVA(p < 0.001).

makes interpretation more complicated. For example, one more response will result in a 0.046 (response/s) increase in Response Rate
given an ETGUG walking time of 22 s, while one second faster completion time of ETGUG will result in a 0.022 (response/s) increase in
Response Rate, given 10 responses. The learning eﬀects seen in the
Response Rate could be due to either a faster ETGUG completion time
and/or increased number of responses; it is diﬃcult to interpret the
contribution from each component. To better understand the clinical
meaningfulness of changes in Response Rate, assessment of completion
time and total responses of each individual is necessary.
The completion time of ETGUGAPST was the only Dual-Task outcome
with excellent reliability and no learning eﬀect. As reliability could be
dependent on the participants’ skill level, tasks that can be performed
naturally and/or accurately are suggested for Dual-Task combinations
[23]. Both ETGUG and APST meet this criterion, yet the Response Rate
for APST was associated with a learning eﬀect, suggesting that the
ETGUG time to completion is the more reliable outcome measure for
the Dual-Task test. Our ﬁndings are consistent with previous studies
that reported excellent reliability on walking time or velocity and lower
reliability on cognitive tasks using various populations [25–27]. Despite
the excellent reliability for ETGUG completion time, systemic diﬀerences between sessions were indicated for the ETGUGBDR and ETGUGSS
with more than one second improvement. As BDR and SS are more
complex and novel tasks compared to APST, it is possible that these
tasks produced more learning eﬀects resulting in improvement of both
ETGUG completion time and Response Rate. Conversely, APST is a
simple cognitive task with limited area for improvement as most participants answered with 100% accuracy, resulting in consistent

Percent Accuracy) for all Dual-Task combinations (Table 6).
4. Discussion
4.1. Reliability
Test-retest reliability for Single-Task ETGUG completion time was
excellent (ICC 0.92) in a young healthy population. No signiﬁcant difference was found in Single-Task ETGUG completion time between
testing sessions, indicating no signiﬁcant practice eﬀects for walking
speed for both testing sessions. A change in walking speed during DualTask conditions can be attributed to the eﬀect of attention overloading.
Under Dual-Task conditions, test-retest reliability for ETGUG time to
completion was excellent for all combinations (ICC 0.89 to 0.92);
however, systematic diﬀerences were identiﬁed in ETGUG completion
times when paired with BDR and SS, possibly due to a learning eﬀect, as
participants walked signiﬁcantly faster during Session 2 (Table 2). This
practice eﬀect was not seen in the ETGUGAPST pair.
For cognitive tasks, Percent Accuracy tends to have lower reliability
compared to Response Rate, possibly due to the low between subject
variability, or ceiling eﬀect, especially for APST, as most participants
answered with 100% accuracy. Our results agree with Plummer et al.
[23] who reported poor reliability of the accuracy score and recommended the use of response rate as a measure for cognitive tasks. In
our study, the Response Rate for all tests improved during Session 2
compared to Session 1 indicating possible learning eﬀects (Table 3).
The Response Rate allows trial-to-trial comparison by accounting for
diﬀerences in participants’ ETGUG completion time; however, it also

Table 5
Comparison of Response Rate and Percent Accuracy Between Single- and Dual-Task Conditions.
Task

Response Rate
Mean ± SD

Session 1
BDR
SS
APST
Session 2
BDR
SS
APST

% Accuracy
Paired t-test

95% CI

p value

LB, UB

ST
DT
ST
DT
ST
DT

0.173
0.173
0.293
0.279
0.819
0.784

±
±
±
±
±
±

0.071
0.064
0.107
0.115
0.069
0.122

1.000

−0.012, 0.012

0.177

−0.035, 0.007

0.024a

−0.065, −0.005

ST
DT
ST
DT
ST
DT

0.190
0.181
0.356
0.318
0.859
0.820

±
±
±
±
±
±

0.077
0.070
0.138
0.128
0.084
0.079

0.024a

−0.016, −0.001

0.003a

−0.063, −0.014

< 0.001a

−0.054, −0.022

Median, IQR

73.21, 27.75
73.86, 31.77
91.61, 19.06
92.58, 16.67
100.00, 0.00
100.00, 0.00
81.67, 28.64
80.00, 29.93
95.50, 9.92
94.28, 15.39
100.00, 0.00
100.00, 0.00

WSR test

95% CI

p value

LB, UB

0.412

−8.919, 2.226

0.548

−4.266, 2.530

0.027a

−0.517, −0.057

0.118

−11.304, 1.202

0.180

−5.528, 0.942

0.779

−0.368, 0.358

Abbreviations: BDR, Backward Digit Recall; SS, Serial Sevens; APST, Auditory Pure Switch Task; ST, Single −Task; DT, Dual-Task; 95%CI, 95% Conﬁdence Interval of Mean Diﬀerence
(Mean diﬀerence is displayed as DT minus ST); LB, Lower Bound; UB, Upper Bound, WSR, Wilcoxon Signed Rank test, IQR, Interquartile range.
a
Signiﬁcant diﬀerence between Single- and Dual-Task conditions (p < 0.05).

25

Gait & Posture 60 (2018) 22–27

K. Tamura et al.

Table 6
Dual Task Cost for Motor and Cognitive Outcome Measures for Both Session 1 and Session 2.
ETGUG paired with:

Time to Completion (%)
Response Rate (%)
Percent Accuracy (%)

Session 1

Session 2

BDR

SS

APST

BDR

SS

APST

−29.40 ± 20.01
2.64 ± 18.34
−4.71 ± 39.51

−27.26 ± 19.22
−1.85 ± 33.29
−0.92 ± 18.75

−10.61 ± 11.49
−4.13 ± 12.70
−0.29 ± 0.84

−21.01 ± 14.48
−2.56 ± 15.5
−5.66 ± 33.34

−19.52 ± 12.28
−8.26 ± 24.14
−0.01 ± 22.00

−9.40 ± 8.68
4.19 ± 6.78
0.00 ± 1.32

Dual Task Cost calculated as ((Dual Task Outcome-Single Task Outcome)/Single Task Outcome)*100% for Response Rate and Percent Accuracy and as −((Dual Task Outcome-Single Task
Outcome)/Single Task Outcome)*100% for ETGUG as described by Plummer and Eskes 30.

Conﬂicts of interest statement

attention allocation between motor and cognitive tasks.

There are no conﬂicts of interest for any of the authors.
4.2. Eﬀects of dual-task
Acknowledgements
The ETGUG results revealed signiﬁcant and consistent deﬁcits in
performance, indicated by increased completion time, during Dual-Task
conditions. Participants walked more slowly when performing any
cognitive tasks simultaneously, compared to Single-Task ETGUG.
Furthermore, ETGUGBDR and ETGUGSS resulted in larger DTC, over
twice the size of ETGUGAPST, indicating larger discrepancies in completion time between Single- and Dual-Task conditions. This indicates
less attention was allocated to the walking task during ETGUGBDR and
ETGUGSS due to higher attention demands for more complex cognitive
tasks resulting in slower completion time, as compared to those of
ETGUGAPST. The increase in completion times for all ETGUG combinations ranged from 1.28 to 7.75 s, which are detectable in the clinical
setting by a hand-held stopwatch. Our results agreed with previous
ﬁndings of decreased walking speed during Dual-Task condition, as
well as when Dual-Task was performed with more complex cognitive
tasks. [5,28] Both studies utilized gait velocity (m/sec) as an outcome
measure recorded by the laboratory-based gait analysis system; our
study provides evidence that gait velocity changes owing to Dual-Task
tests are also detectable using clinically feasible methods.
Decreases in cognitive task performance under Dual-Task condition
were also indicated; however, these deﬁcits were smaller compared to
those of ETGUG completion time indicated by the smaller DTC
(Table 6). Plummer and Eskes [23] discussed the importance of assessing DTC for both cognitive and motor outcomes to address possible
diﬀerence in prioritization of the task [23]. For example, prioritization
of the cognitive task allows more attention allocation resulting in a
smaller DTC for the cognitive task; consequently less attention is allocated for the motor task resulting in a larger DTC. Lower DTC for
cognitive tasks seen in our study indicates participants were prioritizing
the cognitive task at the expense of the motor task. The increased
ETGUG completion time is most likely associated with slower walking
speed, which suggests the adaptation of “safe” strategies to avoid the
risk of falling [29].
One limitation of this study was a lack of task priority standardization, as our participants were not instructed on which task to prioritize. Standardization of task priority is reported to improve reliability
[23], which may also allow more reliable trial-to-trial comparisons.
In conclusion, our study indicated time to completion of the
ETGUGAPST was the most reliable outcome measure for assessing DualTask function in healthy young adults. While these results do not indicate how acutely concussed individuals might respond to similar
Dual-Task testing, the establishment of a clinically feasible, reliable
Dual-Task test in healthy young adults provides a valuable tool for
subsequent research on concussed patients. Given its viability as an
easily implementable clinical Dual-Task test, the sensitivity and speciﬁcity of this test on concussed individuals warrants further investigation.

The authors gratefully acknowledge Hawai‘i Concussion Awareness
and Management Program for their assistance with the study.
References
[1] M.W. Collins, S.H. Grindel, M.R. Lovell, et al., Relationship between concussion and
neuropsychological performance in college football players, JAMA 282 (1999)
964–970.
[2] C. Toulotte, A. Thevenon, E. Watelain, C. Fabre, Identiﬁcation of healthy elderly
fallers and non-fallers by gait analysis under dual-task conditions, Clin. Rehabil. 20
(2006) 269–276.
[3] S. Springer, N. Giladi, C. Peretz, G. Yogev, E.S. Simon, J.M. Hausdorﬀ, Dual-tasking
eﬀects on gait variability: the role of aging, falls, and executive function, Mov.
Disord. 21 (2006) 950–957.
[4] R.D. Catena, P. van Donkelaar, L.S. Chou, Altered balance control following concussion is better detected with an attention test during gait, Gait Posture. 25 (2007)
406–411.
[5] R.D. Catena, P. van Donkelaar, L.S. Chou, Cognitive task eﬀects on gait stability
following concussion, Exp. Brain Res. 176 (2007) 23–31.
[6] M.S. Okumura, S.L. Cooper, M.S. Ferrara, Tomporowski PD. Global switch cost as
an index for concussion assessment: reliability and stability, Med. Sci. Sports Exerc.
45 (2013) 1038–1042.
[7] D.R. Howell, L.R. Osternig, L.S. Chou, Dual-task eﬀect on gait balance control in
adolescents with concussion, Arch. Phys. Med. Rehabil. 94 (2013) 1513–1520.
[8] D.R. Howell, L.R. Osternig, L.S. Chou, Return to activity after concussion aﬀects
dual-task gait balance control recovery, Med. Sci. Sports Exerc. 47 (2015) 673–680.
[9] D.R. Howell, L.R. Osternig, M.C. Koester, L.S. Chou, The eﬀect of cognitive task
complexity on gait stability in adolescents following concussion, Exp. Brain Res.
232 (2014) 1773–1782.
[10] S.P. Broglio, S.N. Macciocchi, M.S. Ferrara, Sensitivity of the concussion assessment
battery, Neurosurgery 60 (2007) 1050–1057 (discussion 7–8).
[11] P. Fait, B.J. McFadyen, B. Swaine, J.F. Cantin, Alterations to locomotor navigation
in a complex environment at 7 and 30 days following a concussion in an elite
athlete, Brain Inj. 23 (2009) 362–369.
[12] K.M. Guskiewicz, S.L. Bruce, R.C. Cantu, M.S. Ferrara, J.P. Kelly, M. McCrea, et al.,
National athletic trainers' association position statement: management of sportRelated concussion, J. Athl. Train. 39 (2004) 280–297.
[13] J.E. Resch, B. May, P.D. Tomporowski, M.S. Ferrara, Balance performance with a
cognitive task: a continuation of the dual-task testing paradigm, J. Athl. Train. 46
(2011) 170–175.
[14] L.M. Ross, J.K. Register-Mihalik, J.P. Mihalik, K.L. McCulloch, W.E. Prentice,
E.W. Shields, et al., Eﬀects of a single-task versus a dual-task paradigm on cognition
and balance in healthy subjects, J. Sport Rehabil. 20 (2011) 296–310.
[15] E.F. Teel, J.K. Register-Mihalik, J. Troy Blackburn, K.M. Guskiewicz, Balance and
cognitive performance during a dual-task: preliminary implications for use in
concussion assessment, J. Sci. Med. Sport 16 (2013) 190–194.
[16] D.R. Howell, L.R. Osternig, L.S. Chou, Adolescents demonstrate greater gait balance
control deﬁcits after concussion than young adults, Am. J. Sports Med. 43 (2015)
625–632.
[17] A. Shumway-Cook, S. Brauer, M. Woollacott, Predicting the probability for falls in
community-dwelling older adults using the Timed Up & Go Test, Phys. Ther. 80
(2000) 896–903.
[18] J.C. Wall, C. Bell, S. Campbell, J. Davis, The Timed Get-up-and-Go test revisited:
measurement of the component tasks, J. Rehabil. Res. Dev. 37 (2000) 109–113.
[19] B. Abernethy, Dual-task methodology and motor skills research: some applications
and methodological constraints, J. Hum. Mov. Stud. 14 (1988) 101–132.
[20] R.T. Manning, The serial sevens test, Arch. Intern. Med. 142 (1982) 1192.
[21] J.K. Torgesen, D.G. Houck, Processing deﬁciencies of learning-disabled children
who perform poorly on the Digit Span Test, J. Educ. Psychol. 72 (1980) 141–160.
[22] P.L. Sheridan, J. Solomont, N. Kowall, J.M. Hausdorﬀ, Inﬂuence of executive
function on locomotor function: divided attention increases gait variability in

26

Gait & Posture 60 (2018) 22–27

K. Tamura et al.

964–967.
[27] C. Strouwen, E.A. Molenaar, S.H. Keus, L. Munks, B.R. Bloem, A. Nieuwboer, TestRetest reliability of dual-Task outcome measures in people with parkinson disease,
Phys. Ther. 96 (2016) 1276–1286.
[28] P. Patel, M. Lamar, T. Bhatt, Eﬀect of type of cognitive task and walking speed on
cognitive-motor interference during dual-task walking, Neuroscience 260 (2014)
140–148.
[29] B.R. Bloem, Y.A. Grimbergen, J.G. van Dijk, M. Munneke, The posture second
strategy: a review of wrong priorities in Parkinson's disease, J. Neurol. Sci. 248
(2006) 196–204.

Alzheimer's disease, J. Am. Geriatr. Soc. 51 (2003) 1633–1637.
[23] P. Plummer, G. Eskes, Measuring treatment eﬀects on dual-task performance: a
framework for research and clinical practice, Front. Hum. Neurosci. 9 (2015) 225.
[24] J.L. Fleiss, The Design and Analysis of Clinical Experiments, John Wiley and Sons,
New York, 1986.
[25] J. Muhaidat, A. Kerr, J.J. Evans, D.A. Skelton, The test-retest reliability of gaitrelated dual task performance in community-dwelling fallers and non-fallers, Gait
Posture 38 (2013) 43–50.
[26] P. Plummer, G. Grewal, B. Najaﬁ, A. Ballard, Instructions and skill level inﬂuence
reliability of dual-task performance in young adults, Gait Posture 41 (2015)

27

