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Abstract
The concurrent execution of two or more tasks simultaneously results in performance decrements in one or both conducted 
tasks. The practice of dual-task (DT) situations has been shown to decrease performance decrements. The purpose of this 
study was to investigate the effects of consecutive versus concurrent practice on cognitive and motor task performance 
under single-task (ST) and DT conditions. Forty-five young adults (21 females, 24 males) were randomly assigned to either 
a consecutive practice (INT consecutive) group, a concurrent practice (INT concurrent) group or a control (CON) group 
(i.e., no practice). Both INT groups performed 2 days of acquisition, i.e., practicing a cognitive and a motor task either con-
secutively or concurrently. The cognitive task required participants to perform an auditory stroop task and the number of 
correct responses was used as outcome measure. In the motor task, participants were asked to stand on a stabilometer and to 
keep the platform as close to horizontal as possible. The time in balance was calculated for further analysis. Pre- and post-
practice testing included performance assessment under ST (i.e., cognitive task only, motor task only) and DT (i.e., cogni-
tive and motor task simultaneously) test conditions. Pre-practice testing revealed no significant group differences under ST 
and DT test conditions neither for the cognitive nor the motor task measure. During acquisition, both INT groups improved 
their cognitive and motor task performance. The post-practice testing showed significantly better cognitive and motor task 
values under ST and DT test conditions for the two INT groups compared to the CON group. Further comparisons between 
the two INT groups revealed better motor but not cognitive task values in favor of the INT consecutive practice group (ST: 
p = 0.022; DT: p = 0.002). We conclude that consecutive and concurrent practice resulted in better cognitive (ST condition) 
and motor (ST and DT test conditions) task performance than no practice. In addition, consecutive practice resulted in supe-
rior motor task performance (ST and DT test conditions) compared to concurrent practice and is, therefore, recommended 
when executing DT practice schedules.
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Introduction

The concurrent execution of two or more tasks simultane-
ously (i.e., performing a cognitive task and a motor tasks; 
dual-task (DT) condition) results in performance decrements 
in one or both concurrently conducted tasks in young adults 

(Krampe et al. 2011; Nurwulan et al. 2015; Raffegeau et al. 
2018) as well as in older adults (Kerr et al. 1985; Ebersbach 
et al. 1995; Lundin-Olsson et al. 1997). Practicing DT situ-
ations have previously been shown to decrease these per-
formance decrements during DT conditions in young adults 
(Pellecchia 2005; Kiss et al. 2018; Beurskens et al. 2020) 
and also in older adults (Silsupadol et al. 2009a, b). For 
example, Kiss et al. (2018) examined the effect of single-
task (ST) versus DT practice on dynamic balance control 
in healthy young adults. Results showed that ST practice 
resulted in improvements of task performance in the trained 
domain (i.e., motor or cognitive performance) while DT 
practice showed an effective modulation of both domains 
(i.e., DT performance). Similar results were found by Beur-
skens et al. (2020) showing that DT but not ST practice 
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resulted in an improved modulation of the motor as well 
as the cognitive domain during DT performance in young 
adults, irrespective of task prioritization.

However, when taking a closer look at the previously 
reported results, the experimental procedures used in many 
of the aforementioned studies compared DT practice (i.e., 
performing cognitive and motor task concurrently) to ST 
practice conditions where only one task was trained (i.e., 
performing the cognitive or the motor task only). Neither 
Beurskens et al. (2020) nor Kiss et al. (2018) trained both 
tasks (motor and cognitive) during ST practice indepen-
dently in one group. Using this approach represents a weak-
ness when comparing the effects of ST versus DT practice 
on DT performance and it is difficult to classify specific 
effects of the DT practice regimes. For ST practice to be 
comparable to the DT practice regimen, ST practice would 
need to incorporate both tasks during practice as well (i.e., 
practice the motor as well as the cognitive tasks consecu-
tively). Thus, knowledge on using the appropriate practice 
schedule to improve DT performance following consecutive 
(i.e., practicing task A followed by practicing task B) or 
concurrent practice (i.e., simultaneous practice of task A 
and B) is needed.

To the authors’ knowledge, Pellecchia (2005) performed 
one of the few studies examining the effect of consecutive 
compared to concurrent practice on cognitive (i.e., serial 
three subtractions) and motor task performance in healthy 
adults using a relatively easy to administer balance task (i.e., 
quiet standing on a compliant surface). Results showed bet-
ter motor task but not cognitive task performance in the con-
current practice but not in the consecutive training group 
when tested under DT condition. Concurrent practice might 
be superior to consecutive practice by integrating both tasks 
into practice (i.e., “task integration approach”) (Neumann 
1987; Ruthruff et al. 2006) and performing the two tasks 
simultaneously, thereby causing improvement in DT situ-
ations. Hence, the performance of two tasks during DT 
is not an execution of two independent tasks at the same 
time but the performance of a new task that integrates and 
coordinates two individual subtasks into one superior DT. 
As a consequence, practice in DT situations is needed to 
improve DT performance by explicitly training subtasks and 
their coordination. In contrast, the “single channel model” 
(i.e., limited cognitive capacities) (Pashler 1994; Pashler 
and Johnston 1998) as well as the “capacity sharing model” 
(i.e., cognitive interference when two tasks share the same 
processing resources) (Tombu and Jolicoeur 2003; Wickens 
2008) argue that consecutive practice is more effective than 
concurrent practice. Performance improvements during DT 
conditions might be triggered by improved task automati-
zation which can be achieved by executing two tasks sepa-
rately (i.e., practicing the motor task followed by practicing 
the cognitive task or vice versa). Accordingly, practicing 

two tasks independently until automatization (i.e., reduced 
attentional resources necessary) is needed to improve per-
formance in DT situations. However, the most beneficial 
schedule of training the motor and cognitive task (i.e., con-
secutive vs. concurrent) remains unclear.

The aims of the present study were (a) to examine the 
effect of consecutive versus concurrent practice on cognitive 
and motor task performance under ST and DT test condi-
tions in healthy young adults and (b) to adapt findings from 
Pellecchia (2005) to a more complex dynamic balance task. 
We expected that, irrespective of the practice regime (i.e., 
either consecutive or concurrent), cognitive and motor task 
performance would improve under ST and DT test condi-
tions compared to no practice (i.e., control condition). In 
addition, we assumed with reference to the relevant litera-
ture (Pellecchia 2005) that the concurrent practice schedule 
would be more suitable to improve cognitive and motor task 
performance during DT test condition compared to the con-
secutive practice regimen, also in a more complex motor 
task.

Materials and methods

Participants and groups

Forty-five healthy young adults were randomly assigned to 
one of two active intervention (INT) groups or a passive 
control (CON) group. The INT consecutive practice group 
(n = 15; 8 men, 7 women; mean age: 23.4 ± 2.1 years) prac-
ticed the cognitive task first followed by the motor task. The 
INT concurrent practice group (n = 15; 8 men, 7 women; 
mean age: 25.7 ± 3.2 years) practiced the cognitive and the 
motor task simultaneously. The CON group (n = 15; 8 men, 
7 women; mean age: 22.8 ± 2.5 years) did not practice either 
of the tasks. All participants had no prior experience with 
the experimental tasks and were not aware of the specific 
purpose of this study. All subjects signed informed consent 
forms prior to the experiment. The Human Ethics Commit-
tee at the University of Duisburg-Essen, Faculty of Educa-
tional Sciences approved the study protocol.

Tasks

Cognitive task

The cognitive task used was an auditory stroop task (Mor-
gan and Brandt 1989), in which the participants responded 
manually using two switches to two different pitches. More 
precisely, subjects heard the spoken words “high” and “low” 
that were presented in either a high or low pitch by a com-
puter-generated voice. Participants were asked to ignore the 
actual word presented but to indicate the pitch of the word 
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they heard by pressing the left (low pitch) or right (high 
pitch) switch during each 90-s trial (Fig. 1A). Low and high 
pitch were presented in compatible word/pitch (i.e., the spo-
ken word “high” presented in a high pitch or the spoken 
word “low” presented in a low pitch) and in incompatible 
word/pitch combinations (i.e., the spoken word “high” pre-
sented in a low pitch or the spoken word “low” presented 
in a high pitch) in an equally distributed but randomized 
order. The number of correct responses was used as outcome 
measure. Thus, the higher the number was, the better the 
cognitive task performance.

Motor task

The motor task required participants to balance without 
shoes on a stability platform (Lafayette Instrument, Model 
16,030, Lafayette, USA). The stability platform consisted 
of a 65 × 107-cm wooden platform and allowed a maximum 
deviation of 15 degrees from the horizontal to either side of 
the platform. Subjects were asked to remain in balance, i.e., 
to keep the platform in a horizontal position for as long as 
possible during each 90-s trial (Fig. 1B). A timer measured 
time in balance at a sampling rate of 25 Hz. Time in balance 
(s) was recorded when the platform was within ± 3 degrees 
of horizontal platform position and used as outcome meas-
ure (Taubert et al. 2016).

Procedure

The experimental design of the present study is displayed 
in Fig. 2. On day 1, all participants performed the following 
pre-practice testing sequence for one 90-s trial per task: (1) 
ST cognitive, (2) ST motor, and (3) DT cognitive + motor. 
Regarding the two ST conditions, instructions were as 

follows: “Please respond as accurately and as quickly as 
possible in the given trial” (ST cognitive) and “Please keep 
the platform as horizontal as possible and try to remain in a 
stable position in the given trial” (ST motor). Concerning the 
DT condition, instruction was as follows: “Please respond as 
accurately and as quickly as possible and keep the platform 
as horizontal as possible and try to remain in a stable posi-
tion in the given trial” (DT cognitive + motor). Thereafter 
and on day 2, participants in INT consecutive practice group 
were instructed to perform seven 90-s practice trials for the 
cognitive task followed by seven 90-s trials for the motor 
task. Subjects in INT concurrent practice group performed 
the cognitive and the motor task simultaneously for seven 
90-s trials on the 2 days. All trials were separated by a 90-s 
rest period to minimize possible fatigue effects. Both groups 
received knowledge of results (i.e., total number of correct 
response and/or time in balance) after the first, third, fifth, 
and seventh trials. Participants in CON group did neither 
practice the cognitive nor the motor task. On day 3, all par-
ticipants conducted the post-practice testing using the same 
testing sequence as during pre-practice testing on day 1. 
The personnel involved in practice and in data analysis was 
blinded with respect to study hypotheses and the latter one 
was also blinded with respect to group affiliation.

Statistical analyses

One-way analysis of variance (ANOVA) with additional post 
hoc comparisons (Bonferroni-corrected) was used to detect 
group differences during pre- and post-practice per testing 
condition (i.e., ST and DT testing). Further, a 2 (group: INT 
consecutive practice, INT concurrent practice) × 2 (day: 
day 1 and 2) × 7 (trial: trial 1 to 7) ANOVA with repeated 
measures on day and trial was used to assess group discrep-
ancies during the acquisition phase. In addition, Cohen’s 
d was calculated to determine whether a statistical differ-
ence was practically meaningful and was classified as small 
(0 ≤ d ≤ 0.49), medium (0.50 ≤ d ≤ 0.79), or large (d ≥ 0.80). 
All analyses were performed using the Statistical Package 
for Social Sciences (SPSS) version 27.0 and the significance 
level was set at p < 0.05.

Fig. 1   A participant performing the cognitive task (A) and the motor 
task (B) under single-task condition

Fig. 2   Schematic representation of the study design. CON control 
group, DT dual-task condition, INT intervention group, KR knowl-
edge of result, ST single-task condition
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Results

Pre‑practice testing (day 1)

Irrespective of testing condition (i.e., ST or DT), the one-
way ANOVA showed no significant differences between 
the three groups, neither for the cognitive task [ST: 
F(2,43) = 0.657, p = 0.523, d = 0.35; DT: F(2,43) = 0.350, 
p = 0.707, d = 0.26] (Fig. 3) nor for the motor task [ST: 
F(2,43) = 0.295, p = 0.746, d = 0.26; DT: F(2, 43) = 2.117, 
p = 0.133, d = 0.67] (Fig. 4).

Acquisition phase (day 1 and 2)

Figure 3 illustrates that both the INT consecutive prac-
tice group and the INT practice concurrent group 
enhanced their cognitive task performance (i.e., num-
ber of correct responses) over the two practice days. The 
Group × Day × Trial ANOVA yielded a statistically sig-
nificant main effect of day [F(1,28) = 13.247, p = 0.001, 
d = 1.35] and trial [F(6,168) = 9.942, p < 0.001, d = 1.17] 
but not of group [F(1,28) = 4.020, p = 0.054, d = 0.75]. The 
Group × Day × Trial interaction [F(6,168) = 1.170, p = 0.324, 
d = 0.40] and the Day × Trial interaction [F(6,168) = 1.247, 
p = 0.285, d = 0.41] did not reach the significance level.

As can be seen from Fig.  4, both practice groups 
improved their motor task performance (i.e., time in bal-
ance) across the two practice days. The Group × Day × Trial 
ANOVA revealed statistically significant main effects of day 
[F(1,28) = 88.342, p < 0.001, d = 3.55], trial [F(6,168) = 40.888, 
p < 0.001, d = 2.42], and group [F (1,28) = 10.981, 
p = 0.003, d = 1.25]. The Group × Day × Trial interaction 
[F(6,168) = 1.945, p = 0.076, d = 0.53] and the Day × Trial 
interaction [F(6,168) = 0.848, p = 0.534, d = 0.35] did not reach 
the significance level.

Post‑practice testing (day 3)

For the cognitive task, one-way ANOVA showed sig-
nificant differences between the three groups under ST 
[F(2,43) = 9.416, p < 0.001, d = 1.32] and DT [F(2,43) = 5.707, 
p = 0.006, d = 1.03] test conditions (Fig. 3). Post hoc com-
parisons for the ST test condition revealed larger num-
bers of correct responses for the INT consecutive practice 
group (p = 0.003) and the INT concurrent practice group 
(p = 0.001) compared to the CON group. No significant dif-
ferences were found between the INT consecutive practice 
group and the INT concurrent practice group. Under DT test 
condition, post hoc comparisons showed significantly more 
numbers of correct responses for the INT consecutive prac-
tice group (p = 0.013) and the INT concurrent practice group 
(p = 0.021) than the CON group. Again, no significant differ-
ences were observed between the INT consecutive practice 
group and the INT concurrent practice group.

Regarding the motor task, one-way ANOVA revealed 
significant differences between the three groups under 
ST [F(2,43) = 14.259, p < 0.001, d = 1.65] and DT 
[F(2,43) = 22.192, p < 0.001, d = 2.08] conditions (Fig. 4). 
Under ST test conditions, post hoc comparisons yielded sig-
nificantly longer times in balance for the INT consecutive 
practice group (p < 0.001) and the INT concurrent practice 
group (p = 0.047) compared to the CON group. In addition, 
the INT consecutive practice group outperformed (p = 0.022) 
the INT concurrent practice group. Under DT test condition, 
post hoc comparisons showed significantly longer times in 

Fig. 3   Total number of correct responses (i.e., cognitive task) of the 
two intervention (INT) groups and the control (CON) group during 
pre-practice testing (Day 1), acquisition phase (Day 1 and Day 2), and 
post-practice testing (Day 3). Values represent means and standard 
deviations. ST single-task test condition, DT dual-task test condition. 
†Indicates significantly lower values for the CON group compared to 
both INT groups

Fig. 4   Time in balance (i.e., motor task) of the two intervention 
(INT) groups and the control (CON) group during pre-practice testing 
(Day 1), acquisition phase (Day 1 and Day 2), and post-practice test-
ing (Day 3). Values represent means and standard deviations. ST sin-
gle-task test condition, DT dual-task test condition. †Indicates signifi-
cantly lower values for the CON group compared to both INT groups. 
#Indicates significantly better values for the INT consecutive practice 
group compared to the INT concurrent practice group
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balance for the INT consecutive practice group (p < 0.001) 
and the INT concurrent practice group (p = 0.012) than the 
CON group. Further, the INT consecutive practice group 
outperformed (p = 0.002) the INT concurrent practice group.

Discussion

In the present study, we examined the effect of consecutive, 
concurrent or no practice on cognitive (i.e., auditory stroop 
task) and motor (i.e., dynamic balance task) task perfor-
mance under ST and DT test conditions in healthy young 
adults. Our main findings can be summarized as follows: (1) 
both practice groups (i.e., INT consecutive practice and INT 
concurrent practice) improved their cognitive and motor task 
performance under ST and DT test conditions compared to 
the CON group and (2) the INT consecutive practice group 
showed better motor but not cognitive task performance than 
the INT concurrent practice group during ST and DT test 
conditions.

Effects of practice on cognitive and motor task 
performance

The first hypothesis that irrespective of the practice regime 
(i.e., either consecutive or concurrent practice), cognitive 
and motor task performance will improve when tested under 
ST and DT conditions compared to no practice (i.e., con-
trol condition) was confirmed. These results correspond 
with previous findings from Worden and Vallis (2014), 
who investigated the impact of DT practice compared to 
ST practice or no practice on walking over either a static 
or dynamic obstacle (motor task) while responding to an 
auditory stroop task (cognitive task) in healthy young adults 
(mean age: 22.8 ± 2.1 years). The DT group practiced both 
tasks simultaneously, while the ST group practiced only the 
cognitive task, and the CON group received no practice. 
Besides others, the authors found that participants in the 
DT practice group but not in the CON group significantly 
improved their cognitive and motor task performance under 
DT test conditions.

Effects of practice schedule on cognitive and motor 
task performance

Our second hypothesis that the concurrent practice schedule 
is better suited to improve cognitive and motor task perfor-
mance during DT test condition was not confirmed. For the 
motor but not for the cognitive task, we detected perfor-
mance differences depending on the practice schedule used. 
More precisely, our analyses showed significantly longer 
times in balance for the INT consecutive practice group 
compared to the INT concurrent practice group in ST as well 

as in DT test conditions. So far, only few studies investigated 
the effect of different practice conditions on cognitive and 
motor performance (Detweiler and Lundy 1995; Pellecchia 
2005). For instance, Pellecchia (2005) examined the effect 
of consecutive compared to concurrent training or no train-
ing on cognitive (i.e., serial three subtractions) and balance 
(i.e., quiet standing on a compliant surface) performance in 
healthy adults aged 18–46 years. In contrast to our results, 
significantly better motor task performance in the concurrent 
but not in the consecutive training group when tested under 
DT condition was shown. Differences in the used methods 
may account for the discrepancies between our findings and 
those of Pellecchia (2005). More precisely, a static balance 
task (i.e., quiet standing) was used in the study of Pellec-
chia (2005) and a dynamic balance task (i.e., balancing on a 
moveable platform) was applied in the present study. There 
is evidence that static and dynamic components of balance 
are independent from each other (Muehlbauer et al. 2013) 
and thus different neuromuscular mechanisms seem to be 
responsible for the regulation of static and dynamic balance 
control. Further, only five 30-s trials per practice day were 
applied in the study of Pellecchia (2005), whereas seven 
90-s trials per practice day were used in our study. This dif-
ference in the amount of practice might have caused a lower 
degree of task automatization in Pellecchia’s study (2005) 
compared to the present study, mitigating the requirements 
needed to apply the theories of limited resources (Pash-
ler 1994; Pashler and Johnston 1998) or capacity sharing 
of attention (Tombu and Jolicoeur 2003; Wickens 2008). 
Similarly, Detweiler and Lundy (1995) also used a different 
approach of consecutive training compared to our study. The 
authors used a blocked design and trained the tasks alter-
nating (i.e., task A followed by task B followed by task A, 
etc.) whereas in our study, tasks were presented in blocks of 
7 (i.e., 7 trials of the cognitive task followed by 7 trials of 
the motor task). Further, the study by Detweiler and Lundy 
(1995) used two different visual tasks. That is, a task empha-
sizing verbal resources (word-category search task) and a 
task emphasizing spatial resources (spatial-pattern search 
task). The present study used a motor task and an auditory 
stroop task (Morgan and Brandt 1989). Hence, the discrep-
ancy between our results and results from Pellecchia (2005) 
as well as from Detweiler and Lundy (1995) might indicate 
a dependency of task performance on the task used. Thus, 
authors of future studies are advised to consider the use of 
diverse motor/cognitive tasks in otherwise similar methodo-
logical approaches to address the question whether adapta-
tion following DT practice is task-specific or task-unspecific.

In contrast to earlier studies on DT practice (Detweiler 
and Lundy 1995; Pellecchia 2005), our results indicate a 
higher efficacy of consecutive compared to concurrent prac-
tice conditions to improve DT task performance. The “single 
channel model” (Pashler 1994; Pashler and Johnston 1998) 
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as well as the “capacity sharing model” (Tombu and Joli-
coeur 2003; Wickens 2008) are well suited to explain our 
findings. Both models argue that limited cognitive resources 
are available during the execution of one or more tasks 
and these limited capacities have to be shared when two 
tasks involve the same processing resources and cognitive 
interference arises. During consecutive practice, two tasks 
are trained separately and automatization of both tasks is 
achieved, thereby also reducing interference between both 
tasks during DT condition. Thus, automatization of one or 
both tasks is needed to free up attentional resources during 
the execution of the given task. These additionally avail-
able resources can then be used during DT conditions to 
allocate more attentional resources to the simultaneous 
execution of both tasks. Consequently, a higher degree of 
automatization in a given task leads to better performances 
of parallel executed tasks and less interference during DT 
conditions. According to this interpretation, consecutive 
practice of tasks that lead to a higher degree of automatiza-
tion (i.e., reduced attentional resources needed) is necessary 
to improve DT performance. This line of argumentation is 
also supported by findings from neurophysiological stud-
ies (Takeuchi et al. 2014; Garner and Dux 2015) showing 
functional as well as structural changes in the human brain 
following DT practice. For example, Takeuchi et al. (2014) 
showed increased gray matter volume in prefrontal corti-
cal regions, the left posterior parietal cortex, and the left 
temporal and lateral occipital areas of the human brain 
following 4 weeks of multi-task training. Further, Garner 
and Dux (2015) were able to highlight specific regions in 
frontoparietal and subcortical areas of the brain, indicating 
increased activity in response to multi-task training. Based 
on the findings from Garner and Dux (2015) and our find-
ings, DT practice in general and particularly consecutive DT 
practice seems suitable to trigger DT-specific neural adapta-
tions enabling the brain to effectively adapt to DT demands.

Conclusions

The present study examined the effect of consecutive, con-
current or no practice on cognitive and motor task perfor-
mance under ST and DT test conditions in healthy young 
adults. Our findings suggest that irrespective of the prac-
tice regime, both cognitive and motor task performance 
improved when compared to no practice. Further, the type 
of practice schedule (consecutive or concurrent practice) dif-
ferently affects cognitive and motor task performance with 
consecutive practice being more effective to improve motor 
but not cognitive task performance under ST and DT test 
conditions compared to concurrent practice.
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