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Summary.—The objective of this pilot study was to investigate the effects on
cognitive performance of progressively adding tasks specific to ice hockey (skating,
stick handling, and obstacle avoidance) during a visual interference task (Stroop
Color Word Test-interference condition). In addition, the effects on locomotor per-
formance of progressively adding tasks of stickhandling, visual interference, and
obstacle avoidance related to maximal skating speed and minimal obstacle clear-
ance were investigated in eight male athletes ages 10 to 12 years. Results revealed
decreased performance on both cognitive and physical measures with increased
task complexity, suggesting that adding complexity to an environment influences
hockey skill performance.

The sport of ice hockey requires the integration of multiple skills (i.e.,
performing the locomotor task of skating while trying to direct a pass,
shoot a goal, and/or avoid a body check) for successful performance and
for safety (i.e., avoiding collision and injury). Ice hockey skills have rarely
been subject to experimental manipulation (Leavitt, 1979), thus the infor-
mation processing demands associated with the integration of cognitive
and locomotor skills in this sport context are poorly understood. Dual-
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task paradigms provide an experimental method where the effect of in-
creasing task complexity on information processing load can be observed
via performance decrements on one or more tasks. The present study
adapted dual-task protocols used to examine locomotor navigation while
walking over the ground (e.g., Gérin-Lajoie, Richards, & McFadyen, 2005)
to skating on the ice.

As outlined by Abernathy (1988), the dual-task methodology exam-
ines two tasks performed simultaneously, with one task designated as
the primary task and the other as the secondary task. This paradigm pur-
ports that performance on the primary task is to remain at baseline or
single-task level (as would be performed in the absence of the secondary
task), while reduced performance on the secondary task during the dual-
task condition is what denotes an interference effect (Woollacott & Shum-
way-Cook, 2002; McCulloch, 2007). In the current study, performance on
the cognitive task of the Stroop Color Word Test-interference condition
(Stroop, 1935) and skating, stick handling, and obstacle avoidance were
simultaneously prioritized by asking the athletes to skate as fast as pos-
sible and, at the same time, perform the Stroop Color Word Test as fast
and accurately as possible. Dual-task cost was the metric used to assess
the difference in performance during a dual-task condition compared to a
single-task condition (McCulloch, 2007).

In youth populations, most dual-task studies have looked at develop-
mental differences in cognition (Bjorklund & Gage, 1987; Guttentag, 1988;
Miller, Seier, Probert, & Aloise, 1991; Irwin-Chase & Burns, 2000; Kara-
tekin, 2004) and tend to show that as children get older, there is a gen-
eral decrease in dual-task costs. Studies of typically developing children
have demonstrated age-related differences between children and young
adults with respect to dual-task prioritization, where children place great-
er priority on balance stability versus cognitive tasks in dual-task condi-
tions (Schaefer, Krampe, Lindenberger, & Baltes, 2008). Irwin-Chase and
Burns (2000) also found developmental changes in children’s dual-task
performances when tasks were assigned different priorities. In this case,
only older children (M age=11.1 yr.) were able to allocate attention differ-
entially during a dual task.

Studies examining the effects of the dual-task paradigm on children
have been traditionally held in laboratory settings (i.e., Huang, Mercer, &
Thorpe, 2003; Laufer, Ashkenazi, & Josman, 2008; Schaefer, et al., 2008).
However, two studies involving youth athletes have been performed in
a sport-specific setting (Leavitt, 1979; Smith & Chamberlin, 1992). Leavitt
(1979) analyzed dual-task performance in hockey skills to provide in-
formation regarding the cognitive demands of ice hockey. Leavitt (1979)
conducted a series of studies where progressively adding the secondary
tasks of stick handling a puck and visual interference produced little ef-
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fect on the primary task of skating speed in experienced hockey players,
but significantly slowed skating speed in novice hockey players. A more
recent study by Smith and Chamberlain (1992) sought to examine wheth-
er similar results could be found in the sport of soccer, in which running
and dribbling a ball are performed by the same limbs (compared to hock-
ey where stick handling and skating are performed by separate limbs),
where the dual-task cost is hypothesized to be greater (Smith & Chamber-
lin, 1992). Their results revealed that the addition of cognitively demand-
ing elements caused a decrement in performance, but the decrement was
reduced with increased expertise. '

These two studies are unique with respect to the measurement of
dual-task performance in a sport-specific environment. While Leavitt
(1979) did combine the skills of skating, stick handling, and visual inter-
ference (which required the players to skate with their heads up—a skill
emphasized to prevent injury), he did not include obstacle avoidance, a
fourth skill which is arguably necessary for successful hockey perform-
ance to avoid intentional body checks from opposing players and inci-
dental contact with opponents, teammates, referees, and objects on the
playing surface (e.g., hockey nets, etc.). In addition, neither study exam-
ined biomechanical measures associated with sport performance (i.e.,
minimum distance to obstacle clearance). Given the paucity of informa-
tion regarding dual-task performance in sport-specific environments, par-
ticularly in youth, the current study was designed to investigate the ef-
fects of progressively adding the ice hockey-specific tasks of skating, stick
handling, and obstacle avoidance on cognitive performance during a vis-
ual interference task, and to investigate the effects of progressively add-
ing the ice hockey-specific tasks of stick handling, visual interference and
obstacle avoidance on maximal skating speed and minimal obstacle clear-
ance in youth athletes ages 10 to 12 years. It was hypothesized that cog-
nitive performance (as measured by accuracy and dual-task cost on the
Stroop Color Word Test-interference condition) would be negatively af-
fected by the introduction of each secondary physical task compared to
baseline (i.e., single-task performance). Likewise, it was hypothesized
that maximal skating speed and minimal obstacle clearance (measured in
metres per second and metres, respectively) would be negatively affected
by the introduction of each secondary task compared to baseline.

METHOD
Participants

A convenience sample of eight competitive youth male ice hockey
players (M age=11.25 yr., SD=0.90) from the Greater Toronto Hockey
League (minor Peewee AA and Peewee AA) and the Mississauga Hockey
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League (Minor Peewee A) was recruited. Representative level ice hockey
teams participate in three divisions based on skill. These divisions are A,
AA, and AAA, where A represents the lowest skill and AAA represents
the highest skill. Youth ice hockey players who participated on A and AA
hockey teams were enrolled in this study to provide a more accurate rep-
resentation of the typical youth ice hockey player. Participants’ character-
istics are shown in Table 1. Ethics approval was obtained from the Univer-
sity of Toronto Health Sciences Research Ethics Board and all participants’
legal guardians signed informed consent prior to data collection. In addi-
tion, the study was explained to the youth participants and their assent
was obtained in order to proceed with the study protocol. Exclusion crite-
ria included any self-reported neurological or musculoskeletal problems
or taking medication affecting alertness or locomotion. The participants
wore their own helmets, skates, gloves, and a comfortable full track suit.
They also used their own hockey sticks.

TABLE 1
PARTICIPANTS” CHARACTERISTICS (N =8 MALES)

Participant Age (yr.) Height (m) Weight (kg) Stick Handling
Side Preference

SK005 10 1.45 443 Left
SK006 11 1.50 31.8 Left
SK007 12 1.62 629 Left
SK008 10 1.35 327 Left
SK009 12 1.50 38.5 Left
SK010 12 1.75 72.3 Right
SKO011 12 1.64 50.5 Left
SK012 11 142 409 Left
M 11.25 1.53 46.74
SD 0.89 0.13 14.43

Task Protocol

The protocol was designed to increase task complexity in a step-
wise fashion to replicate the increasing attentional and physical demands
present in a complex, real-world ice hockey competition. Participants had
to perform three trials for each of the 12 conditions representing four lev-
els of complexity (Level 1=lowest complexity to Level 4=highest com-
plexity) presented in a randomized fashion. The task protocol conditions,
along with corresponding complexity, are presented in Table 2. All partici-
pants were allowed to practice the Stroop task ahead of time and to per-
form each condition (with and without obstacle, with and without dual
task, with and without stick handling) before data collection began. These
practice trials were performed prior to the protocol and after the youth
athletes had completed a warm-up consisting of light skating and stretch-
ing of large muscle groups.
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TABLE 2
Task ProTocor CONDITIONS

Complexity Skating Stroop-word Task Obstacle Stick Handling
Avoidance
(left and right)

AN

AN N N Y N N N

4
Note.—Three trials completed per condition.

Description of Tasks

Skating.— This locomotor task consisted of skating along a 16.5-m path
(see Fig. 1). The athlete was instructed to skate as fast as possible without
stopping from a starting location marked on the ice to an ice hockey net
located straight ahead. Full speed skating was used to target a specific lo-
comotor behavior of ice hockey players and to reduce variability in per-

formance observed during pilot work associated with instructions to skate
at a comfortable pace.

Visual interference.—The Stroop Color Word Test-interference condi-
tion (Stroop, 1935) was used on half of the trials and the youth athletes
were informed in advance of its presence in the trial. During the Interfer-
ence Condition, the words “red,” “green,” and “blue” were projected us-
ing PowerPoint 2007 (Microsoft Corporation, USA) with a data projector
(Epson Powerlite 77c) set 2.83 m from the screen on a table that was 0.90 m
in height. The onset of the visual stimulus was indicated via a visual and
auditory countdown prior to the beginning of the trial. During this count-
down the numbers 3, 2, 1 followed by the signal “Go!” would each appear
500 msec. apart paired with a beep. Athletes would start skating as fast
as possible at the presentation of “Go!” and 500 msec. after the “Go!” sig-
nal appeared on the screen, the first Stroop stimulus would appear. The
words were projected at a rate of 1 Hz in different congruent or incongru-
ent colors and required the participant to indicate the color of the word
while ignoring its lexical meaning. A screen (1.52 m x 1.35 m) was placed
in front of the participant at the end of the path. The participants were
asked to identify the colors as fast as possible, and their verbal responses
were recorded on a voice recorder (Panasonic RR-U360) worn by the par-
ticipant. Recorded verbal responses were then processed using a custom
Matlab 7.7.0.471 (The MathWorks, USA) program. Verbal response reac-
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tion time was calculated by subtracting the onset of verbal response from
the time of the onset of the visual stimuli. The onset of the visual stimulus
could be differentiated from the verbal response because the first visual
stimulus always appeared 1.5 sec. after the last beep of the visual and au-
ditory countdown leading into the task and the interstimulus interval was
500 msec., allowing accurate calculation of all visual stimulus onset times.
All of the trials were videotaped to identify any errors or no response dur-
ing the performance of the Stroop task.

Obstacle avoidance.—During obstructed trials, participants circum-
vented a cylindrical obstacle set within the skating path at 8.40 m from the
youth athletes’ starting location. The custom built obstacle (height: 1.45 m,
diameter: 0.30 m) was made of a thick cylindrical fabric shell filled with
a stack of five inflated beach balls. Sandbags were placed at the bottom
of the obstacle to stand it upright. A similar obstacle has been used with
adult athletes in a previous study (Gérin-Lajoie, Ronsky, Loitz-Ramage,
Robu, Richards, & McFadyen, 2007). For all obstructed trials, the athletes
were instructed as to the side of the obstacle they had to circumvent (i.e.,
left or right). No other instructions were given to the athletes about how
to perform the skating tasks. An equivalent spacing was provided on ei-
ther side of the obstacle to allow a symmetric clearance area (see Fig. 1).

Stick handling.— The participants were asked to carry a standard black
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ice hockey puck (2.5 cm thick, 7.6 cm in diameter, 0.170 kg) with an ice
hockey stick from the start location to the net set at the end of the path. All
participants used their own ice hockey stick for the experiment.

Apparatus

Three-dimensional kinematic data during skating were collected at a
frequency of 50 Hz with a motion analysis system (Vicon Mx Ultranet HD
with 3 MX-3+ Cameras, USA) and using markers that were fixed on the
participants’ feet (on the heel of the skates), trunk (at C7 level), shoulders,
and on the back of their helmets. Other measures included participants’
height and weight. The kinematic data were interpolated and low-pass fil-
tered at 6 Hz with a second-order double pass Butterworth filter.

Outcome Measures

Dependent variables included measures of cognitive and locomotor
performance across varying levels of complexity. Cognitive outcome meas-
ures included the number of errors (omissions or wrong answers) on the
Stroop Color Word Test-interference condition as well as the dual-task cost
associated with reaction time (RT). RTs to the Stroop task during skating
were converted to dual-task cost by subtracting out the response RTs while
performing the Stroop task alone (Level 1 task complexity; i.e., with no
skating, stick handling, or obstacle avoidance) from each condition under
subsequent levels of complexity and averaged across trials within that con-
dition. Physical outcome measures included maximum skating speed in
meters per second as well as minimum object clearance in meters across all
relevant conditions and levels of task complexity. An average for each de-
pendent variable was calculated using custom Matlab 7.7.0.471 (The Math-
Works, USA) programs across trials for each participant.

Analysis

Given the small number of participants, a nonparametric statisti-
cal test (Friedman’s test) was applied to examine repeated effects of in-
creasing task complexity across participants. Four separate Friedman'’s
tests were performed using SPSS Version 17.0 with condition as the inde-
pendent variable and Stroop task errors, dual-task cost, maximal skating
speed, and minimal obstacle clearance as the dependent variables, respec-
tively. Effect size statistics for the Friedman’s tests were generated using
Kendall’s coefficient of concordance (Kendall’s W). The coefficient of con-
cordance ranges from 0 to 1, with higher values indicating a stronger rela-
tionship. Post hoc analyses were completed using nonparametric Wilcox-
on tests to determine what contrasts were significant at p <.05. Wilcoxon
tests were limited to comparing each condition at subsequent levels of
task complexity to the lowest level of task complexity for that dependent
variable in order to limit the number of multiple comparisons.
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ResuLts
Cognitive Results

Stroop task errors.—The frequency of Stroop task errors across all con-
ditions and levels of task complexity are presented in Table 3. Overall,
a total of 29 errors were made by five athletes. Friedman’s analysis did
not indicate a significant effect of experimental task condition on num-
ber of Stroop task errors [¢*, (6)=9.86, p=.13, effect size=0.21]. However,
visual inspection of the Stroop task errors revealed that 26 of the 29 er-
rors were recorded when an obstacle was present compared to one error
recorded when no obstacle was present and two errors recorded during
baseline (i.e., Stroop alone). With respect to side of circumvention, 14 er-

TABLE 3

DescriprTive StartisTics For DuaL-task Costs COLLAPSED
Across TriaLs For Eacn ExpERIMENTAL CONDITION

Task Complexity N M SE SD Range Min. Max.
Level 1
Stroop alone 8 081 0.05 013 041 0.61 1.02
Level 2
Stroop + Skating 8 -0.08 004 011 028 -022 006
Level 3

Stroop +Skating + Stick handling 8 -0.05 0.05 014 041 -023 0.8
Stroop +Skating + Right obstacle 8 -0.06 005 013 034 -025 0.10

Stroop +Skating + Left obstacle 8 -005 004 010 029 -018 0.1
Level 4

Stroop +Skating + Stick handling +

Right obstacle 8 -001 005 013 037 -025 012
Stroop + Skating + Stick handling +

Left obstacle 8 -012 006 018 057 -018 0.39

rors were recorded during left-side obstacle circumvention and 12 errors
were recorded during right-side obstacle circumvention. To further ex-
plore the effect of obstacle circumvention on Stroop task errors, a subse-
quent Friedman'’s test was performed with Stroop task errors collapsed
across obstacle circumvention conditions (e.g., no obstacle, left-side ob-
stacle circumvention, and right-side obstacle circumvention). The Fried-
man’s test was significant [ (2)=7.41, p=.025, effect size=0.46]. Post hoc
Wilcoxon tests revealed that significantly more Stroop errors were made
for the no-obstacle versus left-obstacle conditions (Z=-2.07, p=.038), with
no significant difference for the no-obstacle versus right-obstacle condi-
tions (Z=-1.84, p=.066) and for the left- versus right-obstacle conditions
(£2=-0.272, p=.785).

Dual-task costs.—Descriptive statistics for dual-task cost collapsed
across trials for each experimental condition are presented in Table 4.
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TABLE 4

DgscrirTive StaTisTics FOR MAXIMAL SKATING SPEED (METRES PER SECOND)
CoLLarsep Across TriaLs For EacH ExpERIMENTAL CONDITION

Task Complexity N M SE SD Range Min. Max.
Level 1
Skating only 8 541 009 024 069 501 571
Level 2
Skating + Stick handling 8 522 012 030 109 462 571
Skating + Stroop 8 521 011 030 082 467 548
Skating + Right obstacle 8 511 010 028 091 469 559
Skating + Left obstacle 8 504 011 032 101 447 547

Level 3

Skating + Stick handling +Stroop 8 499 011 031 103 437 540
Skating + Right obstacle +Stroop 8 487 013 036 1.01 424 525
Skating + Left obstacle +Stroop 8 48 013 037 106 412 517
Skating + Right obstacle +Stick

handling 8 481 011 030 092 430 5.21
Skating + Left obstacle +Stick- ,

handling 8 476 008 023 054 448 5.02

Level 4

Skating + Right obstacle + Stick

handling +Stroop 8 452 010 028 075 413 4.88
Skating + Left obstacle + Stick

handling +Stroop 8 451 014 039 113 382 495

Friedman'’s test indicated a significant effect of experimental task condi-
tion on dual-task cost [X? (6)=25.13, p<.001, effect size=0.52]. Follow-
up analyses using Wilcoxon tests compared the dual-task cost associat-
ed with each condition to the dual-task cost associated with the Level 2
task complexity of Stroop task+skating. The Wilcoxon tests revealed a
significant difference in dual-task cost for the Level 4 complexity task of
Stroop + skating + stick handling + right-obstacle circumvention compared
to the dual-task cost associated with Stroop +skating (Z=-2.38, p=.017).

Locomotor Results

Maximal skating speed. — The descriptive statistics for maximal skating
speeds for all experimental conditions are presented in Table 5. Friedman’s
test revealed a significant effect of experimental task condition on maxi-
mal skating speed [*, (11)=66.12, p<.001, effect size=0.75]. Post hoc Wil-
coxon tests compared the maximal skating speed for each condition to the
maximal skating speed associated with the Level 1 task complexity of skat-
ing alone. The addition of the Stroop task resulted in significantly slower
maximal skating speed at Level 2 task complexity (Z=-2.24, p=.025); Lev-
el 3 task complexity (skating+Stroop +stick handling: Z=-2.38, p=.017;
skating + Stroop + left- obstacle circumvention: Z=-2.52, p=.012; skating +
Stroop +right-obstacle circumvention: Z=-2.52, p=.012); as well as Level 4
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task complexity (skating + Stroop +stick handling + right-obstacle circum-
vention: Z=-2.52, p=.012; skating +Stroop +stick handling +left-obstacle
circumvention: Z=-2.52, p=.012).

Minimal clearance of obstacles. —The descriptive statistics for the mini-
mal obstacle clearance associated with all relevant experimental condi-
tions are presented in Table 5. Friedman’s test revealed a significant effect
of experimental condition on minimal clearance [y (7)=23.67, p=.001, ef-
fect size=0.42]. Post hoc Wilcoxon tests compared the left and right min-
imal obstacle clearance for each experimental condition to the minimal
obstacle clearance recorded for the Level 2 task complexity condition of
left-obstacle clearance +skating and right-obstacle clearance + skating, re-
spectively. The addition of the Stroop task at Level 3 task complexity did
not result in a significant difference in minimal obstacle clearance for the
left (Z=-1.26, p=.208) or the right side (Z=-1.54, p=.123), respectively. In
comparison, the addition of stick handling at Level 3 task complexity did
result in a significantly greater minimal obstacle clearance for both the left
(Z=-2.52, p=.012) and the right (Z=-2.10, p=.036) sides, respectively. Fi-
nally, the addition of both stick handling and Stroop task at Level 4 task
complexity also resulted in a significantly greater minimal obstacle clear-
ance for both the left (Z=-2.52, p=.012) and the right (Z=-2.52, p=.012)
sides, respectively.

TABLE 5

DescripTive Statistics For MiNiMAL OsstacLE CLEARANCE (METERS)
Corraprsep Across TriaLs For EacH ExPERIMENTAL CONDITION

Task Complexity Side N M SE SD  Range Min. Max.
Level 2
Skating Right 8 067 006 018 056 043 0.98
Skating Left 8 063 004 012 042 043 0.85
Level 3
Skating +Stroop Right 8 074 007 019 055 058 113
Skating +Stroop Left 8 070 005 015 046 044 091
Skating +Stick handling ~ Right 8 090 0.08 022 08 05 136
Skating +Stick handling  Left 8 083 005 015 040 065 1.05
Level 4
Skating + Stick handling +
Stroop Right 8 1.02 011 031 087 072 1.56
Skating + Stick handling +
Stroop Left 8 083 009 024 08 048 1.31

Discussion
The current study was designed to explore the effects of increasing
task complexity on both cognitive and physical measures of hockey skill
performance in youth athletes. Cognitive performance was measured
via a visual interference task (Stroop Color Word Test-interference con-
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dition), and physical performance was assessed by measuring maximal
skating speed and minimal distance to circumvent an obstacle. It was hy-
pothesized that cognitive performance (as measured by accuracy and du-
al-task cost on the Stroop Color Word Test-interference condition) would
be negatively affected by the introduction of each secondary physical task
compared to baseline (i.e,, single-task performance). Likewise, it was hy-
pothesized that maximal skating speed and minimal obstacle clearance
would be negatively affected by the introduction of each secondary task
compared to baseline. The findings relevant to these hypotheses are dis-
cussed below.

Cognitive Performance

The results of the study partially support the initial hypotheses that
increasing task complexity affects cognitive performance in a hockey-spe-
cific environment. The number of errors on the Stroop task was signifi-
cantly higher when participants were required to circumvent an obstacle
on the left side, but not the right side, compared to when there was no ob-
stacle avoidance required. In comparison, the added task of stick handling
a puck did not result in a greater number of errors on the Stroop task. This
suggests that the hockey skill of stick handling a puck may require less vi-
sual feedback than obstacle avoidance, or more simply, that youth hock-
ey players are more practiced at stick handling than stationary obstacle
avoidance. The lack of significant difference between right-side obstacle
circumvention and no obstacle circumvention may be related to the side
of the body on which players stick handle most comfortably. Seven out of
eight players reported stick handling on the left side of their body, and it
may be the case that they require less visual feedback to go around the
obstacle on the right side than the left, which allows them to concentrate
more fully on the visual interference task.

With respect to the dual-task cost associated with reaction time during
the Stroop task, when compared to skating while performing the Stroop
task alone (Level 2 task complexity), participants showed significantly
greater dual-task cost only during the most complex experimental condi-
tion (Level 4 task complexity) during right-side obstacle circumvention.
Together, the findings specific to Stroop errors and dual-task cost suggest
poorer cognitive performance during concurrent obstacle circumvention.
With respect to cognitive performance, perhaps the participants were ex-
hibiting a speed/accuracy trade-off during obstacle circumvention. For ex-
ample, it is possible that the participants sacrificed Stroop task response
accuracy in order to limit dual-task cost specific to reaction time during
left-side obstacle circumvention, while during right-side circumvention,
response accuracy (fewer errors) was the priority. In both scenarios, con-
current obstacle circumvention resulted in poorer cognitive performance.
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A recent dual-task study examined the effects of a secondary cognitive
task on obstacle avoidance in healthy young adults (Siu, Catena, Chou,
van Donkelaar, & Woollacott, 2008). Participants were asked to respond to
a secondary auditory Stroop task while concurrently crossing an obstacle
during gait. It was found that with increased complexity of the locomo-
tor task, incongruent stimuli required longer reaction times. Although the
current study differs from the study conducted by Siu, et al. (2008) as it
did not measure both incongruent and congruent reaction times, the find-
ings of increased locomotor task complexity leading to poorer cognitive
performance are comparable. Similar to that discussed by Siu, et al. (2008)
in relation to healthy young adults, this finding may be a result of youth
ice hockey players prioritizing stability during skating over cognitive per-
formance in dual-task situations, where decreased cognitive performance
during tasks of increased complexity manifests as both Stroop task errors
(left-side obstacle circumvention) and increased dual-task cost (right-side
obstacle circumvention).

Locomotor Performance

The locomotor results also partially supported the initial hypothe-
ses. In particular, the addition of the visual interference test resulted in
slower maximal skating speed at all levels of task complexity compared
to the single task of skating alone, suggesting that hockey-specific loco-
motor performance is significantly affected by introducing a cognitive
dual-task condition. However, the addition of the visual interference con-
dition did not significantly affect minimal obstacle clearance, contrary to
the hypotheses. It is interesting to compare these findings to the cognitive
performance conditions where Stroop task errors were greater during the
left-side obstacle circumvention, and the dual-task cost was significantly
increased when required to circumvent to the right side of the obstacle.
Taken together, the results suggest that participants were compromising
skating speed to maintain cognitive performance on the visual interfer-
ence task.

General Discussion

The results of the study are intriguing as the original hypotheses
were based on the assumption that participants would accommodate in-
creasing task complexity in a step-wise fashion. However, it appears that
performance parameters are more dynamic and flexible than originally
assumed, and that certain tasks are given priority depending on the com-
bination of skills required. This assignment of priority makes sense given
that some tasks are well learned (like skating) and others are less familiar
(for example, the Stroop Color Word Test). However, even well-learned
tasks appear to be compromised by the introduction of novel information
processing demands in complex environments.
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The findings cannot be generalized to all youth ice hockey players be-
cause in the current study, all participants were experienced male hockey
players and had played competitive hockey. It cannot be assumed that fe-
male youth hockey players would demonstrate the same pattern of per-
formance decrements under dual-task conditions. Although, to date, very
little has been reported with respect to sex differences specific to concur-
rent locomotor and cognitive dual-task performance, one study reports
increased variability during dual-task walking in older men compared to
older women (Hollman, Youdas, & Lanzino, 2009). Although this study
differs from the current study, both methodologically and with respect
to the population of interest, it highlights the potential for sex differences
during concurrent locomotor and cognitive task performance. Further ex-
amination of potential sex differences on dual-task performance specific
to youth and the sport of ice hockey is needed.

In addition, it is possible that less experienced youth may demon-
strate greater performance decrements under dual-task conditions. For
example, Leavitt (1979) found that the introduction of a visual identifi-
cation task significantly slowed skating speed in novice hockey players,
but not in more experienced hockey players. The difference in results be-
tween the Leavitt (1979) study and the current study may be due to task
differences associated with a visual identification versus visual interfer-
ence task. Smith and Chamberlin (1992) also found that the addition of
cognitively demanding elements caused a decrement in performance, re-
gardless of level of expertise, but that this decrement in performance was
reduced with increased expertise. Regardless of methodological and task
differences, the results of decreased cognitive performance with the addi-
tion of a sport-specific locomotor task in the current study echoes findings
by both Leavitt (1979) and Smith and Chamberlin (1992).

By comparing separate and combined performance of locomotor and
cognitive capacities during skating with a simultaneous visual interfer-
ence task, the present study provides an innovative way for assessment of
locomotor function in a sport-specific and ecological environment. More-
over, it can provide information not accessible with more traditional test-
ing which examines cognitive and locomotor performance independent of
one another. In particular, the experimental paradigm could be explored
for its potential to assess skill by measuring performance under dual-task
conditions, and perhaps sport-specific functional impairments following
concussion. Individuals (including youth) with concussion are likely to
show a more selective impairment on complex motor tests requiring visio-
spatial skills or on those that require the use of additional cognitive skills
for successful performance (Rourke & Telegdy, 1971; Rourke & Strang,
1978; Francis, Fletcher, & Rourke, 1988) compared to neuropsychological
paper-and-pencil tests (Fait, McFadyen, Swaine, & Cantin, 2009). Perfor-
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mance deficits arise when locomotor and cognitive tasks are performed
concurrently that may otherwise go unnoticed if assessed in isolation of
one another (Parker, Osternig, van Donkelaar, & Chou, 2007). The results
of the current study are limited by the small number of participants which
reduced the statistical power to detect statistically significant results. Fu-
ture studies which include a larger number of participants who vary ac-
cording to age, sex, and skill should be performed to better understand
the influence of these variables on sport-specific dual-task performance. In
addition, future studies could adapt the experimental paradigm to other
sport-specific environments (e.g., football, soccer, lacrosse, etc.).

Conclusion

This experiment was performed to examine the effects of dual-task
conditions on ice hockey-specific performance parameters in male youth
ice hockey players. The observed differences in cognitive and locomotor
performance associated with varying task complexity suggest that certain
skills are given priority when competing for attentional resources in the
sport of ice hockey. In particular, obstacle avoidance appears to take pri-
ority when present, followed by cognitive performance as measured by a
visual interference task. This study is unique as it is the first to examine
the effect of combined ice hockey skills on sport-specific parameters and

highlights the trade-off between physical and cognitive performance un-
der more complex conditions. The findings have implications for sport-
specific assessment of combined cognitive and motor skills of healthy ath-
letes and those who have suffered concussion.
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