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Abstract

Recent research in attentional focus of instruction has predomi-
nantly over-emphasized the investigation of discrete and contin-
uous skills rather than serial skills. The purpose of this study
was therefore to examine the effect of different attentional focus
instructions on learning a serial skill task (i.e., taekwondo rou-
tine) in novice learners. It was predicted that the use of move-
ment outcome instructions could enhance the learning of a serial
skill as previously supported in studies examining the acquisi-
tion of discrete and continuous skills. Thirteen female partici-
pants were recruited for this study and were assigned to either
movement form condition - control group (n = 7) or movement
outcome condition — treatment group (n = 6). All participants
underwent 12 practice sessions over an 8-week period with their
respective instructional conditions with each session lasting 30
minutes. Video recording of the serial skill tasks (hand tech-
niques, kicking techniques and 10-step routine) were captured at
“the-twelfth-training session”, “after 1-week”, and “after 1-
month”. It was found that more participants in the treatment
group obtained a higher score in all three serial skill tasks, espe-
cially in Mastery component of ‘Kicking’ techniques at “after 1-
week’ (p < 0.05, r = 0.57). This study suggested that movement
outcome instructions have positive medium effect on balance
control for serial skill task, especially in kicking actions.

Key words: Focus of attention, serial skill tasks, taekwondo
routine.

Introduction

Instructions play an important role in enhancing skill
learning. The impact of effective instructions can lead to
significant changes to the internal processes that occur at
the neural and muscular subsystems when learner ac-
quires a movement skill (Davids et al., 2008). Such effec-
tive learning due to the presentation of suitable instruc-
tions can result in changes to performance that is relative-
ly persistent and adaptable to varying performance con-
texts (Davids et al., 2008). Undoubtedly, verbal instruc-
tion is effective as a form of task constraints that guide
learners to shape the emergence of coordinated action and
encourage learner’s exploratory behaviour (Davids et al.,
2008).

In a learning environment, teachers and coaches
normally use verbal instructions with cue words/phrases
to direct learners’ attention to certain components such as
the limbs’ position to the movement, the analogy of the
movement or any external objects in the environment
during practice (Ehrlenspiel, 2001). Interestingly, the
advantages of using instructions that direct learner’s at-

tention to the outcome of their movement on the envi-
ronment (external focus) has been widely reported in
learning compared to movement form (internal focus) on
specific parts of the body (i.e., limb segments) (Peh et al.,
2011). One example of instructions with an emphasis on
the movement outcome, that can result in positive learn-
ing and eliciting an external focus of attention, is the use
of metaphors or analogies (Lam at al., 2009; Poolton et
al., 2006). Masters (2000) further suggested that analogy
learning reduces multiple task-relevant “rules” into a
single “analogical rule”, which promotes implicit learning
and reduce the conscious explicit processing of task rele-
vant information.

Theoretically, movement outcome/external focus
of attention instructions is seen to be beneficial because
there are strong suggestions that the coordination of mul-
tiple degrees of freedom is not directed by conscious
intentions. Emergence of coordination occurs under self-
organization processes that are underpinned by the dy-
namic interactions among constraints (e.g., performer,
task and environment) (Chow and Atencio, 2012). Under
the self-organising properties of the central nervous sys-
tem, learners emerge, dissolve, and reformulate move-
ment spontaneously to form new patterns that are better
suited for the changed conditions (Lee, 2011). Based on
the ideas of action-effect representations in the motor
system, learners have better advantages in learning when
they focus externally towards movement outcomes espe-
cially on effect-relevant dimension (i.e., use of external
focus of attention) as compared to an internal focus of
attention where learners pay attention to the form of the
movement (Prinz, 1990).

On the other hand, movement form/internal focus
of attention has been seen as generating negative impact
on skill learning or performance that are associated with
explicit control, greater conscious control over the spatial
targets and the sequence of the movements (Lohse et al.,
2010). Ehrlenspiel (2001) further suggested that a nodal
point control strategy (internal focus) leads to increased
muscular activity and freezing of degrees of freedom of
the movements. It is believed that the conscious control of
a movement leads to constraining of the motor system by
intervening automatic process that would “normally”
regulate movement coordination effectively (Schiiker et
al., 2009).

Despite the unfavourable results reported in rela-
tion to the effect of movement form/internal focus of
attention, some studies found that novices benefited from
instructions that directed attention to the stepwise moni-
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toring of specific part of the movement (see Schiker et
al., 2009), which is akin to an internal focus of attention
instructional constraint. For example, it was found that
movement form/internal focus of attention was beneficial
and did not affect the performance in novice or low skill
golfers (Beilock et al., 2002; Ford et al., 2005; Perkins-
Ceccato et al., 2003; Uehara et al., 2008). A recent study
undertaken by James (2012) indicated that movement
form/internal focus of attention instruction in learning
movement form was beneficial if the movement requires
minimum demands for attuning movement to the envi-
ronment.

One of the key research gaps for current research
investigating attention focus is an over-emphasis on ex-
amining discrete and continuous skills rather than serial
skills. For example, Wulf and colleagues have conducted
studies in volleyball (Wulf et al., 2002), golf (Perkins-
Ceccato et.al., 2003) and soccer (Wulf et al., 2010); Zent-
graf and Munzert (2009) in juggling performance;
Schitker and colleagues examined the physiological
changes in running (Schiiker et al., 2009); Uehara et al.
(2008) in soccer chip; Marchant and colleagues in novice
dart throwing (Marchant et al., 2007) and isokinetic bicep
curls (Marchant et al., 2006); Al-Abood and colleagues
investigated the verbal instruction and visual search in
basketball free throw shooting (Al-Abood et al., 2002);
Lohse et al. (2010) investigated the kinematic aspect and
EMG in dart throwing; Porter et al. (2010) in agility per-
formance.

However, investigations in relation to the impact of
attentional focus instructions on serial skills have received
little attention in motor control and learning research. To
our knowledge, only one study conducted by Lawrence et
al. (2011) to examine the effect of attentional focus of
instructions on a simple serial skill (five simple move-
ments in a routine) They concluded that both attentional
focus instructions neither benefited nor degraded learning
in form-based task.

The paucity of empirical investigations on serial
skills provide the impetus to undertake the current inves-
tigation, especially for serial sports tasks that involves
multi-articular movements (e.g., gymnastic- floor routine,
taekwondo & karate) (see Lawrence et al., 2011). This
study seeks to understand the effectiveness of attentional
focus of instructions on more complex routines in a serial
task. The purpose of this study was to determine the dif-
ference in effectiveness between traditionally used in-
structions of attention (internal focus) and movement
outcome of instructions (external focus) on learning a
serial task in taekwondo. It is predicted that the modified
instructions focusing on movement outcome can enhance
the learning of a serial skill as it allows learners to exploit
the self-organisation processes present in such a learning
context, as previously supported in studies examining the
acquisition of discrete and continuous skills.

Methods

Participants

Thirteen novice female adults (aged 30.7 + 4.6 years),
with no prior experience in taekwondo (TKD) or any
form of martial arts, were recruited for the study. Two

centralised training centers, located in the Northern and
Southern regions of Singapore, were used for all training
sessions. The participants recruited via convenient sam-
pling through the North center were assigned to control
group, focused on movement form (MF) of instructions (n
=7); while the participants in the South center were as-
signed to treatment group, focused on movement outcome
(MO) of instructions (n = 6). Movement form condition
was considered as the control group because traditionally,
teaching of taekwondo focuses heavily on the movement
form (Internal focus) of the learner with strong emphasis
on techniques execution with lengthy instructions (Little
and Wong, 1999). For example, some of the instructions
like, “Extend the leg from the knee, pointing the foot to
use the instep as the striking surface.” and “At full exten-
sion, the hip and shoulder should be in line with the tar-
get, while the kicking foot and knee should have passed
through it.”, specifically has strong associations with
movement form (White, 2006).

In addition, both groups of participants were not
informed of the presence of any other instructions that
were provided to other participants. No information was
also made available to the participants that their instruc-
tions were beneficial or not beneficial. They were only
required to follow their respective instructions. This was
to prevent the “special treatment” (belief effect) felt by
the participants, which could lead to false belief that could
enhance performance (see Beedie, 2007). They were
required to specifically learn and perform at their best by
using the given instructions. Voluntary and informed
consent were obtained from all participants, and the pro-
cedures used in the study were in accordance with the
participating institution’s ethical guidelines.

Apparatus and task

Taekwondo belts, chairs, coloured tapes and markers
were used as part of the treatment group’s instructional
package, which incorporate key elements of external
focus type of attention instructions. Kicking pads were
used by participants of both treatment and control groups
as targets to practice punching and kicking.

Participants were asked to perform a series of hand
techniques; kicking techniques and a 10-step routine (Ta-
ble 1) and all movements for the TKD task were recorded
by two video cameras (Sony- HDR-HC7, 6.1 megapix-
els). The cameras were placed 3m at the sagittal and 6m at
the frontal planes from where the participant stood before
the performance of the serial skill task, to capture the
movements that occurred in these two planes. No pre-test
session was conducted because there was no means or
relevant test to determine the kicking and punching mo-
tions associated with the TKD serial task at entry level.
This is also aligned to how actual TKD training is facili-
tated where no assessment is provided prior to undertak-
ing such training. Since the task was novel to all partici-
pants, it was accepted that the participants were at the
same entry level for this particular serial task.

Procedure

Training sessions

Participants were required to undergo twelve practices
sessions to learn a 10-step tackwondo routine (seeTable 2)
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Table 1. Instructional cues & phrase.

Discrete Skills Movement Form Movement Outcome
1. Point shoulder towards target 1. Hit in a straight
Lead ‘! 2. Extend the elbow straight out. line with the fist
hand punch 3. Contact with the 1 two knuckles 2. Aim the fist to the
(fighting 4. !_ock the elbow and wrist at the moment of nose of_ your image
stance) impact. in the mirror
1. Pivot the ball of the rear foot with slight knee 1. Flick your belt
bend. strap from right to
Reverse 2. Point the shoulder of the punching hand towards left
hand punch the target. 2. Hit in a_straight
(fighting 3. Extend the elbow and hit with the 1% two line with the fist
stance) knuckles. 3. Aim the fist to the
4. Lock the elbow and wrist at the moment of nose of your image
impact. in the mirror
i 1. Trunk rotates to the right. 1. Hook the punch
Lead hand &/J 2. Left shoulder rotates outwards above barrier
Hook B 3. Flexed elbow during swing 2. Flick your belt
Pu_nch_ 4. Lock the elbow and wrist at the moment of strap to the right
(Fighting impact.
stance)

1. Lift kicking leg where knee is slightly above the 1. Contact barrier

hip. with knee
Front 2. Extend the knee forward 2. Strike target with
thrust kick 3. Contact with the ball of the foot at full knee foot
extension
1. Pivot supporting leg on the ball of the foot with 1. Belt needs to trav-
slight knee bend el from right to left
Turning 2. Lift the kickinq leg in a flexed position with 2. Clear barr_ier with
kick knee above hlp. _ _ _ shank_ above it _
3. Keep the heel in line with the hip and shoulder. 3. Strike target with
4. Foot plantar flexed and travel across the midline foot in a snap-like
of your body motion
5. Flex knee after contact
1. Lift up front leg slightly from the floor. 1. Front leg slides
2. Move forward with the front leg and land with ~ over a colour marker
Shuffle the ball of your foot. on the floor.
forward 3. Slide the ball of the rear foot slightly forward.
1. Move the rear first. 1. Shift rear foot
2. Lift up the kicking knee as the rear foot ap- towards coloured
proaches the front foot. tape
Sliding 3. Keep thigh level with hip during preparation 2. Clear barrier with
turning 4. Foot plantar flexed and travel across the midline shank of the front leg
kick of your body above it
5. Flex knee after contact Contact target with
foot in a snap-like
motion
1. Move the rear leg first. 1. Shift rear foot
Sliding 2. Lift up the kicking knee as the rear foot ap- towards coloured
front kick proaches the front foot. tape
3. Keep knee level with hip during preparation 2. Contact barrier
4. Extend the knee forward with front knee.
5. Contact with the ball of the foot at full knee 3. Strike target with
extension foot

in groups of three to five. Each session lasted about 30
minutes and the twelve practice sessions took place over
an 8 weeks period. The 10-step taekwondo routine con-
sisted of 3 hand- and 4 kicking techniques. The research-
er, who is also a certified TKD instructor with more than

10-years’ experience in coaching, presented the cues and
taught all the training sessions for both groups. All prac-
tice lessons followed strictly to the pre-planned practice
programme designed by the research team. Lessons were
validated by certified TKD instructors from a taeckwondo
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training institute to ascertain that the lessons were effec-
tively delivered based on the lesson structure planned for
both groups.

See Table 1 for the specific verbal descriptions,
underlined cues, and demonstrations of the skill presented
to both groups. All underlined cues were highlighted to
explicitly emphasize the importance of the respective cues
to both groups’ participants by the researcher during the
training sessions. The verbal description and cues to con-
trol group’s participants were solely focused on the
movement form (specific body parts) and regular check
was performed to ensure they did not focus on the exter-
nal apparatus (e.g., target location on the pads).

Prior to the introduction of a new set of skills for
each session, the researcher would provide a brief revi-
sion of the learnt movements from the previous session.
The researcher would only demonstrate once for the pre-
viously taught skill together with verbal descriptions and
the underlined cues. Participants were given 5-minutes to
practice the previously taught skills under the supervision
of the researcher, and feedback based on the allocated
attentional instructions would be provided by the re-
searcher when and where necessary (based on the cues
previously taught). No extraneous feedback beyond the
instructions allocated for the attentional focus conditions
were provided in all the practice sessions.

For every training session, the researcher would
remind the participants to focus on the underlined cue
words and phrases that were presented to them earlier
based on their respective attentional focus conditions
(Table 1). Furthermore, researcher also performed regular
verbal checks on the cues that the respective participants
were supposed to focus on every 10 minutes. In this pro-
cedure, participants were asked to repeat the underlined

Table 2. Intervention programme.

cue words to the researcher to reinforce the importance of
their respective attentional instructions.

Data collection

A total of three video recording sessions took place at
“the-twelfth-training”, *“after 1-week” and “after 1-
month” respectively. All performance was recorded by
two video cameras, which were placed at the sagittal and
frontal planes of the participant. For the first recording,
the usual training routine was carried out at the twelfth
training session and participants were given half an hour
rest before the recording of the routine execution by the
participants. Participants were asked to perform three
trials of each routine for hand techniques, kicking tech-
niques and the complete 10-step routine. Participants were
given a 3-minute rest period after three trials for each
routine.

Participants were told not to have any practices be-
fore the 2" recording (retention 1), and 3" recording
(retention 2), which took place a week and 1-month after
the twelfth training session respectively. The recording
process for the 2" and 3" retention sessions was the same
as the first recording session. Participants reported that
they did not practice at all after the 1% recording session.
At the start of the 2" and 3" retention sessions, the re-
searcher performed only one demonstration for hand
techniques, kicking techniques and 10-step routine with
the objective to refresh the participants’ memory of the
sequences. Thereafter, participants were asked to recall
and use their respective underline cue words to perform
all routines. Participants were informed that the emphasis
on measuring performance was not about the recall profi-
ciency of the routine but rather on the movement pattern
proficiency of the TKD techniques.

Discrete skills

Serial Skills

1. Lead hand punch

1. Lead hand punch + Reverse hand Punch

(fighting stance) 2. (fighting stance)
2. Reverse hand punch 3. Shuffle forward lead hand punch+ reverse
(fighting stance) 4. punch+ lead hand hook punch

3. Shuffle forward

5. Turning Kick + Front Thrust Kick at 90°

4. Lead hand Hook Punch
(Fighting stance)

6. Sliding front thrust kick + shuffle forward
7. lead hand punch + reverse punch

5. Front thrust kick

8. Turning kick + Sliding turning kick

6. Turning Kick

7. Sliding turning kick

8. Sliding front kick

Session 1 Discrete skill 1 and 2 Serial skill 1

Session 2 Revision Serial skill 2
Discrete skill 3 and 4

Session 3 Revision Serial skill 3
Discrete skill 5 and 6

Session 4 Revision Serial skill 4
Discrete skill 7 and 8

Session 5 Revision on all discrete skills Serial skill 5

Session 6 Discrete skill 1, 2, 3and 4 Serial skill 1, 2 and 3

Session 7 Discrete skill 5,6, 7 and 8 Serial skill 4 and 5

Session 8 Serial skill 1to 5

Session 9 Discrete skill 1-7

Session 10 Serial skill 1-5

Session 11~ Whole routine

Session 12 Whole routine




786

Focus of attention

Data reduction and analysis

Three certified coaches, who are at least at the 4th Dan
level with more than 10 years of experience in coaching,
viewed the tapes independently and rated the movement
patterns on the score sheet (see Appendix A). The scoring
was based on the assessment rubrics (see Appendix B).
All the coaches have no knowledge of the training condi-
tions for the groups and the sequences of recording. In
addition, all three coaches were provided with a familiari-
sation session where they rated sample participants’ per-
formances together with the researcher. In the familiarisa-
tion session, videos of four different levels of Taekwondo
students (green, blue, red and black) were presented to the
raters and the coaches were required to provide scores on
the score sheets based on a rubric for such assessment
(see Appendix B). All the coaches were provided with
ample opportunities to seek clarifications with the re-
searcher to ensure that they fully understood all aspects of
the assessment procedures.

The assessment components were designed based
on the assessment guidelines from the World Taekwondo
Federation (WTF), where assessment components were
categorised into three categories — Accuracy, Mastery and
Presentation (Table 3). The scoring scale was referenced
to the Ellenband Gymnastic rating scales, ranges from 0 —
3 points (see Morrow et al., 2003). The rationale for
adopting the gymnastics’ rating scales is due to the simi-
larity between the TKD task and the gymnastic routines in
terms of the serialised nature of the task. In sports such as
gymnastic and taekwondo Poomsae (Pattern form — a set
of predetermined routine) competition, performance raw
scores are given by the judges and performers are ranked
according to the scores. As it is an individual performance
event, the ranking system used in this study would be
more relevant and closer to the nature of the sport. Thus,
the statistical analysis would focus on the mean ranks in
both groups.

Table 3. Assessment Components
Category Sub-category
Target point
Kinetic Chain of Movement
Contact Point of the hand
Alignment of Body Position (Shoul-
der,waist and knee)
Volume of Movement (Range of starting
and ending movement)
Balance
Power & Speed
Coordination of Rhythm & Tempo
Expression of Kl (Energetic Expression)

Accuracy

Mastery

Presentation

Prior to undertaking statistical analysis, inter-rater
reliability (IRR) was measured through two-way con-
sistency average-measures intra-class correlation (ICC).
The aim of performing IRR was to determine the con-
sistency in the ratings between assessors, particularly,
similarity in rank order. The cut-offs for ratings of agree-
ment based on ICC values are: poor for less than 0.40; fair
for values between 0.40 and 0.59; good for values be-
tween 0.60 and 0.74; and excellent for more than 0.75
(Hallgren, 2012).

Performance raw scores (sum of accuracy, mastery
and presentation scores) and the categories scores were
normally distributed and the variances were not signifi-
cantly different, which indicated that the assumption of
homogeneity was met. However, non-parametric tests
were used for ranking the data based on the actual scores
(rank 1 for the lowest score with the next highest score
being rank 2, and so on) given by the raters; group with
large rank indicated more high scorers in a specific test
(Field, 2009). Mann- Whitney test, an equivalent to the
independent t-test, was used to compare between two
groups, control and treatment, for 3 sessions - the 12th-
training- session, after 1-week and then after 1-month.
Subsequently, Friedman’s ANOVA was used to compare
the differences between several tests (the 12th-training-
session, after 1-week and after 1-month).

The Statistical Programme for Social Sciences
(SPSS) software version 18.0 was used for statistical
analysis. The accepted level of significance was set at p<
0.05 for all the analysis. However, post hoc test would be
performed using Wilcoxon signed-rank test and a Bonfer-
roni correction was applied with all effects reported at
.017(0.05/ 3 tests) when the Friedman’s ANOVA analysis
was significant (p<0.05). Results were reported as means
+ standard error (SE) for the descriptive data; z-score (z)
and F-Statistic/Chi-square (X?) for Mann Whitney (U)
test.

The effect size estimate (r) was calculated based on
z value of non-parametric tests. The sign of calculated
effect size estimate does not contain much information,
thus absolute value was reported (Field, 2009). An effect
size of 0.1 is considered small, an effect size of 0.3 medi-
um and an effect size of 0.5, large (see Field, 2009; see
Fritz et al., 2012).

Results

Inter-rater reliability

There was an excellent agreement among assessors at the
12th-training-session (0.75, p < 0.05) and good agreement
was found at “after 1-week” (0.69, p < 0.05) and “after 1-
month” (0.62, p < 0.05) (Hallgren, 2012).

Serial skills performance scores

Performance scores of each serial skill is the sum of the
scores from the three main categories — Accuracy, Mas-
tery and Presentation. Performance raw scores (Meanx
SE) of both control and treatment groups for all three
serial skill tasks are shown in Figure 1. Mann-Whitney U
test showed no significant differences between control
and treatment groups in hand techniques, kicking tech-
niques and 10-step routine.

However, a significant medium effect of group in
“Mastery” category, where treatment group has higher
mean rank scores in kicking techniques at after 1-week,
U=7.0,z=-2.04, p<0.05, r=0.57 (see Figure 2).

Retention

The Friedman’s ANOVA showed significant decrease
over the three tests in mean rank of 10-step routine (Con-
trol: X? (2) = 10.89, p < 0.05; Treatment: X? (2) = 10.33,
p < 0.05); kicking techniques (Control: X? (2) = 8.07, p <
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Figure 1. Descriptive data (Mean£SE) of overall components for all the serial skills performance.

0.05; Treatment: X? (2) = 9.24, p < 0.05); hand techniques
(Control: X? (2) = 10.29, p < 0.05; Treatment: X? (2) =
10.33, p < 0.05).

A post hoc test, Wilcoxon signed-rank test, was
further administered to determine differences between
sessions. In Figure 3(a), it showed a significant large
effect of time for the mean rank scores of the control
group at “after 1-week” and “after 1-month” for 10-step
routine (z = -2.384, p =0.017, r = 0.66) and kicking tech-
niques (z = -2.388, p=0.017, r = 0.66. Post-hoc test re-
vealed that the decrement in treatment group between
sessions was not significant (see Figure 3(b)).

Individuals’ performance raw scores

See Figures 4(a) and (b) for the performance raw scores
of each individual for the “10-step-routine”. From Figures
4(a) and (b), it can be seen that participants’ performance
from control condition were bunched together over a
smaller range compared to treatment group participants,
where the data was scattered over a bigger range. When

the values of standard deviations (SD) in both conditions
were examined, control group participants (The 12th-
training-session- 2.68; after 1-week- 1.65, and after 1-
month - 1.87) had about half of the values compared to
participants from treatment group (The 12th-training-
session- 2.79; after 1-week - 2.68; after 1-month - 2.61).

Discussion

The purpose of the study was to determine the difference
in effectiveness between traditionally used instruction of
attention in taekwondo and the movement outcome of
instructions in learning a serial skill task among novice
adult learners. We predicted that novices might benefit
more from instructions focusing on movement outcome
(MO) (treatment group) to a greater extent than tradition-
ally used instructions emphasizing movement form (MF)
(control group) in taekwondo serial skill tasks based on
previous findings from discrete and continuous skills.

10 N
9 9.33
= 8.75

=8 8.25
o
[
7
@
=

6 HKee

 — 355
5 T N
5
4
The 12th training After 1-week After 1-month
session
-»-Control —Treatment

Figure 2. Mean rank score of “Mastery” component for the kicking techniques. * S ignificant difference from control group (p< 0.05).
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the “the 12% Training session”, “After 1-week” and “After 1-month”. * Significant difference from “After 1-week” in

both 10-step routine and kicking techniques (p = 0.017)

Results from the present study provided minimal
evidence of learning advantages for those directing their
attention to the movement outcome as compared to
movement form. The only significant result observed in
this study was the “Mastery” category of the kicking
techniques in the treatment group (see Figure 2). In addi-
tion, an interesting observation was seen in the inter-rater
reliability (IRR), where the IRR values declined over time
from high to moderate levels. It is not known if perfor-
mance decrement has any impact on the judges’ percep-
tion and rating of performance, which in turn may have an
effect on the validity of the ratings. Future studies could
be undertaken to examine if and how inter-raters’ reliabil-
ity may be impacted in judging lower skilled performanc-
es in similar contexts.

The major finding from this study is similar to
some extent with those reported by Lawrence and col-
leagues’ (2011) where no learning benefits were estab-
lished with either internal (MF) or external focus (MO) of

attention instructions for gymnastic floor exercises. It is
noteworthy that the amount of time allocated to practice
that differed greatly from the present study, where a total
practice time of 6-hours (12 lessons x 30 minutes) was
spent by the participants compared to four trials of prac-
tice in the study by Lawrence and colleagues. Thus, it was
possible that the greater amount of practice time in the
current study contributed to the slight positive effect (r =
0.57) seen in the treatment group. Researchers may want
to consider longer period of practice time in learning a
serial skill task.

Balance is an important aspect of taekwondo
movements especially in kicking, as the loss of balance
can lead to ineffectiveness of the kick and put oneself in
danger (Kovacich, 2005). The significant result with
moderate effect size (r = 0.57) in “Mastery” category at
“after 1-week” suggests that participants using instruc-
tions emphasizing movement outcome outperformed their
control condition participants by more than half of a stan-
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Figure 4. (a) Individuals’ performance raw scores of control group individuals for 10-step routine. (b)
Individuals’ performance raw scores of the treatment group individuals for 10-step routine

dard deviation using pertinent instructional constraints
(e.g., “Contact barrier with knee” and “strike target with
foot in a snap-like motion”) to enhance balance control
and more effective movement forms during the kicking
actions. Past studies which examined the use of external
focus of attentional instruction, with an emphasis on
movement outcome, have further supported such instruc-
tions as the preferential instructional constraint for pos-
tural balance during static, dynamic and suprapostural
tasks (see Laufer et al., 2007; McNevin and Wulf, 2002;
McNevin et al., 2003; Wulf et al., 2001a; 2004). Empha-
sis on movement outcome allows the learners to explore
and search for coordinated movement patterns as well as
to promote an automatic mode of movement control
(Poolton et al., 2006). This self-organising process (i.e.,
each system spontaneously adjusting and adapting to each
other) is believed to be enhanced with movement outcome
instructions in regulating the balance, searching for func-
tional solutions as well as the movements (Davids et al,
2008; Peh et al, 2011)

The nature of the taekwondo task itself presents a
challenge for learners to direct their attention to the

movement outcome (i.e., an external focus of attention) as
compared to other discrete task like hitting a ball (“focus
on the trajectory of the ball”). However, creative manipu-
lation of task constraints like the use of relevant external
apparatus within the movement outcome instructions can
contribute to the positive learning effects especially in
kicking actions. Furthermore, the use of instructions fo-
cusing on movement outcome in this study had relatively
shorter movement descriptions as compared to the lengthy
instructional cues that are typically used in taekwondo
practice (Little and Wong, 1999). The difference in vol-
ume of the received instructions by both groups might be
an important factor that impacted the current study’s
findings as treatment group received lesser number of
instructions. Poolton et al. (2006) found that when similar
amount of instructions were used by movement form and
movement outcome participants, the latter still outper-
formed the earlier. Nevertheless, it is important to investi-
gate whether the quantity of instructions in relation to
varied attentional focus have an important impact on
learning serial skills in future studies.

Retention tests are often used in motor learning
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studies to examine the effect of instructions in helping
learners to retain practiced skills (see Wulf, 2007). It is
observed that control group’s performance dropped
significantly after 1 month without any training. Despite
the novelty of the situation and/or the greater task
difficulty encountered in retention tests such as the
absence of external-focus stimuli — belts, chairs, barriers
etc, treatment group’s participants outperformed control
group participants in all the three serial skill tasks (see
Figures 3a and 3b). In relation to data for individual per-
formance (see Figures 4a and b), larger extremes, i.e. the
highest and the lowest scores, were observed in treatment
group as compared to control group. Treatment group
participants also demonstrated bigger range of standard
deviations and this suggests that the individuals were
exploring various solutions in search of the different func-
tional ways to achieve the action goals. The use of
movement outcome instructions has been purported to
allow for exploration of different movement solutions to
achieve the same outcome and therefore harnesses the
inherent degeneracy (i.e., capacity of neurobiological
systems to achieve the same or different outcomes in
varying situations, with structurally different components
of the musculo-skeletal sub-system) present in human
neurobiological system (see Edelman and Gally, 2001;
Hong and Newell, 2006; Peh et al. 2011). Such
explorative behaviour could also indicate that perhaps,
some individuals benefitted from movement outcome
instructions but it may not be the case for everyone.
Additional intra-individual analysis should be undertaken
to better understand the individual’s preference or rate-
limiters in wusing different types of instructions.
Furthermore, the most functional way of execution based
on individual’s interpretation of the instructions might not
be inline with the assessment criteria (typically based on
an optimal movement pattern for skilled performers),
which could also account for some of the lower scores
found in the treatment group participants.

On the other hand, the performance scores among
the individual participants in the control group are more
clustered and have fewer fluctuations. It is evident that the
use of movement form instructions could have limited
their exploration of their movements and interfered with
the automatic control processes seen in movement control
(Wulf and McNevin, 2003). From the Common-coding
Theory and Constrained Action Hypothesis, it seems that
the correspondence between movement programming and
response is reduced when the learners are consciously
attending to movements of the body. This in turn disturbs
the organization of motor programming and interferes
with normal automatic control processes. More recently,
Land et al. (2013) further suggested that cognitive mech-
anisms could be the key mediator for the reported benefits
of external focus attention effects although the specific
cognitive mechanisms remain unknown.

However, Peh et al. (2011) also suggested that
movement form instructions may not always be bad and
that under certain task constraints (e.g., task that empha-
sizes movement form), it may encourage the acquisition
of movement coordination. In addition, Uehara and col-
leagues (2008) also suggested that movement form in-

structions can benefit novice learners who are still en-
gaged in assembling basic functional movement coordina-
tion patterns. Such an explanation could be relevant to
why some participants in the control group condition
benefitted from the movement form instructions after the
twelfth session.

Based on Newell’s (1986) model of motor learning
(a framework for understanding the relationship between
coordination and control), it is believed that the control
group participants of this study might still be at the early
stage of learning — Coordination, where they seek to find
the stable movement patterns that they are trying to ac-
quire through the use of the movement form instructions.
The use of movement form instructions encouraged the
participants to assemble their preferred basic, functional
coordination to achieve specific motor tasks (Peh et al.,
2011). It is possible that movement form instructions
might still be useful for certain individuals due to their
different inherent motor abilities and learning styles in
learning movement form tasks. For example, some learn-
ers may still be exploring at the Coordination stage of
learning to find an approximation of the movement and
the use of movement outcome instructions may actually
disrupt their learning. Peh et al. (2011) suggested that
more intra-individual analyses should be undertaken and
such analyses can better account for differences in indi-
vidual rates of progression relating to learning.

Future studies could also examine learner’s prefer-
ence for either movement form or movement outcome
instructions by determining performer’s preferences using
interviews; questionnaires to elicit such information (see
Wulf et al., 2001b). It is also possible that the performer's
"naturally" adopted focus of attention is directly correlat-
ed to the level of experience with a certain skill task, as
well as perhaps the social situation in which the perfor-
mance takes place (e.g., social acceptance of a sport for a
certain gender, presence of and type of audience, or set-
ting). In addition, the progression of the learners during
practice should be noted in order to identify individuals’
stages of learning. While the design of the presentation of
instructions was intended to ensure that a belief effect is
absent in relation to how participants perceive their in-
structions and its related effectiveness in learning the task,
it might still be possible that the participants believed that
their instructions were inadvertently beneficial. Future
studies could explore research designs to eliminate this
belief effect to more objectively determine the impact of
either external or internal focus attentional instructions.
For example, provide both types of instructions to partici-
pants and explore ways to check or control that they only
use the required type of instructions at specific time con-
text to better distinguish the effect of the different instruc-
tions provided.

Conclusion

In conclusion, the results of this study reveal some poten-
tially enlightening differences between movement form
and movement outcome instructions for learning a serial
skill task. Treatment group condition achieved significant
improvement in the “Mastery” category of the kicking



Woo et al.

791

techniques at “after 1-week”. This suggests that move-
ment outcome instructions have positive impact on bal-
ance control for kicking actions. Furthermore, longer
period of practice time is crucial in learning a serial skill
task in order to see the learning effect of both movement
outcome and movement form instructions. However,
individuals’ performance raw scores showed that individ-
uals response differently towards the given instructions.
Future empirical investigation could be undertaken to i)
examine the relationship of both instructions with the
individual rate of progression in learning; ii) compare the
effectiveness of different type of attentional instructions
and its interaction with the volume of instructions and the
practice time in learning serial skills.

Acknowledgements

This study was funded by an Academic Research Fund (AcRF) (R1 6/08
CJY) from the National Institute of Education, Nanyang Technological
University, Singapore.

References

Al-Abood, S.A., Bennett, S.J., Hernandez, F.M., Ashford, D. and Da-
vids, K. (2002) Effects of verbal instructions and image size on
visual search strategies in basketball free throw shooting. Jour-
nal of Sports Science 220, 271-278.

Beedie, C.J. (2007) Placebo effects in competitive sport: qualitative
data. Journal of Sports Science and Medicine 8, 21-28.

Beilock, S.L., Carr, T.H., Macmahon, C. and Starkes, J.L. (2002) When
paying attention becomes counterproductive: Impact of divided
versus skill-focused attention on novice and experienced per-
formance of sensory skill. Journal of Experimental Psychology:
Applied 8, 6-16.

Chow, J.Y. and Atencio, M. (2012) Complex and nonlinear pedagogy
and the implications for physical education. Sport, Education
and Society 1-21.

Davids, K., Button, C. and Bennett, S. (2008) Dynamics of Skill Acquisi-
tion- A Constraints-Led Approach. Human Kinetics, Cham-
paign, IL.

Edelman, G.M. and Gally, J. (2001) Degeneracy and complexity in
biological systems. Proceedings of the National Academy of
Sciences 98, 13763-13768.

Ehrlenspiel, F. (2001) Paralysis by analysis? A functional framework for
the effects of attentional focus on the control of motor skills.
European Journal of Sport Science 1(5), 1-11.

Field, A. (2009) Discovering statistic using SPSS - sex and drugs and
rock 'n' rol. 3rd edition. SAGE, London.

Ford, P., Williams, A.M. and Hodges, N.J. (2005) Online attentional-
focus manipulations in a soccer-dribbling task: Implications for
the proceduralization of motor skills. Journal of Motor Behav-
ior 37, 386-394.

Fritz, C.O., Morris, P.E. and Richler, J. (2012) Effect size estimates:
Current use, calculation, and interpretation. Journal of Experi-
mental Psychology 141(1), 2-18.

Hallgren, K.A. (2012) Computing inter-rater reliability for observational
data: an overview and tutorial. Tutorials in Quantitative Meth-
ods for Psychology 8(1), 23-34.

Hong, S.L. and Newell, K.M. (2006) Practice effects on local and global
dynamics of the ski-simulator task. Experimental Brain Re-
search 169, 350-360.

James, E.G. (2012) Body Movement instructions facilitate synergy level
of motor learning, retention and transfer. Neuroscience Letters
522, 162-166.

Kovacich, S. (2005) Achieving Kicking Excellence: Roundhouse Kick.
Chikara Kan, Inc.

Lam, W.K., Maxwell, J.P. and Masters, R.S.W. (2009) Analogy learning
and the performance of motor skills under pressure. Journal of
Sport & Exercise Psychology 31, 337-357.

Land, W.M., Tenenbaum, G., Ward, P. and Marquardt, C. (2013) Ex-
amination of visual information as a mediator of external focus
benefits. Journal of Sport & Exercise Psychology 35, 250-259.

Laufer, Y., Rotem-Lehrer, N., Ronen, Z., Khayutin, G. and Rozenberg,
I. (2007) Effect of attentional focus on acquisition and retention

of postural control following ankle sprain. Archive Physical
Medicine and Rehabilitation 88, 105-108.

Lawrence, G.P., Gottwald, V.M., Hardy, J. and Khan, M.A. (2011)
Internal and external focus of attention in a novice form sport.
Research Quarterly for Exercise and Sport 82(3), 431-441.

Lee, T.D. (2011) Motor control in everyday actions. Human Kinetics,
United States.

Little, J.R. and Wong, C.F. (1999) Ultimate guide to Taekwondo. Con-
temporary books, United States.

Lohse, K.R., Sherwood, D.E. and Healy, A.F. (2010) How changing the
focus of attention affects performance, kinematics, and
electromyography in dart throwing. Human Movement Science
29, 542-555.

Marchant, D.C., Clough, P.J. and Crawshaw, M. (2007) The effects of
attentional focusing strategies on novice dart throwing perfor-
mance and their task experiences. International Journal of
Sports & Exercise Psychology 5, 291-303.

Marchant, D., Greig, M. and Scott, C. (2006) Attentional focusing
strategies influence muscle activity during isokinetic bicep
curls. Athletic Insight-The Online Journal of Sport Psychology.
10(2).

Master, R.S.W. (2000) Theoritical aspects of implicit learninig in sport.
International Journal of Sport Psychology 31, 530-541.
McNevin, N.H., Shea, C.H. and Wulf, G. (2003) Increasing the distance
of an external focus of attention enhances learning. Psychologi-

cal Research 67, 22-29.

McNevin, N.H. and Wulf, G. (2002) Atentional focus on supra-postural
tasks affects postural control. Human Movement Science 21,
187-202.

Morrow, J.R., Jackson, A.W., Disch, J.G. and Mood, D.P. (2003) Meas-
urement and Evaluation in Human Performance. 3™ edition.
Champaign, IL: Human Kinetics.

Newell, K.M. (1986) Constraints on the development of coordination.
In: Motor development in children: Aspects of coordination and
control. Eds: Wade, M.G. and Whiting, H.T.A. Dordrecht,
Netherlands: Martinus Nijhoff.

Peh, Y.-C.S., Chow, J.Y. and Davids, K. (2011) Focus of attention and
its impact on movement behaviour. Journal of Science and
Medicine in Sport 14, 70-78.

Perkins-Ceccato, N., Passmore, S.R. and Lee, T.D. (2003) Effects of
focus of attention depend on golfers’ skill. Journal of Sports
Science 21, 593-600.

Poolton, J.M., Maxwell, J.P., Masters, R.S.W. and Raab, M. (2006)
Benefits of an external focus of attention: common coding or
conscious processing. Journal of Sports Science 24(1), 89 - 99.

Porter, J.M., Nolan, R.P., Ostrowski, E.J. and Wulf, G. (2010) Directing
attention externally enhances agility performance: a qualitative
and quantitative analysis of the efficacy of using verbal instruc-
tions to focus attention. Frontier in Psychology 1, 1-7.

Prinz, W. (1990) A common coding approach to perception and action.
In: Relationship between perception and action. Eds: Neumann,
O. and Prinz, W. Berlin: Springer. 167 - 201.

Schiiker, L., Hagemann, N., Strauss, B. and Voélker, K. (2009) The effect
of attentional focus on running economy. Journal of Sports Sci-
ence 27(12), 1241-1248.

Uehara, L.A., Button, C. and Davids, K. (2008) The effects of focus of
attention instructions on novices learning soccer chip. Brazilian
Journal of Biomotricity. 63-77.

White, G. (2006).Teaching Olympic Style Taekwondo Sparring (Level
1). Available from URL:http://www.scribd.com/doc/24812095/
Teaching-Olympic-Style-Taekwondo-Sparring.

Wulf, G., McNevin, N.H. and Shea, C.H. (2001a) The automaticity of
complex motor skill learning as a function of attentional focus.
Q J Exp Psychol A 54, 1143-1154.

Wulf, G., Shea, C.H. and Park, J.H. (2001b) Attention in motor skill
learning: preferences for and advantages of an external focus.
Research quarterly for exercise and sport 72, 335-344.

Waulf, G., McConnel, N., Gartner. and Schwarz, A. (2002) Enhancing
the learning of sport skills through external-focus feedback.
Journal of Motor Behaviour 34(2), 171-182.

Waulf, G. and McNevin, N. (2003) Simply distracting learner is not
enough: More evidence for the learning benefits of an external
focus of attention. European Journal of Sport Science 3(5), 1-
13.

Waulf, G., Mercer, J., McNevin, N. H. and Guadagnoli, M. A. (2004)
Reciprocal influences of attentional focus on postural and su-
pra-postural task performance. Journal of Motor Behavior 36,



792

Focus of attention

189-199.

Wulf, G. (2007) Attention and Motor Skill Learning. Champaign, IL:
Human Kinetics.

Waulf, G., Landers, M., Lewthwaite, R. and Tollner, T. (2008) External
focus instructions reduce postural instability in individuals with
Parkinson disease. Physical Therapy 89, 162-168.

Waulf, G., Chiviacowsky, S., Schiller, E. and Avila, L.T.G. (2010) Fre-
quent external-focus feedback enhances motor learning. Fron-
tiers in Psychology 3(190).

Zentgraf, K. and Munzert, J. (2009) Effects of attentional-focus instruc-
tions on movement kinematics. Psychology of Sport and Exer-
cise 10, 520-525.

Key points

e Movement outcome (MO) instructions have a posi-
tive impact on learning a serial task, especially in
kicking actions.

e More functional coordination during movement ex-
ecutions for MO participants.

e Benefits for MO instructions may be individual spe-
cific.
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