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Abstract

Objectives: Numerous studies have demonstrated that using an external focus of attention significantly enhances motor skill per-
formance. However, limited research has been carried out on increasing the distance of an external focus of attention. Therefore,
the main purpose of the present study is to determine whether learning tracking task is affected by different attentional focuses.
Methods: A sample of 42 participants, after taking a pre-test, were divided randomly into three groups, including distal external
group (DEG), proximal external group (PEG), and control group (COG). Proximal external focus group received instructions con-
cerning near body movements; distal external focus group received instructions on the effect of movements in the environment,
and control group did not receive any instructions. The participants practiced the tracking task in four blocks of four trials under
their own condition of attention. Then, after 48 hours, they participated in a delay retention test under secondary task condition
(auditory).
Results: The results indicated that distal external focus group learned the tracking task better than proximal external focus group
(P > 0.05), however, control group learned the tracking task less effectively than the other groups.
Conclusions: These findings suggest that increasing the distance of an external focus of attention improves tracking task learning,
especially under secondary task, because secondary task condition enhances attention resources and shifts focus of attention to the
external environment.
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1. Background

In the recent years, coaches and trainers use instruc-
tions for learning and teaching motor skills. The most im-
portant instructions are attentional instructions which di-
rect the attention of learners to different aspects of move-
ment. Wulf et al. (1-3) demonstrated that directing learners
at focusing on the effects of their movements, i.e. an ‘ex-
ternal’ focus of attention, results in further learning bene-
fits than directing learner at focusing on their body move-
ments, i.e. ‘internal’ focus of attention. According to Con-
strained Action Hypothesis, in efforts for conscious con-
trol of movements, i.e. internal attention, the motor sys-
tem will be limited and will prevent automatic processes
that control movement better (3, 4). Clear advantages of
an external focus have also been found in other studies re-
garding, for instance, learning basketball and/or vertical
jumping (5, 6). It has been shown that distal external fo-
cus (focusing on a farther effect) is more effective in skills

with more than one effect of movement, (7-9). Duke (2011)
studied the effects of a different focus of attention on per-
forming a simple keyboard passage (10). In this regard, 16
music experts performed a brief keyboard passage under
each of four focus conditions (their fingers, the piano keys,
the piano hammers, and the sound produced). The results
showed that with focus on the effects of the movements
produced, performance was more accurate and smoother
rather than on the body movements, and more distal focus
of attention resulted in enhanced accuracy in the motor
control. Conclusively, it was shown that, an increased dis-
tance of the external focus from the body was resulted in
better performance of a skill. Thus, consistent with the self-
invoking trigger hypothesis, physical or psychological dis-
tance from the body or self-scheme may be a key factor re-
sponsible for the external focus benefits (11). Furthermore,
a farther focus may actuate the general motor pattern to
obtain a general purpose. Therefore, distal attentional fo-
cus draws out a more general and more effective motor pat-
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tern, and closer focus may result in more attention paid to
the action details.

Retention test is usually used to assess the learning
process. It seems that in attentional studies, we cannot
be certain whether or not the participants will pursue the
same attentional focus of acquisition phase as in a reten-
tion test. Therefore, it is better to use retention tests under
secondary task condition in order to cause distraction for
participants and prevent them from pursuing the atten-
tional focus of acquisition phase (12). Secondary task con-
dition refers to the condition in which participants must
answer to more than one stimulus simultaneously. So, the
present study used secondary task condition on a reten-
tion test in order to cause distraction and apply attentional
capacity dimension.

Nevertheless, despite the ambiguity of distance effect,
the present study attempts to clarify whether or not using
distal external focus results in better performance. In ad-
dition, this study can incorporate attentional capacity di-
mension by adding attention load dimension through sec-
ondary task and can help the expansion of knowledge in
this context.

2. Methods

2.1. Participants

Forty-two male students (20.32 ± 2.09 year) partici-
pated in this experiment. All subjects signed the consent
form before begriming of experiment. All participants
were in good health in terms of hearing, sight, and motion.
Research ethics committees of Kerman University of Med-
ical Sciences assessed and approved the experimental pro-
tocol. (Ethical Approval Code: IR.KMU.REC.1395.353).

2.2. Instruments and Task

Two-hand coordination test of Vienna set (test form S2),
was used in the present study as the tracking task. Test
form S2 consists of four runs. The starting point is located
on the right. The track is 12 pixels wide and the tolerance
range is 16 pixels. Horizontal movements are controlled by
the left joystick and vertical movements by the right one.
Participants must move red dot along a track shown on
screen (Figure 1). In the practice phase, two runs are pre-
sented. An acoustic feedback signal is made in case of an
error. Internal consistency (Cronbach’s Alpha) of the test
lies between r = 0.85 and r = 0.97. The content validity of
the test is given as logical validity. “Karner and Neuwirth
(2000) showed that performance in the two-hand corre-
lates significantly (r = 0.50) with an assessment of the driv-
ing ability. These authors also found that individuals with

Figure 1. Copyright ©SCHUHFRIED - A. C. Schiffleitner, Manual of Vienna test system.
Reprinted with permission.

a score of PR < 33 received a significantly worse assessment
of their performance in a standardized driving test” (13).

The device together with the related software, de-
signed by the researchers, was used to apply secondary
task condition. The secondary task set consisted of a pedal
and a steering box connected to the laptop via a USB ca-
ble. The pedal was placed under the participants’ feet. Par-
ticipants were required to press the pedal as soon as they
heard a continuous toot. Stimulus appearance distance
was set randomly between 5 - 10 seconds (14). Consistency
of this set was estimated in a test-retest (P = 0.09).

2.3. Procedure

All participants completed a pretest of two-hand coor-
dination (test form S2), then they were assigned to 3 homo-
geneous groups including 14 subjects in each group. All
participants were provided with a one-minute interval be-
tween the pretest and the main test. Acquisition phase in-
cluded 4 blocks of 4 trials. The blocks were one minute
apart. During this time and the period of the test itself,
the researcher also asked the participants to focus on their
own attentional condition. The researcher asked the prox-
imal external group (PEG) to focus on the joystick move-
ments (up, down, right, left). Distal external group (DEG)
received instructions about red dot movement in differ-
ent sections of the track (For example, on first section, fo-
cus on arriving red dot at end of vertical section), while
control group (COG) did not receive any instructions. In
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the retention phase (after 48 hours), the participants com-
pleted 1 block of a two hand coordination test under sec-
ondary task condition. In the retention phase, participants
did not receive any attentional instructions, and the toot
of the auditory task was selected so as not to interfere with
the acoustic feedback of Vienna set. Data was collected by
Vienna set.

2.4. Statistical Analysis

In order to evaluate the participants’ performance
in the acquisition phase, two way analysis of variance
(ANOVA) with repeated measure was applied to analyze the
data in 3 groups (PEG, DEG, COG). in addition„ repeated
measurement was used in order to specify the difference
between training blocks and the difference between atten-
tional groups in the acquisition phase. Bonferroni’s post-
hoc was used at this step. The data was analyzed using one-
way ANOVA in order to specify the effect of the indepen-
dent variable (group) on the dependent variable in the re-
tention phase. Tukey’s post-hoc was used at this step.

3. Results

Total mean duration variable was applied to assess the
level of tracking task performance. This is the average time
taken to travel the track. With an overview of figure 2, it
could be understood that while moving forward through
the practice blocks, total mean duration of the tracking
task decreased in three groups.

3.1. Practice Phase

According to the results of repeated measure ANOVA
test (Table 1) in the practice phase, the main effect of the
practice block was significant F (1.81, 70.75) = 99.449; P <
0.001; partial η = 0.71. Mauchly’s test indicated that the
assumption of sphericity was rejected for the main effect
in the practice phase (P < 0.001). Therefore, due to the
amounts of Epsilon (Greenhouse-Geisser = 0.605, Huynh-
Feldt = 0.665), Greenhouse-Geisser was reported as the
main effect. The main effect of the group was not signifi-
cant, F (2.39) = 2.72; P = 0.08, partial η = 0.12. Also, the inter-
action of groups in trial blocks was not significant, F (3.62,
70.75) = 0.32; P = 0.84, partial η = 0.01. Therefore, in this
phase, only a reduction in the total mean duration of the
tracking task in three groups was found. The same signifi-
cant results appeared in Bonferroni’s post-hoc, as follows:
between block 1 and block 2 (P < 0.001), between block 1
and block 3 (P < 0.001), between block 1 and block 4 (P <
0.001), between block 2 and block 3 (P < 0.001), between
block 2 and block 4 (P < 0.001), and between block 3 and
block 4 (P = 0.01).

3.2. Retention Phase

In the retention phase (Table 2), the main effect of the
group was significant, F (2, 39) = 24.74; P < 0.001. No ev-
idence of a deviation from the homogeneity assumption
(P = 0.12) was found. Therefore, Tukey procedure was used
to find out group differences. The distal external group
(Mean Value = 13.65, S = 2.52) performed more effectively
than both the proximal external group (Mean Value = 17.59,
S = 2.16) and the control group (Mean Value = 21.06, S = 3.49).
Tukey’s post-hoc test with 95% CI showed a significant dif-
ference between control group and distal external group
(P < 0.01, Mean Difference = 3.47), and between control
and proximal external group (P < 0.001, Mean Difference =
7.40). Also, a significant difference appeared between dis-
tal external group and proximal external group (P < 0.01,
MD = 3.93).

4. Discussion

The main purpose of the present study was to deter-
mine whether or not learning tracking task is affected
by different attentional focuses. Generally, it was found
out that in each one of the three groups (COG, DEG and
PEG), performance of the participants on the tracking task
was improved during the acquisition phase compared to
pretest. However, no difference was found between dif-
ferent attentional focuses in the practice phase. However,
results of the present study demonstrated significant dif-
ference between three groups in the retention test, where
proximal external group had better performance com-
pared to other groups consistent with some studies (10,
15-17). Bell and Hardy (15) investigated the distance effect
on performance of thirty-three expert male golfers. Par-
ticipants were assigned to one of three attentional focus
groups (internal, proximal external, and distal external)
and completed five blocks of ten pitch shots, three in neu-
tral conditions and two in anxiety conditions. Results indi-
cated that distal external group had a better performance
under both situations. Duke et al. (10) also showed that fo-
cus on movement effects and further effects in comparison
to closer effects in performing a simple keyboard passage
resulted in better performance. It should be noted that in
the two mentioned studies, participants were experts, who
are expected to portray better learning and performance
due to distal external focus. The reason provided by these
researchers was the interaction between skill level and bet-
ter attentional focus, accordingly, distal external focus on
experts resulted in better performance.

According to the constrained action hypothesis, an ex-
ternal focus of attention enhanced performance and levels
of movement automatization (3). For example, Kuhn (18)
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Figure 2. Performance score of three groups in the practice and retention phases. Total mean duration variable was applied to assess the level of tracking task performance.
This is the average time taken to travel the track.

Table 1. Result of Two-Way Repeated Measures ANOVA Related to the Tracking Task in the Practice Phase

Source SS DF MS F P η2
p

Block 4654.213 1.81 2565.290 99.44 < 0.001 0.71

Focus 887.13 2 443.56 2.72 0.08 0.12

F× B 30.02 3.62 8.27 0.32 0.84 0.016

Abbreviations: DF; degrees of freedom, F × B; focus × block, MS; mean square, SS; sum of squares, η2
p ; partial eta squared.

Table 2. One-Way ANOVA Related to Tracking Task in Retention Phasea

Source SS DF MS F P

Between groups 384.48 2 192.24 24.74 < 0.001

Within groups 302.96 39 7.76 - -

Total 687.45 41 - - -

Abbreviations: DF; degrees of freedom, F × B; focus × block, MS; mean square, SS; sum of squares.
a Dash inserted because data were not reported.

demonstrated that adopting an external focus enhanced
the activity level within M1 reflex (a monosynaptic stretch
reflex created on the spinal cord to respond to an unde-
sirable movement and is controlled automatically). Also,
according to self-invoking trigger hypothesis, an external
focus of attention is advantageous in part, because it pre-
vents self-activation by creating greater “distance” from
the self-external focus is located farther from the body,
therefore, it should be more effective than the external fo-
cus in close proximity to one’s body (11) . This case also
points to the fact that more physical distance (from body)
facilitates the distinguishing of the movement effect from

body (8). Another argument for justification of the above
results of present study is using Baddeley’s working mem-
ory model. According to Baddeley’s model, the working
memory consists of a visual and auditory channel, and
there is a central executive that has the role of a supervi-
sor and connector (19). It seems that in the proximal exter-
nal group, unlike the other groups, due to the use of spe-
cific attentional instructions (consisting of directions up,
down, left, and right), the auditory channel was engaged.
Therefore, in the retention test and under secondary task
condition, the performance decreases due to the auditory
channel overload. Therefore, using directions in instruc-
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tions results in the use of auditory working memory and
overload (20). Nevertheless, superiority of distal external
group can be related to this case, as well.

Generally, in the present study, it was observed that ex-
ecution under secondary task condition led to increased
performance level in three groups. Some studies also ob-
served that execution under secondary task condition can
enhance performance levels. For example, Roche et al. (21)
discovered that learning one perceptual motor task will be
facilitated when accompanying a difficult secondary task.
The researchers of this study found that a difficult sec-
ondary task causes a positive vigilance which can be use-
ful for performance of the first task of the retention test.
Therefore, it seems that difficult secondary task forces a
cognitive overload on the learner, which per se causes an
increase in the first task encoding. Hemond et al. (22) ob-
served that during practice, performance increases when
fingers sequence task is accompanied by a task that is de-
fined as searching for a visual color. Hemond et al. as-
sumed that the reported benefit might be linked to facili-
tative activities of a continuum neural network (neural fa-
cilitation). In other words, a secondary task that involves
similar neural pathways prepares neural network for the
other upcoming task. Lovden et al. (23) reported that the
execution of a secondary mental task with little difficulty
rather than none at all, can improve walking performance
when walking. These researchers expressed that perform-
ing an easy secondary task causes a shift from internal at-
tentional focus to external attentional focus. Researchers
of the present study believe that the tracking task was
an easy task for the participants, thus resulting in an in-
crease in the performance under the secondary task condi-
tion. Huxhold et al. (24) stated that an easy secondary task
makes an internal focus shift to external focus on the at-
tentional resources domain, and that the difficulty of the
secondary task causes an overload on the attentional re-
sources, resulting in a shift of attention to inside.

Generally, researchers of this study argued that, being
under easy secondary task condition results in a shift in the
attentional focus from inside to outside, increased atten-
tional resources, and finally improved performance. An-
other reason is that amateur individuals, after some time
and practice, progress toward automation and adoption
of more external attentional focus. If the task is simple,
it makes the process of automation quicker and improves
automation quality. When individuals achieve automation
or top levels of performance, any task preventing individ-
uals from paying attention to the original action and con-
scious processing is beneficial (e.g., secondary task). Obvi-
ously, in more internal attentional group, due to less au-
tomation and more involvement in automatic processing,
less benefit will be gained from a secondary task condition.

Nevertheless, it seems that the group which has used more
external attentional focus in the practice phase (acquisi-
tion), will show a better performance because of more au-
tomation and the similarity of the practice condition with
that executed under secondary task condition (shifting at-
tention to more external). In other words, the external at-
tentional group, as well, somehow received external atten-
tional instructions through the secondary task.

Therefore, doing more research with different tasks,
variable difficulty levels and different attentional loads is
recommended. Furthermore, considering dual task and
secondary task conditions in future studies are highly rec-
ommended. In this context, visual secondary and motor-
cognitive tasks can be adopted to further clarify the other
aspects. Also, it is better to use expert participants along-
side amateurs in future studies so that the two groups can
be compared and the results can be interpreted with more
confidence.

4.1. Conclusions

These findings suggest that increasing the distance
of an external focus of attention improves tracking task
learning, especially under secondary task, because sec-
ondary task condition enhances attention resources and
shifts focus of attention to the external environment.
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