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Abstract
Internal focus attention strategies have been found to diminish motor performance. This
study attempted to elucidate this finding using the Constrained Action Hypothesis and
the Theory of Reinvestment through exploring their underlying mechanisms. Sixty-one
young participants completed a self-paced "Dart Throwing" motor task to examine the
effects of internal focus instruction, compared with no focus instruction, on conscious
motor processing (reinvestment), psychological stress, and motor performance.
Participants threw darts with standardized internal focus and no focus instructions given
before each trial block of dart throwing. Motor performance was indicated by the throw
accuracy and throw time. Stress was measured using a galvanic skin response probe.
An insight into real-time conscious motor processing (reinvestment) was provided by
the Electroencephalography (EEG) coherence between T3 and Fz locations on the scalp.
Results indicated that internal focus instruction could cause participants to have lower
throw accuracy (p = 0.008), longer throw time (p = 0.001), higher stress (p = 0.001) and
higher real-time conscious motor processing (reinvestment) (p = 0.001) than no focus
instruction. The significant results imply that internal focus instruction should be

avoided in the self-paced motor task learning due to its detrimental effects.
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Internal Focus Instruction Increases Psychological Stress with Conscious Motor

Processing and Deteriorates Motor Performance in Dart Throwing

Introduction

Attentional focus strategies have been widely-accepted to affect performances of
different motor tasks (Wulf 2007). The application of internal focus of attention has been
recognized to deteriorate motor performances; such as reducing dart throwing automaticity and
accuracy (Marchant et al. 2009). Internal focus of attention directs the performer’s attention
onto their bodily movements, and such focus could be induced by an internal focus instruction
(Wulf 2013). The negative effects of internal focus of attention on motor performance may be
explained by the Constrained Action Hypothesis (Wulf 2013). The Constrained Action
Hypothesis suggested that internal focus instruction could induce greater movement awareness,
such awareness constrains automatic motor processes, resulting in diminished motor
performance (Wulf 2013). Motor performance can be characterized as movement effectiveness
and efficiency (Wulf et al. 2007). Movement effectiveness was defined as the accuracy and
consistency of movements while movement efficiency was defined as the fluency of movement
executions, also seen as the physical and mental effort (Wulf et al. 2007). Although it has been
well established that internal focus of attention could diminish motor performance, the
underlying mechanisms have not yet been fully explained. One possible explanation by Wulf
and Lewthwaite proposed that internal focus instruction promotes self-awareness and
excessive concerns about the own movements. Such a phenomenon was described as “micro-
choking” (Wulf and Lewthwaite 2010). A “micro-choking” event could result in performance
breakdown and decreased movement automaticity, and therefore diminished motor
performance (Wulf and Lewthwaite 2010). Indeed, current evidence of “micro-choking” has

been derived from participants’ decreased movement efficiency when using an internal focus



of attention (Lohse et al. 2010). However, other essential elements of the “micro-choking”
event, such as the level of self-awareness or movement concern and psychological stress
(psychological stress will be referred to stress in this paper) have not been extensively explored
(Wulf 2013).

The underlying mechanisms of how induced self-awareness or excessive movement
concern would cause diminished motor performance may be revealed using the Theory of
Reinvestment (Masters et al. 1993; Masters and Maxwell 2008). Reinvestment has been
defined as the conscious motor control with task-relevant declarative knowledge (Masters and
Maxwell 2008). Task-relevant declarative knowledge includes verbal instructions that guide
the movements of different body parts, where such rules are applied to consciously control
motor behaviours (Maxwell et al. 2006). The behavioural patterns of conscious motor
processing (reinvestment) can be described similarly to the movement awareness described by
the Constrained Action Hypothesis, where the process of conscious motor processing
(reinvestment) acknowledges and utilizes a set of instructions to control movement. The use
of task-relevant declarative knowledge during motor task execution has been applied in
previous studies to increase conscious motor control over bodily movements (Chow et al. 2019;
Chu and Wong 2019; Ellmers et al. 2016; Zhu et al. 2011). Such effect is described as internal
focusing. The relationship between internal focusing instruction and increased conscious
motor control has been interpreted as the coherent alpha 2 (10-12 Hz) Electroencephalogram
(EEG) activation between the verbal-analytical region (T3) and the motor planning region (Fz)
of the scalp (Bellomo et al. 2018; Zhu et al. 2011). Coherent activation of the two electrode
sites has been interpreted to reflect the level of functional communication between the two
brain regions, where a stronger coherence reflects greater communication (Bellomo et al. 2018).
As the T3 region is responsible for instruction comprehension while the Fz region is used for

motor control, coherent activation may indicate the utilization of verbal instruction during



motor activity. Thus, the exhibited coherent neuro-activity has been proposed to index real-
time movement awareness that could provide objective evidence of it, demonstrating the
effects of internal focus instructions on self-awareness and movement concern.

From a psychological perspective, “micro-choking” events due to an internal focus of
attention may also be related to stress. Radlo and colleagues found that the use of an internal
focus strategy during dart throwing would accelerate an individual’s heart rate immediately
before the release of a dart throw (Radlo et al. 2002). Heart rate variability is a physiological
indicator of stress; hence, internal focus instructions may be a cause of stress (Taelman et al.
2009; Salai et al. 2016). Still, heart rate variability may also be affected by other factors such
as exercise intensity. Thus, other means to measure stress such as Galvanic Skin Response
(GSR) may be utilized (Kuan et al. 2018). GSR reflects arousal states through detecting skin
conductivity. The sympathetic nervous system is activated when our body encounters a
stressful situation, the skin conductivity is then increased and detected by GSR (Kuan et al.
2018). Previous dart throwing studies displayed participants’ change in arousal state using the
GSR tool when placed under different stressful situations (Kuan et al. 2018). Excessive stress
has a detrimental effect on low arousal motor skills, such as dart throwing (Zhang et al. 2016).
One mechanism for this phenomenon can be explained by the Theory of Reinvestment. The
reinvestment theory states that stress could induce the conscious utilization of task-relevant
declarative knowledge, as a result causing the “de-chunking” of a movement into sequential
parts (Masters and Maxwell 2008). Conscious motor processing (reinvestment) “de-chunks”
a movement, where each chunk is activated and completed separately; such process decreases
motor efficiency while increasing the chance of error, causing diminished accuracy and
efficiency (Masters and Maxwell 2008). As stress may be a potential cause of excessive
movement awareness and conscious motor processing (reinvestment) that constraints

automatic motor processes and diminishes motor performance, triggers of stress should be



prevented. Understanding the relationship between different attentional focus instructions with
stress may benefit the implementation of such instructions to reduce stress that aims for limiting
excessive movement awareness and conscious motor processing (reinvestment).

Previous studies demonstrated that internal focus instructions could diminish
performance, yet, the underlying causes have not been fully assessed. Through examining
one’s movement concern and stress in relation to internal focus instruction and motor
performance, insights regarding the underlying mechanisms of internal focus instruction on
motor performance may be explored. This study aimed to examine the effect of internal focus
and no focus instructions on motor performance, stress, and real-time conscious motor
processing in healthy young adults during dart throwing. It was hypothesized that internal
focus instruction could diminish motor accuracy and efficiency while increasing stress and

real-time conscious motor processing (reinvestment).

Method

Participants

Sixty-one healthy young adults (mean age = 22.85 + 4.66 years) participated in a "dart
throwing™ motor task at the Brunel University, London and the University of Hong Kong, Hong
Kong SAR. Similar number of participants were recruited from the two institutions. All
participants were students of the two Universities, recruited through convenience sampling.
Participants were excluded if they had more than five episodes of dart throwing experience or
practiced dart throwing within three months before the experiment, such criteria were adopted
from a previous study (Marchant et al. 2007). Potential participants were excluded if they had
any neurological or orthopedic injuries in the past six months that might affect their ability to
throw darts. The sample size was estimated based on a power analysis utilizing the effect size

calculated from a similar dart throwing experiment comparing the dart throwing performance



scores under two conditions (McKay and Wulf 2012). The Cohen's d effect size was calculated
to be 0.42; utilizing the G-power statistics software (G*Power Version 3.1.9.3) with the alpha
error set as 0.05 and power as 0.80, a total sample size of 49 participants was required. To be
conservative, an additional 25% sample size was recruited. As a result, 61 participants were
recruited for the study. Experimental procedures were approved by the Institutional Review
Board of the University of Hong Kong /Hospital Authority Hong Kong West Cluster
(HKU/HA HKW IRB; IRB no.: UW 17-223), and written consents were obtained before any
experimental procedure. The trial was also registered in the HKU Clinical Trial Registry
(HKUCTR-2465).
Outcome Variables

Outcome variables were measured through motor performance indicators, stress, and
real-time conscious motor processing (reinvestment). Motor performance indicators included
the 8-point system of throw accuracy score (accuracy) and throw time (in seconds). The dart
board consisted of 8 concentric circles: the center circle was 5 centimeters in diameter, and
each successive circle was 5 centimeters larger in diameter. A number between 1 to 8 was
marked on the circles with respective scores based on their displacement form bull’s eye
(Figure 1). A higher score was given if the dart landed in a section closer to the bull’s eye, as
it would indicate a smaller radial displacement from the center of the target. The accuracy
score ranged from O to 8, where 8 was given if a dart lands directly on the bull’s eye. There
were no negative scores. Throw time was defined as the time (in seconds) after the
experimenter announced “you may start now” until the moment when the fifth dart lands on
the dart board in each block. A shorter throw time was found to correlate with lower muscle
electromyography activity and lower demands on cognitive resources, demonstrating better
motor efficiency (Lam et al. 2010; Lohse et al. 2010). Dart throws were recorded during the

experiment using a video recorder (VIXIA HF R80 HD Camcorder, Canon Inc., Tokyo, Japan).



The video recorder was placed perpendicular to the dart board, at the height of bulls’ eye to
reduce perception error. Accuracy of throws was tallied with the support of the dart throwing
videos. Throw time was calculated using the Final Cut Pro (Final Cut Pro, Apple Inc.,
California, United States) computer software which measures time to an accuracy of 0.01
second (Lohse et al. 2010). The software also provided sound amplitude relative to time, which

allowed accurate indication of the start and end time for each trial.

Figure 1 near here

Stress was measured using a GSR probe (MP 100, BIOPAC Systems Inc., London,
UK), analyzed with a biophysical data acquisition software (Acknowledge, BIOPAC Systems
Inc., London, UK; Landers 1985). The unit of stress was in microSiemens (uS). As all
participants were right-handed, the two GSR probes were wrapped around the participant's left
index and middle fingers.

Real-time conscious motor processing (reinvestment) was interpreted by a wireless
EEG device (PET 4.0, Brainquiry, NL). Data were processed by a real-time biophysical data
acquisition software (BioExplorer 1.6, CyberEvolution, US) at a sample rate of 200 Hz
activation (Chow et al. 2019; Chu and Wong 2019; Ellmers et al 2016; Zhu et al. 2011).
Disposable electrodes (ARBO H124SG @ 24 mm, Kendall, US) were placed overlaying the
T3 (verbal-analytical region), T4 (visual-spatial region), and Fz (motor-planning region)
according to the 10-20 system reference sites of the brain scalp (Herwig et al. 2003). T3 and
T4 locations are also referred as T7 and T8 in the modified 10-20 nomenclature (Seeck et al.
2017). The EEG was referenced to the right mastoid while the ground electrode was attached
to the left mastoid. An electrode was placed on the left zygotic bone (Fpl) to record eye blink

(Zhu et al. 2011). EEG signals were processed by the low-pass filter (42Hz) and the high-pass



filter (2Hz) to remove potential biologic artefacts. Alpha 2 T3-Fz and T4-Fz EEG coherences
signals (10-12 Hz) were calculated in 1Hz frequency bins throughout each trial, using
algorithms previously described (Zhu et al. 2011). The T3 (verbal-analytical region) and Fz
(motor-planning region) EEG coherence has been interpreted to indicate real-time conscious
motor processing (reinvestment). The T4 (visuo-spatial region) and Fz (motor-planning region)
EEG coherences were also measured. As only verbal instructions were provided to guide the
dart throw where visuo-spatial cues were not prompted, coherent activation between the T4
and the Fz regions of the brain was not expected. Thus, the T4-Fz EEG coherence was
measured to validate that the changes in the T3-Fz EEG coherence were not due to global
activation (Chow et al. 2019; Chu and Wong 2019; Ellmers et al. 2016; Zhu et al. 2011). The
levels of T3-Fz EEG coherence and the T4-Fz coherence range from 0 to 1. Higher level in
T3-Fz EEG coherence has been interpreted to reflect higher real-time conscious motor
processing (reinvestment) (Chow et al. 2019; Chu and Wong 2019; Ellmers et al. 2016; Zhu et
al. 2011). The mean GSR and EEG recording were calculated from the commencement of the
trial until the moment when the fifth dart landed on the dart board.
Experimental procedures

After written consent was obtained, participants were asked to complete dart throwing
blocks under practice, internal focus, and no focus conditions. Following practice condition (5
blocks of 5 dart throws), participants completed the internal focus condition (5 blocks of 5 dart
throws) and no focus condition (5 blocks of 5 dart throws). The order of the two experimental
conditions (i.e., internal focus and no focus conditions) was randomized using an online
program (www.random.org) to counterbalance the potential biases due to the learning effect.
A commercially available dartboard (45 centimeters in diameter) with eight score bands
(Figure 1) was placed at a regulation height (1.73 m from the point of bullseye and the ground)

and distance (2.37 m from the throwing line). Participants were encouraged to throw as



10

accurately as possible while also focusing on the standardized instruction given before each
block of dart throw. The instructions were modified from a previous dart-throwing study
(Lohse et al. 2010). The internal focus instruction was: “Think about drawing the dart back to
the ear and feel the bend in the elbow as you release the dart” while the no focus instruction
was: “Throw as accurately as possible when you release the dart”. Throw accuracy, throw
time, T3-Fz EEG coherence, T4-Fz EEG coherence, and stress were measured during the
internal focus and no focus conditions of dart throws. The experimental procedures and
equipment used in the two experimental laboratories were kept the same.
Data analysis

All statistical analyses were performed using the SPSS 22 (IBM Corp., Armonk, NY,
USA). Descriptive statistics (mean and standard deviation) of all outcome measures were
computed for the internal focus and no focus conditions. The assumptions for homogeneity of
the variances and normality were met for all outcome variables. Hence, a series of One-way
Analysis of Variance (ANOVA) with repeated measures were performed to examine the main
effect of condition (internal focus condition and no focus condition) on throw accuracy, throw

time, T3-Fz EEG coherence, T4-Fz EEG coherence, and stress.

Results
The mean and standard deviation of throw accuracy (performance score), throw time,
T3-Fz EEG coherence, T4-Fz EEG coherence, and stress (GSR - uS) of the trial blocks in the
internal focus and no focus conditions were calculated. T3-Fz EEG coherence, T4-Fz EEG
coherence, and stress of each block were measured as the average level between the start and
end time of the throw block.
Significant main effects of condition were found in throw accuracy (F(1, 60) = 7.55,

np?=0.112, p =0.008) (Figure 2), throw time (F(1, 60) = 23.70, ny% = 0.283, p = 0.001) (Figure
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3), T3-Fz EEG coherence (F(1, 60) = 12.74, 1p,? = 0.175, p = 0.001) (Figure 4), and stress (F(1,
60) = 13.37, ny% = 0.182, p = 0.001) (Figure 6). No significant main effect of condition was
found in T4-Fz EEG Coherence (F(1, 60) = 0.934, np? = 0.015, p = 0.338) (Figure 5). The
results indicate that internal focus condition (internal focus instruction) induced poorer throw
accuracy with longer throw time than no focus condition (no focus instruction), while
demonstrating higher T3-Fz EEG Coherence (interpreted as higher real-time conscious motor

processing (reinvestment)) together with higher stress.

Figure 2 near here
Figure 3 near here
Figure 4 near here
Figure 5 near here

Figure 6 near here

Discussion

The current study aimed to examine the influence of internal focus instruction on motor
performance and stress in young adults (novice) during a self-paced dart throwing task. The
results suggest that internal focus instruction caused poorer motor effectiveness (as depicted as
lower accuracy in the motor skill of dart throwing) and efficiency (as depicted in longer throw
time) than no focus instruction during the dart throwing task. Therefore, it supports our
hypothesis that a diminished performance would be observed in the internal focus condition
when compared with the no focus condition. This finding shows consistent results with
majority of the past literature that compared internal focus of attention with external focus of

attention and control conditions, where internal focus instruction also induced a deteriorated
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motor effectiveness and efficiency, when compared to the no focus condition (Lohse et al. 2010;
Masters and Maxwell 2013).

The Constrained Action Hypothesis suggested that internal focus instruction would
induce movement awareness, causing decreased movement automaticity and diminished motor
performance, yet, supporting evidence regarding the underlying mechanism was lacking. Our
current neuro-activity data provides insights on the process of conscious motor processing
(reinvestment) by illustrating participants’ use of verbal instructions during motor planning
(i.e., the EEG coherence between the verbal analytical region (T3) and motor planning region
(Fz) of the brain). This process has been regarded to reflect real-time conscious motor
processing (reinvestment) (Chow et al 2019; Chu and Wong 2019; Ellmers et al. 2016; Masters
and Maxwell 2008; Zhu et al. 2011). As no significant difference in the T4-Fz coherence
activity was found between the internal and no focus condition, the current result strengthens
our interpretation that the increase in T3-Fz coherence (interpreted as real-time conscious
motor processing (reinvestment)) was not due to the global activation of the brain. Such
finding provides objective evidence for increased movement self-awareness during movement
execution. Furthermore, as participants demonstrated an increase in stress during the internal
focus condition, it is depicted that internal focus instruction could be an external factor that
causes stress. According to the reinvestment theory, stress is a factor that induces conscious
motor processing (reinvestment) (Masters and Maxwell 2008). It may be hypothesized that
the internal focus instruction was a trigger to stress, and such accumulated stress would then
further promote self-awareness and conscious motor processing (reinvestment) (Masters and
Maxwell 2008). The incorporation of the Constrained Action Hypothesis and the reinvestment
theory could suggest that the increased conscious motor processing (reinvestment) was induced
both directly by the internal focus instruction and the stress inflicted by the instruction. The

increase in conscious motor processing (reinvestment) by both the instruction and the stress
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may have contributed to the motor disruption and reduced automaticity, illustrated by the
significant diminished motor accuracy and efficiency. However, the potential limitation of our
current study is the lack of evidence for causality.

The relatively longer throw time demonstrated by participants who were given the
internal focus of attention offer further support to the Constrained Action Hypothesis,
suggesting that greater mental effort was utilized during an internal focus of attention, thus,
diminishing motor automaticity (Lam et al. 2010; Wulf 2007). Since the internal focus
instruction consists of more motor elements (movements) than the no focus instruction, greater
attention capacity was occupied (Peh et al. 2011). A high level of attention is required to
perform an accuracy-related motor task such as dart throwing (Peh et al. 2011). During the
dart throwing task, attention capacity is divided among the motor task and the comprehension
of the instruction. As the internal focus instruction consisted of more motor elements than the
no focus instruction, participants were required to activate a larger proportion of their total
attention capacity in instruction comprehension during the internal focus condition, ultimately
sparing less attention for the dart throwing task (Peh et al. 2011). The effects on attention
capacity may be reflected by the significant difference in throw time. As less attention was
available for the actual motor task, a longer processing time was required, shown by the longer
throw time during the internal focus condition. Participants were not told that their throw time
would be analyzed, this was so that they would not deliberately throw the darts as quickly as
possible in the hope to achieve a better score for this outcome variable. Presumably, the higher
level of mental effort required for processing the internal focus instruction resulted in less
attention available for the motor task; limited attention placed on the motor task likely was the
reason for the diminished performance accuracy. Besides, a lack of full attention may also
cause a delay in motor initiation (Peh et al. 2011). The current study suggests that the use of

internal focus instruction required extra mental resources which did not benefit motor
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performance. However, it is also possible that conscious motor processing on the dart-throwing
task simply took a longer time to run the motor skill than unconscious motor processing that
could increase the throw time (Masters and Maxwell 2008).

Furthermore, the nature of the task may also affect the results. The closed, self-paced
genre of the dart throwing task may have provoked a higher level of conscious motor
processing (reinvestment), resulting in worsened performance than motor tasks that are more
environmentally influenced. The dart throwing task was chosen in this study, as it was believed
that sufficient comprehension time is available for novice participants. However, this extra
thinking time before skill execution might have led to slower initiation and higher conscious
motor processing (reinvestment) (Wulf 2007). Slower initiation disrupted movement
efficiency, while higher conscious motor processing (reinvestment) caused the de-chunking of
movement and diminished performance (Masters and Maxwell 2008). Owing to this, internal
focus instruction could be argued to demonstrate amplified adverse effects when applied on a
closed self-paced motor task that allowed extra time for conscious motor processing
(reinvestment).

Although the current study only examined the effects of internal focus instruction on
young healthy adults, the negative effects of internal focus strategies have been regarded to be
generalizable across the population (Wulf 2013). Diminished motor effectiveness and
efficiency due to internal focus strategies have been found in children (Chiviacowsky et al.
2013), older adults (Chiviacowsky et al. 2010), adults with motor impairments (Fasoli et al.
2002; Landers et al. 2005; Wulf et al. 2009), and children with intellectual disabilities
(Chiviacowsky et al., 2013). Wong et al. demonstrated older adults with fall history to have a
higher propensity to adopt conscious motor processing (reinvestment) than non-fallers;
suggesting that individuals’ psychological attributes (i.e., conscious motor processing

(reinvestment) propensity) to have a role in the perception and tendency to reinvest (Wong et
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al. 2008). Even though the negative effects of internal focus instruction may be generalizable,
the level of impact may vary among populations (i.e., individuals with different conscious
motor conscious processing (reinvestment) propensity) due to their psychological attributes. It
may be worth understanding how the effects of the current study may affect populations who
have higher and lower preferences for internal focus strategies. Furthermore, as expert
performers have automatized their skill, the utilization of an internal focus strategy, which is
unfamiliar to them, should demonstrate greater detrimental results (Gray 2004). Future studies
may examine the effects of internal focus instructions on expert performances for additional
insights in relation to stress, conscious motor processing (reinvestment), and motor
performance.

The potential limitation of the current study is that only the no focus and the internal
focus instructions were investigated, whereas the external focus instruction was not included.
There are two reasons for not including external focus instruction: 1) to avoid causing excessive
fatigue in the later dart throws, 2) to look for effective advice that can be more easily
implemented for the public. The comprehension and exercising of an instruction is influenced
by one’s level of practice and fatigue (Freudenheim et al. 2010). Overexerting was suggested
to increase physical and attentional demand, which might likely result in decreased motivation
and poorer performance in the later trials (Kibler et al. 1992; MacKinnon 2000). Thus, the
current study followed previous dart throwing protocols of around 70 dart throws per
experimental session (Marchant et al. 2007; McKay and Wulf 2012). Moreover, the use of
external focus instruction is not as common as no focus or internal focus instructions (Wulf et
al. 2001). The unfamiliarity of external focus instruction may have caused difficulty in public
promotion in the past (Wulf et al. 2001). Hence, it is worthier and more manageable to

investigate two conditions (internal and no focus conditions) only.
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Another concern with the current study may regard the EEG and GSR data collection
methodology. Due to limitations of our equipment, the EEG and GSR data were measured
across 5 dart throws. Although the measurement may have been influenced by other factors
such as mind wandering between each individual throw, the risk was relatively low as each
trial block only took around 15 second to complete. Yet, more accurate recording of conscious
motor processing (reinvestment) and stress could be conducted through event-locked
measurements to individual trials. Furthermore, recent research has placed doubt on the
accuracy of T3-Fz coherence as an interpretation of real-time conscious motor processing
(reinvestment) (Bellomo et al. 2020; Parr et al. 2019). Thus, future studies may also consider
collecting multiple measures such as cardiac and muscle activity for a more convincing

interpretation of this variable (Bellomo et al. 2020).

Conclusion
The current study has found that internal focus instruction could diminish motor
accuracy and efficiency while increasing real-time conscious motor processing (reinvestment)
and stress. Thus, it is advised that internal focus instructions should be avoided in the execution

of a self-paced motor skill, such as dart throwing.
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Figure Legend

Figure 1. Dartboard with the radial error performance score indicated (The commercially
available dartboard was 45 centimetres in diameter with 8 score bands, each band 2.5
centimetres wide).

Figure 2. Performance Score during Internal focus and No focus condition trials.

Figure 3. Throw Time during Internal focus and No focus condition trials.

Figure 4. T3-Fz EEG Coherence during Internal focus and No focus condition trials.

Figure 5. T4-Fz EEG Coherence during Internal focus and No focus condition trials.

Figure 6. Stress during Internal focus and No focus condition trials.
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