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ABSTRACT. An external focus of attention can improve per-
formance, but there is little research on effects for the elderly
in every day, well-learned mobility tasks. 57 older and 59
young adults performed the sit-to-stand and stand-to-sit while
holding a cup, at three difficulty levels (cup empty or full, at
normal or fast speed). Half were instructed to focus internally
(on their movements) and half externally (on the cup). The
effects of focus, age, and difficulty level were tested for move-
ment time, mean inclination of the cup, inclination variability,
and smoothness with 2 � 2 � 3 ANOVAs. Significant effects
of difficulty were consistent across variables (p< 0.05). An
effect of focus was present only for the inclination variability
of the stand-to-sit (p< 0.03), favoring an internal focus (less
variability). The age � focus interaction was significant for
mean cup inclination, but post hoc tests failed to reveal any
significant differences. The results of this study, together with
the literature, suggest that an external focus may not benefit
the performance of young or older adults in general mobility
activities of daily living. The prevalent assumption that an
external focus is always beneficial for performance needs fur-
ther empirical testing.
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Introduction

A ttention can improve motor performance (Wulf,
Shea, & Lewthwaite, 2010). Attention can be

directed to the effects of movement on the environment
(external focus, EF) or to movement itself (internal
focus, IF). Extensive literature indicates that an EF pro-
duces better performance and learning on a variety of
tasks (for a review, see Wulf, 2013). Benefits of an
external over an IF of attention are seen in movement
efficiency (e.g., muscular activity, force production, car-
diovascular responses, etc). In particular, increased
muscle fiber recruitment, increased force production, and
more effective movement coordination under an EF can
potentially increase movement speed (Fasoli, Trombly,
Tickle-Degnen, & Verfaellie, 2002; Porter, Nolan,
Ostrowski, & Wulf, 2010; Totsika & Wulf, 2003).
Positive effects are also observed for movement effect-
iveness (e.g., accuracy, stability, etc., Wulf, 2013). The
reason, according to the “constrained action hypothesis”
(Wulf, McNevin, & Shea, 2001; Wulf, Shea, & Park,
2001), is that an IF may induce conscious control that
interferes with automatic coordination, causing

performance to suffer. An EF, on the contrary, would
favor unconscious, fast and reflexive processes, resulting
in greater movement fluidity.
According to the “constrained action hypothesis,” the

beneficial effects of an EF are especially salient in diffi-
cult tasks, when individuals would attempt to con-
sciously intervene in body movement more frequently
(Landers, Wulf, Wallmann, & Guadagnoli, 2005; Wulf,
T€ollner, & Shea, 2007). Therefore, to guarantee suffi-
ciently challenging tasks, most research has focused on
inexperienced individuals performing novel sports-related
tasks (Wulf, 2007, 2013), while the activities of daily
living have received less attention. Would an EF
improve the performance of well-learned activities of
daily living, such as sit-to-stand and stand-to-sit?
The sit-to-stand and stand-to-sit are fundamental for

independence and become more difficult with age. Sit-
to-stand and stand-to-sit require greater hip joint
moments than stair climbing or walking (Rodosky,
Andriacchi, & Andersson, 1989). Additionally, good con-
trol of balance is required to deal with the rapid shift of
body mass between the seat and the feet (Riley,
Schenkman, Mann, & Hodge, 1991). With age-related
decreases in muscle strength and balance control, the sit-
to-stand and stand-to-sit become more difficult, and
many older adults perform the task close to their max-
imal abilities (Hughes, Myers, & Schenkman, 1996).
Deterioration of sit-to-stand and stand-to-sit performance
in older adults is a key indicator of decreased mobility
and increased risk of falls (Buatois et al., 2008).
Very frequently, the sit-to-stand and stand-to-sit are

performed in association with manual tasks that pose
additional control challenges, such as holding a cup full
of liquid (Muhaidat, Kerr, Evans, Pilling, & Skelton,
2014). For example, one may be sitting at a table in a
cafe, stand up and walk away with a coffee cup.
Acceleration and orientation of the cup must be
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controlled to avoid spilling (Togo, Kagawa, & Uno,
2012) and movement time may increase to accommodate
precise stabilization of the cup. The time difference
between the Timed Up and Go test (which involves Si-
St and St-Si) with and without holding a cup appears to
be a valid marker of frailty and fall risk (Muhaidat et al.,
2014; Tang, Yang, Peng, & Chen, 2015; Togo et al.,
2012). From an experimental point of view, holding a
cup also makes for a useful experimental model because
it creates a natural external referent to which attention
may or may not be directed during sit-to-stand and
stand-to-sit, depending on instructions. Previous studies
have shown that an EF on a supra-postural task goal
increases movement effectiveness (McNevin & Wulf,
2002; Wulf, Mercer, McNevin, & Guadagnoli, 2004;
Wulf, Weigelt, Poulter, & McNevin, 2003).
It is possible that a simple behavioral intervention with

EF instructions during sit-to-stand and stand-to-sit would be
especially beneficial for the elderly. Older adults are presum-
ably more inclined to consciously control their movements in
challenging tasks (Woollacott & Shumway-Cook, 2002). If the
“constrained action hypothesis” is correct, conscious attention
to body movement (IF) impairs automaticity and fluidity of
movement. EF instructions, in contrast, may increase move-
ment fluency, regularity, and speed (Kal, Van Der Kamp, &
Houdijk, 2013). Given the fundamental importance of sit-to-
stand and stand-to-sit for independence, positive effects of EF
instructions could generate interesting clinical applications in
rehabilitation treatments for the elderly.
This study, therefore, investigated whether attention

focus instruction can have any impact on the well-learned
daily life activity of sit-to-stand and stand-to-sit holding a
cup, for young and older adults, in three different task

difficulty levels. We hypothesized that focus instructions
would interact with age and difficulty level, being espe-
cially beneficial in more difficult conditions and for older
people, at the level of movement outcome. We expected
that EF instructions would produce greater movement effi-
ciency, that is, shorter movement times. We also expected
EF instructions would produce greater movement effect-
iveness with respect to the overall goal of keeping the cup
vertical and stable during the transfer to avoid spilling.
More specifically, we expected that for older people in
the most difficult condition, the EF would lead to faster
sit-to-stand and stand-to-sit transitions, and to cup trajecto-
ries with less inclination (more accuracy), and increased
smoothness and less variability (more stability).

Method

Participants

The inclusion criteria for this study were: (1) age between
18 and 40 years or over 60; (2) no musculoskeletal symp-
toms affecting sit-to-stand and stand-to-sit; (3) no cognitive
disorder affecting the ability to follow instructions.
Participants that felt pain or discomfort during the task (2
older adults) or who were unwilling to complete it (1 young
and 4 older adults) were excluded. A total of 59 healthy
young adults (44 females) and 57 healthy older adults (41
females) signed consent for participation (approved by the
Institution’s Ethics Committee) and completed the study.

Task and Apparatus

Participants stood up and sat down from a chair
(0.47m high) holding and transferring a cup (with a

FIGURE 1. Task setup.
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smartphone attached) between two surfaces of different
heights (0.79 and 1.07m) Figure 1). A Motorola smart-
phone (Android XT1058) with Sensor Kinetics Pro
(Innoventions, Inc.) with a magnetometer, a gyroscope,
and linear acceleration sensors was used to record
the data.

Procedures

Data collection of daily life tasks in ecologically valid
situations has been greatly facilitated by the development
of valid and reliable smartphone technology (Boonstra
et al., 2006; Gal�an-Mercant, Bar�on-L�opez, Labajos-
Manzanares, & Cuesta-Vargas, 2014; Nishiguchi et al.,
2012). We used an android-based application and sensors
after comparison with data from an optoelectronic system
(10 cameras, Oqus Qualisys, Sweden), a gold standard
for kinematic analysis. Four retro-reflective markers
were placed on the smartphone. One participant per-
formed five repetitions of the task in each of three differ-
ent task difficulty levels. We expected that dependent
measures averaged over five repetitions would be repre-
sentative of typical performance in each experimental
condition. Angle time series collected simultaneously
from the two systems were compared. Figure 2 shows an
example of a cup angle series from the two systems in a
sit-to-stand movement. The relative difference between
the two series, averaged over time, with the Qualisys as
a reference, varied from 0.26 to 0.29%. These tests indi-
cated the validity of sensor data.
In line with a clinical trial rationale, participants were

assigned to one of two intervention groups in counterbal-
anced order, as they enrolled for the study: EF

instructions (29 young and 27 older adults) or IF instruc-
tions (30 young and 30 older adults). All participants sat
on a chair (Figure 1) and were instructed to grab the cup
with their non-dominant hand (according to self-reported
handedness) and transfer it from the lower to the higher
surface as they rose from the chair, or transfer it from
the higher to the lower surface as they sat down, always
looking straight ahead. The EF group was instructed to
“think all the time about the cup and the liquid inside
the cup.” The IF group was instructed to “think about
your own arm and the coordination of your movements”.
Participants performed three blocks of five trials each,

under three difficulty levels: (1) empty cup at normal
speed (EN); (2) full cup at normal speed (FN); and (3)
full cup at a fast speed (FF). Normal and fast speed were
self-chosen for each participant. For normal speed, par-
ticipants were told to perform the task as they usually do
in daily life. For fast speed, they were told to perform
the task as fast as they could without spilling liquid.
Colored adhesive tape was used to mark and maintain a
standard level of liquid in the cup (1 cm below the rim).
In case of spilling, the trial was discarded, the liquid was
refilled to the mark and the participant was asked to
repeat the trial. Focus instructions were reinforced before
each condition.
Participants then answered three questions: (1) what

did you focus on while performing the task?; (2) were
you able to follow the instruction of attention focus?;
and (3) on a scale of 0 to 10, how well did you follow
the instruction?

Data Reduction

Given the requirements of smartphones’ operating sys-
tems, the main issue with their inertial sensors is the
variability of acquisition rate (30–90Hz). After spectral
density analysis showed no relevant power above 10Hz,
linear interpolation was used to achieve a fixed common
sampling frequency of 30Hz for all three sensors. Data
was then filtered with a low pass Butterworth filter of
order 3 and cutoff frequency of 10Hz. An automated
Matlab (MathWorks Inc.) routine aided by visual ana-
lysis of the accelerometer time series determined time-
stamps for the start and end of each sit-to-stand and
stand-to-sit. Movement time was defined in seconds.
The angle (radians) of the cup with respect to the glo-

bal vertical was calculated. The magnetometer was used
to mark a three-dimensional vector whose variation from
an initial position is taken as an inclination (the cup and
smartphone were vertical while resting on a table before
beginning and after the end of the movement). The
inclination was then projected to the vertical axis to cal-
culate the smartphone angle (parallel to the cup).
Magnetometer signals are noisy so data from the other
sensors are used to improve it. The magnetometer signal
is interpolated to optimally reduce the error of its

FIGURE 2. Example of cup angle series from inertial
sensors (orange) and from an optoelectronic system
(blue) during a sit to stand movement.
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derivatives compared to the gyroscope and accelerom-
eter. The resulting signal is an estimate of the cup angle.
The average and standard deviation of the cup angle
over time, for the duration of a sit-to-stand and stand-to-
sit, were obtained for each trial.
Smoothness is a measure of the shape of a movement

time series. While jerky and irregular movements have
low smoothness, steady, regular, and fluent movements
are smoother. Smoothness was calculated with the nega-
tive spectral arc-length measure, as defined by
Balasubramanian, Melendez-Calderon, and Burdet
(2012). For each cup angle speed profile v(t), t 2 [0, T]
and duration T, we generated its Fourier magnitude spec-
trum. Then negative of the arc length is calculated as

gsal¢�
ðxc

0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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where V(x) is the Fourier magnitude spectrum of v(t),
and [0, xc] is the frequency band occupied by the cup
movement. Greater values of this measure indicate
smoother movements.

Statistical Analysis

Means and standard deviations (mean ± SD) were used
as descriptive statistics. Participants’ mean age was com-
pared between IF and EF groups with independent sam-
ples t-tests. A chi-square test was used to compare the
frequency of males and females between IF and EF
groups. The two-proportion z test was used to test
whether the frequency of discarded trials (due to spilling)
was different between IF and EF groups. Adherence to
instructions was compared across groups with Fisher’s
exact tests for categorical answers (question 2) and a 2
(age) � 2 (focus) ANOVA for score-based answers
(question 3). Sit-to-stand and stand-to-sit performance
variables were analyzed separately. The dependent varia-
bles of interest were the average and standard deviation

of cup angle over time, smoothness and movement time.
Data were analyzed with a 2 (Age) � 2 (Focus) � 3
(Difficulty level) analysis of variance (ANOVA), with
repeated measures on the last factor. All statistics were
calculated using the Statistical Package for the Social
Sciences Version 21.0 (SPSS for Windows, Chicago,
IL). Statistical significance was set at p< 0.05.

Results

Participant Characteristics in the Two Attention
Instruction Groups

A total of 116 participants (57 right-handed in IF and
50 right-handed in EF, 3 left-handed in IF and 6 left-
handed in EF) took part in this study. The frequency of
females and males was not statistically different
(p¼ 0.823) among young participants in the IF (22
females, 8 males) compared to the EF (22 females, 7
males) group, or among old participants (p¼ 0.152) in
the IF (24 females, 6 males) compared to the EF (17
females, 10 males) group. Mean age also did not differ
(p¼ 0.199) between young participants in IF
(24.90 ± 3.26) and EF (23.72 ± 3.68) groups (overall
mean: 24.32 ± 3.50) or old participants (p¼ 0.532) in IF
(68.37 ± 5.60) and EF (69.37 ± 6.46) groups (overall
mean: 68.84 ± 5.99).

Ability to Follow Instructions

For the question “were you able to follow the instruc-
tion of attention focus?” the proportion of “Yes”
responses among old participants for EF (96.3%) and IF
(89.7%) were not statistically different (p¼ 0.612). The
proportion of “Yes” responses among young participants
for EF (96.6%) and IF (100%) were also not statistically
different (p¼ 0.491).
For the question “on a scale of 0 to 10, how well did

you follow the instruction?” the average scores for the
older adults under EF and IF instructions were respect-
ively, 8.61 ± 1.09 and 8.62 ± 1.30. The average scores

TABLE 1. Significance values (p) for ANOVAs including participants who reported attention content
appropriate to instructions (91).

Movement time Inclination average Inclination variability Smoothness

Sit to Stand Stand to Sit Sit to Stand Stand to Sit Sit to Stand Stand to Sit Sit to Stand Stand to Sit

Age 0.648 0.788 0.335 0.349 0.951 0.121 0.578 0.578
Focus 0.746 0.636 0.745 0.990 0.224 0.002 0.891 0.891
Difficulty 0.001 0.001 0.003 0.002 0.027 0.014 0.001 0.001
Age�Focus 0.425 0.247 0.042 0.029 0.632 0.847 0.086 0.086
Difficulty�Age 0.040 0.054 0.961 0.943 0.681 0.760 0.809 0.809
Difficulty �Focus 0.705 0.220 0.995 0.979 0.751 0.536 0.632 0.632
Difficulty�Age�Focus 0.334 0.544 0.714 0.788 0.481 0.356 0.941 0.941

Statistically significant values are in bold.
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for the young adults under EF and IF instructions were
respectively, 8.41 ± 0.92 and 8.05 ± 1.10. Age, Focus,
and the Age� Focus interaction were not significant
(p> 0.063).
The content of answers to “what did you focus on

while performing the task?” revealed, however, that
many individuals had difficulty to focus on actual
internal content. A total of 8 of the 30 older adults
(26.6%) and 13 of the 30 young adults (43.3%) in the IF
group gave answers indicating content inappropriate to
received instruction. For example, some participants
answered that they had “focused on not spilling,” or “on
looking straight ahead instead of looking at the cup.” In
contrast, 2 of the 27 older adults (7.40%) and 2 of the
29 young adults (6.89%) in the EF group gave answers
indicating content inappropriate to received instruction.
Thus, we ran statistical ANOVAs of the effects of EF

and IF on performance only for the 91 participants
whose answers ensured they had used attention content
that was appropriate to their respective instructions.
Table 1 shows all ANOVA p values.

Performance (Movement Outcome Measures)

Table 1 shows that the main effect of Difficulty was
significant for all variables. The effects of Difficulty
were clear in movement time, which was significantly
different (F2, 174 ¼ 62.616, p¼ 0.001, partial g2 ¼ 0.419
for sit-to-stand and F2, 174 ¼ 52.518, p¼ 0.001, partial
g2 ¼ 0.376 for stand-to-sit) between the three difficulty
levels: empty cup at normal speed (3.707 ± 0.113 for sit-

to-stand and 4.046 ± 0.121 for stand-to-sit); full cup at
normal speed (4.545 ± 0.129 for sit-to-stand and
4.913 ± 0.150 for stand-to-sit); and full cup at a fast
speed (3.778 ± 0.103 for sit-to-stand and 4.002 ± 0.123
for stand-to-sit).
However, there were no significant differences in

movement time (F2, 174 ¼ 0.106, p¼ 0.746, partial g2 ¼
0.001 for sit-to-stand and F2, 174 ¼ 0.226, p¼ 0.636, par-
tial g2 ¼ 0.003 for stand-to-sit) between the IF (4.044±
0.160 for sit-to-stand and 4.377±0.180 for stand-to-sit)
and EF groups (3.976 ± 0.137 for sit-to-stand and
4.264 ± 0.154 for stand-to-sit). No significant interaction
effects involving Focus were significant (p P 0.220).
Movement time also did not differ significantly (F2,

174 ¼ 0.210 p¼ 0.648, partial g2 ¼ 0.002 for sit-to-stand
and F2, 174 ¼ 0.073, p¼ 0.788, partial g2 ¼ 0.001 for
stand-to-sit) between young participants (3.962 ± 0.153
for sit-to-stand, 4.352 ± 0.172 for stand-to-sit) and old
participants (4.058 ± 0.145 for sit-to-stand, 4.288 ± 0.163
for stand-to-sit). There were significant Difficulty�Age
interaction effects for movement time (F2, 174 ¼ 3.284,
p¼ 0.040, partial g2 ¼ 0.036 for sit-to-stand and F2, 174

¼ 2.974, p¼ 0.054, partial g2 ¼ 0.033 for stand-to-sit),
suggesting that difficulty may affect movement time for
young and old participants differently. Given that the
main effect of difficulty was quite consistent across vari-
ables, and that the focus of our analysis was on Focus,
but not Difficulty or Age effects, these interactions were
not further investigated.
A significant main effect of Focus was present only

for inclination variability of the stand-to-sit, (F1, 87 ¼
10.131, p¼ 0.002, partial g2 ¼ 0.104). The group aver-
age values (IF: 0.049 ± 0.003; EF: 0.063 ± 0.003) indicate
that variability of angle was significantly higher for EF
compared to IF (Figure 3).
An Age � Focus interaction effect was significant

only for the average inclination angle during the sit-to-
stand (F1, 87 ¼ 4.266, p¼ 0.042, partial g2 ¼ 0.047 for
sit-to-stand and F1, 87 ¼ 4.945, p¼ 0.029, partial g2 ¼
0.054 for stand-to-sit). However, Bonferroni-corrected
post hoc independent t tests showed no differences for
sit-to-stand for the young participants (p¼ 0.267)
between IF (0.141 ± 0.064) and EF (0.176 ± 0.116), or for
old participants (p¼ 0.127) between IF (0.207 ± 0.135)
and EF (0.158 ± 0.063). Results were similarly not sig-
nificant in the stand-to-sit for young participants
(p¼ 0.121) between IF (0.139 ± 0.060) and EF
(0.190 ± 0.122), or for old participants (p¼ 0.177)
between IF (0.208 ± 0.147) and EF (0.160 ± 0.073). These
results are shown in Figure 4. No other interactions
involving Focus were significant.
The frequency of discarded trials (due to spilling) did

not differ (p¼ 0.144) between the groups receiving IF
(12 out of 900 trials) or EF instructions (19 out of
840 trials).

FIGURE 3. Significant difference in the variability of
inclination (standard deviation over time) between focus
groups for the stand-to-sit. Error bars indicate ± 2
standard errors.
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Discussion

The effects of attention focus on activities of daily liv-
ing are rarely investigated. Adequate sit-to-stand and
stand-to-sit performances are fundamental for maintain-
ing independence in old age. Positive effects of focus
instructions could be used in rehabilitation applications
to improve the performance of this task. Thus, our trial
investigated whether focus instruction interventions had
any impact on performance (at the level of movement
outcome) of the well-learned activity of sit-to-stand and
stand-to-sit while holding a cup, for young and older
adults, at three difficulty levels. We hypothesized that in
the most difficult condition, for older people, an EF
would lead to greater movement effectiveness, that is,
less cup inclination, lower variability, and increased
smoothness. The results did not support our hypothesis.
We failed to find significant focus effects except for

worse angle stability under EF compared to IF for the
stand-to-sit. However, this effect was not consistent, as
all other performance variables showed null focus
effects. Our null results are surprising in view of the
conclusion of a literature review indicating that the
enhancements in motor performance with an EF com-
pared to IF are well established. The review author
states: “The breadth of this effect is reflected in its gen-
eralizability to different skills, levels of expertise, and
populations…” (Wulf, 2013, p. 99). Our results are
inconsistent with this claim. In our study, an EF did not
enhance the motor performance of sit-to-stand and stand-

to-sit while holding a cup, a skill that involves body
transfer and object manipulation (Gentile, 2000), regard-
less of difficulty level and population. What factors may
explain these null results?
First, we need to point out that we controlled for

adherence to instructions. Self-reported adherence scores
were similar across conditions and groups. However,
several individuals (21%) reported focusing on content
inconsistent with the instructions they had received. Our
analysis included only individuals with appropriate atten-
tion content. Therefore the lack of focus effects cannot
be attributed to inadequate adherence to instruction.
Second, our results are consistent with many recent

studies involving day-to-day posture and mobility skills.
Despite some previous research showing benefits of an
EF for these kinds of skills (Chiviacowsky, Wulf, &
Wally, 2010; McNevin, Weir, & Quinn, 2013; Richer,
Saunders, Polskaia, & Lajoie, 2017), several studies
report null effects for focus instructions for posture and
mobility skills (De Bruin, Swanenburg, Betschon, &
Murer, 2009; Landers, Hatlevig, Davis, Richards, &
Rosenlof, 2016; Mak, Young, Chan, & Wong, 2018;
Melker Worms et al., 2017; Richer, Polskaia, & Lajoie,
2017; Yogev-Seligmann, Sprecher, & Kodesh, 2017).
Richer, Polskaia, and Lajoie (2017) found no differ-

ence between IF and EF for control of quiet stance in
older adults. For gait performance, no effects on walking
stability or balance recovery after gait perturbations were
found for older adults (Melker Worms et al., 2017).
Yogev-Seligmann et al. (2017) reported that gait

FIGURE 4. Comparison of inclination average over time for older and younger participants in the external focus (EF) and
internal focus (IF) groups. No pairwise comparisons were significant. Error bars indicate ± 2 standard errors.
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variability could not be improved by focusing on keeping
steps consistent or focusing on pacing gait to the rhythm
of a metronome. Both focus instructions actually
increased the variability of some spatiotemporal gait
parameters. Mak et al. (2018) found that although IF
appears to compromise gait stability, EF instructions did
not improve gait stability compared to a control condi-
tion in older adults. Benefits of an EF were again not
found in a randomized controlled trial on the learning of
balance skills for the healthy elderly (De Bruin et al.,
2009) or patients with Parkinson’s Disease (Landers
et al., 2016). No studies examining the effects of atten-
tion focus on the performance of the sit-to-stand and
stand-to-sit were found. Our study appears to be the first
on the topic, and our results are consistent with many
experiments involving activities of daily living.
In the attention focus literature, the lack of benefits of

EF instructions has been attributed to different factors.
Researchers have argued that the benefits of an EF do
not apply to movement tasks (i) that do not involve
implements and have no clearly intended environmental
effect (Melker Worms et al., 2017); (ii) that are too easy
(Landers et al., 2016; Wulf, 2008); or (iii) that were
learned in early childhood without declarative knowledge
(Melker Worms et al., 2017). We will argue below that
the first two reasons are not pertinent to our study, with
the third reason being the most probable explanation for
our results.
The first argument is that the benefits of an EF would

not apply to movement tasks that do not involve action
on specific objects. Usually, during sit-to-stand and
stand-to-sit, the individual does not intend to produce
any specific effects on external objects. In such tasks, an
EF may in fact not benefit performance (see, e.g.,
Lawrence, Gottwald, Hardy, & Khan, 2011). In this
study, however, we associated an object-manipulation
goal to the sit-to-stand and stand-to-sit. This ensured a
natural external reference to which attention could natur-
ally be directed, depending on instructions. Our perform-
ance variables specifically reflect effectiveness to control
the environmental effects of movement: the cup average
angle, its stability, and smoothness. Thus, we expected
that the benefits of an EF would apply to the perform-
ance of our task, but no advantages of an EF were
found. Also, the lack of effects on movement time sug-
gests that sit-to-stand and stand-to-sit, as a whole, were
not affected.
Second, the literature indicates that an EF is purport-

edly more beneficial in difficult tasks, because it would
prevent attempts to consciously intervene in body move-
ment (Landers et al., 2005; Wulf, 2008; Wulf et al.,
2007). To avoid a lack of effects due to unchallenging
conditions, our task had three difficulty levels. Our
design is limited in that it did not include a possible
intermediate difficulty condition with an empty cup at

fast speed. However, performance results show that our
difficulty manipulation significantly affected all varia-
bles, for both age groups.1

The sit-to-stand and stand-to-sit with a full cup at the
fastest possible speed correspond to the most difficult
real-life version of the task. With no EF benefits on
movement effectiveness and movement time for this ver-
sion of the task, effects in any other less challenging,
ecologically valid versions are unlikely.
This brings us to the third, most probable explanation

for results: possibly, general postural and mobility skills
that are acquired spontaneously during normal motor
development with little declarative instruction (phylogen-
etic skills such as the sit-to-stand) are less vulnerable to
interferences of attention focus (Melker Worms et al.,
2017; Young & Mark Williams, 2015). Specialized com-
plex skills learned later in life (ontogenetic skills such as
sports gestures), in contrast, are usually acquired with
great amounts of explicit instruction in early practice
(Masters & Maxwell, 2008). For these tasks, an IF may
revert the individual back to an earlier declarative stage
of learning and interfere with the automaticity of control,
while an EF might prioritize relevant, goal-related infor-
mation for fluent coordination (Melker Worms et al.,
2017; Young & Mark Williams, 2015). We speculate
that because the sit-to-stand is a phylogenetic mobility
skill, it would be less prone to the negative effects of an
IF or the positive effects of an EF.
Interpretations of this study’s results in the context of

the available literature for general postural and mobility
activities of daily living suggest that an EF of attention
may not benefit the performance of healthy young and
older adults in well-learned tasks. They indicate that the
assumption that an EF is to be always preferred (Wulf,
2013, 2016; Wulf et al., 2007) needs further empirical
testing for activities of daily living. This study is limited
in that it did not assess coordination but only perform-
ance measures at the level of movement outcome. An EF
might positively affect the coordination of postural and
mobility tasks for example in individuals with neuro-
logical health conditions that impair automaticity
of movement.

Note

1. Note that the small difference in movement time
(0.089s) between EN and FF does not invalidate our
classification of difficulty. Participants used similar
times in these two conditions because when the cup
was full, they had to slow down to avoid spilling.
When the cup was empty, they felt comfortable
moving faster as there weren’t any negative
consequences. FF is the hardest and EN is the
easiest of the three conditions.
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