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and (re-)learn motor skills (Malouin et al. 2010). The value 
and vividness attributed to motor imagery has been primar-
ily explained by the functional equivalence theory (Jean-
nerod 1994, 1999), where the neural representations that 
are responsible for the imagery and execution of movement 
are deemed to be the same or similar. This theory has been 
heavily supported by neuro-imaging (Schubotz and von 
Cramon 2004; Filimon et al. 2007; Hétu et al. 2013) and 
brain stimulation (Fadiga et al. 1999; Wright et al. 2018) 
studies, whereby the neural structures that are responsible 
for execution are known to be similarly activated or used 
within imagery.

From a behavioural perspective, the main source of 
evidence that has been leveraged in support of this theory 
has been the mental chronometry paradigm, whereby indi-
viduals are tasked with imagining a particular movement 
(e.g., discrete manual aiming movement) at varying lev-
els of difficulty (i.e., low difficulty with large size and/or 
short amplitude target, high difficulty with small size and/

Introduction

Motor imagery refers to the mental rehearsal of movement 
in the form of a visual (“see”) and/or kinaesthetic (“feel”) 
simulation without any overt physical execution (Vealey 
and Walter 1993; for a glossary of imagery terms and cat-
egories, see Moreno-Verdú et al. 2024). It is commonly 
used to enhance motor performance (Ladda et al. 2021) 
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Abstract
Motor imagery and execution often indicate a similar trend in the temporal characteristics of movements. This finding 
supports the notion of functional equivalence, whereby imagery and execution use a common neural representation. How-
ever, there is comparatively limited evidence related to the spatial characteristics of movements; no doubt owing to the 
absence of an actual spatial trajectory during imagery. Therefore, we adapted the trajectory priming paradigm involving an 
obstacle, where the trajectory adopted in a trial (n) is directly contaminated by a previous trial (n-1). If imagery accurately 
represents the spatial characteristics, then we would predict a similar priming effect as execution. Participants completed a 
series of trial blocks under different imagery/execution protocols, where the test trial (n) comprised execution alone, while 
the previous trial (n-1) involved imagery or execution. Each block comprised pairs of trials with alternate or consistent 
presentations of a virtual obstacle (O) or no obstacle (N): N-N, N-O, O-N, O-O. For trial n-1 (imagery/execution), there 
was a more prolonged reaction and movement time for imagery compared execution. Most importantly for trial n (execu-
tion), there was an increase in early angular and peak deviation following an obstacle compared to no obstacle in trial 
n-1, but only when it was execution and not imagery. These findings suggest imagery holds a limited representation of 
the spatial characteristics, while functional equivalence may be limited to the temporal characteristics.
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or long amplitude target) (Decety et al. 1995; Sirigu et al. 
1996; Gueugneau et al. 2008, 2017; Rozand et al. 2015) (for 
a review, see Guillot et al. 2012). In this regard, the time 
of imagined responses is typically indexed by a series of 
micro-movements that each represent the start and end of a 
movement, while still remaining physically in a set location 
(e.g., press/release of a button over the start position). Find-
ings indicate that the positive relation between difficulty 
and time for executed movements also extends to imagined 
movements─thus abiding by Fitts’ Law (Fitts 1954; Fitts 
and Peterson 1964) (i.e., more difficult task taking a longer 
time to complete, and vice versa).

While highly informative, it is clear to see that the fore 
mentioned evidence is somewhat limited to the temporal 
domain with next to no evidence surrounding the spatial 
characteristics, including the movement trajectory (e.g., dis-
placement and direction of the moving limb). This research 
lacuna is largely a result of imagery often not involving an 
overt physical movement, where a shift in position could 
be otherwise reasonably detected. Alternatively, there are 
some researchers that have attempted to make a post-trial 
retrospective account of estimated spatial errors as a proxy 
to the spatial characteristics potentially within imagery. 
Indeed, it has been shown that the estimated imagined and 
actually executed spatial errors positively correlate with one 
another for a dart-throwing (Dahm and Rieger 2019) and 
novel manual tracing task (Ingram et al. 2022). These find-
ings have been explained by the generation of an internal 
forward model, which can effectively substitute or emulate 
the sensory feedback that is otherwise absent during imag-
ery (Grush et al. 2004; Rieger et al. 2023). Specifically, an 
efference copy can be adapted without overt motor outflow 
for motor imagery to form a prediction regarding the sen-
sory consequences, which when compared with the desired 
state (i.e., intended outcome), provides at least some indica-
tion of where the limb should be in space.

However, there is also evidence of a discrepancy in the 
bias of estimated imagined and actually executed errors, 
where the overall profile of imagined and executed spatial 
errors do not closely overlap (Dahm and Rieger 2019; Rob-
erts et al. 2020). This discrepancy alludes to a source of error 
that is perhaps less susceptible to conscious awareness, and 
more seamlessly unfolds following covert motor processes 
(van Beers 2009). With this in mind, it has been suggested 
that imagery may alternatively involve an abstract/amodal 
construct that operates outside of the motor system (Pyly-
shyn 2002). In a none-too-dissimilar vein, the more recent 
motor-cognitive model proposes that while imagery uses 
the same neural representation as execution for the initial 
programming of a movement, it is only later within the 
movement itself that an image has to be consciously formed 

due to the absence of actual sensory feedback (Glover and 
Baran 2017; Glover et al. 2020).

At this juncture, we may question whether there is an 
alternative and perhaps more definitive way to examine 
the potential representation of spatial characteristics within 
motor imagery. Specifically, while there is an absence of a 
physical movement that is required to directly capture the 
spatial trajectory within real time, it may be possible to 
capture the unintended or inadvertent influence of an imag-
ined spatial trajectory (trial n-1) on a subsequent executed 
movement (trial n). This logic is adapted from the classic 
trajectory priming paradigm, where the higher trajectory fol-
lowing the presence of an obstacle compared to no obstacle 
within trial n-1 can cause the subsequent trajectory to shift 
higher within trial n (Jax and Rosenbaum 2007, 2009) (see 
also, van der Wel et al. 2007). This finding may be explained 
by the remnants or persistence of a motor program from one 
movement attempt at trial n-1 spilling over onto another 
attempt at trial n. Along these lines, the mere observation of 
a model spatial trajectory with or without an obstacle within 
trial n-1 can cause a corresponding shift of the trajectory of 
an executed movement within trial n (Griffiths and Tipper 
2009, 2012). In this instance, it is suggested that the model 
observation activates a motor program at trial n-1 in much 
the same way as in execution, which then causes it to spill 
over at trial n.

To this end, the aim of the present study was to examine 
the potential representation of the spatial trajectory within 
motor imagery. In order to achieve this, we adapted the 
trajectory priming paradigm where imagery takes place at 
trial n-1 followed by execution at trial n. Of interest, there 
has been at least one study involving priming with imag-
ery, which involved grasping objects of varying affordances 
(Glover and Dixon 2013). However, the primed character-
istic in this instance pertained to grip selection, and was not 
necessarily related to the spatial trajectory that is of most 
interest to the present study. Hence, in the present study, we 
had participants either execute or imagine an aiming move-
ment toward a target, where there was an obstacle or no 
obstacle in the way (trial n-1). Participants would then exe-
cute the same aiming movement with either an obstacle or 
no obstacle (trial n). Therefore, trials were paired together 
according to whether there was an obstacle or no obstacle 
(i.e., N-N, O-O, N-O, O-N). In line with the standard tra-
jectory priming effect (Jax and Rosenbaum 2007), it was 
hypothesized that the heightened movement over an obsta-
cle compared to no obstacle following execution within trial 
n-1 would contaminate or cause a corresponding shift of the 
trajectory within trial n (as indicated by early angular devia-
tion and maximum height). However, more importantly, it 
was hypothesized that if the representation underpinning 
motor imagery comprises the spatial trajectory, then we 
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would encounter a similar pattern of trajectory priming, 
where the spatial characteristics of imagery within trial n-1 
would evoke a corresponding shift of the trajectory of an 
executed movement within trial n.

Method

Participants

An initial power analysis was conducted using G*Power 
software (version 3.1.9.4) (Faul et al. 2007) including the 
input parameters of α = 0.05, 1-β = 0.90, and f = 0.40 (large). 
The estimated effect size was directly adapted from previ-
ous studies surrounding trajectory priming (based on a main 
effect of trial n-1 for early angular deviation [Jax and Rosen-
baum 2007] and maximum height [Griffiths and Tipper 
2009, 2012]). Consequently, there was an estimated mini-
mum number of 13 participants. For the actual study, there 
were 16 participants that initially volunteered, although 3 
participants were removed due to recording error or issues 
in the motion capture (n = 13; 7 females and 6 males, self-
reported right-handed, age range = 19–24 years, no known 
previous experience with the task, nor directed imagery).

Prior to commencing the study, participants provided 
written informed consent and completed the Movement 
Imagery Questionnaire-Revised (MIQ-R) (Hall and Martin 
1997). This questionnaire involves an 8-item inventory on 
the visual (M = 22 / 28, SE = 1.39) and kinaesthetic (M = 17 
/ 28, SE = 1.30) imagery ability surrounding elementary 
bodily actions including knee lift, jump, horizontal shoul-
der abduction/adduction, and toe touch. The study was 
designed and conducted in accordance with the 1964 Decla-
ration of Helsinki, and approved by the local research ethics 
committee.

Task and materials

The main task involved a two-dimensional discrete aiming 
movement using a desk-mounted graphical digitizing tablet 
with a wired stylus pen (GTCO Calcomp Drawing Board 
VI; temporal resolution = 125 Hz, spatial resolution = 1000 
lines per inch), which was occluded from view courtesy of 
an adjustable shelving unit. The subsequent position-time 
series data were transmitted and stored on an adjacent com-
puter courtesy of a serial port connection that was controlled 
using Matlab (version 2018b) (The Mathworks Inc., Natick, 
MA). These data were used in real-time to virtually trans-
late the limb position to a 17″ CRT monitor (spatial reso-
lution = 1280 × 1024 pix, temporal resolution = 85 Hz) that 
was placed directly in front of participants (approx. 50-cm 
viewing distance). The display featured a left-sided circle 

(15-mm width) that represented the start, free-moving cur-
sor dot (8-mm width) that represented the limb, and right-
sided circle (15-mm width) that represented the target. The 
separation between the start and target objects assumed a 
120-mm movement amplitude (centre-to-centre). On occa-
sion, there was also a rectangular obstacle (30-mm width, 
45-mm height) in the centre of the space between the start 
and target objects, which participants had to avoid by mov-
ing over it (for details, see Procedures). The stimuli were 
generated through Matlab running Psychtoolbox (version 
3.0.11).

The aiming movement of interest was either physically 
executed or mentally imagined. The related procedures 
were consistent with the guidelines for reporting action sim-
ulation studies (GRASS) (Moreno-Verdú et al. 2024) (see 
Appendix 1). That is, participants were instructed using a 
standard script to physically move or imagine themselves 
see (1st person visual imagery) and feel (kinaesthetic imag-
ery) a movement from the start position toward the target as 
quickly and accurately as possible (i.e., ‘motor imagery’; 
see Moreno-Verdú et al. 2024). For execution, the start and 
end of the movement was signalled by participants physi-
cally moving the stylus pen (represented by a cursor dot) 
from the first moment out of the start position and into the 
target while staying there for at least 50 ms (5 frames based 
on the screen refresh rate), respectively. For imagery, the 
start and end of the movement was signalled by participants 
pressing down and releasing the stylus tip, respectively, 
while remaining physically over the start position. In this 
regard, the imagery was made to closely simulate the execu-
tion task condition, but without any overt physical move-
ment (e.g., PETTLEP model; see Holmes and Collins 2001; 
Wakefield et al. 2013).

Procedure

Individual consecutive trials were paired together (trial n-1 
and trial n), where execution or imagery would unfold in trial 
n-1 and execution alone would unfold in trial n (Fig. 1). Spe-
cifically, if trial n-1 involved execution and the limb landed 
over the target position, then the next target for trial n would 
appear in a new position further over to the right. However, 
if trial n-1 involved imagery and the limb remained located 
over the start position, then the next target for trial n would 
appear in the same position as before on the right. The start 
position from trial n-1 would appear once more following 
the completion of trial n in order to start a new trial pairing.

Paired trials featured a unique combination of no obsta-
cle and obstacle. In this regard, they were presented in either 
a constant (e.g., N-N, O-O) or alternate (e.g., N-O, O-N) 
fashion (Griffiths and Tipper 2009). In order to reason-
ably facilitate trajectory priming as a result of the obstacle 
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out of the start position and into the target while staying 
there for at least 50 ms (5 frames) (execution), or pressing 
down the stylus tip and releasing it once again (imagery).

For the evaluation of trajectory priming, a more detailed 
kinematic analysis was warranted. Therefore, the raw posi-
tion-time series data from trial n (execution) were smoothed 
using a 2nd -order, dual-pass Butterworth filter with a 10 Hz 
cut-off frequency. Therein, we adapted previous measures 
of trajectory priming including early angular deviation and 
maximum height (Jax and Rosenbaum 2007). The early 
angular deviation was taken as the signed angle of move-
ment direction (i.e., positive values synonymous with an 
upward direction) with respect to the start position at 150 
ms following movement onset (19 samples based on the 
digitizer sampling rate). This time was selected because 
it can be typically attributed to pre-response planning and 
occupies the more ballistic portion of the movement (Elliott 
et al. 2001, 2017). Meanwhile, the maximum height was 
simply taken as the peak orthogonal position from the entire 
movement trajectory.

Trial pairs (trial n-1 and trial n) were removed when at 
least one of the trials in question involved either a false start 
(i.e., < 100 ms reaction time), failed attempt to avoid an 
obstacle when present (i.e., < 20 mm maximum height) or 
an incomplete trajectory (4.81%). To evaluate imagery in 
trial n-1 independent of trial n, we first conducted a two-way 

manipulation, then the inter-trial interval between paired tri-
als was selected at 500 ms (Jax and Rosenbaum 2009).

The execution and imagery protocols were counter-bal-
anced across participants, while the different combinations 
of no obstacle and obstacle that formed the paired trials 
were randomized without replacement so that each possible 
combination appeared in every 4 paired trials. There was a 
familiarisation or practice at the beginning of each of the 
execution and imagery protocols, including 2 repetitions of 
each of the paired trial combinations (8 paired trials). For 
the experiment for real, the execution and imagery proto-
cols went on to feature a further 5 repetitions of each of the 
paired trial combinations (20 paired trials) (for trial number 
recommendations, see Blinch et al. 2018; and De Grosbois 
et al. 2018).

Dependent measures and analysis

To evaluate whether imagery was actively undertaken in trial 
n-1, we calculated reaction time and movement time using 
the originally collected data that marked the start and end of 
a trial (unfiltered). Specifically, reaction time was taken as 
the time difference between trial onset, and first moving out 
of the start position (execution) or pressing down the stylus 
tip (imagery). Meanwhile, movement time was taken as the 
time difference between the very first moments of moving 

Fig. 1  Trial-by-trial procedure. Following a 500-ms interval over the 
start position, the target appeared with or without an obstacle to trigger 
the participant to physically execute or mentally imagine themselves 
aiming (trial n-1). Upon movement termination, the previous objects 

disappeared and following another 500-ms interval, then a new target 
with or without an obstacle appeared to trigger participants to physi-
cally execute aiming (trial n). The present example illustrates an O-N 
trial pair involving execution in both trial n-1 and trial n
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Spatial trajectory priming at trial n

For movement time, there was a significant main effect of 
trial n, F(1,12) = 43.75, p <.001, ƞp

2 = 0.79, indicating a 
shorter time for no obstacle (marginal M = 656 ms, SE = 47) 
compared to obstacle (marginal M = 859 ms, SE = 61) 
(Table 2). Meanwhile, there was a significant trial n-1 x trial 
n interaction, F(1,12) = 11.16, p =.006, ƞp

2 = 0.48, although 
the shorter time in trial n with an obstacle following trial 
n-1 with no obstacle (marginal M = 830 ms, SE = 57) com-
pared to obstacle (marginal M = 888 ms, SE = 66) failed to 
reach significance (p =.032, Holm-Bonferroni corrected 
alpha level = 0.025). There were no other significant main, 
nor interaction effects involving the factor of protocol [pro-
tocol: F(1,12) = 0.22, p =.648, ƞp

2 = 0.02; protocol x trial 
n-1: F(1,12) = 1.95, p =.188, ƞp

2 = 0.14; protocol x trial n: 
F(1,12) = 4.11, p =.065, ƞp

2 = 0.26; protocol x trial n-1 x 
trial n: F(1,12) = 0.60, p =.453, ƞp

2 = 0.05].
For early angular deviation, there was a significant main 

effect of trial n, F(1,12) = 356.95, p <.001, ƞp
2 = 0.97, indi-

cating significantly less deviation for no obstacle (mar-
ginal M = 2.52°, SE = 4.22) compared to obstacle (marginal 
M = 52.22°, SE = 2.81). Meanwhile, there was a significant 
protocol x trial n-1 interaction, F(1,12) = 5.81, p =.033, ƞp

2 
= 0.33 (Fig. 2a), indicating significantly less deviation fol-
lowing execution at trial n-1 with no obstacle compared 
to obstacle (p =.0166, Holm-Bonferroni corrected alpha 
level = 0.017), while there was no such difference follow-
ing imagery at trial n-1 (p =.26). In addition, there was sig-
nificantly less deviation following execution compared to 
imagery at trial n-1 with no obstacle (p =.001, Holm-Bon-
ferroni corrected alpha level = 0.013). There were no other 
significant main, nor interaction effects involving the factor 
of protocol [protocol: F(1,12) = 3.37, p =.091, ƞp

2 = 0.22; 
protocol x trial n: F(1,12) = 0.05, p =.823, ƞp

2 = 0.00; proto-
col x trial n-1 x trial n: F(1,12) = 3.61, p =.082, ƞp

2 = 0.23].
For maximum height, there was a significant main effect 

of protocol, F(1,12) = 24.52, p <.001, ƞp
2 = 0.67, and 

trial n, F(1,12) = 356.95, p <.001, ƞp
2 = 0.97. Meanwhile, 

there was a significant protocol x trial n-1 interaction, 
F(1,12) = 6.87, p =.022, ƞp

2 = 0.36 (Fig.  2b), indicating a 
significantly shorter height following execution at trial n-1 
with no obstacle compared to obstacle (p =.004, Holm-
Bonferroni corrected alpha level = 0.017), while there was 
no such difference following imagery at trial n-1 (p =.094). 
In addition, there was a significantly shorter height fol-
lowing execution compared to imagery at trial n-1 with 

fully repeated measures ANOVA, including factors of pro-
tocol (execution, imagery) and obstacle (no obstacle, obsta-
cle) for reaction time and movement time data in trial n-1. To 
evaluate trajectory priming within trial n, we next conducted 
a three-way fully repeated-measures ANOVA, including 
factors of protocol, trial n-1 (no obstacle, obstacle) and trial 
n (no obstacle, obstacle) for movement time, early angular 
deviation and maximum height data in trial n. Significance 
was declared at p <.05, and the effect size measure of inter-
est was partial eta-squared (ƞp

2). In the event a significant 
interaction, pairwise comparisons were subsequently drawn 
using the Holm-Bonferroni post hoc procedure.

Results

Imagery at trial n-1

Table 1 shows the mean reaction and movement time. For 
reaction time, there was a significant main effect of pro-
tocol, F(1,12) = 22.30, p <.001, ƞp

2 = 0.65, indicating a 
shorter time to initiate for execution (marginal M = 388 
ms, SE = 21) compared to imagery (marginal M = 828 ms, 
SE = 105). There was no significant main effect of obstacle, 
F(1,12) = 0.22, p =.655, ƞp

2 = 0.02, nor a significant pro-
tocol x obstacle interaction, F(1,12) = 1.64, p =.225, ƞp

2 = 
0.12.

For movement time, there was a significant main effect 
of protocol, F(1,12) = 18.57, p =.001, ƞp

2 = 0.61, indicat-
ing a shorter time within the movement for execution (mar-
ginal M = 733 ms, SE = 35) compared to imagery (marginal 
M = 1143 ms, SE = 95). In addition, there was a significant 
main effect of obstacle, F(1,12) = 44.28, p <.001, ƞp

2 = 0.79, 
indicating a shorter time for no obstacle (marginal M = 843 
ms, SE = 50) compared to obstacle (marginal M = 1033 
ms, SE = 60). However, there was no significant protocol x 
obstacle interaction, F(1,12) = 0.01, p =.925, ƞp

2 = 0.00.

Table 1  Mean (± SE) reaction and movement time (ms) for execution 
and imagery within trial n-1
Protocol Execution Imagery
Obstacle O N O N
Reaction Time 377

(21)
398
(23)

833
(104)

822
(107)

Movement Time 826
(46)

639
(37)

1239
(107)

1046
(85)

Table 2  Mean (± SE) movement time (ms) within trial n following execution and imagery at trial n-1 with an obstacle (O) or no obstacle (N)
Protocol Execution Imagery
Trial n-1 O N O N
Trial n O N O N O N O N
Movement Time 851 (59) 634 (46) 800 (46) 714 (57) 925 (80) 628 (53) 859 (75) 648 (55)
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Discussion

The present study aimed to examine whether the spatial tra-
jectories are represented within motor imagery. Participants 
were tasked with the execution or imagery of aiming to a 
target (trial n) followed by execution to another target (trial 
n-1) with an obstacle or no obstacle in the way. In line with 
the standard trajectory priming effect (Jax and Rosenbaum 
2007), it was expected that the higher trajectory needed to 
actively avoid an obstacle when in execution at trial n-1 
would cause a similarly higher shift in the trajectory at trial 
n. If the spatial trajectory comprises the representation for 
motor imagery, then we anticipated a similar pattern of tra-
jectory priming following imagery at trial n-1.

The findings indicated a higher trajectory following exe-
cution at trial n-1 with an obstacle compared to no obstacle 
(Jax and Rosenbaum 2007, 2009) (see also, van der Wel 
et al. 2007). While there was a trajectory priming effect in 
execution, there was no such difference following imagery 
at trial n-1 between the obstacle and no obstacle. Therefore, 
it appears the spatial trajectory may hold a limited represen-
tation within motor imagery. Despite arguably conflicting 
with the concept of equivalence (Jeannerod 1994, 1999), 
where motor imagery and execution supposedly use the 
same or a common neural representation, it may be that the 
equivalence is limited to particular features of the move-
ment. For example, there are a plethora of findings featuring 
the mental chronometry paradigm, where there is a rela-
tively close match between execution and imagery when it 
comes to the relation between task difficulty and movement 
time (Guillot et al. 2012). Instead, it may be that imagery 
fails to adequately capture the spatial trajectory because 
there is an absence of sensory feedback from the movement 

no obstacle (p <.001, Holm-Bonferroni corrected alpha 
level = 0.013) and obstacle (p =.009, Holm-Bonferroni cor-
rected alpha level = 0.025). Finally, there was a significant 
protocol x trial n interaction, F(1,12) = 9.72, p =.009, ƞp

2 
= 0.45, indicating a significantly shorter height following 
both execution (p <.001, Holm-Bonferroni corrected alpha 
level = 0.013) and imagery (p <.001, Holm-Bonferroni cor-
rected alpha level = 0.017) at trial n with no obstacle (execu-
tion: marginal M = -2.46 mm, SE = 0.88; imagery: marginal 
M = 3.54 mm, SE = 0.67) compared to obstacle (execution: 
marginal M = 41.84  mm, SE = 2.06; imagery: marginal 
M = 43.69, SE = 2.06), while there was significantly shorter 
height following execution compared to imagery at trial 
n with no obstacle (p <.001, Holm-Bonferroni corrected 
alpha level = 0.025). There was no significant protocol x 
trial n-1 x trial n interaction, F(1,12) = 2.31, p =.154, ƞp

2 = 
0.16.

In the absence of trajectory priming following imagery 
at trial n-1, it is possible that some participants had poor 
imagery ability. If so, then we would anticipate a relation 
between trajectory priming and visual and/or kinaesthetic 
imagery ability. Therefore, we conducted a supplementary 
analysis by correlating the difference between obstacle and 
no obstacle at trial n-1 with imagery ability scores. For early 
angular deviation, there was no significant relation for kin-
aesthetic, r(13) = − 0.06, p =.86, nor visual, r(13) = − 0.10, 
p =.75, imagery ability. For maximum height, there was no 
significant relation for kinaesthetic, r(13) = 0.46, p =.11, 
but there was for visual, r(13) = 0.64, p =.02, imagery abil-
ity. Further inspection of the latter correlation indicated 
that it was primarily attributed to a single case, which once 
removed indicated that there was no longer a significant 
relation, r(12) = 0.39, p =.21.

Fig. 2  Mean early angular deviation (A) and maximum height (B) as a function of protocol and trial n-1 (see legend). Error bars indicate the stan-
dard error of the mean. (*) indicates a significant difference in a pairwise comparison (Holm-Bonferroni corrected)
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switch between movement strategies in imagery (trial n-1) fol-
lowed by execution (trial n) (Poletti et al. 2015, 2016). This 
suggestion may resonate once again with the motor-cognitive 
model (Glover and Baran 2017; Glover et al. 2020), where if 
executive resources are to be more greatly used for consciously 
forming and monitoring an image later on within the move-
ment, then it stands to reason that they repeatedly adopt a strat-
egy that limits any cost to such resources.

However, at this juncture, it is important to consider the 
potential limitations of the present study. Indeed, the sample 
size was comparatively limited, the slightly different start 
locations between the execution and imagery protocols 
may have confounded trial n effects, and the higher overall 
trajectories following imagery may have undermined any 
potential influence of the obstacle. With this in mind, and 
because at least some of these limitations were unavoid-
able, it may be useful for future research to alternatively 
capture the spatial characteristics of motor imagery within 
trials, as opposed to between trials like the present study. 
For example, our lab is currently undertaking an interfer-
ence paradigm, where individuals simultaneously imagine 
and execute movements that have an incongruent spatial 
trajectory (see also, Piedmonte et al. 2018). To elucidate, if 
imagery does sufficiently represent the spatial characteris-
tics of movement, then we would anticipate some interfer-
ence or unintended deviation in the executed movements.

In summary, the present study offers one of few empirical 
accounts to more directly capture the spatial characteristics 
of motor imagery. That is, we highlight how the trajectory 
priming effect that is mediated by the presence or absence 
of an obstacle across consecutive trials, fails to unfold fol-
lowing imagery as it does execution. As it stands, we take 
it that motor imagery holds a limited representation of the 
spatial trajectory owing to an absence of sensory feedback 
from executed movement.
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supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​2​2​1​-​0​
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that would otherwise take place during execution. The 
absence of this sensory feedback may prohibit imagery to 
such an extent that additional processes are needed for it 
to be upheld or continue. For example, it is suggested that 
imagery may be at least partially compensated by accessing 
executive resources to help consciously form and monitor 
an image (Glover and Baran 2017; Glover et al. 2020) (see 
also later within Discussion). Alternatively, imagery may be 
simultaneously combined with the observation of a model 
(Wright et al. 2018; Bruton et al. 2020; Romano-Smith et al. 
2019, 2022; see also, Campos et al. 2009), where the sub-
sequent visual afference can help “guide” the image (Meers 
et al. 2020).

Upon review, it could be argued that the absence of a tra-
jectory priming effect in imagery may simply be the result 
of a failure by participants to positively or vividly engage 
in motor imagery. Indeed, this possibility is an often lin-
gering one when it comes to finding a discrepancy or fail-
ing following motor imagery (e.g., Roberts et al. 2020), 
where there is no direct means to precisely capture whether 
imagery even unfolded, and thus the participant is primar-
ily held responsible for the experimental control. However, 
our findings indicated a longer reaction and movement time 
for imagery compared to execution within trial n-1. The 
finding for reaction time aligns with previous other studies 
that suggest motor imagery involves a greater emphasis on 
pre-response planning (Owen et al. 2024), and/or an antici-
pated absence of any upcoming sensory feedback (Khan et 
al. 2002; Hansen et al. 2006; Roberts and Bennett 2022). 
Likewise, the finding for movement time is consistent with 
widespread evidence of a more prolonged time to terminate 
the movement for imagery (Guillot et al. 2012) owing to 
it accessing an under-developed or un-adapted motor pro-
gramme (Yoxon et al. 2015), and/or the need for execu-
tive resources to consciously form and monitor an image 
(Glover and Baran 2017; Glover et al. 2020). Therefore, in 
this instance, we can be confident that motor imagery ini-
tially took place within trial n-1, while the apparent failure 
to reveal a trajectory priming effect following imagery sim-
ply alludes to it not comprising of the spatial trajectory.

Perhaps surprisingly, there was an overall higher trajectory 
following imagery compared to execution at trial n-1 indepen-
dent of any prime context (i.e., obstacle). While this height-
ened trajectory may have indicated a ceiling effect that limited 
the capacity to capture any priming related to the obstacle 
(i.e., obstacle > no obstacle), it may also allude to a failure in 
updating the motor programme across a series of trials. That 
is, participants may have adopted a conservatively high tra-
jectory throughout the imagery protocol with a view to there 
being the possibility of an obstacle. In this regard, they may 
have traded off the biomechanical cost of a higher trajectory in 
favour of avoiding a more taxing and perhaps compromising 

1 3

Page 7 of 9      9 

https://doi.org/10.1007/s00221-024-06951-3
https://doi.org/10.1007/s00221-024-06951-3


Experimental Brain Research           (2025) 243:9 

Glover S, Baran M (2017) The motor-cognitive model of motor imag-
ery: evidence from timing errors in simulated reaching and grasp-
ing. J Exp Psychol Hum 43:1359–1375. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​
x​h​p​0​0​0​0​3​8​9​​​​​​​

Glover S, Dixon P (2013) Perseveration effects in reaching and grasp-
ing rely on motor priming and not perception. Exp Brain Res 
226:53–61. https:/​/doi.or​g/10.10​07/s0​0221-013-3410-y

Glover S, Bibby E, Tuomi E (2020) Executive functions in motor 
imagery: support for the motor-cognitive model over the func-
tional equivalence model. Exp Brain Res 238:931–944. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​2​2​1​-​0​2​0​-​0​5​7​5​6​-​4​​​​​​​

Griffiths D, Tipper SP (2009) Priming of reach trajectory when observ-
ing actions: hand-centred effects. Q J Exp Psychol 62:2450–2470. 
https:/​/doi.or​g/10.10​80/17​470210903103059

Griffiths D, Tipper SP (2012) When far becomes near: shared environ-
ments activate action simulation. Q J Exp Psychol 65:1241–1249. 
https:/​/doi.or​g/10.10​80/17​470218.2012.688978

Grush R (2004) The emulation theory of representation: motor control, 
imagery, and perception. Behav Brain Sci 27:377–396. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​0​1​7​/​s​0​1​4​0​5​2​5​x​0​4​0​0​0​0​9​3​​​​​​​

Gueugneau N, Crognier L, Papaxanthis C (2008) The influence of eye 
movements on the temporal features of executed and imagined 
arm movements. Brain Res 1187:95–102. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​
6​/​j​.​b​r​a​i​n​r​e​s​.​2​0​0​7​.​1​0​.​0​4​2​​​​​​​

Gueugneau N, Pozzo T, Darlot C et al (2017) Daily modulation of the 
speed-accuracy trade-off. Neuroscience 356:142–150. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​
o​​r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​s​c​i​e​n​c​e​.​2​0​1​7​.​0​4​.​0​4​3​​​​​​​

Guillot A, Hoyek N, Louis M et al (2012) Understanding the timing of 
motor imagery: recent findings and future directions. Int Rev Sport 
Exer P 5:3–22. https:/​/doi.or​g/10.10​80/17​50984X.2011.623787

Hall CR, Martin KA (1997) Measuring movement imagery ability: a 
revision of the movement imagery questionnaire. J Ment Imag 
21:143–154

Hansen S, Glazebrook CM, Anson JG et al (2006) The influence of 
advance information about target location and visual feedback on 
movement planning and execution. Can J Exp Psychol 60:200–
208. https:/​/doi.or​g/10.10​37/cj​ep2006019

Hétu S, Gregoire M, Saimpont A et al (2013) The neural network of 
motor imagery: an ALE meta-analysis. Neurosci Biobehav Rev 
37:930–949. https:/​/doi.or​g/10.10​16/j.​neubiorev.2013.03.017

Holmes PS, Collins DJ (2001) The PETTLEP approach to motor 
imagery: a functional equivalence model for sport psychologists. 
J Appl Sport Psychol 13:60–83. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​/​1​0​4​1​3​2​0​
0​1​0​9​3​3​9​0​0​4​​​​​​​

Ingram TGJ, Hurst AJ, Solomon JP et al (2022) Imagined movement 
accuracy is strongly associated with drivers of overt movement 
error and weakly associated with imagery vividness. J Exp Psy-
chol Hum 48:1362–1372. https:/​/doi.or​g/10.10​37/xh​p0001064

Jax SA, Rosenbaum DA (2007) Hand path priming in manual obstacle 
avoidance: evidence that the dorsal stream does not only control 
visually guided actions in real time. J Exp Psychol Hum 33:425–
441. https:/​/doi.or​g/10.10​37/00​96-1523.33.2.425

Jax SA, Rosenbaum DA (2009) Hand path priming in manual obstacle 
avoidance: rapid decay of dorsal stream information. Neuropsy-
chologia 47:1573–1577. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​p​s​y​c​h​o​l​o​
g​i​a​.​2​0​0​8​.​0​5​.​0​1​9​​​​​​​

Jeannerod M (1994) The representing brain: neural correlates of motor 
intention and imagery. Behav Brain Sci 17:187–245. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​1​7​/​S​0​1​4​0​5​2​5​X​0​0​0​3​4​0​2​6​​​​​​​

Jeannerod M (1999) The 25th Bartlett lecture. To act or not to act: 
perspectives on the representation of actions. Q J Exp Psychol 
52A:1–29. https:/​/doi.or​g/10.10​80/71​3755803

Khan MA, Elliott D, Coull J et al (2002) Optimal control strategies 
under different feedback schedules: kinematic evidence. J Mot 
Behav 34:45–57. https:/​/doi.or​g/10.10​80/00​222890209601930

Conflict of interest  The authors have no competing interests to declare.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

Blinch J, Kim Y, Chua R (2018) Trajectory analysis of discrete goal-
directed pointing movements: how many trials are needed for 
reliable data? Behav Res Methods 50:2162–2172. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​
1​0​.​3​7​5​8​/​s​1​3​4​2​8​-​0​1​7​-​0​9​8​3​-​6​​​​​​​

Bruton AM, Holmes PS, Eaves DL et al (2020) Neurophysiological 
markers discriminate different forms of motor imagery during 
action observation. Cortex 124:119–136. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​
/​j​.​c​o​r​t​e​x​.​2​0​1​9​.​1​0​.​0​1​6​​​​​​​

Campos JL, Siegle JH, Mohler BJ et al (2009) Imagined self-motion 
differs from perceived self-motion: evidence from a novel con-
tinuous pointing method. PLoS ONE 4:e7793. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
1​3​7​1​/​j​o​u​r​n​a​l​.​p​o​n​e​.​0​0​0​7​7​9​3​​​​​​​

Dahm SF, Rieger M (2019) Is imagery better than reality? Perfor-
mance in imagined dart throwing. Hum Mov Sci 66:38–52. ​h​t​t​​p​s​
:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​h​u​m​o​v​.​2​0​1​9​.​0​3​.​0​0​5​​​​​​​

De Grosbois J, Crainic V, Tremblay L (2018) Is twenty plenty? Track-
ing the stability of basic pointing kinematic measures over trials 
and across vision conditions. J Exerc Move Sport 50:1

Decety J, Jeannerod M (1995) Mentally simulated movements in vir-
tual reality: does Fitts’s law hold in motor imagery? Behav Brain 
Res 72:127–134. https:/​/doi.or​g/10.10​16/01​66-4328(96)00141-6

Elliott D, Helsen WF, Chua R (2001) A century later: Woodworth’s 
(1899) two-component model of goal-directed aiming. Psychol 
Bull 127:342–357. https:/​/doi.or​g/10.10​37/00​33-2909.127.3.342

Elliott D, Lyons J, Hayes SJ et al (2017) The multiple process model of 
goal-directed reaching revisited. Neurosci Biobehav Rev 72:95–
110. https:/​/doi.or​g/10.10​16/j.​neubiorev.2016.11.016

Fadiga L, Buccino G, Craighero L et al (1999) Corticospinal excit-
ability is specifically modulated by motor imagery: a magnetic 
stimulation study. Neuropsychologia 37:147–158. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​
1​0​.​1​0​1​6​/​s​0​0​2​8​-​3​9​3​2​(​9​8​)​0​0​0​8​9​-​x​​​​​​​

Faul F, Erdfelder E, Lang AG et al (2007) G*Power 3: a flexible statis-
tical power analysis program for the social, behavioral, and bio-
medical sciences. Behav Res Meth 39:175–191. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​
0​.​3​7​5​8​/​B​F​0​3​1​9​3​1​4​6​​​​​​​

Filimon F, Nelson JD, Hagler DJ et al (2007) Human cortical represen-
tations for reaching: mirror neurons for execution, observation, 
and imagery. NeuroImage 37:1315–1328. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​
6​/​j​.​n​e​u​r​o​i​m​a​g​e​.​2​0​0​7​.​0​6​.​0​0​8​​​​​​​

Fitts PM (1954) The information capacity of the human motor system 
in controlling the amplitude of movement. J Exp Psychol 47:381–
391. https:/​/doi.or​g/10.10​37/h0​055392

Fitts PM, Peterson JR (1964) Information capacity of discrete motor 
responses. J Exp Psychol 67:103–112. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​7​/​h​
0​0​4​5​6​8​9​​​​​​​

1 3

    9   Page 8 of 9

https://doi.org/10.1037/xhp0000389
https://doi.org/10.1037/xhp0000389
https://doi.org/10.1007/s00221-013-3410-y
https://doi.org/10.1007/s00221-020-05756-4
https://doi.org/10.1007/s00221-020-05756-4
https://doi.org/10.1080/17470210903103059
https://doi.org/10.1080/17470218.2012.688978
https://doi.org/10.1017/s0140525x04000093
https://doi.org/10.1017/s0140525x04000093
https://doi.org/10.1016/j.brainres.2007.10.042
https://doi.org/10.1016/j.brainres.2007.10.042
https://doi.org/10.1016/j.neuroscience.2017.04.043
https://doi.org/10.1016/j.neuroscience.2017.04.043
https://doi.org/10.1080/1750984X.2011.623787
https://doi.org/10.1037/cjep2006019
https://doi.org/10.1016/j.neubiorev.2013.03.017
https://doi.org/10.1080/10413200109339004
https://doi.org/10.1080/10413200109339004
https://doi.org/10.1037/xhp0001064
https://doi.org/10.1037/0096-1523.33.2.425
https://doi.org/10.1016/j.neuropsychologia.2008.05.019
https://doi.org/10.1016/j.neuropsychologia.2008.05.019
https://doi.org/10.1017/S0140525X00034026
https://doi.org/10.1017/S0140525X00034026
https://doi.org/10.1080/713755803
https://doi.org/10.1080/00222890209601930
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3758/s13428-017-0983-6
https://doi.org/10.3758/s13428-017-0983-6
https://doi.org/10.1016/j.cortex.2019.10.016
https://doi.org/10.1016/j.cortex.2019.10.016
https://doi.org/10.1371/journal.pone.0007793
https://doi.org/10.1371/journal.pone.0007793
https://doi.org/10.1016/j.humov.2019.03.005
https://doi.org/10.1016/j.humov.2019.03.005
https://doi.org/10.1016/0166-4328(96)00141-6
https://doi.org/10.1037/0033-2909.127.3.342
https://doi.org/10.1016/j.neubiorev.2016.11.016
https://doi.org/10.1016/s0028-3932(98)00089-x
https://doi.org/10.1016/s0028-3932(98)00089-x
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/j.neuroimage.2007.06.008
https://doi.org/10.1016/j.neuroimage.2007.06.008
https://doi.org/10.1037/h0055392
https://doi.org/10.1037/h0045689
https://doi.org/10.1037/h0045689


Experimental Brain Research           (2025) 243:9 

Romano-Smith S, Wood G, Coyles G et al (2019) The effect of action 
observation and motor imagery combinations on upper limb kine-
matics and EMG during dart-throwing. Scand J Med Sci Spor 
29:1917–1929. https:/​/doi.or​g/10.11​11/sm​s.13534

Romano-Smith S, Roberts JW, Wood G et al (2022) Simultaneous and 
alternate combinations of action-observation and motor imagery 
involve a common lower-level sensorimotor process. Psychol 
Sport Exerc 63. https:/​/doi.or​g/10.10​16/j.​psychsport.2022.102275

Rozand V, Lebon F, Papaxanthis C et al (2015) Effect of mental fatigue 
on speed-accuracy trade-off. Neuroscience 297:219–230. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​r​o​s​c​i​e​n​c​e​.​2​0​1​5​.​0​3​.​0​6​6​​​​​​​

Schubotz RI, von Cramon DY (2004) Sequences of abstract nonbio-
logical stimuli share ventral premotor cortex with action observa-
tion and imagery. J Neurosci 24:5467–5474. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​5​
2​3​/​J​N​E​U​R​O​S​C​I​.​1​1​6​9​-​0​4​.​2​0​0​4​​​​​​​

Sirigu A, Duhamel JR, Cohen L et al (1996) The mental representa-
tion of hand movements after parietal cortex damage. Science 
273:1564–1568

van Beers RJ (2009) Motor learning is optimally tuned to the proper-
ties of motor noise. Neuron 63:406–417. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​
j​.​n​e​u​r​o​n​.​2​0​0​9​.​0​6​.​0​2​5​​​​​​​

van der Wel RPRD, Fleckenstein RM, Jax SA et al (2007) Hand path 
priming in manual obstacle avoidance: evidence for abstract spa-
tiotemporal forms in human motor control. J Exp Psychol Hum 
33:1117–1126. https:/​/doi.or​g/10.10​37/00​96-1523.33.5.1117

Vealey RS, Walter SM (1993) Imagery training for performance 
enhancement and personal development. Appl Spor Psychol per 
Grow Peak Perf 2:200–221

Wakefield C, Smith D, Moran AP et al (2013) Functional equivalence 
or behavioural matching? A critical reflection on 15 years of 
research using the PETTLEP model of motor imagery. Int Rev 
Sport Exer P 6:105–121. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​/​1​7​5​0​9​8​4​X​.​2​0​1​
2​.​7​2​4​4​3​7​​​​​​​

Wright DJ, Wood G, Eaves DL et al (2018) Corticospinal excitability 
is facilitated by combined action observation and motor imag-
ery of a basketball free throw. Psychol Sport Exerc 39:114–121. 
https:/​/doi.or​g/10.10​16/j.​psychsport.2018.08.006

Yoxon E, Tremblay L, Welsh TN (2015) Effect of task-specific execu-
tion on accuracy of imagined aiming movements. Neurosci Lett 
585:72–76. https:​​​//d​oi.​or​g/10​.​10​16/j​.neu​le​t.2014.11.021

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Ladda AM, Lebon F, Lotze M (2021) Using motor imagery practice 
for improving motor performance–a review. Brain Cognition 150. 
https:/​/doi.or​g/10.10​16/j.​bandc.2021.105705

Malouin F, Richards CL (2010) Mental practice for relearning loco-
motor skills. Phys Ther 90:240–251. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​5​2​2​/​p​t​j​
.​2​0​0​9​0​0​2​9​​​​​​​

Meers R, Nuttall HE, Vogt S (2020) Motor imagery alone drives cor-
ticospinal excitability during concurrent action observation and 
motor imagery. Cortex 126:322–333. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​c​
o​r​t​e​x​.​2​0​2​0​.​0​1​.​0​1​2​​​​​​​

Moreno-Verdú M, Hamoline G, Van Caenegem EE et al (2024) Guide-
lines for reporting action simulation studies (GRASS): propos-
als to improve reporting of research in motor imagery and action 
observation. Neuropsychologia 192. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​n​e​u​
r​o​p​s​y​c​h​o​l​o​g​i​a​.​2​0​2​3​.​1​0​8​7​3​3​​​​​​​

Owen R, Wakefield CJ, Roberts JW (2024) Online corrections can 
occur within movement imagery: an investigation of the motor-
cognitive model. Hum Mov Sci 95. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​h​u​m​
o​v​.​2​0​2​4​.​1​0​3​2​2​2​​​​​​​

Piedimonte A, Conson M, Frolli A et al (2018) Dissociation between 
executed and imagined bimanual movements in autism spectrum 
conditions. Autism Res 11:376–384. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​2​/​a​u​r​
.​1​9​0​2​​​​​​​

Poletti C, Sleimen-Malkoun R, Temprado JJ et al (2015) Older and 
younger adults’ strategies in sensorimotor tasks: insights from 
Fitts’ pointing task. J Exp Psychol Hum 41:542–555. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​
o​​r​g​/​1​0​.​1​0​3​7​/​x​h​p​0​0​0​0​0​3​3​​​​​​​

Poletti C, Sleimen-Malkoun R, Lemaire P et al (2016) Sensori-motor 
strategic variations and sequential effects in young and older 
adults performing a Fitts’ task. Acta Psychol 163:1–9. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​
o​​r​g​/​1​0​.​1​0​1​6​/​j​.​a​c​t​p​s​y​.​2​0​1​5​.​1​0​.​0​0​3​​​​​​​

Pylyshyn ZW (2002) Mental imagery: in search of a theory. Behav Brain 
Sci 25:157–182. https:/​/doi.or​g/10.10​17/s0​140525x02000043

Rieger M, Boe SG, Ingram TGJ et al (2023) A theoretical perspective 
on action consequences in action imagery: internal prediction as 
an essential mechanism to detect errors. Psychol Res. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​
o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​4​2​6​-​0​2​3​-​0​1​8​1​2​-​0​​​​​​​

Roberts JW, Bennett SJ (2022) Online control of rapid target-directed 
aiming using blurred visual feedback. Hum Mov Sci 81. ​h​t​t​​p​s​:​/​​/​d​
o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​h​u​m​o​v​.​2​0​2​1​.​1​0​2​9​1​7​​​​​​​

Roberts JW, Wood G, Wakefield CJ (2020) Examining the equivalence 
between imagery and execution within the spatial domain – does 
motor imagery account for signal-dependent noise? Exp Brain Res 
238:2983–2992. https:/​/doi.or​g/10.10​07/s0​0221-020-05939-z

1 3

Page 9 of 9      9 

https://doi.org/10.1111/sms.13534
https://doi.org/10.1016/j.psychsport.2022.102275
https://doi.org/10.1016/j.neuroscience.2015.03.066
https://doi.org/10.1016/j.neuroscience.2015.03.066
https://doi.org/10.1523/JNEUROSCI.1169-04.2004
https://doi.org/10.1523/JNEUROSCI.1169-04.2004
https://doi.org/10.1016/j.neuron.2009.06.025
https://doi.org/10.1016/j.neuron.2009.06.025
https://doi.org/10.1037/0096-1523.33.5.1117
https://doi.org/10.1080/1750984X.2012.724437
https://doi.org/10.1080/1750984X.2012.724437
https://doi.org/10.1016/j.psychsport.2018.08.006
https://doi.org/10.1016/j.neulet.2014.11.021
https://doi.org/10.1016/j.bandc.2021.105705
https://doi.org/10.2522/ptj.20090029
https://doi.org/10.2522/ptj.20090029
https://doi.org/10.1016/j.cortex.2020.01.012
https://doi.org/10.1016/j.cortex.2020.01.012
https://doi.org/10.1016/j.neuropsychologia.2023.108733
https://doi.org/10.1016/j.neuropsychologia.2023.108733
https://doi.org/10.1016/j.humov.2024.103222
https://doi.org/10.1016/j.humov.2024.103222
https://doi.org/10.1002/aur.1902
https://doi.org/10.1002/aur.1902
https://doi.org/10.1037/xhp0000033
https://doi.org/10.1037/xhp0000033
https://doi.org/10.1016/j.actpsy.2015.10.003
https://doi.org/10.1016/j.actpsy.2015.10.003
https://doi.org/10.1017/s0140525x02000043
https://doi.org/10.1007/s00426-023-01812-0
https://doi.org/10.1007/s00426-023-01812-0
https://doi.org/10.1016/j.humov.2021.102917
https://doi.org/10.1016/j.humov.2021.102917
https://doi.org/10.1007/s00221-020-05939-z

	﻿Trajectory priming through obstacle avoidance in motor imagery – does motor imagery comprise the spatial characteristics of movement?
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Participants
	﻿Task and materials
	﻿Procedure
	﻿Dependent measures and analysis

	﻿Results
	﻿Imagery at trial n-1
	﻿Spatial trajectory priming at trial n

	﻿Discussion
	﻿References


