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Abstract
Reach-to-grasp movements feature the integration of a reach directed by the extrinsic (location) features of a target and a 
grasp directed by the intrinsic (size, shape) features of a target. The action-perception theory suggests that integration and 
scaling of a reach-to-grasp movement, including its trajectory and the concurrent digit shaping, are features that depend upon 
online action pathways of the dorsal visuomotor stream. Scaling is much less accurate for a pantomime reach-to-grasp move-
ment, a pretend reach with the target object absent. Thus, the action-perception theory proposes that pantomime movement 
is mediated by perceptual pathways of the ventral visuomotor stream. A distinguishing visual feature of a real reach-to-grasp 
movement is gaze anchoring, in which a participant visually fixates the target throughout the reach and disengages, often by 
blinking or looking away/averting the head, at about the time that the target is grasped. The present study examined whether 
gaze anchoring is associated with pantomime reaching. The eye and hand movements of participants were recorded as they 
reached for a ball of one of three sizes, located on a pedestal at arms’ length, or pantomimed the same reach with the ball 
and pedestal absent. The kinematic measures for real reach-to-grasp movements were coupled to the location and size of 
the target, whereas the kinematic measures for pantomime reach-to-grasp, although grossly reflecting target features, were 
significantly altered. Gaze anchoring was also tightly coupled to the target for real reach-to-grasp movements, but there was 
no systematic focus for gaze, either in relation with the virtual target, the previous location of the target, or the participant’s 
reaching hand, for pantomime reach-to-grasp. The presence of gaze anchoring during real vs. its absence in pantomime 
reach-to-grasp supports the action–perception theory that real, but not pantomime, reaches are online visuomotor actions 
and is discussed in relation with the neural control of real and pantomime reach-to-grasp movements.

Keywords Action–perception · Pantomime reaching · Reach-to-grasp · Dorsal stream · Ventral stream · Visually guided 
reaching · Visual attention

Introduction

A real reach-to-grasp movement to a visual target is dif-
ferent from a pantomime or pretend reach-to-grasp in 
which the target is absent. A real reach-to-grasp movement 

features scaling of the hand’s trajectory and digit shape in 
relation with a target, whereas scaling for a pantomime 
reach-to-grasp is inaccurate relative to the pantomimed 
target (Goodale et al. 1994; Westwood et al. 2000; Fukui 
and Inui 2013; Holmes et al. 2013; Kuntz and Whishaw 
2016). One interpretation of the kinematic differences is 
that they support the action–perception theory. The theory 
proposes that real reach-to-grasp movements are online 
actions mediated by dorsal stream visuomotor pathways, 
whereas pantomime reaches are offline actions mediated 
by ventral stream visuotemporal pathways (Milner and 
Goodale 2008). The action–perception theory is further 
corroborated by studies with neurological patients with 
visual form agnosia (D.F.) and optic ataxia (I.G.). Patient 
D.F. sustained damage largely to the ventral stream with 
some bilateral posterior parietal damage (James et  al. 
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2003; Bridge et al. 2013) which hindered her ability to 
pantomime reach movements, but left intact her ability 
to grasp real objects (Goodale et al. 1991). In contrast, 
patient I.G.’s bilateral posterior parietal damage impaired 
the real reach-to-grasp movement to a real object more 
severely than the same movement to a remembered object 
(Milner et al. 2001). Although both behavioral and neu-
rological studies support the action–perception theory’s 
explanation of real and pantomimed movements, a num-
ber of lines of research suggest that both real and panto-
mime actions are perhaps more complex in the form that 
they take and in their neural substrates. For example, the 
presence/absence of contextual cues can influence pan-
tomime movements (Gentilucci et al. 1996; Coats et al. 
2008; De Stefani et al. 2014; Kuntz and Whishaw 2016) 
as can the presence/absence of haptic feedback associ-
ated with grasping a real object (Bingham et al. 2007; 
Chan and Heath 2017; Jazi and Heath 2017; Rinsma et al. 
2017). With respect to identifying neural pathways, fMRI 
activation in the dorsal stream occurs for both real and 
pantomime reaching, but in different hemispheres (Królic-
zak et al. 2007; Cohen et al. 2009). In addition, Vry et al. 
(2015) suggest that pantomime movement is mediated 
by at least two pathways, a dorsoventral pathway that is 
involved in the representation of the virtual target and a 
more ventral temporofrontal pathway projecting through 
the extreme capsule that represents the pantomime action 
[see also, (Hoeren et al. 2014; Goldenberg 2017)].

A central characteristic of the visual control of real reach-
to-grasp that likely contributes to its performance as an 
online movement is gaze anchoring. At about the time that 
a reach is initiated, a target is visually fixated and fixation 
is maintained until about the time that the target is grasped. 
Visual fixation is disengaged, often with a blink and/or 
head aversion (Prablanc et al. 1979; Neggers and Bekker-
ing 2000; de Bruin et al. 2008; Sacrey and Whishaw 2012a). 
Similar gaze anchoring occurs when participants point to a 
target (Neggers and Bekkering 2000; Prablanc et al. 1979). 
Because real-reaching features two movements, the reach 
that directs the hand to the target guided by the extrinsic 
(location) features of the target, and the grasp that shapes the 
hand guided by the intrinsic (size and shape) features of the 
target (Arbib 1981; Jeannerod 1981; Jeannerod et al. 1994), 
gaze anchoring may be required to integrate these two move-
ments. In the absence of gaze anchoring, as occurs when 
participants reach without vision or reach into peripheral 
vision, the reach and grasp dissociate, such that the reach is 
used to locate the target and the grasp is formed in response 
to touch cues obtained from the target (Karl et al. 2012; Hall 
et al. 2014). Similarly, as the contextual cues available dur-
ing pantomime reaching are reduced, there is a systematic 
loss of the integration of reach/grasp movements (Kuntz and 
Whishaw 2016). These findings raise the question of the 

extent to which the absence of movement scaling featured in 
pantomime reaching is due to the absence of visual control 
of the movement provided by gaze anchoring.

The purpose of the present study was to investigate 
whether a distinguishing feature of real vs. pantomime 
reach-to-grasp movements is the presence vs. absence of 
gaze anchoring. For the real reach-to-grasp task, participants 
reached for three targets, small, medium, and large balls that 
were located on a pedestal in front of them. For the panto-
mime task, the target ball and pedestal were absent and par-
ticipants were briefly shown a ball and instructed to pretend 
to reach for it. Participants wore scene-based eye-tracking 
goggles as well as electromagnetic sensors attached to the 
hand to monitor eye and hand movements. This arrangement 
documented where participants were looking as they com-
pleted both real reaches and pantomime reaches.

Materials and methods

Participants

Participants were 21 right-handed young adults (11 female, 
10 male; mean age 19.95 ± 0.9 months) recruited from 
Thompson Rivers University introductory psychology 
classes and received class credit for their participation. Each 
participant gave informed consent, authorized use of photos 
or videos, and was self-reported as having no history of neu-
rological, sensory, or motor disorders as well as normal, or 
corrected-to-normal, visual acuity. The University of Leth-
bridge and Thompson Rivers University, Human Subject 
Research Ethics Committees approved the study.

Apparatus

Participants were seated in a brightly lit room with a self-
standing height-adjustable pedestal placed in front of them. 
The pedestal was placed at a horizontal reach distance nor-
malized to the participant’s arm length (100% of the length 
of the shoulder to the tip of the index finger with the elbow 
at 180° flexion) and the height of the pedestal was adjusted 
to the participant’s trunk height, with 100% of height from 
floor to outstretched arm while seated with the arm–shoul-
der at 90° flexion (Whishaw et al. 2002). This experimental 
setup allowed participants to naturally reach with their right 
hand towards the pedestal to pick up the target object as 
three measures of reaching behavior were made:

1. Video recording Two high-speed video cameras recorded 
behavior throughout the task. Filming was performed at 
30 Hz and 1/1000 shutter speed with cameras placed to 
capture both frontal and lateral views.
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2. Hand kinematics Thumb, index, and wrist movements 
were acquired online at 60  Hz using a trakSTAR® 
(Ascension Technology Corporation) system. The posi-
tion of the digits and wrist was calculated from electro-
magnetic sensors placed on the participant’s hand; two 
on the distal phalanges of the thumb and index finger, 
and one on the wrist on the anterior aspect of the ulnar 
styloid, with respect to the transmitter. The transmitter 
was fastened to the floor beneath the participant’s right 
chair legs, such that the transmitter and the hand’s start 
position were vertically aligned.

3. Eye movement Eye movement was recorded using a 
ViewPoint  EyeTracker® (Arrington Research, Inc) a 
monocular scene-based eye-tracking device. Eye-track-
ing glasses were worn for the entirety of the experi-
ment and collected data at a sampling rate of 30 Hz. A 
16-point eye calibration was performed prior to data col-
lection and was adjusted if necessary during the experi-
ment (when there was a significant drift between gaze 
point and the target to be fixated).

Reach targets

Participants reached for three targets (spherical balls) 
each with a different size: small (circumference = 15.5 cm, 
diameter = 4.9 cm, volume = 19.1 cm3), medium (circum-
ference = 20.5 cm, diameter = 6.5 cm, volume = 33.4 cm3), 
and large (circumference = 22.5 cm, diameter = 7.2 cm, vol-
ume = 40.3 cm3). Balls, rather than other target objects, were 
selected, because a reach directed towards a ball is not influ-
enced by intrinsic properties other than size. The sizes of 
the balls were chosen based on preliminary experiments in 
which participants reliably judged that the balls represented 
increasingly larger sizes. The small and medium targets had 
a rougher surface compared to the smoother plastic of the 
large target. The textual properties and surface colorations 
were intentionally chosen to be different so as to not dis-
tract the participants from the size differences. Targets were 
placed at the centroid of the pedestal prior to trial initiation.

Procedure

A participant was seated in a comfortable upright position 
with the feet flat on the floor with their hands placed in the 
start position. The start position for the right hand was marked 
on the dorsum of the upper thigh, and participants started 
with their thumb and index finger in opposition, whereas the 
left hand was resting in an open and relaxed position on the 
dorsum of the left upper thigh. Participants were then pre-
sented with a set of practice trials, where they reached out and 
grasped an object and brought it back to their chest. This was 
done so that participants would not only be accustomed to the 

task, but to ensure that the equipment would not interfere with 
their natural reach-to-grasp movement.

Participants adopted the start position between trials and 
waited for a start prompt which was a verbal “1-2-3-GO” 
command. The experiment consisted of two tasks:

1. Real reach For the real task, participants were instructed 
to “reach out and grasp the target and bring it back to 
your chest”.

2. Pantomime reach For the pantomime reach, a partici-
pant was shown a ball for which they should reach, but 
the ball was not present during the reach. The pedestal 
was also removed, because preliminary work suggested 
that if it were present the task would in part comprise a 
pointing task for which gaze anchoring would be present 
(Neggers and Bekkering 2000; Prablanc et al. 1979), a 
feature that would thus confound the objectives of the 
present study. The instructions for the real reach and 
the pantomime reach tasks were otherwise similar; the 
participants were instructed to “reach for the real ball 
and bring it to your chest”, or instructed to “reach out 
and grasp the (small, medium, or large) ball at the same 
location as you had for the real condition and bring it to 
your chest.”

All reaches for the real task were completed prior to the 
pantomime task. This was done to ensure that all participants 
were familiar with the real task before they performed the 
pantomime.

Experimental design

The study used a 2 × 3 × 3 repeated-measures within-subjects 
design. Each participant performed the reach-to-grasp move-
ment under two task conditions (real vs. pantomime), for 
three different sized targets per task (small, medium, and 
large), at a rate of three trials (1, 2, and 3) per target per 
task. Trial number was based on the previous reach-to-grasp 
studies (Karl et al. 2013). This experimental design allowed 
for adequate statistical power while ensuring participants 
remained attentive. Thus, each participant completed a total 
of 18 reaching trials. Each scenario is illustrated in Fig. 1. 
Figure 1a–c illustrates the real reach task with a ball of each 
of the three different sizes, and Fig. 1d–f illustrates the pan-
tomime reach task.

Data analysis

Hand movements

Kinematic events were processed offline using custom-writ-
ten algorithms created in  Matlab® (Version R2016b; The 
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Mathworks, Natick, MA, USA). A participant made a lateral 
movement with the reaching hand before they placed the 
hand in the start position with the first two digits in opposi-
tion. On the kinematic record, this movement was used to 
separate data into discrete trials. Movement initiation was 
defined as a minimum wrist velocity threshold of 5 mm/s 
in the frontal direction after the 1-2-3-GO command. With-
draw was defined as occurring after the grasp and consti-
tuted a backwards movement of the hand back to the body. 
The reach-to-grasp movement then consisted of measures 
between reach initiations to withdraw. Kinematic measures 
determined from the data consisted of the following:

1. Maximum pre-grasp Maximum pre-grasp was defined as 
the maximum index-thumb aperture obtained between 
the movement initiation and grasp.

2. Grasp Grasp was defined as the minimal closing aper-
ture between the index finger and thumb, prior to the 
beginning of the withdraw movement.

3. Maximum height Maximum height was defined as the 
maximal vertical displacement of the index finger prior 
to the beginning of the withdraw movement and was 
measured relative to the dorsal surface of the pedestal 
platform.

4. Reach duration Reach duration was defined as the time 
difference between movement initiation and grasp.

Gaze direction

Participant visual fixations, relative to the visual scene 
in front of them, were analyzed offline using Point Picker 

(ImageJ, Natick, MA, USA). In the real reach task, rela-
tive gaze measures were calculated from 8 points that were 
identified by stepping through the visual fixation data 
frame-by-frame. The 8 points were the tips of the thumb 
and index finger, the three corners of the pedestal, the fixa-
tion point, and the center of the target. For the pantomime 
reach task, 4 points were identified: tips of the thumb and 
index finger, the tripod block of the camera positioned in 
front of the participant, and the fixation point. Sometimes, 
the eye tracker lost track of the eye, due to blinks, eyelash 
interference, or other unknown factors. If the eye track-
ing was lost at an abnormal rate on multiple trials across 
reach scenarios, data from that participant was discarded; 
therefore, eye movement results are derived from 17 sub-
jects. The locations of visual fixations were derived from 
these measures.

Visual distance Measures of visual fixation were taken at 
three different timepoints during each reaching trial: move-
ment initiation, midpoint of hand transport—defined as 50% 
of reach duration, and termination of reach signified by a 
grasp. Three measures of gaze fixation were taken at each 
timepoint.

Distance of gaze fixation relative to the center of the ped-
estal. The mean position of the center of the pedestal in the 
real condition was defined as the location of the “center of 
the pedestal” in the pantomime condition.

Distance of gaze fixation relative to the midpoint between 
the thumb and index finger.

Distance of gaze fixation relative to the eventual grasp 
location as indicated by the midpoint between the tip of the 
first and second digits at the time of grasp for that trial.

Fig. 1  Real- and pantomime-reaching conditions. a Real small, b real 
medium, c real large. In the real conditions, the participant reached 
from their lap for a ball (small, medium, and large) located on a ped-

estal at arms length and brought the ball back to the chest. d Panto-
mime small, e pantomime medium, f pantomime large. In the panto-
mime conditions, neither the ball nor the pedestal were present
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Visual trajectory To calculate the gaze trajectory associ-
ated with the real reach-to-grasp movement and the panto-
mime of the movement, the distance between gaze fixation 
and the center of the pedestal was measured on each frame, 
beginning ten frames prior to reach initiation and ending 
five frames after grasp completion. Data were interpolated 
to plot average visual trajectory in relation with reach time.

Statistical analysis

All data were analyzed using repeated-measures, analysis of 
variance (RM-ANOVA), and ANOVAs of the coefficient of 
variation, when appropriate, using the statistical computer 
program SPSS (v.24.0.0). A p value of < 0.05 was consid-
ered significant.

Data for gaze fixation relative to the pedestal, gaze fixa-
tion relative to the hand, and gaze fixation relative to grasp 
location were analyzed using Time (Initiation, Midpoint, and 
Grasp), Task (Real and Pantomime), Size (SM, MD, and 
LG), and Trials (1, 2, and 3), as the within-subjects factors. 
Visual Trajectory data were calculated using Fixation Point 
(relative to Pedestal, relative to Hand), Task (Real and Pan-
tomime), Size (SM, MD, and LG), Trials (1, 2, and 3), and 
Frame (1–30) as the within-subjects factors.

Hand movement data were calculated using Task (Real 
and Pantomime), Size (SM, MD, and LG), and Trials (1, 2, 
and 3), as the within-subjects factor for the separate depend-
ent variables of Maximum Pre-Grasp, Grasp, Maximum 
Height, and Reach Duration. Additional tests of variance 
were calculated for kinematic data for Group (RealSM, 
RealMD, RealLG, PantSM, PantMD, and PantLG). Post-
hoc tests with Bonferroni corrections were completed after 
statistical significance was determined. Results are reported 
as mean ± standard error.

Results

Reach duration

Reach-to-grasp movements for both real and pantomime 
conditions were completed in under 0.8  s, but the time 
to complete a real reach was significantly longer than the 
time to complete a pantomime reach, F(1,16) = 6.693, 
p = 0.020. There was a significant main effect of ball size, 
F(2,32) = 5.259, p = 0.011, and post-hoc tests with Bon-
ferroni correction indicated that the average duration was 
longer for the small ball than for the medium and large balls 
for both real and pantomime reaches (p < 0.001). There 
was no significant main effect of trials, F(2,32) = 0.397, 
p = 0.676, nor a significant interaction of task by size 
F(2,32) = 0.175, p = 0.840.

Maximum pre‑grasp aperture and grasp aperture

Figure 2 shows that both maximum pre-grasp aperture and 
grasp aperture were larger for real reaches than for pan-
tomime reaches, although both measures increased with 
ball size for both real reaches and pantomime reaches. The 
difference in maximum pre-grasp aperture between real 
reaches and pantomime reaches (Fig. 2a) was not significant 
F(1,20) = 0.041, p = 0.842, but there was a significant main 
effect of ball size [size F(2,40) = 41.58, p < 0.001]. Further-
more, there was no significant interaction of task by size, 
F(2,40) = 1.478, p = 0.240. Nevertheless, the boxplots of 
maximum pre-grasp aperture size in Fig. 2a did suggest that 
there was greater variance in the maximum pre-grasp aper-
ture size for the pantomime reaches vs. real reaches. This was 
confirmed by running an ANOVA of the coefficient of vari-
ation, F(5,377) = 26.361, p < 0.001. Follow-up paired sam-
ples t tests revealed significant differences in the scores for 
real small (M = 0.1362, SD = 0.1018) and pantomime small 
(M = 0.1862, SD = 0.1238) coefficient of variation; t(62)= 
− 2.228, p = 0.030, and real large (M = 0.1041, SD = 0.0664) 
and pantomime large (M = 0.1375, SD = 0.1015) coefficient 
of variation; t(62)= − 2.055, p = 0.044.

An ANOVA of grasp aperture (Fig. 2b) showed that grasp 
aperture size was larger for real reaches than for pantomime 
reaches, task, F(1,20) = 12.930, p = 0.002. Furthermore, 
the grasp aperture increased with target size as was con-
firmed by a significant main effect of size F(2,40) = 63.026, 
p < 0.001. No significant interaction between task by size, 
F(2,40) = 0.319, p = 0.729, was found. Follow-up analyses 
indicated that the small, medium, and large ball sizes were 
all significantly different from one another in both tasks. In 
addition, the boxplots in Fig. 2b suggested that there was 
greater variance in grasp aperture for pantomime reaches 
vs. real reaches, which was confirmed by a significant coef-
ficient of variation for task F(5,377) = 6.103, p < 0.001.

Maximum reach height

Figure 3 summarizes the results of maximum height of 
the index finger relative to the surface of the pedestal for 
the real reach vs. the pantomime reach tasks. Peak height 
increased with target size as was confirmed by a significant 
main effect of size, F(2,40) = 21.485, p < 0.001. Post-hoc 
tests with Bonferroni correction revealed significant differ-
ences for the small and medium (p < 0.001) and the small 
and large target (p < 0.001), but not for the medium and 
large target (p > 0.05). An ANOVA also revealed a sig-
nificant main effect of task F(1,20) = 18.333, p < 0.001. 
Follow-up post-hoc tests with Bonferroni correction 
revealed significant differences in the peak height scores 
for real small (M = 0.0344, SD = 0.0392) vs. pantomime 
small (M = 0.0778, SD = 0.0689) coefficient of variation; 
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t(62)= −  5.842, p = 0.000, real medium (M = 0.0476, 
SD = 0.0611) vs. pantomime medium (M = 0.0707, 
SD = 0.0076) coefficient of variation; t(62)= − 2.940, 
p = 0.005, and real large (M = 0.0281, SD = 0.0342) vs. 
pantomime large (M = 0.0710, SD = 0.0081) coefficient 
of variation; t(62)= − 4.884, p < 0.001.

Gaze direction

The gaze direction of participants on the real-reaching task 
was directed to the target from movement initiation to about 
the time the target was grasped. Figure 4, top shows a typi-
cal example of gaze anchoring, in which gaze remained on a 
target during a participant’s real reach. During pantomime, 
there was no systematic relationship between gaze and the 
target and Fig. 4, bottom shows an example in which gaze is 
directed well above the virtual target at initiation, approxi-
mately halfway through the reach, gaze is briefly directed 
towards the participant’s hand and then quickly returns to 
a point above the target. Support for the differences for this 
general finding is given in the following paragraphs.

Figure 5 shows that the distance between visual fixation 
and the pedestal at reach initiation, reach midpoint, and 
grasp was smaller for the real reach task than the pantomime 
reach task. Figure 5, left shows that gaze distance for the real 
reaches at reach initiation, the midpoint of the reach, and at 
the grasp was significantly closer to the platform than it was 
for pantomime reaches. That the gaze fixation point for real 
reaches was closer to the platform than that of pantomime 
reaches was confirmed by an ANOVA that gave a significant 
main effect of task F(1,16) = 33.249, p < 0.001. There was a 
significant main effect of size F(2,32) = 5.768 p = 0.007 but 
no significant main effect of time F(2,32) = 0.666 p = 0.521.

Figure 5, right shows gaze fixation position relative to the 
pedestal’s surface for all ball sizes of each participant. The 
distance of the gaze fixation points relative to the center of 
the pedestal surface at reach initiation, reach midpoint, and 

Fig. 2  Maximum pre-grasp and grasp aperture. a Box plot of aperture 
at maximum pre-grasp in real (red) and pantomime (blue) conditions 
showing the third quartile (Q3) and the first quartile (Q1). b Box plot 

of aperture at grasp in real (red) and pantomime (blue) conditions. 
(**p < 0.01). Aperture variability is high in pantomime conditions

Fig. 3  Box plot of maximum height of the index finger in real (red, 
left) and pantomime (blue, right) conditions showing the third quar-
tile (Q3) and first quartile (Q1) (***p < 0.001). Peak height variability 
is high in pantomime conditions
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grasp for individual participants was smaller for the real vs. 
the pantomime task. At all three timepoints in the real reach 
task, most participants fixated the target, as is represented 
by the dense population of red symbols above the pedestal. 
Only at reach initiation and grasp was there variation in gaze 
fixation in the real reach task (when participants initiated 
gaze anchoring or disengaged gaze anchoring). The fixa-
tion points for the pantomime reaches were more frequently 
displaced from the virtual platform location and were more 
variable at all points in the reach as is indicated by the more 
dispersed blue symbols.

Figure 6 illustrates that the absolute distance between the 
gaze point and the center of the platform of the pedestal was 
maintained throughout the reach in the real reach task. That 
is, once the reach was initiated, gaze was directed to, and 
then anchored on, the target until the target was grasped in 
the real reach condition. There was no similar gaze anchor-
ing for the pantomime reach task. An ANOVA on gaze 
location distance relative to the platform confirmed that 
real reaches were different, in that they were more closely 
anchored on the target, than pantomime reaches, task, 
F(1,16) = 32.090, p < 0.001. There was also a significant 
main effect of frame of the reach with the gaze fixation point 
being directed to the target at the beginning of the reach and 
away from the target at the end of the reach, with maximum 

fixation on the target occurring around the midpoint of the 
reach, which was greater for real reaches vs. pantomime 
reaches, as confirmed by a significant main effect for frame 
F(29,464) = 5.249, p < 0.001, and a significant interaction 
of task x frame F(29,464) = 2.524, p < 0.001, no significant 
interaction for task x size F(2,32) = 0.998, p = 0.380.

In addition, Fig. 7 shows that variance in gaze location 
relative to the pedestal surface decreased as a real reach was 
initiated specifically in the latter two-thirds of the reach. 
Variance during the pantomime condition did not follow this 
trend and exhibited greater variance with minimal change 
with reach progression.

Distance of gaze fixation point relative to the hand 
and virtual target

The finding that gaze is directed to the platform throughout 
the duration of the real reach task raised the question of 
whether there was any systematic gaze direction for the pan-
tomime reach task. There were two possibilities, participants 
in the pantomime task might be looking at their hand, or 
they might be looking at the virtual target, i.e., the location 
at which they will make a grasp movement.

Figure 8a shows that during the pantomime task, par-
ticipants did not fixate on the reaching hand at any of the 

Fig. 4  Still frames of gaze point and reach behavior taken prior to 
reach initiation until withdraw of the hand for the medium-sized tar-
get in the real condition (top) and pantomime condition (bottom). 

Gaze is anchored to the target in the real condition from reach initia-
tion until disengagement at grasp, whereas in the pantomime condi-
tion, gaze is not anchored to the target
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timepoints measured: initiation, midpoint, and grasp. Fig-
ure 8a shows that as the reaching hand approached the target, 
the distance between gaze fixation and the hand location 
for real reaches decreased (because the hand was approach-
ing the gaze fixation point near the pedestal). These dif-
ferences between the real and the pantomime task were 

confirmed by an ANOVA that gave significant main effects 
of task, F(1,16) = 35.220, p < 0.001, time, F(2,32) = 210.730 
p < 0.001, and an interaction of time × task, F(2,32) = 0.005, 
p = 0.995. For pantomime reaches, there was only a slight 
tendency for participants to direct their gaze towards the 
reaching hand and then only for the terminal point of the 
reach and mainly for smaller ball sizes, but this did not reach 
statistical significance. The ANOVA also gave a significant 
main effect of ball size, F(2,32) = 11.665, p < 0.001, and 
an interaction between task and ball size, F(2,32) = 5.698, 
p = 0.008.

Figure  8b shows that during the real task, partici-
pants visually fixated on the target at all points during the 
reach, but there was no similar fixation on the virtual tar-
get in the pantomime task. An ANOVA on gaze to target 

Fig. 5  Visual fixation relative to the pedestal at three timepoints of 
the reach. Left. Average absolute distance from point-of-gaze to 
center of the pedestal (mean ± standard error) in the real (red, left) 
and pantomime (blue, right) conditions at three timepoints: a initia-
tion, b midpoint, and c grasp. (**p < 0.01, ***p < 0.001). Right: vis-
ual fixation points of all participants relative to the pedestal. Average 
distance from point-of-gaze to the center of pedestal for the entire 
reach-to-grasp movement in the real and pantomime conditions 
for three target sizes: small circle, medium right triangle, and large 
arrow. Visual trajectory is closely linked to the target’s location for 
the real reaches, but is more variable for pantomime reaches

Fig. 6  Visual fixation throughout the reach relative to the center 
of the platform for real (red) and pantomime (blue) reaches 
(mean ± standard error). The gaze point is directed towards the ped-
estal at the beginning of the reach and away from the pedestal at the 
grasp for real reaches but not for pantomime reaches
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distance confirmed that the distance was smaller for the 
real reach vs. the pantomime reach task, F(1,16) = 19.306, 
p < 0.001. There were also significant main effects of 
time, F(2,32) = 1.237 p = 0.304, and size, F(2,32) = 9.182, 
p = 0.001. Furthermore, there were significant interactions 
of time x task F(2,32) = 12.802, p < 0.001 and task X size 
F(2,32) = 5.407, p = 0.009. Pairwise analyses revealed 
that the fixation to target distance for the small ball was 
smaller (p = 0.001) from the medium ball (p = 0.002). Taken 
together, these results suggest, whereas participants in the 
real condition were looking at the real target; only some 
of the participants in the pantomime task, and mainly for 
the small ball, were directing their gaze towards the virtual 
location of the target, and then only towards the end of the 
reach, the point at which participants in the real reach task 
disengaged.

Discussion

This study compared gaze anchoring and hand shaping 
movements associated with real reach-to-grasp move-
ments, reaching for a ball of one of the three different 
sizes located on a pedestal, and pantomime reach-to-grasp 
movements, pretending to reach for one of the target balls 
on a pedestal, with the ball and pedestal absent. When 
making real reaches, participants visually fixated the target 
as the reaching movement was initiated and disengaged 
visual fixation of the target at about the point that the 
target was grasped, a behavior that is referred to as gaze 
anchoring. Gaze anchoring was absent in the pantomime 
reach task. Real reach-to-grasp movements also featured 
kinematic measures of the reach, i.e., maximum height, 

maximum pre-grasp, and grasp that were proportional to 
the size of the target. Pantomime reaches featured kin-
ematic measures for the reach in which scaling did not 
reflect the actual target size. Furthermore, during panto-
mime movements, gaze was not systematically related to 
the previous location of the target, the virtual location of 
the target as defined by the point that a participant made 
a grasping movement, or the participant’s hand. The pres-
ence of gaze anchoring during real reach-to-grasp is con-
sistent with the action–perception theory that proposes 
that real visuomotor action is mediated via dorsal stream 
online control. The absence of gaze anchoring during pan-
tomime reach-to-grasp is consistent with the action–per-
ception theory proposal that pantomime is mediated by 
offline control.

The present study supports previous work showing that 
the reach trajectory and hand shaping movement associated 
with a pantomime reach is different from that associated 
with a real reach (Goodale et al. 1994; Westwood et al. 
2000; Fukui and Inui 2013; Holmes et al. 2013; Kuntz and 
Whishaw 2016). Here, we found that a pantomime reach 
featured a peak height that was larger than that of real reach, 
a peak aperture (maximum pre-grasp) and minimum aper-
ture (grasp) between the first two digits that was smaller 
than that of a real reach, and a movement duration that was 
shorter than that of a real reach. In addition, the variability 
in the kinematic measure of pantomime reaches was greater 
than that of real reaches. In general, that there are kinematic 
differences between real reaches and pantomime reaches is 
consistent with the original finding of Goodale et al. (1994).

Nevertheless, previous work has also shown that panto-
mime movements are influenced by visual contextual cues 
(Gentilucci et al. 1996; Coats et al. 2008; De Stefani et al. 
2014; Kuntz and Whishaw 2016). For example, in a task 
in which participants reach for a food item located on a 
pedestal, kinematic measures are different depending upon 
whether the participants pantomime with the pedestal dis-
placed, absent, or pantomime without vision (Kuntz and 
Whishaw 2016). Therefore, it might be expected that kin-
ematic differences in real and pantomime reaching will vary 
from experiment to experiment in concert with contextual 
differences. The pedestal was removed in the present study, 
because its presence, although requiring a pantomime grasp, 
would nevertheless provide a target for the reach. In this 
respect, the task would be a pointing task, in part, and point-
ing tasks have been shown to feature gaze anchoring (Neg-
gers and Bekkering 2000; Prablanc et al. 1979). All of the 
other room cues were unchanged for the real and pantomime 
tasks and the subjects were sighted. Therefore, in general, 
the test situation and the kinematic results are sufficiently 
similar to test situations used in previous work to make a 
rigorous comparison of the gaze activity associated with real 
and pantomime reaches.

Fig. 7  Average variance for all real and all pantomime reaches 
relative to the center of the platform on which the target is located 
(mean). The decrease in variance for real reaches is smallest shortly 
after the reach is initiated, but there is little change in variance for 
pantomime reaches
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Gaze anchoring associated with real reaches for balls in 
the present study was similar to that reported in previous 
work for participants reaching to grasp a food item (de Bruin 
et al. 2008; Sacrey and Whishaw 2012b). For a real reach, a 
saccade moved visual fixation to the target as the reach was 
initiated and then, about the time of the grasp, visual fixation 
on the target was disengaged, often with a blink and head 
movement. Gaze anchoring was not observed during panto-
mime reaches, as there was little systematic change in gaze 
direction from before the initiation of the reach until after the 
grasp was completed. Whereas for real reaches, the variance 
in eye fixation relative to the pedestal surface decreased to 
its lowest values in the second third of the reach, there was 
no such systematic change in variance during pantomime 

reaches. To further investigate whether gaze in pantomime 
reaches was systematically directed to any target, including 
a participant’s reaching hand or the virtual location of the 
target they were reaching for, measures were made of gaze 
direction relative to these targets. Although some partici-
pants clearly looked at their hand at some point during the 
reach and other subjects looked towards the virtual target 
that they were grasping, it was clear that there was no sys-
tematic relation of gaze to these targets. Indeed, inspection 
of gaze in individual subjects suggested that the gaze direc-
tion for each participant could change during the reach and 
was dissimilar across participants and even dissimilar from 
trial to trial. Taken together, gaze anchoring is absent in any 
form during pantomime reaching.

Fig. 8  Gaze location distance. a Gaze location—hand location dis-
tance. Average absolute distance from point-of-gaze coordinates to 
digit midpoint coordinate (mean ± standard error). b Gaze location-
reach termination location distance. Average absolute distance from 

point-of-gaze to reach termination point. For the real (red) and pan-
tomime (blue) condition at three timepoints: a initiation, b midpoint, 
and c grasp. (*p < 0.05, **p < 0.01, ***p < 0.001)
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Substantial evidence proposes that a reach-to-grasp is 
the composite of two separate movements, a reach and 
a grasp, each mediated by a different anatomical path-
way from visual cortex through the parietal cortex to the 
motor cortex (Arbib 1981; Jeannerod 1981; Jeannerod 
et al. 1994; Culham and Valyear 2006; Cavina-Pratesi 
et al. 2010; Karl et al. 2013). It is likely that gaze anchor-
ing contributes to some feature of online integration of 
the reach and the grasp; because if vision is altered by 
blindfolding or asking a participant to reach for a target 
in peripheral vision, the reaching movement decomposes, 
with the reach occurring first to locate the target and the 
grasp following in response to tactile information obtained 
from touching the target (Karl et al. 2012; Hall et al. 2014). 
Although the participants in the present pantomime task 
were sighted, the results suggested that they made little 
functional use of vision in relation with their pantomime 
reaches. Nevertheless, their pantomime movements did 
reflect experimental contingencies. They did direct their 
reaches in the general direction of the pedestal’s previ-
ous location and they did make larger hand shapes for 
larger targets. Their ability to pantomime a semblance of 
both the reach and the grasp is likely due to their previous 
experience with reaching for the different sized balls and 
to the instructions that requested that they reach for a ball 
of a particular size, memory features that depend upon 
perceptual mechanisms.

A number of experiments have attempted to normalize 
pantomime reaching, mainly by providing the participant 
with tactile information about the size of the target (Bing-
ham et al. 2007; Chan and Heath 2017; Jazi and Heath 2017; 
Rinsma et al. 2017). It is also clear from other work that even 
when participants reach without vision they begin to make 
more accurate maximum pre-grasp hand shapes for a target 
if they are able to learn about target features by touching the 
target a number of times (Karl et al. 2013). Furthermore, 
magicians, who are professionals at using sleight-of-hand, 
perform similar real and pantomime reach-to-grasps as 
long as the target has only been displaced and not removed 
entirely, which also suggests that practice may improve pan-
tomime kinematics (Cavina-Pratesi et al. 2011). Given that 
gaze anchoring is a feature of real reaching, it seems possible 
that were participants given instructions with respect to the 
use of vision during pantomime, e.g., by asking them to 
look, or giving them training in looking, their performance 
may come to more closely resemble real reaching. This pos-
sibility could be investigated in future studies. Nevertheless, 
perhaps, the more relevant question is whether improving 
pantomime measures through experiential or instructional 
shifts its performance to neural substrates that mediate real 
reaching. This question could only be answered by experi-
mental investigation using brain-imaging techniques concur-
rently with uninstructed and instructed pantomime reaches.

The present study is relevant to other aspects of the rela-
tionship between gaze anchoring and reaching movements. 
Neggers and Bekkering (2000) have discussed the possi-
ble relationships between the neural control of both atten-
tional saccades and reaching movements. They suggest that 
there is an obligatory relation between arm movements and 
visual saccades. The present study, by demonstrating that 
pantomime-reaching movements are not associated with 
gaze anchoring, suggests that any obligatory relationship 
depends upon the presence of a visual target. Although the 
neural basis of the coupling of gaze anchoring and reaching 
is uncertain, Neggers and Bekkering (2000) also review evi-
dence that suggests a role for superior colliculus projections 
into the cortical dorsal stream in gaze anchoring. Indeed, 
the monkey Helen who had received a bilateral primary 
visual cortex removal is reported to display gaze anchoring 
when reaching for food items (Whishaw et al. 2016). With 
respect to this idea, a simple distinction between real and 
pantomime reaching is that the former involves collicular 
mediation and the latter does not. In this respect, the present 
findings are also consistent with the idea that the neural basis 
of exogeneous (bottom up) vs. endogeneous (top–down) 
attentional processes (Posner 1980; Casarotti et al. 2012) 
may be dissociated with respect to subcortical vs. cortical 
sensory guidance. The present results show that whatever 
neural processes may be involved in generating a pantomime 
reach movement that resembles a real-reaching movement, 
in that a fascimily of both the reach and grasp are present, 
those processes need not concurrently evoke a fascimily of 
gaze anchoring eye movements.

In conclusion, substantial evidence supports the idea that 
pantomime reaching, as an intransitive action, is a largely 
visually independent action. This idea is supported by com-
bined fMRI/DTI imaging of imitative, imagined, and panto-
mime movements (Vry et al. 2015; Goldenberg 2017). These 
studies suggest that a ventral parietal/frontal pathway repre-
sents the imagined target, whereas a temporal/frontal path-
way independent of visual cortex represents the pantomime 
movement. Collectively, the current study highlights the dif-
ferences in visual attention in real- and pantomime-grasping 
movements. Furthermore, this study shows that online visual 
guidance is essential and tightly coupled to real reach-to-
grasp movement, whereas when a reach-to-grasp movement 
is completed in the absence of a real target, hand and eye 
movements are uncoupled. Based on these results, we con-
cur that the differential task demands of real vs. pantomime 
reaching evoke different neural systems, a central tenant of 
the action–perception theory (Milner and Goodale 2006).
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