Experimental Brain Research
https://doi.org/10.1007/500221-021-06076-x

RESEARCH ARTICLE q

Check for
updates

Priming of the Sander Parallelogram illusion separates perception
from action

Shannon A. Senanayake'® - Tiffany Carther-Krone' - Jonathan J. Marotta’

Received: 3 September 2020 / Accepted: 2 March 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

The two-visual stream hypothesis posits that the dorsal stream is less susceptible than the ventral stream to the effects of illu-
sions and visual priming. While previous studies have separately examined these perceptual manipulations, the present study
combined the effects of a visual illusion and priming to examine the possibility of dorsally guided actions being susceptible
to the perceptual stimuli due to interactions between the two streams. Thirty-four participants were primed with a ‘long’ or
‘short’ version of the Sander Parallelogram illusion and were asked to either reach out and grasp or manually estimate the
length of a rod placed on a version of the illusion that was on some trials the same as the prime (congruent) and on other
trials was the inverse (incongruent). Due to the context-focused nature of ventral processing, we predicted that estimations
would be more susceptible to the effects of the illusion and priming than grasps. Results showed that while participants’
manual estimations were susceptible to both priming and the illusion, the grasps were only affected by the illusion, not by
priming. The influence of the illusion on grip aperture was greater during manual estimations than it was during grasping.
These findings support the notion that the functionally distinct dorsal and ventral streams interact under the current experi-
mental paradigm. Outcomes of the study help better understand the nature of stimuli that promote interactions between the
dorsal and ventral streams.
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Introduction conscious visual judgements (Kravitz et al. 2013), allow-

ing us to store visual information in memory (Goodale and

Every day we encounter diverse and complex environments.
Vision allows us to identify the components and features
in our surrounding environments and interact with these
features in a meaningful way. The seamless processing and
integration of visual information that enables us to navigate
and engage with our surroundings have been explained by
Goodale and Milner’s (1992) two visual streams hypothesis.
This model explains that the cortical visual system is divided
into a dorsal stream and a ventral stream. The ventral stream
(“what” stream) transmits visual information to the inferior
temporal cortex (Goodale and Milner 1992; Ungerleider and
Mishkin 1982). The ventral stream controls perception and
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Milner 2006). The dorsal stream (“how” stream) transmits
to the posterior parietal cortex (Goodale and Milner 1992;
Ungerleider and Mishkin 1982), mediates the planning and
execution of visually guided actions and operates in real time
(Buneo and Andersen 2006; Goodale et al. 2004). The divi-
sion of labor between the two streams detailed by Goodale
and Milner (1992) has been widely supported by several
studies that have used a variety of methods, including neu-
ropsychological experiments (James et al. 2003), single cell
recordings (Fogassi et al. 2001) and neuroimaging studies
(Cavina-Pratesi et al. 2010; Culham et al. 2003).

However, emerging research has challenged the amount
of functional distinction between the two streams. Most
notably it has been found that the dorsal stream is not only
involved in the perception of object shape and structure
(Freud et al. 2015, 2018) but is also involved in primarily
perceptual tasks like face and object recognition in humans
(Jeong and Xu 2016; Zachariou et al. 2017). Furthermore,
there is evidence of dorsal stream activity that occurs prior
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to the planning and execution of actions in both human (Fail-
lenot et al. 1999; Kourtzy and Kanwisher 2000) and non-
human primates (Srivastava et al. 2009). One possible expla-
nation for the lack of clear functional distinction between
the two streams could lie in the interactions between the
dorsal and ventral streams. Anatomical studies have shown
the presence of white matter projections between the dorsal
and ventral visual areas (Yeatman et al. 2014), projections
between the inferior temporal and parietal lobes (Zhong and
Rockland 2003) and the dorsal anterior intraparietal area
having connections to the superior and middle temporal gyri
of the ventral stream (Borra et al. 2007).

While evidence for communication between the two
streams has been found using anatomical methods, infor-
mation regarding the functional interactions between the
two streams can be gleaned using visual illusions. Illusory
images manipulate spatial context to influence perceptions
of the size of a central target (Dickinson et al. 2019). Sup-
port for the two streams theory comes from Agliotti et al.
(1995), who found that ventrally guided perceptual tasks
(e.g., manual estimations) were affected by illusions, while
dorsally guided actions (e.g., grasping) were not. Differences
in illusory susceptibility suggest that the visually guided
actions operate under two different systems of control: an
‘offline’ or memory-guided system that captures all aspects
of a visual scene, which relies on ventral stream processing
(Kravitz et al. 2013), and an ‘online’ system that is con-
stantly updated in real time and does not rely on memory,
but instead on active dorsal stream processing (Cesanek
et al. 2018; Goodale 2008; Foley et al. 2015).

Existing research on ventral and dorsal actions has shown
contradictory results. Some studies have found that while
perceptual size estimations are influenced by illusory back-
grounds, grasping actions toward the stimulus are resistant to
illusions and are consistent with the actual size of the stimu-
lus (Agliotti et al. 1995; Cesanek et al. 2018; Haffenden and
Goodale 1998; Katsumata 2019; Westwood and Goodale
2003; Whitwell et al. 2018). These results indicate that the
dorsal stream uses real-time information to guide action
and is not influenced by ventral processing. Other studies
have shown evidence supporting interactions between the
two visual streams, where both perception and action were
found to be susceptible to illusions (Bruno and Franz 2009;
Heath et al. 2005; Kopiske et al. 2016). These results have
been attributed to functional interactions between the two
streams, where information from the ventral stream influ-
ences dorsally guided actions toward the target stimuli.

One possible explanation for these differing results has
been identified as the availability of visual information dur-
ing the grasping actions. Heath et al. (2005) observed that
closed-loop actions, where vision is available throughout the
grasp, are resistant to illusions since visual feedback can be
used to adjust online and future movements to reduce errors.
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Open-loop grasps, where visual feedback is occluded after
movement onset are better suited for illusion studies since
they strengthen the effect of the illusion by promoting inter-
action between the perception and action streams (Heath
et al. 2005; Milner and Goodale 1992; Whitwell et al. 2018).
Occlusion of vision during the grasp leads to both ventral
and dorsal representations being accessed to compensate for
limited visual information. Additionally, open-loop grasps
ensure that participants avoid using visual feedback to adapt
to the illusion and consciously reduce illusion-induced errors
(Whitwell et al. 2018).

The division of labor between the dorsal and ventral
streams has also been tested through visuomotor priming
studies. Priming involves the presentation of a visual stimu-
lus (a prime) before the presentation of a target stimulus to
influence actions toward that target (Roche et al. 2015). Per
the two visual streams hypothesis, the dorsal stream operates
in real time to process visual information that would control
actions toward an object (Milner and Goodale 2008). If there
was functional dissociation between the two streams, visu-
ally guided grasps controlled by dorsal processing would
be resistant to effects of priming as they would not account
for memory of the prime stimulus while memory-guided
grasps that access ventral stream representations would be
affected by priming (Seegelke et al. 2016). However, the
majority of existing research exploring effects of priming on
motor actions toward 3D objects has shown effects of prim-
ing during both visually guided and memory-guided grasps
(Hesse et al. 2008; Masson et al. 2011; Roche et al. 2015;
Seegelke et al. 2016). These results indicate that while the
two streams may operate on different time scales, dorsal and
ventral representations interact to guide actions. Existing
action priming studies have shown that prime stimuli that
are congruent with a target, facilitate grasps toward the tar-
get (Hesse et al. 2008; Roche and Chainay 2013; Pisu et al.
2020; Seegelke et al. 2016). Conversely, when the prime and
target are incongruent, actions toward the target are slower
or less accurate (Seegelke et al. 2016).

It is important to note that in visuomotor priming stud-
ies, kinematic variables such as maximum grip aperture
are more useful in understanding interactions compared to
variables such as initiation time. Movement initiation time
has been identified as a variable that is more biased toward
ventral processing, as it accounts for action planning, motor
control and decision-making processes all of which need
to be carried out prior to the execution of the action (Hesse
et al. 2008; Roche et al. 2015; Wong et al. 2015). Focusing
on dorsal processing during a grasp is beneficial as it allows
us to evaluate the extent of the effect the ventrally stored
prime has on the action and thus better understand the con-
ditions that promote interactions between the two streams.
Variables such as grip aperture (Seegelke et al. 2016; Valy-
ear et al. 2011), grip orientation (Hesse et al. 2008; Roche
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et al. 2015) and time to maximum grip aperture are more
representative of dorsal stream processing as they do not
account for the action planning that occurs before an action
is initiated. These variables account for the action planning
that occurs after an action is initiated and reflect adjust-
ments made during the course of the action (van Sonderen
and Denier van der Gon 1991). The purpose of the current
experiment was to explore if the two visual streams interact
to influence visually guided actions when priming and visual
illusions are combined, and how interactions between the
two streams influence visually guided actions.

The Sander Parallelogram illusion was used in the cur-
rent experiment due to its robust illusory effect and lack of
distractor elements (Whitwell et al. 2018). Participants were
primed with either the ‘long’ or ‘short’ version of the illu-
sion. Following a brief window of time, participants were
presented with a three-dimensional target rod placed on a
version of the illusion that was either in the same orien-
tation as the prime (congruent) of the inverse orientation
(incongruent). All participants performed two experimental
tasks: a manual estimation task and a grasping task. In the
manual estimation task, participants used their thumb and
index finger to estimate the length of the metal rod placed
on the central diagonal line of the two-dimensional Sander
Parallelogram illusion. The grasping task required partici-
pants to reach out, grasp and lift the metal rod placed on
the illusion using a precision grip. Grasping was performed
with partial visual feedback, where vision of the target was
removed upon action initiation, while estimations were
performed with full visual feedback of the target available
for the duration of the task. The estimation task was used
to analyze the effects of illusions and priming on the ven-
tral stream, while the grasping task was used to determine
the effects of the illusion and priming on the dorsal stream
(Whitwell et al. 2018).

Consistent with the two visual systems hypothesis, we
hypothesized that overall, manual estimations would be
more susceptible to the effects of the illusion and prim-
ing than grasps (Carther-Krone et al. 2020; Whitwell et al.
2018). Manual estimations of the perceived size of the rod
were expected to be larger for the perceptually ‘long’ illu-
sion compared to the perceptually ‘short’ illusion. Previous
studies have consistently found that manual size estimations
are susceptible to illusory backgrounds (Foster et al. 2012;
Ozana and Ganel 2020; Whitwell et al. 2018), this has been
attributed to reliance on the ventral stream processing which
considers visual information of the target as well as the sur-
rounding illusory background, thereby increasing suscepti-
bility to illusory effects during estimations. Since the dorsal
stream provides real-time visual feedback, no illusion-based
differences in maximum grip aperture (MGA) were expected
during grasping trials (Haffenden and Goodale 1998;
Goodale 2008; Katsumata 2019; Whitwell et al. 2018). With

respect to priming, we predicted that incongruent priming to
lead to larger grip apertures in both estimations and grasps
due to the compensatory adjustments required from partici-
pants when interacting with a target that is different from
the previously seen prime (Roche et al. 2015; Seegelke et al.
2016). This is based on the notion that if the target does not
match the prime stimulus, participants will compensate for
the difference in length by widening their grip to ensure
that accuracy of the grasp (Volcic and Domini 2016). We
expected the same to occur when the target was perceptu-
ally shorter, as normal grasp mechanics typically start with
a wider aperture that scales down to fit the size of the target
(Keefe et al. 2019). Finally, as prior studies have found that
the memory of a prime influences the perceived size of a tar-
get (Seegelke et al. 2016), we predicted that the average grip
apertures for both grasps and estimations when the prime
was the ‘short’ illusion, and the target was the ‘long’ illu-
sion, would be smaller compared to the average grip aper-
tures for both estimations and grasps where the prime was
the ‘long’ illusion, and the target was the ‘short’ illusion.

Methods
Participants

Thirty-eight undergraduate psychology students were
recruited for this study and received course credit for their
participation. Four participants (1 male) of the original 38
participants were excluded from data analyses due to them
not being able to perform successful grasps throughout the
study. Thus, the final sample consisted of 34 participants (9
males; 18-25 years old; (M =19.6 years). All participants
had normal or corrected to normal vision, and were right-
hand dominant, as determined by a modified version of
the Edinburgh Handedness Inventory (Oldfield 1971). All
experimental procedures were approved by the Psychology/
Sociology Research Ethics Board (PSREB) at the University
of Manitoba.

Stimuli and materials

PLATO liquid crystal shutter goggles (Plato Translucent
Technologies, Toronto, ON) were programmed to vary
the amount of vision provided to the participant over the
course of the reach. Grip aperture was recorded using an
Optotrak Certus motion capture camera (Northern Digital
Inc., Waterloo, ON, Canada) at a frequency of 175 Hz. Six
infrared light-emitting diodes IREDS) were attached to the
participants’ right hand and wrist (2 IREDs each placed on
the proximal edge of cuticle of the index finger, the proximal
edge of the cuticle of the thumb, and on the distal radius
of the wrist). Only one IRED at each position was used to
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analyze the participants’ movement. If there was a signifi-
cant loss of data using the first IRED at one of these loca-
tions (e.g., missing or extreme values due to rotation of the
hand), the second IRED was used for the analysis of that par-
ticipant. MotionMonitor software (Innovative Sports Train-
ing Inc., Chicago, IL, USA) was used to record spatial and
temporal data from the Optotrak, control the time intervals
at which the PLATO shutter goggles became transparent or
opaque, as well as to generate the auditory tone (350-Hz),
which served as a cue for the participants to perform the
grasping or estimation tasks. This software was run on an
Inspiron 545 Dell computer (Duo Core 3.16 GHz).

The illusion underlying the Sander Parallelogram is
that the diagonal line bisecting the larger parallelogram
is perceived as longer than the line bisecting the smaller
parallelogram, even though both lines are the same length.
Therefore, while the length of the target was constant in
all trials, the illusory background made the target appear
longer or shorter than its actual length. The Sander Par-
allelogram illusion was used to examine illusory and

Bh

Prime Target (congruent)
C
—
Frime Target (incongruent)

Fig. 1 Two configurations of the Sander Parallelogram illusion were
used in the study. The upper, diagonal line in the “short” illusion
appears perceptually shorter than the upper diagonal line in the ‘long’
illusion, even though both lines are the same length. The metal rod
was always placed in the same location and orientation (i.e. on the
upper diagonal line), and only the illusory background was alternated
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priming effects on a ventrally based perceptual estimation
task and dorsally driven grasping task. The stimuli used
in this study included a black, three-dimensional metal
rod (6 cmXx 0.3 cmx 0.3 cm) and the Sander Parallelo-
gram illusion (Fig. 1), which was presented on a white
background on a Lenovo X201 ThinkPad tablet screen
(26 cm x 16 cm). Participants were instructed to either
grasp and lift or estimate the length of the metal target
rod placed on the tablet screen over the diagonal line in the
upper half of the Sander Parallelogram illusion. The illu-
sory background shown by the tablet screen was alternated
between the ‘long’ and ‘short’ illusory configurations,
depending on the experimental condition. Even though the
illusory background alternated between ‘long’ and ‘short’
configurations on the screen, the metal rod that was placed
on top of the tablet screen was in the same location and
orientation in all trials. This ensured that participants were
reaching and viewing the target at the same angle and dis-

tance for each trial.
B 3 3

—_—

Prime Target (congruent)
D
—
Frime Target (incongruent)

between the ‘long’ and ‘short’ configurations for each trial. The four
conditions included: congruent stimuli on long illusion (a), congru-
ent stimuli on short illusion (b), prime on long illusion and target on
short illusion (c), prime on short illusion and target on long illusion
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Procedure

After completing the consent form and handedness ques-
tionnaire, participants had the IREDs attached to their
index finger, thumb, and wrist using adhesive tape. Partici-
pants performed the experiment wearing the PLATO gog-
gles while standing in front of a tabletop, where the stimuli
were displayed along the participant’s sagittal plane. The
stimuli included the tablet screen that showed the Sander
parallelogram illusion (either ‘long’ or ‘short’ depending
on the condition) and the 6-cm metal rod. The metal rod
was placed over the diagonal line on the upper half of the
illusion during viewing of the prime and viewing of the
target. On each trial, participants were required to start
with their index finger and thumb pinched together, touch-
ing a designated ‘starting spot’ on the table located 20 cm
away from the participant and 10 cm away from the stimu-
lus display. Figure 2 shows the procedure used in the study.
The goggles were opaque at the start of each trial and
remained opaque for 4.25 s, after which they turned trans-
lucent for 0.5 s allowing participants to view the prime
stimulus in either the ‘long’ or ‘short’ configuration of the
Sander Parallelogram illusion. The goggles then turned
opaque for 1.5 s during which the display background
either remained the same for the congruent prime condi-
tion, or was alternated in the incongruent condition, so the
perceived length was different than the prime. This time
duration was less than the two second duration it takes for
information to decay in short-term memory (Hesse and
Franz 2009; Roche et al. 2015) ensuring that the visual
information from the prime remained in memory for the
subsequent task. The goggles then became translucent
which was accompanied by an auditory tone of 350 Hz.
Upon hearing the tone participants performed either the
grasping or estimation tasks.

The procedure for the grasping and estimation tasks fol-
lowed the procedure outlined above, with the exception that
participants had full vision in the estimation block but only
had partial vision in the grasping block. In the estimation tri-
als, participants used their index and thumb to indicate how
long they perceived the target rod to be and let the experi-
menter know through a verbal signal (saying “ok’) once
they made a satisfactory estimation and their grip aperture
remained stable. Once the verbal signal was provided, the
experimenter concluded the trial and the participant returned
their hand to the starting spot. In the grasping trials, partici-
pants were required to reach out grasp and lift the rod off the
tablet screen to a height of around 2.5 cm and place it back
down. The trial was ended by the experimenter once the rod
was lifted off the surface.

For the grasping trials, visual information was only avail-
able until grasp initiation, which was defined as when the
wrist IREDs surpassed the 20 cm mark, indicating the origi-
nal ‘starting spot’, and reaching a velocity of 5 cm/s (Roche
et al. 2015). At this point, the goggles turned opaque. The
difference in availability of visual information for the two
tasks was necessary due to prior research showing that illu-
sory effects are minimized when there is visual feedback of
the hand contacting the target (Bruno and Franz 2009; Heath
et al. 2006, 2005). Since illusory effects are minimized when
visual feedback is available due to online feedback mecha-
nisms that operate to reduce any errors caused by the illu-
sion, removing visual feedback at the time of contact reduces
the likelihood of participants using error minimization strat-
egies and promotes a stronger reliance on ballistic visual
processing until the hand moves (Whitwell et al. 2018).

To ensure that the illusion was influencing participants,
grasping trials with visual feedback for the full duration of
the movement were included. Grasping trials with full visual
feedback followed the same sequence as the partial visual

Goggles Open
{Prime shown)

Gogoles
Opaque

Goggles
Opaque

Grasp
{Partial
visual

Goggles Open

—— *

Tone (350 Hz)

4.25% 0.5s

1.5s

Feedback)

/ 1\

Grasp
(Full visual
feedback)

Fig.2 Procedural timing used in the experiment. Following the presentation of the prime participants head a tone that indicated the start of one
of three tasks: estimation, grasping with partial visual feedback or grasping with full visual feedback
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feedback grasps. The goggles were opaque for 4.25 s, they
then turned translucent for 0.5 s to view the prime. The gog-
gles turned opaque again for a duration of 1.5 s. After the
1.5 s elapsed, the goggles turned translucent and a 250 Hz
tone was sounded to cue the participant to initiate grasping
task. In the full visual feedback grasping trials, the goggles
remained translucent from the moment the auditory tone
was played until the time participant grasped the target and
raised it to a height of 2.5 cm. Unlike in the partial visual
feedback tasks, the goggles did not turn opaque once move-
ment was initiated but were translucent for the full duration
of the grasping motion. All estimation trials were performed
with full visual feedback available after the onset of the tone.
Since there was no physical contact with the target in the
estimation trials, there was no need to remove visual feed-
back for this task. Furthermore, since estimations occur on
a slower timescale than grasps (Franz 2003), it was benefi-
cial to provide visual feedback for the entire duration of the
estimation task.

Design

In total, four different conditions were present in the experi-
ment (Fig. 1): congruent prime and target stimuli on per-
ceptually long illusion, congruent prime and target stimuli
on perceptually short illusion, incongruent prime on short
illusion with target on long illusion and incongruent prime
on long illusion with target on short illusion. The estimation
block consisted of twenty trials, where each of the four stim-
ulus conditions was performed five times in a randomized
order. The grasping block had 42 trials, seven trials for each
of the four stimulus conditions with partial visual feedback
(28 trials with partial visual feedback available) and seven
trials each for congruent long and short illusions with full
visual feedback available (14 trials with full visual feedback
available). In total, there were 62 experimental trials. To
control for task priming effects half of the participants were
randomly assigned to perform the grasping task before the
estimation task, while the remaining participants performed
the estimation task first (Whitwell et al. 2018).

Data analyses

Estimation trials were analyzed using a 2 (Congruency:
prime and target congruent, prime and target incongru-
ent) X 2 (Illusion: target on perceptually long illusion,
target on perceptually short illusion), repeated measures
ANOVA to examine whether there were any differences
in final grip aperture (FGA). This measure was defined as
the vector distance between the thumb and index finger
once the participant had made a satisfactory estimation
and was used to determine if participants perceive the rod
to be its actual length (6 cm) or its illusory length. For
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the five trials in each of the four conditions, grip aperture
data were averaged, and condition means were used in the
ANOVA analysis.

Grasping trials were analyzed using 2 (Congruency:
prime and target congruent, prime and target incongru-
ent) X 2 (Illusion: target on perceptually long illusion, target
on perceptually short illusion) repeated measures ANOVAs
to examine whether there were any differences in maximum
grip aperture (MGA) and time to maximum grip aperture.
MGA was defined as the maximum vector distance between
the index finger and thumb between the start and end of the
reach and was analyzed to help determine if participants
plan for a wider grasp when the long illusion is shown com-
pared to when the short illusion is shown. The start of the
reach was defined as the time point at which the wrist sensor
moved faster than a velocity of 5 cm/s and had passed the
‘starting spot’ located 20 cm away from the edge of the table.
The end of the reach was defined as the time point where
the wrist velocity was slower than 5 cm/s after the reach
had been initiated. Time to MGA was defined as the length
of time in seconds between the start of the movement and
MGA. This variable was analyzed to examine how priming
and illusions affect the execution of the action plan during
the grasp and to further understand how grip aperture was
influenced in each of the conditions. For the first 42 trials in
the grasping block, MGA and time to MGA were averaged
across each of the seven trials in each of the 4 conditions
and the condition means were used in two ANOVA analyses.

An additional analysis was also performed to directly
compare the overall effect of the illusion across conditions
in the grasping and estimation tasks. This refers to the dif-
ference in grip aperture between perceptually long and short
stimuli (Whitwell et al. 2018). For this analysis condition
means representing perceptually ‘long’ stimuli and percep-
tually “short” stimuli were computed for each participant in
each of the following 5 conditions: grasping with congruent
priming, grasping with incongruent priming, estimation with
congruent priming, estimation with incongruent priming and
grasping under full vision with congruent priming. The over-
all effect of the illusion was then calculated by subtracting
the mean grip aperture for perceptually long stimuli from the
mean grip aperture for the perceptually short stimuli such
that positive values indicate a response consistent with the
direction of the illusion. These values were then submitted to
a 2 (Task: grasping vs. estimation) X 2 (Prime: congruent vs.
incongruent) repeated-measures within-subject ANOVA to
determine the role of priming in affecting the illusion across
task condition. The overall effect of the illusion for each
of the 5 conditions was also examined using one-sample ¢
tests against zero to determine whether the illusion influ-
enced grasping and manual estimations for each condition
individually using the Holm (1979) multiple comparisons
procedure.
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Finally, MGA and time to MGA were compared across
conditions in which full vision and partial vision were avail-
able. The last fourteen trials of the grasping block in which
full vision was available consisted of trials showing congru-
ent primes and targets. These were compared the fourteen
congruent partial visual feedback trial using 2 (Visual feed-
back: full visual feedback, partial visual feedback) x 2 (Illu-
sion: target on perceptually long illusion, target on perceptu-
ally short illusion), repeated measures ANOVAs. Consistent
with the above analyses, the 7 trials in each of the 4 condi-
tions were averaged and the condition means were submitted
to the ANOVA analyses. All analyses were carried out using
alpha=0.05 and all post hoc comparisons were performed
using a Bonferroni correction (p <0.05).

Results
Estimation

A 2 (Prime: congruent vs. incongruent) X 2 (Illusion: target
on perceptually long illusion, target on perceptually short
illusion) repeated measures ANOVA was performed to
explore the presence of any effects of priming and illusion
on the final grip aperture (FGA) in the estimation task. As
can be seen in Fig. 3 there was a statistically significant
main effect of the illusion on the manual estimation task,
F (1,33)=12.118, p=0.001, np2:0.269, but there was no
effect of priming, F (1,33)=1.016, p=0.321, np2=0.030. A

Fig. 3 Final grip aperture
results (cm) for the estimation 7.1
task. When the prime and target
were congruent, estimations 7
were significantly larger for the
target on the ‘long’ back-
ground compared to the ‘short’ = 6.9
background. For targets on the S
long background, estimations 2 68
were larger when the prime and ,g
target were congruent. Error ©
bars reflect the standard error of g 6.7
the mean G
S 66
5
=
6.5
6.4
6.3

post hoc analysis for the main effect of the illusion showed
that estimations were larger for targets on the long illusory
background (M =6.8 cm, SE=0.10 cm) compared to the
short illusory background (M =6.5 cm, SE=0.10 cm). There
was a statistically significant interaction between illusions
and primes, F (1,33)=19.792, p <0.001, np2=0.375. Post
hoc tests for the estimation task showed that when the prime
and target were congruent, grip aperture was larger for
the long illusory background (M =6.9 cm, SE=0.10 cm)
compared to short illusory background (M =6.4 cm,
SE=0.20 cm), p <0.001. There was no significant dif-
ference between the long (M =6.7, SE=0.20) and short
(M=6.6 cm, SE=0.20 cm) illusory backgrounds when the
prime and target were incongruent, p=0.321. When estima-
tions of the target length were made for the long illusory
background the grip aperture was larger when the prime and
target were congruent (M =6.9, SE=0.10 cm) compared to
when the prime and target were incongruent (M =6.7 cm,
SE=0.20 cm), p <0.001. Size estimations of the target on
the short illusory background were larger for the incongruent
prime (M =6.6 cm, SE=0.20 cm) compared to the congru-
ent prime (M =6.4 cm, SE=0.20 cm), p=0.001.

Grasping
Data from the grasping task were analyzed using a 2 (Prime:
congruent vs. incongruent) X 2 (Illusion: target on percep-

tually long illusion, target on perceptually short illusion)
repeated measures ANOVA to explore any effects of priming

\

Long

S hort

lllusory Length

Congruent ===Incongruent
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and illusion on the maximum grip aperture (MGA). As seen
in Fig. 4, there was a main effect of illusion on grip aperture,
F (1,33)=11.429, p=0.002, 11p2=0.257, but there was no
significant effect of the priming, F (1,33)=1.759, p=0.194,
np2: 0.051. A post hoc analysis showed that the grip aper-
ture was larger when grasping the target on the long illu-
sory background (M =7.4 cm, SE=0.10 cm) compared to
the short illusory background (M =7.3 cm, SE=0.10 cm).
There was no significant interaction effect between prime
and length on MGA, F (1,33)=1.125, p=0.297, np2 =0.033.

A 2 (Prime: congruent vs. incongruent) X 2 (Illusion:
target on perceptually long illusion, target on perceptually
short illusion) repeated measures ANOVA was performed to
explore any effects of priming and the illusion on the time to
maximum grip aperture (MGA) in the grasping task. Results
showed no significant effect of priming on the time to MGA
during grasps, F (1,33)=1.760, p=0.194, 71p2 =0.051. The
illusory background had no significant effect on the time to
MGA, F (1,33)=1.731, p=0.197, np2 =0.050. There was no
significant interaction effect between priming and illusion
on time to MGA, F (1,33)=0.001, p=0.981, npz < =0.001.

Illusion effect

A 2 (Task: grasping vs. estimation) X 2 (Prime: congru-
ent vs. incongruent) repeated-measures within-subject
ANOVA was performed to compare the effect of the illu-
sion across the grasping and estimation tasks (Fig. 5). There
was a significant effect of task, F (1,33)=5.132, p=0.030,
np2 =0.135, as well as a significant interaction effect between

Fig.4 Maximum grip aperture

tasks and prime, F (1,33)=9.303, p=0.004, np2 =0.220.
There was no significant effect of priming on the illusion
effect, F (1,33)=24.092, p= <0.001, qp2= 0.422. The
effect of illusion was larger in estimations (M =0.316 cm,
SE=0.091) compared to grasps (M =0.104 cm, SE=0.031),
p=0.030. Post hoc analyses show that the illusion effect
was greater when the prime and target were congruent for
estimations (M =0.510 cm, SE=0.101) compared to grasps
(M=0.131 cm, SE=0.043), p=0.030. Furthermore, in the
estimation task the effect of the illusion was greater when the
prime and target were congruent (M =0.510 cm, SE=0.101)
rather than incongruent (M =0.122 cm, SE=0.100),
p=0.030. Importantly, one-sample # tests (Table 1) showed
that there was a significant effect of the illusion during
grasps and estimations with congruent priming.

Visual feedback

In the full vision trials, participants were able to see their
hand throughout the reach and grasp motion. In the partial
vision trials, participants were only provided visual feedback
of their hand during the first half of the reach and were not
able to see their hand make contact with the target. As can be
seen in Fig. 6, there was a significant effect of the availabil-
ity of visual feedback on grip aperture, F (1,33)=10.787,
p=0.002, npz =(.246. Participants had larger grip apertures
when they had to grasp the target with partial visual feed-
back (M=7.4 cm, SE=0.10 cm) compared to when they had
full visual feedback (M =7.1 cm, SE=0.10 cm). There was a
significant effect of the illusion, F (1,33)=9.742, p=0.004,

results (cm) for the grasping 7.6
task. Grip apertures were sig-
nificantly larger when the target 75
was on the ‘long’ background
compared to the ‘short’ back-
ground for both congruent and 7.4
incongruent primes. There was g
no significant effect of priming. S 73
Error bars reflect the standard o
error of the mean % 79
Q
<
a 71
—
U]
7
6.9
6.8
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Fig.5 Effect of the illusion on
all five conditions. The illusion 0.7
influenced both estimations and
grasps, but the effect on estima- _. 06
tions was significantly larger e
than on grasping. When the e 05
prime and target were congru- S '
ent, the illusion had a greater ‘©

R > 04
effect on estimations compared =
to grasps. For estimations, the @
illusion had a greater effect s 0.3
when the prime and target were o
congruent rather than incon- 8 0.2
gruent. Error bars reflect the E
standard error of the mean 0.1 i

0

ﬁliﬁ

G. Congruent G. Incongruent E. Congurent

Table 1 One-sample T tests for the overall effect of the illusion (mm)

Unadjusted effects of the illusion (in mm)

Task N  Prime M SEM  Tests against zero
Estimation 34 Congruent 0.511 0.101 #=5.027, p <0.001
Grasp 34 Congruent 0.131 0.041 r*=3.029, p=0.005
Grasp 34 Full 0.078 0.036 r=2.183, p=.036

Grasp 34 Incongruent —0.062 0.239 t=-1.503,p=.142

Estimation 34 Incongruent 0.122 0.099 r=1.220, p=.231

The asterisk (*) denotes significant tests using the Holm (1979) mul-
tiple comparisons procedure

Fig.6 Average grip aperture for 76

different vision conditions in the

grasping task (cm). In both full 75

and partial vision conditions

grip apertures were larger when 7.4

the target was on the long illu- —_

sory background compared to g 7.3

the short illusory background. B’ 792

Average grip apertures were 5

larger when participants had E 71

partial vision during the reach 2—

compared to when they had full a 7

vision throughout the reach. 5 6.9

Error bars reflect the standard ’

error of the mean 6.8
6.7
6.6

E. Incongruent G. Full Vision
Congruent

Task

11P2=0.228, where participants had larger grip apertures
for targets on the long illusory background (M =7.3 cm,
SE=0.10 cm) compared to the short illusory background
(M=7.2 cm, SE=0.10 cm). There were no significant inter-
action effects between vision and illusion, F (1,33)=1.311,
p=0.260, 7,>=0.038.

There was a difference in time to MGA for partial vision
and full vision conditions, F (1,33)=34.426, p<0.01,
np2 =0.511. Participants grasped the target faster when they
had partial visual feedback (M =5.355 s, SE=0.055 s) com-
pared to when they had full visual feedback (M =5.705 s,
SE=0.079 s). There was no effect of the illusion on time
to MGA, F (1,33)=0.18, p=0.895, npz =0.001, or an

Long Short

lllusory Length

mFull OPartial
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interaction effect between illusion condition and vision on
time to MGA, F (1,33)=2.855, p=0.100, np2 =0.080.

Discussion

The purpose of this study was to understand the nature
of interactions between the dorsal and ventral streams by
examining how grasping and manual estimations are influ-
enced by the combined effects of visual priming and a visual
illusion. To accomplish this, participant grip aperture was
examined during a perception-based estimation task and an
action-based reach and grasp task toward a three-dimen-
sional target placed over an illusory background. Results
from this experiment showed that while manual estimations
were susceptible to the influence of both illusions and prim-
ing, grasping was influenced by the illusion but not by prim-
ing. Overall, these results indicate that while the dorsal and
ventral streams function separately in certain instances, they
do interact to complete goal-directed movements (Carther-
Krone et al. 2020; Goodale and Haffenden 1998; Whitwell
et al. 2018).

Perception

Results of the perceptual estimation task showed that grip
apertures were larger for targets on the long illusion com-
pared to the short illusion. This finding is consistent with
existing literature on illusions and ventral stream-based
actions (Haffenden and Goodale 1998; Katsumata 2019;
Whitwell et al. 2016; Whitwell et al. 2018). This finding
provides evidence to support the claim that perception-based
tasks like estimations, which are processed predominantly
by the ventral stream, are highly susceptible to the effects
of illusions (Foley et al. 2015). Since manual estimations
require no action toward the target, the visual information
needed to estimate the length of the target comes from the
ventral stream. Ventral stream processing accounts for
dimensions of the scene as a whole (i.e. target and illusory
background) rather than only for specific objects (i.e. the
target) (Kravitz et al. 2013), it is, therefore, more suscepti-
ble to the illusory effect. This results in estimations being
influenced by the illusion.

It was also hypothesized that an influence of the prime
would be observed on manual size estimations. Estimations
were predicted to be shorter when the prime was the ‘short’
illusion and the target was the ‘long’ illusion compared
to when the prime was the ‘long’ and the target was the
‘short’ illusion. Results from this experiment showed that
while there was no significant effect of priming by itself
on estimations, there was a statistically significant interac-
tion effect between illusions and priming on estimations.
When the prime and target were congruent, targets on the
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long background were estimated to be larger than targets on
the short background. No such effect was observed in the
incongruent priming condition. These results suggest that
the memory of the prime stimulus influences the estima-
tion of the target length. For example, when participants
are primed with the short illusion and have to estimate the
length of the target on the long illusory background, they
estimate it to be shorter than they would if the prime was
of the long illusion and the target was on the long illusion.

This interaction effect is particularly interesting due to
participants having a full vision of their hands while mak-
ing estimations. It would have been expected that the visual
information available while making an estimation would
have replaced any influence of the memory of the prime.
However, in this case, an additive effect was observed where
a congruent long illusion made estimations larger and a con-
gruent short illusion made estimations smaller. This finding
may be attributed to the time duration between the prime
viewing period and start of that estimation task, which was
175 ms. This time duration was less than the 2-s duration it
takes for information to decay in short-term memory (Hesse
and Franz 2009; Roche et al. 2015). Additionally, there is
evidence that actions that occur after a time delay are more
likely to rely on perceptual representations stored in memory
rather than real-time information (Hu et al. 1999). Therefore,
the 175 ms time delay may have contributed to the interac-
tion between the memory of the prime and the perceived
size of the illusion.

Action

In Goodale and Milner’s (1992), two visual stream hypothe-
sis, the dorsal stream utilizes visual information to guide our
actions. The dorsal stream operates in real time (Buneo and
Andersen 2006; Goodale et al. 2004; Goodale and Milner,
1992) and due to the precise maneuvering required to carry
out most actions, it is expected to be more resistant to per-
ceptual influences (Goodale 2008) . The findings from the
present study indicate that grasps are affected by perceptual
influences in partial vision conditions (Aglioti et al. 1995;
Carther-Krone et al., 2020; Goodale and Haffenden 1998;
Whitwell et al. 2018), but not when full visual information
is available. It was observed that grip apertures in the grasp-
ing task were influenced by the illusory background but not
priming. Participants opened their hands wider when the
target was on the long illusory background compared to the
short illusory background. Previous research on the effects
of illusions on grasping is mixed, with some studies finding
that grasps are resistant to the effects of illusions (Agliotti
et al. 1995; Cesanek et al. 2018; Goodale and Haffenden
1998; Katsumata 2019; Whitwell et al. 2018) and other stud-
ies showing that grasps are influenced by illusions (Bruno
and Franz 2009; Heath et al. 2005; Kopiske et al. 2016). The
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present experiment also showed that the time to MGA was
not affected by either illusions or priming, supporting the
idea that overall, there was less of an influence of perceptual
factors on grasping.

During the partial viewing condition, it could be argued
that the illusion is influencing the grasp because the informa-
tion in the first part of the grasp is seen more recently than
the originally presented prime. The dorsal stream’s action
plan may be updated to represent the information seen dur-
ing grasp initiation rather than the memory of the prime.
However, once visual feedback was removed, the dorsal
stream was no longer able to use online feedback to correct
the action plan. To compensate for this missing information,
the representation of the target in the context of the illusion
seen at the start of the grasp may have been accessed during
the grasp causing an effect of the illusion. Consequently,
grasps were affected by the illusory background but not
priming. This representation may have been processed by
both the dorsal and ventral streams to execute the rest of the
grasp. While this result by itself is insufficient in understand-
ing the exact mechanisms of dorsal and ventral interactions
during grasping, this finding does provide novel insight into
the outcome of the combined effects of illusions and prim-
ing on grasps.

Analyses of the effects of the illusion further reinforced
the above findings on how the two visual streams interact to
mediate grasping. Overall, illusions had a stronger effect on
ventral stream-guided estimations than dorsal stream-guided
grasps, supporting Milner and Goodale’s (1992) two visual
stream model. We observed that priming plays a role in
mediating the influence of the illusion on estimations. The
difference in manual estimations for congruent priming was
significantly greater than for incongruent priming. When
participants saw a target that did not match the previously
shown prime, it perhaps caused them to revise their stored
representation of the stimulus. When participants were
shown a target congruent to the previously shown prime it
reinforced the stored representation and strengthened the
effect of the illusion.

Despite there being a significant effect of the illusion on
grasping, there was no effect of priming during grasps. The
lack of priming effect on grasping may support the notion
of the dorsal stream processing information in real time,
and priming being ineffective for a purely dorsal stream-
based action, thus supporting dissociation between the two
visual streams. However, we previously noted that the illu-
sory effect on grasping during partial vision grasps may have
been due to the influence of the ventral stream on a dorsal
stream action. The lack of effect of priming may support
the dissociation between the streams and reject the idea that
the two streams interact. However, it is important to note
that despite the difference in statistical effects, the actual
differences in grip aperture are minimal (+ 1 mm). As such,

this result may not be sufficient to draw a conclusion as to
whether the lack of priming effect on grasping is supportive
of the two-stream hypothesis or not.

One other way to interpret the effect of priming on esti-
mations and grasps is that incongruent priming minimizes
the effect of the illusion. This was observed in estimations
where MGAs were significantly smaller for incongruent
conditions compared to the congruent conditions. While
there were no significant effects of priming on grasps over-
all, incongruent priming led to smaller grasps on average
compared to congruent priming. If it were the case that
incongruent primes diminished the strength of the illusion,
one possible explanation might be that the memory of the
incongruent prime may have been viewed as unreliable once
movement toward the target was initiated. The incongruent
prime may have prepared the participants for an action that
requires a slightly different motor plan than what is required
to interact with the target. However, as previously mentioned
the difference in grip aperture between incongruent prim-
ing is minimal and is not sufficient to make a conclusion.
Regardless, this highlights the importance for future studies
to examine how multiple perceptual factors together influ-
ence dorsally driven tasks. Future studies can address these
possibilities by using larger targets in a similar context. The
priming paradigm applied in this experiment differs from
those used in previous studies (Hesse et al. 2008; Roche and
Chainay 2013; Seegelke et al. 2016) in that the present study
manipulated the target context but not the target. This differ-
ing application of priming was used to focus on the effect of
the illusion on grasping, rather than the participant’s ability
to grasp targets that vary in size.

Visual feedback

The effect of visual feedback on grasps was analyzed in this
study to determine if the Sander Parallelogram illusion was
effective enough to influence actions toward it when not
under experimentally induced constraints. As such we did
not explore the role of priming in conjunction with visual
feedback on the illusion. Consistent with previous studies,
we found that when full vision is provided for the entire
duration of the grasp, the MGA is closer to the real size of
the target (Agliotti et al. 1995; Carther-Krone et al. 2020).
A previous study by our lab has shown that the grasps are
affected by the Sander Parallelogram illusion when vision
is available in the early stages of the grasp (625 ms after
tone) and when visual information is not available during the
grasp (Carther-Krone et al. 2020). The effect of the illusion
when vision was available for the early stages of the grasp is
like the effect of the illusion on partial vision grasps in the
present study where vision was available in the early part of
the grasp until wrist velocity reached 5 cm/s.
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In the present study, we found that there was a significant
effect of the illusion in the full vision condition, indicating
that the illusion was indeed influencing the perception of the
size of the target. However, it is important to note that partic-
ipants had smaller grip apertures in the full vision condition
compared to the partial vision condition. This shows that
when full vision was available the grip aperture was closer
to the actual size of the target compared to the partial vision
condition. It was also found that participants took longer
to reach MGA in the full vision condition compared to the
partial vision condition. The delay in time to MGA observed
in the full vision condition may be due to full vision grasps
occurring with more input from the dorsal stream. When
there is full visual feedback available the dorsal stream keeps
using this available information to make online adjustments
to the grip aperture throughout the grasp to increase grasp
accuracy, as shown by the smaller average grip apertures.
Partial vision grasps, which have less visual information
available have limited information and opportunity to make
online adjustments. Consequently, these grasps have a faster
time to MGA and are less accurate, as shown by larger aver-
age grip apertures (Keefe et al. 2019).

Conclusion

The goal of the present study was to examine the extent to
which dorsally processed actions like grasps are resistant or
susceptible to ventrally processed stimuli such as illusions
and primes as well as understand the nature of interactions
between the dorsal and ventral stream. This novel study
provides insight into the complex human visual processing
system by exploring the nature of interactions between the
streams in guiding goal-directed actions. Results showed that
ventral stream-guided estimations were more susceptible to
perceptual influences than dorsal stream-guided grasps. Spe-
cifically, estimations were influenced by both primes and the
illusion, while grasps in the partial vision condition were
only influenced by the illusion. These results support the
notion that in situations where both dorsal and ventral stream
input is necessary to perform an action, such as when visual
feedback is removed upon action initiation, the visuomotor
system uses the most recent visual information made avail-
able through online corrections from the dorsal steam as
well as the previously stored information in memory from
the ventral stream to complete the action as accurately and
efficiently as possible. Future studies could explore the role
of visual feedback on size perceptions of familiar objects
and tools that are used in everyday situations, as well as look
at where individuals fixate when interacting with everyday
objects. Visual processing plays an important role in our
daily activities by enabling us to interact meaningfully with
our environment. By exploring the effects of priming and
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illusion on visual processing and visually guided actions,
we can better understand how this complex system operates
and how our vision guides our actions.
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