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Abstract

The Two-Visual-Streams Hypothesis (TVSH) of vision proposes a functional separation between
the perception of a visual stimulus and the control of visually guided action toward that stimulus.
This study tested whether the separation of perception and action proposed by the TVSH is also
demonstrated when executing visually guided cursor movements toward onscreen targets.
Participants used a trackpad to click onscreen circular targets embedded within the Ebbinghaus
(“Titchener Circles”) illusion and were thus perceived as either larger or smaller than their
true size. Participants were more accurate when clicking on the perceived larger target compared
to the perceived smaller target, indicating their performance was influenced by their perception of
target size (Experiment |). There was no effect of the illusion when visual feedback of the target
was removed at the beginning of the trial (Experiment 2) or removed following a 2-second target-
viewing period (Experiment 3). Conclusion: The perceptual features of an onscreen stimulus
mediate the guidance of cursor movements toward visible targets. lllusion-based perceptions of
target size do not affect actions toward disappeared targets, however. These results contribute
to the theoretical principles of the TVSH by testing its predictions in a novel onscreen
environment.

Keywords
human—computer interaction, cursor accuracy, two-visual-stream hypothesis (TVSH) of vision,
size perception, Fitts’s law

Received: May 27, 2025; accepted: October 22, 2025

'University of Manitoba, Winnipeg, Canada

Corresponding Author:

Ryan W. Langridge, Department of Human Anatomy and Cell Science, Max Rady College of Medicine, Rady Faculty of
Health Sciences, University of Manitoba, 130 Basic Medical Science Building, 745 Bannatyne Avenue, Winnipeg, MB R3E 0J9,
Canada.

Email: Ryan.Langridge@umanitoba.ca


https://orcid.org/0000-0001-5320-8882
https://orcid.org/0000-0001-6635-4694
mailto:Ryan.Langridge@umanitoba.ca
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/pec
http://crossmark.crossref.org/dialog/?doi=10.1177%2F03010066251394168&domain=pdf&date_stamp=2025-12-08

2 Perception 0(0)

Public Significance Statement: Participants’ visually guided cursor movements were influenced
by the Ebbinghaus illusion. Accuracy was improved when clicking on targets perceived as larger
than their true size compared to clicking on targets perceived as smaller; however, there was no
effect of the illusion when the target disappeared prior to cursor movement. This study elaborates
on the environmental contexts in which the perceptual features of a stimulus influence visually
guided interaction and can inform how on-screen stimuli are designed and presented to the user.

Introduction

The two-visual-systems hypothesis (TVSH) of vision proposes a functional distinction between a
“vision-for-perception” system, dedicated to processing the perceptual features of a stimulus, and a
“vision-for-action” system, dedicated to processing visual information in the support of visually
guided action toward that stimulus, such as when reaching toward it and grasping it (Goodale &
Milner, 1992). Visual information associated with the processing of the object’s “higher order” per-
ceptual features travels from the primary visual cortex (V1) in the occipital lobe to regions of the
inferotemporal cortex by way of the ventral (or, “What”) stream of processing. This processing con-
tributes to the mental representations of that object, facilitating its conscious perception. According
to the TVSH, the computations that serve actions such as reaching toward and grasping an object
rely on a set of functionally separate processes within our “vision-for-action” system, associated
with the dorsal (or, “How”) stream, originating in V1 and terminating in the parietal lobe.
Though functionally separate, extensive communication between these two systems is critical for
our ability to meaningfully interpret incoming visual information and successfully interact with
our environment.

The separation of “perception” and “action” proposed by the TVSH predicts that stimulus pre-
sentations that influence a person’s conscious perception of a stimulus may not have an equivalent
effect on their visually guided action toward that stimulus, as each of these behaviors is allocated to
their respective processing streams. For example, one may predict that if a stimulus is misperceived
as larger or smaller than its veridical size—as is the case of certain visual illusions such as the
Ebbinghaus or “Titchener circles” illusion (Figure 1)—this perceptual adjustment would not be
expected to influence participants’ movements toward that stimulus. Rather, the calculations per-
formed by the dorsal stream will be fine-tuned to the true size of the stimulus, as this information
is critical for effective interaction. Numerous studies demonstrate this result; when presented with
an object embedded within a visual illusion, participants who misperceive the object as being smal-
ler or larger than its true size produce anticipatory in-flight grip scaling that is nevertheless appro-
priately tuned to the true dimensions of the object rather than the perceived size when grasping it,
suggesting that the dorsal stream’s generation of visually guided action is immune to perceptual
influences (Aglioti et al., 1995; Danckert et al., 2002; Haffenden & Goodale, 1998; Marotta
et al., 1998; Whitwell et al.,, 2023; but see Bruno & Franz, 2009; Franz, 2001; Franz &
Gegenfurtner, 2008; Pavani et al., 1999 for arguments in favor of a perceptual influence on
grasping).

These studies suggest that the dorsal stream relies on closed-loop feedback to perform visually
guided action. In contrast, paradigms involving open-loop movements toward target stimuli have
produced an increased illusory effect on guided action. In these studies, visual feedback of the target
is removed, and participants are required to rely on their perceptual representation of the target’s
shape and position to perform the task. These perceptual representations, which rely on processing
within the ventral stream, appear to be susceptible to illusory influences, such that when the object
is embedded within an illusory context, open-loop grasping is affected by the illusion
(Carther-Krone et al., 2020; Westwood & Goodale, 2003; Whitwell et al., 2018). This increased
susceptibility to illusory influence in the absence of vision has been demonstrated in other types
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Figure |. The Ebbinghaus (Titchener circles) illusion. The circles in the middle of each arrangement are
veridically the same size, despite appearing as smaller on the left (A) and larger on the right (B). A
surrounding annulus of large and distant circles decreases the perceived size of the center circle (A), while a
surrounding annulus of small circles in close proximity increases the perceived size (B).

of aiming movements as well, such as tapping (Alphonsa et al., 2016; Meegan et al., 2004) and
pointing (Fischer, 2001). These studies suggest that when visual feedback of the target is absent,
participants rely on their perceptual representations, i.e., memory, of the disappeared target to guide
their movements. As these representations are susceptible to illusory influences, the movements that
are produced are also likely to be biased by the illusory context in which the target is presented.
An increasing amount of our behavior involves some form of human—computer interaction
(HCI), whether it be controlling the cursor on a computer screen with a mouse or laptop trackpad
or using touchscreen devices such as our smartphones and tablet devices. An interesting variation
on the classic study of perception—action interactions is to explore how these behaviors are influ-
enced by the onscreen virtual environment in which they occur, in comparison to the traditional
reaching and grasping experiments utilizing three-dimensional objects. This question has implica-
tions for website design and graphical user interfaces (GUIs), human factors studies of HCI, and
other virtual applications involving manual navigation and interaction within a virtual environment.
For example, consider the act of using a laptop trackpad to direct the movement of an onscreen
cursor toward a virtual target (e.g., a folder on the desktop). The proximal movements of the finger
on the trackpad control the onscreen presentation of the cursor, while the perception of the cursor’s
onscreen movement provides feedback about its position, the distance and direction it needs to tra-
vel to reach its desired position, as well as allowing for corrections if necessary. In many ways, con-
trolling an onscreen cursor resembles other “real-world” actions such as grasping a coffee cup;
effector movement is guided by visual feedback of the target’s position and relevant features,
and this online sensory information is used to update the movement of the hand when necessary
to ensure the task is performed accurately. A key difference in this case is the increased perceptual
nature of the feedback source relied upon to guide the movement. In natural reach-to-grasp actions,
control is represented within an egocentric “body-relative” reference frame, in which the hand is
guided directly to the target object. Visual, proprioceptive, and haptic feedback are integrated to
support the necessary online corrections that align the spatial and temporal aspects of the movement
to the target within the same spatial plane. According to the TVSH, this control of visually guided
action is performed directly by the dorsal “vision-for-action” pathway, which is tuned to the imme-
diate physical properties of the object. In contrast, the control of an onscreen cursor, which serves as
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a virtual representation, or “user representation” (Seinfeld et al., 2020), of the hand in the alternate
spatial plane of the display, requires transforming egocentric finger movements on the trackpad into
a spatially disparate, “scene-relative” reference frame within the onscreen environment, occurring
in a different plane than that of the finger movements. This visuomotor transformation necessitates
an increased reliance on perceptual processing within the ventral “vision-for-perception” pathway
to accomplish the required spatial realignment between the direct finger movement and indirect
movement of the cursor.

The frequency at which we perform this kind of behavior, as well as its similarity to other, more
natural visually guided actions, raises the question of whether the predictions made by the TVSH
apply to the visually guided control of onscreen cursor movements. In other words, to what degree
is the physical act of moving the finger on the trackpad mediated by the perceptual features of the
onscreen environment? Due to the highly perceptual nature of the task, we may expect a significant
influence of perception on action, such that the cursor movements will be determined by the per-
ceptually relevant information such as the perceived size of a to-be-clicked target, rather than
action-relevant information such as the veridical size of that target. Accordingly, we may ask if
removing the visual feedback of an onscreen target will increase illusion susceptibility, as has
been demonstrated in traditional perception-action studies. Exploring questions that test the predic-
tions of the TVSH in nontraditional circumstances serve to further elucidate the contexts in which
these predictions are supported or proven false, and in doing so, contribute to the basic theoretical
framework of the TVSH.

To date, there are a limited number of studies exploring how the perception of an onscreen
stimulus influences people’s cursor movements towards that stimulus. Phillips et al. (2024) recently
demonstrated that cursor movements toward graphical images of coffee cups are influenced by the
presentation of the images. Specifically, participants’ cursor placement differed as a function of
the size of the cup, whether it was presented as empty or full, and the directional compatibility
of the handle. These stimulus features may be expected to influence physical grasping movements,
but perhaps not cursor placement on a two-dimensional display. Additional studies, however, pro-
vide evidence suggesting that cursor movements, like real-world movements, are in fact resistant to
perceptual features of a stimulus. For example, work by Janczyk et al. (2013) demonstrated that
while participants’ perceptual judgments of an onscreen target’s size were influenced by irrelevant
stimulus dimensions such as height and width (i.e., Garner-interference), their cursor movements
were unaffected. Currently, more research is necessary to determine if and in which contexts cursor
movements are susceptible to the perceptual features of the virtual environment in which they
occur.

Langridge and Marotta (2022) performed a related investigation in which participants used fin-
ger movements on a laptop trackpad to control an onscreen cursor. Participants were required to use
their cursor to click onscreen circular targets embedded within the Ebbinghaus illusion, such that
the target was perceived as being smaller or larger than its true size. In that study, participants’ per-
ceptual size judgments of the targets were influenced by the illusion; however, their accuracy and
speed when clicking on the targets did not differ as a function of perceived size, suggesting that
visually guided cursor movements are resistant to perceptual influence. This was the case even
when participants were encouraged to prioritize either speed or accuracy when performing the
task. The illusory presentation did appear to influence the frequency at which participants “cor-
rected” the direction of their cursor movement as they approached the target. More directional
changes were made when clicking on the perceived large presentation (Figure 1B) of the target
in comparison to the perceived small presentation (Figure 1A). Langridge and Marotta (2022)
argued that this difference may in fact demonstrate a subtle effect of the illusion, such that cursor
movements toward a target perceived as larger than its true size may be less accurate, and therefore
require more corrections, in comparison to movements directed toward a target perceived as smaller
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than its true size. Ultimately, the number of directional changes did not appear to influence click-
point accuracy or movement time in that study, however. Those results, together with the results of
Janczyk et al. (2013), suggest that visually guided cursor movements are mostly unaffected by the
perceptual features of the onscreen environment, similar to how real-world grasping movements do
not appear to be influenced by the perceptual features of the stimulus being grasped.

It is important to note that participants in the Langridge and Marotta (2022) study participated
remotely and performed the task using their personal computers, and these methodological details
should be considered when interpreting the results of this study. For example, it is unknown to what
degree participants paid attention to the task during participation. Additionally, because participants
performed the task on a wide range of devices, screen sizes, and screen resolutions, the visual pres-
entation of the illusory stimuli varied across participants. The intensity of the illusion is known to
scale with the size of the stimulus, such that an increase in stimulus presentation is associated with
an increase in the magnitude of the illusion (Knol et al., 2015; Massaro & Anderson, 1971). This
inconsistency in stimulus size may have meant that some participants were presented with more
powerful illusory presentations than others. This decreased experimental control may have wea-
kened the internal validity of these results, warranting an attempt at replication under stricter experi-
mental conditions. As such, the first objective of the current study is to perform an in-laboratory
replication of the Langridge and Marotta (2022) study to confirm the previous results under condi-
tions benefitting from higher experimental control (Experiment 1). Our second objective is to test if
the Ebbinghaus illusion influences participants’ cursor movements when the perceptual nature of
the task is increased, by requiring participants to perform the task without visual feedback of the
target (Experiments 2 and 3).

Experiment |

Method

Participants. An a priori power analysis was conducted using G*Power (Version 3.1.9.2) to deter-
mine the minimum required sample size for a one-way repeated measures analysis of variance
(ANOVA) design with five within-subject experimental conditions. A minimum sample size
of 23 participants was determined using the following input parameters: alpha=.05, desired
power = .90, and an effect size of 1) p2 =.07. This particular effect size was chosen as it was the smal-
lest effect size observed for the variables of interest in Experiment 1 of Langridge and Marotta
(2022). An initial 32 undergraduate psychology students were recruited through the Psychology
Department Undergraduate Participant Pool at the University of Manitoba and participated in
exchange for course credit. The data of six participants in total were excluded: Three participants
were excluded due to issues during data collection that produced unusable data, two participants
were excluded because their average movement times were consistently greater than two standard
deviations above the average of the group, and one participant was excluded because their average
number of directional changes were consistently greater than two standard deviations above the
average of the group. For the remaining 26 participants, the age ranged from 16 to 44 years
(M =23.00 years, SD=6.35). Fifteen participants reported their sex assigned at birth as female,
while the remaining 11 participants reported their sex assigned at birth as male. Participants
reported having either normal vision (n = 11) or corrected-to-normal vision, for example, wearing
glasses or contact lenses, or having had corrective eye surgery (n = 15). Participants were all right-
hand dominant, as determined by a modified version of the Edinburgh Handedness inventory
(Oldfield, 1971). Critically, all participants reported using their right hand to control the cursor
when using a computer. This research was approved by the University of Manitoba Research
Ethics Board, Fort Gary Campus. Informed consent was obtained from each participant.
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Figure 2. Examples of two experimental trials, separated by a 200 ms mask. The experimental target
appeared once participants clicked the start button. Clicking on the experimental target ended the trial.

Materials. Participants were seated at a desk in a height-adjustable chair facing a 27-inch Retina 5K
iMAC computer monitor (resolution: 5,120 x 2,880, device-pixel-ratio: 2, and refresh rate: 60 Hz).
Participants’ chins were stabilized in a chin rest attached to the edge of the table, positioned 40.5 cm
away from the screen. At this distance, the entire monitor screen accounted for 91.61° (width) and
62.96° (height) of the participants’ viewing angle. A 16.0 cm wide by 11.5 cm deep Apple Magic
Trackpad (Apple Inc., Cupertino, CA, USA) was placed on the tabletop at a position aligned with
the midsagittal axis of the participant, with its closest edge positioned 23.5 cm from the front edge
of the desk. Participants used this trackpad to control the onscreen cursor using either the index fin-
ger or the middle finger of their right hand. They were free to use either finger; however, they were
required to use the same finger for the duration of the experiment. The experimental interface and
onscreen stimuli were constructed using lab.js (Henninger et al., 2021). The onscreen cursor
appeared as a “crosshair” to ensure accuracy and avoid any biases encouraged by the traditional
directional arrowhead pointer (Phillips et al., 2001, 2003).

Procedure. The experimental procedure is presented in Figure 2. Each trial began with the presen-
tation of a “start button” presented in the center of the screen, and one of the five target stimuli
(Table 1) positioned at one of four possible onscreen locations: either 9.5 cm to the left, right,
above, or below the screen’s center. The specific stimulus and its onscreen position were deter-
mined randomly ahead of each trial using blocked sampling without replacement. Participants
began each trial by using the cursor to click the start button. Once participants clicked the start but-
ton, it disappeared, and participants were required to move their cursor and click on the center of the
target stimulus “as quickly and accurately as possible.” The circular onscreen target represented the
only “clickable area” on the screen. Any click-points outside of the defined region were not regis-
tered. Clicking on the target stimulus ended the current trial. The following trial was preceded by a
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Table I. Target stimuli.

Target stimulus Control Perceived Control Perceived Control
small small regular large large
Diameter of center circle 93/2.2 116/2.7 116/2.7 116/2.7 139/3.2
(px/cm)

200-ms mask to prevent any afterimage of the previous target. The replacement of the mask with the
appearance of the start button and new target stimulus signaled the beginning of the next trial.

Participants completed 20 practice trials, such that each unique stimulus type was presented once
at each of the four onscreen positions before beginning the experimental trials. The experimental
trials consisted of a primary block of 100 trials (each unique stimulus type presented at each onsc-
reen position 5 times), after which participants were provided with a brief rest, followed by a sub-
sequent block of 100 trials. In total, participants completed 200 experimental trials, such that each
unique stimulus type was presented at each onscreen position 10 times. Following the experimental
trials, participants were debriefed and received their participation credit. Each session took no
longer than 30 min to complete.

Data Analysis. Participants’ cursor movements were measured by lab.js and were exported and pro-
cessed using the Mousetrap package (Wulff et al., 2021) in R (R Core Team, 2020). Performance
was collapsed across the four onscreen target positions to produce an average score for each unique
type of target stimulus. Each dependent variable was analyzed using a one-way repeated measures
ANOVA (stimulus type: control small vs. perceived small vs. control regular vs. perceived large vs.
control large).

All statistical analyses were conducted using SPSS (Version 23.0). A Greenhouse-Geisser cor-
rection was applied to address any violations of sphericity. Normality assumptions were tested by
inspecting the normality of the unstandardized residual values produced by the repeated measures
ANOVA. All analyses were conducted using an alpha = .05, partial eta squared (npz) was calculated
as a measure of effect size for each analysis, and post-hoc pairwise comparisons were analyzed
using Bonferroni-adjusted p-values.

Dependent Variables. Participants’ click-point accuracy and movement time were analyzed as
indicators of task performance. Fitts” throughput (TP) was also calculated as a composite measure
of click-point accuracy and movement time for each target (Fitts & Peterson, 1964; see also
MacKenzie, 2015; Soukeroff & MacKenzie, 2004). For this measure, the “effective width” (W)
of the target was defined using each participant’s click-point variability to calculate the effective
index of difficulty ID, for each target. This provided a measure of perceived difficulty for each tar-
get type, which was then divided by movement time to calculate TP. Additionally, the number of
directional changes was also measured, as Langridge and Marotta (2022) observed consistent dif-
ferences in the number of times participants changed the direction of their cursor movement toward
the experimental targets.

Average Click-Point Accuracy. The Euclidean distance (radial error) between the target’s center
and the participant’s click-point was used to represent performance accuracy. Radial error was used
to provide a measure of click-point accuracy that would reflect the average absolute distance
between participants’ click-points and the center of the target, irrespective of potential movement
biases related to the orientation of the participant’s hand or the position of the on-screen target. The
absolute distance was measured in the logical pixels (px) of the computer screen. Smaller distances
between participants’ click-point and the center of the target represented higher accuracy.
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Average Movement Time. The amount of time (ms) separating the point at which participants
clicked the start button to begin the trial and clicked the target stimulus to end the trial.

Fitts’ Throughput (TP). Each target’s TP value was calculated for each participant using the
equation:

TP = 1D,/ MT

In this calculation, ID, refers to the index of difficulty associated with each target, and MT repre-
sents the participant’s average movement time when clicking the target. ID, is calculated as follows:

ID, = log, ((D/ W,] + 1)

where distance to the target (D) is divided by the effective width of the target (W,), which is cal-
culated as 4.133 multiplied by the standard deviation of the participant’s click-point accuracy
when clicking the particular target.

Average Number of Directional Changes. Participants’ cursor movements were time-
normalized into 101 equally sized time steps (0%—100% total movement time) using the mt_time_-
normalize function in the mousetrap package in R. This normalization ensured that each trajectory
contained a consistent number of data points to be analyzed, allowing cursor trajectories of varying
durations to be compared as a standardized proportion of the overall movement. The on-screen pos-
ition (measured in pixels) of the cursor at each of these points was used to measure the number of
times the cursor changed direction in either the horizontal or vertical direction during the trial: A
directional change was recorded if the direction of the cursor movement at the current proportional
step was measured as the reverse of the direction at the previous point.

Results

Excluded Data. The circular onscreen target represented the only “clickable area” on the screen.
Any click-points outside of the defined region were not registered. However, this clickable area
was defined in lab.js using square boundaries, which made it possible for click-points to occur “out-
side” of the circular target while remaining within the corners of the square clickable region. This
occurred in a total of 35 trials (accounting for 0.67% of all experimental trials), all of which were
excluded from analysis.

Click-Point Accuracy. The main effect was significant, F(2.27, 56.76) =26.14, p<.001, np2 =.51
(Figure 3). Pairwise comparisons indicated that participants were significantly more accurate
when clicking the control small target compared to all the other targets (all ps<.001). In add-
ition, participants were significantly more accurate when clicking the control regular target
and the perceived large target in comparison to the control large target (p =.003 and p <.001,
respectively). Of direct relevance to the current hypothesis, participants were significantly
more accurate when clicking the perceived large target compared to the perceived small target

(p=.014).

Movement Time. The main effect was significant, F(4, 100)=10.02, p<.001, np2 =.29 (Figure 4).
Pairwise comparisons indicated that participants were significantly slower when clicking the con-
trol small target compared to the control regular target (p = .014) and compared to the control large
target (p <.001). Participants were also slower when clicking the perceived large target compared to
the control large target (p <.001). There were no other significant comparisons (all ps>.05).
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Fitts” Throughput. The main effect of target was not significant, F(4, 100)=2.11, p =.086, npz =.08.
Average 1D, and TP scores are presented in Table 2.

Number of Directional Changes. Trajectory plots of one participant selected from each experiment
are displayed for context in Figure 5. The main effect was significant, F(4, 100)=3.82,
p=.006, np2= .13. Pairwise comparisons indicated that participants demonstrated a signifi-
cantly higher number of directional changes when clicking the control small target
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Table 2. Target effective index of difficulty and throughput value.

Control Perceived Control Perceived Control
small small regular large large
Effective index of difficulty ~ 3.76 (0.50) 3.53 (0.66) 3.55 (0.64) 3.55 (0.62) 3.43 (0.70)
(IDe)
Throughput (TP) 3.14 (0.61) 2.99 (0.61) 3.04 (0.57) 3.00 (0.53) 2.99 (0.60)

Note. Standard deviations are provided in parentheses.

Experiment 1 Experiment 2 Experiment 3

Control
Small

600 0 % 200 600 20 % 20 00 0 %
Perceived
Small
" ) s
200 200 -200
X X X
Control 600 600 600
Regular
> = 5

Perceived
Large

X
200 [

Control
Large

PN
+
it

Figure 5. Trajectory plots of one participant selected from each experiment. Axes represent distance from
the start button (center of the screen) in pixels. The target boundaries (without annulus) are included,
despite participants not having visual feedback of the targets in Experiments 2 and 3.
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(M=2.51, SE=0.14) in comparison to the control large target (M=2.29, SE=0.13;
p=.011). There were no other differences in the frequency of directional changes involving
the other targets (perceived small: M=2.38, SE=0.13; control regular: M=2.36, SE=0.15;
perceived large: M =2.39, SE=0.14; all ps>.05).

Experiment | Discussion

The aim of this experiment was to perform an in-lab replication of Langridge and Marotta’s (2022)
study, in which the illusory context did not demonstrate an influence on participants’ click-point
accuracy or movement time, suggesting that cursor movements are resistant to perceptual illusions.
In contrast to those original results, this study demonstrated an effect of the illusion on click-point
accuracy. There are several important differences between the previous study and the current inves-
tigation that may have contributed to the contradictory results. First, the presentation of the target
stimuli was held constant across all participants in the current study, whereas participants in the ori-
ginal study performed the task remotely, using their own devices. The increased variability among
participants limits the validity of the original experiment, as well as the statistical power of the ana-
lysis (Norton & Strube, 2001). Second, the screen on which the target stimuli were presented in the
current study was considerably larger than the laptop screens used in the previous study. The mag-
nitude of the Ebbinghaus illusion is known to scale with the size of presentation (Knol et al., 2015;
Massaro & Anderson, 1971), meaning that participants in this study likely experienced a more
powerful presentation of the illusion than those of the previous study. Together, the increased
experimental control and larger stimulus presentation in the current investigation may have contrib-
uted to the significant illusion effect that was not seen previously. These differences highlight the
importance of considering how the specific presentation of the illusion may influence the magnitude
of the effect and, therefore, influence the observed effects on behavior (e.g., Knol et al., 2015).

Our current results show that participants were more accurate when clicking the perceived large
target compared to the perceived small target. This result at first seems counterintuitive, as one may
expect participants to be more accurate when clicking a target perceived as smaller than its actual
size, and therefore requiring more precision compared to a target perceived as larger. However,
these findings agree with a number of other studies that have also demonstrated improved motor
performance when interacting with targets perceived as larger than their true size (Chauvel et al.,
2015; Marchant et al., 2019; Witt et al., 2012; Wood et al., 2013). It is worth noting that these stud-
ies used golf ball putting to explore the effect of the illusion, an action which is fundamentally dif-
ferent from that of controlling an onscreen cursor. Still, an effect of the illusion on performance is
apparent. Movements toward targets perceived as larger than their true size are typically performed
faster as well (Handlovsky et al., 2004; van Donkelaar, 1999), although there were no significant
differences in movement time between the perceived large and perceived small targets in this study.

It is possible that participants incorporated each of the illusory targets’ surrounding annuli in
their representation of each target’s size. In this case, the perceived large target would in fact be
considered the smaller of the two targets, and the associated increase in accuracy would align
with the predictions made by Fitts’ law. This object-based, Gestalt grouping perspective may
explain the observed performance advantage in the perceived-large configuration of the
Ebbinghaus illusion shown in this experiment and others.

Alternatively, misperceiving the perceived large target as larger than its true size may have
reduced the perceived difficulty of the task, making it seem as though this was an “easier” target
to click. According to Fitts’s law (Fitts, 1954), the index of difficulty of a task decreases as the
size of the target increases, such that larger targets are perceived as easier to intercept. Thus, one
may reason that the increased accuracy observed when clicking the perceived large target in this
study is a result of participants perceiving it as an easier target due to its illusory larger size, despite
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requiring the same degree of precision as the perceived small target. Conversely, participants’ per-
ception of the perceived small target may have increased the perceived difficulty of the task, leading
to a decrease in performance. This reasoning aligns well with theories highlighting self-efficacy as a
predictor of motor performance (Chauvel et al., 2015; Wulfet al., 2012; Wulf & Lewthwaite, 2016).
If we are to presume that an increase in perceived size is associated with a decrease in task difficulty,
then logically the control large target should be perceived as the “easiest” target to click on. As pre-
dicted by Fitts’s law, participants were generally faster when clicking the control large target; how-
ever, click-point accuracy was worse in comparison to all targets, except for the perceived small
target. The decreased accuracy associated with the control large target is likely explained by its lar-
ger clickable area; participants were simply provided more space to click inaccurately compared to
the other targets. In other words, both the perceived large and control large targets may have been
perceived as “easier,” however, the perceived large target did in fact demand a higher degree of
precision than did the control large target, due to its comparatively smaller “clickable” area. This
may explain why participants were significantly slower when clicking the perceived large target
in comparison to the control large target as well, as Fitts’s law would predict longer movement
times to be associated with a smaller target.

More directional changes were observed when clicking the control small target compared
to the control large target, confirming that the number of directional changes is associated with
the veridical size of the target and the degree of precision required. In the previous investiga-
tion, Langridge and Marotta proposed that cursor trajectories directed toward targets per-
ceived as larger than their true size may involve more directional changes if the planning
stage of the movement is influenced by the illusion (e.g., a planning-control model of goal-
directed movement, Glover, 2004; Glover & Dixon, 2002). This was not the case in the cur-
rent investigation; however, as the illusion did not affect the number of directional changes in
this experiment.

In summary, Experiment 1 demonstrated that participants’ click-point accuracy was influ-
enced by the illusory context. Participants were more accurate when clicking targets perceived
to be larger than their true size in comparison to when clicking targets perceived to be smaller
than their true size. These results suggest that onscreen cursor movements are mediated by
perceptual processing and that this type of action is distinct from goal-directed movements
directed toward physical stimuli, which have been shown to be resistant to such perceptual
influences.

Having demonstrated a perceptual influence on the visually guided control of an onscreen cursor
in Experiment 1, we predicted an increased effect of the illusion in situations that require partici-
pants to rely entirely on their perceptual representations of the onscreen stimuli. To test this hypoth-
esis, a second experiment was conducted, in which participants were required to click on targets that
were once again embedded within the Ebbinghaus illusion. In this experiment, however, the target
disappeared at the beginning of the trial, and participants were required to use their perceptual
representations, that is, their memory of the target’s size and position, to accurately click its
location.

Experiment 2

Method

Participants. To maintain consistency and ensure appropriate comparison between the results and
effect sizes observed in the current experiment to those of Experiment 1, we recruited a sample
size comparable to that in Experiment 1. Accordingly, an initial 29 undergraduate psychology stu-
dents were recruited through the Psychology Department Undergraduate Participant Pool at the
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Figure 6. Examples of two experimental trials, separated by a 200 ms mask. The experimental target
disappeared once participants clicked the start button. Clicking on the target’s previous location ended the
trial.

University of Manitoba and participated in exchange for course credit. To ensure adequate power
was once again achieved with this sample size, an a priori power analysis was conducted again
using G*Power (Version 3.1.9.2) to determine the minimum required sample size for a one-way
repeated measures ANOVA design with five experimental conditions. Considering the increased
robustness of the effect sizes observed in the first experiment relative to those reported by
Langridge and Marotta (2022), the desired effect size was increased to npz =.10. A minimum sam-
ple size of 16 participants was determined using the following input parameters: effect size npz =
.10, alpha=.05, and desired power =.90.

One participant was removed for having an average number of directional changes that was con-
sistently greater than two standard deviations above the average of the group. The age range of the
remaining 28 participants was between 17 and 46 years (M =22.41 years, SD = 7.08). Twenty-three
participants reported their sex assigned at birth as female, and five participants reported their sex
assigned at birth as male. Fourteen participants reported having normal vision, and 14 participants
reported having corrected-to-normal vision. Participants were all right-hand dominant, and all par-
ticipants reported using their right hand to control the cursor when using a computer. This research
was approved by the University of Manitoba Research Ethics Board, Fort Gary Campus. Informed
consent was obtained from each participant.

Materials, Procedure, and Data Analysis. The experimental procedure is presented in Figure 6. The
materials and procedure were identical to Experiment 1, with the following exceptions. Each trial
began with the presentation of the central start button and a target stimulus presented at one of the
four onscreen locations. Clicking the start button caused both the start button and the target stimulus
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to disappear, and participants were required to click the center of the disappeared target as quickly
and accurately as possible without visual feedback of the target. The number of practice and experi-
mental trials participants completed remained the same as in Experiment 1 (total of 200 experimen-
tal trials; each unique stimulus type presented at each onscreen position 10 times). Once again, each
session took no longer than 30 min to complete. The experimental conditions and analyses of the
dependent variables remained the same as in Experiment 1.

Results

Excluded Data. Participants’ click-points fell outside of the target boundaries while remaining
within the square clickable region in 49 trials (accounting for 0.86% of all trials). These trials
were excluded. As a result of a coding error, a small portion of the top and bottom of the control
large target were not included in the defined clickable region, which meant that participants could
have accurately clicked the target in these locations without these click-points being registered. All
trajectory and click-point data were inspected, and any trials in which this was believed to have
occurred were excluded, accounting for an additional 34 trials (0.61% of all trials). A total of 83
(accounting for 1.48% of all trials) were excluded.

Target Exposure Duration. The average amount of time each experimental target was visible is pre-
sented in Table 3. These durations represent the amount of time taken by participants to click the
start button, at which point the target disappeared and the experimental trial began.

Click-Point Accuracy. The main effect was significant, F(2.95, 79.79)=17.16, p<.001, npzz .39
(Figure 7). Pairwise comparisons indicated that, as was the case in Experiment 1, participants
were significantly more accurate when clicking the control small target compared to all the other
targets (all ps<.001). Participants were also significantly more accurate when clicking the per-
ceived large target in comparison to the control large target (»p =.039). There were no additional
significant comparisons (all ps>.05).

Movement Time. The main effect was significant, F(1.25, 33.81)=6.37, p=.012, nP2 =.19
(Figure 8). Participants were significantly slower when clicking on the control small compared
to the control large target (p =.047); however, there were no other significant pairwise comparisons
involving any of the other targets (all ps>.05).

Fitts’ Throughput. The main effect of target was not significant, F(4, 108) =0.463, p=.763, n,,z =
.02. Average ID, and TP scores are presented in Table 4.

Number of Directional Changes. The main effect was significant, F(4, 108)=7.46, p<.001, npz =
0.22 (Figure 9). Pairwise comparisons indicated that participants made significantly more direc-
tional changes when clicking on the control small target compared to the perceived small target
(p=.006), the control regular target (p =.031), and the control large target (p<.001), but not
the perceived large target (p =.152). There were no other significant comparisons (all ps>.05).

Experiment 2 Discussion

The goal of Experiment 2 was to explore how the Ebbinghaus illusion influenced cursor movements
and click-point accuracy without visual feedback of the target. The TVSH proposes that within the ven-
tral stream, perceptually relevant information about a stimulus, such as its perceived size, is stored as a
component of its perceptual representation, and the results of Experiment 1 suggested these perceptual
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Figure 7. Average distance from click-point position to target center. Smaller values indicate higher
accuracy. Error bars represent the standard error of the mean (SE). * p < .05, *** p < .001.
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Figure 8. Average movement time (ms). Error bars represent the standard error of the mean (SE). * p < .05.

Table 4. Target effective index of difficulty and throughput value.

Control Perceived Control Perceived Control
small small regular large large
Effective index of difficulty ~ 3.52 (0.24) 3.29 (0.27) 3.29 (0.27) 3.34 (0.29) 3.20 (0.31)
(IDe)
Throughput (TP) 3.50 (1.01) 3.47 (0.94) 3.51 (0.89) 3.50 (0.89) 3.43 (0.87)

Note. Standard deviations are provided in parentheses.
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representations mediated participants’ cursor movements. Accordingly, it was reasoned that altering
participants’ perception of target size using the Ebbinghaus illusion prior to the disappearance of the
target would similarly affect their performance in this study as well. The results did not support this
prediction, however. Participants’ click-point accuracy, movement duration, and number of directional
changes did not significantly differ between the perceived small and perceived large targets, suggesting
that the illusion did not affect participants’ control of the onscreen cursor.

As observed in Experiment 1, participants were more accurate when clicking the perceived large
target in comparison to the control large target. The perceived small and control regular targets, des-
pite being the same veridical size as the perceived large target, did not significantly differ from the
control large target; however, and this perhaps once again suggests a subtle increase in accuracy
when clicking on a target perceived to be larger than its true size. Cursor trajectories directed toward
the perceived large target also demonstrated a comparable number of directional changes to those
directed toward the control small target, which was veridically smaller than the other targets and,
therefore, demanded the highest degree of accuracy, whereas all other target types demonstrated fewer
corrective movements. As argued previously by Langridge and Marotta (2022), more corrections may
be needed as the movement unfolds and the cursor approaches a target originally perceived to be lar-
ger than its true size. Ultimately, however, the absence of any significant comparisons between the
perceived large and perceived small targets in this experiment suggest the direction of the illusory
context did not convincingly affect participants’ performance of the task, as was observed in
Experiment 1. Considering that participants were expected to demonstrate an exaggerated effect of
the illusion when forced to rely on their perceptual representation of the target, how can we explain
the absence of an illusory effect in this experiment? We propose three possible explanations.

Explanation 1: The presentation of the illusion, while visible, did not affect participants’ percep-
tion of target size, and therefore their perceptual representations were tuned to the veridical size of
the onscreen target. We believe this explanation to be unlikely, considering the Ebbinghaus illusion
has been shown to have a strong and reliable effect on perceptions of target size, both of visible
targets as well as on perceptual representations stored in memory (Ben-Shalom & Ganel, 2012).
Further, the targets used in this study have been shown to produce a demonstrable change in per-
ceived size in a previous investigation (Langridge & Marotta, 2022). Nevertheless, it is possible that
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the specific presentation of the illusory stimuli in this experiment did not achieve the desired effect,
meaning participants’ perceptual representations of target size were not influenced, and accord-
ingly, their cursor movements were also unaffected.

Explanation 2: The illusion affected perceived target size, and these illusory size perceptions
were incorporated in participants’ perceptual representations, but the magnitude of these per-
ceived size differences were not substantial enough to affect task performance without visual feed-
back of the target. Following the disappearance of the target and in the absence of a visible
stimulus, the initially perceived effects of the illusion simply may not have been large enough to
generate any measurable differences in performance between the perceived small and perceived
large targets.

Explanation 3: Perceptions of target size were influenced by the illusion. However, as a result of
the demands of the particular task, participants did not pay sufficient attention to the illusory pres-
entation of the target when visible, and therefore, perceptions of target size did not contribute to
their perceptual representation of the disappeared target. The size-contrast effect of the
Ebbinghaus illusion is thought to arise from the spatial relationship between the center circle
and the surrounding annulus, making the perceived organization and binding of its features an
important determinant of its magnitude. The quality of attention allocated to a target stimulus is
known to influence the perceptual organization of that stimulus (i.e., feature-integration theory;
Treisman & Gelade, 1980), and therefore the allocation of visual attention toward the illusory
stimulus may also determine the magnitude of its effect. In this experiment, participants were
required to click a start button positioned in the center of the screen to make the target stimulus
disappear at the beginning of each trial. Participants were aware that the target would disappear
when they clicked the start button, and consequently, they may have allocated more attention to
the relative position of the target than to its perceived size, as information about the target’s position
would determine the subsequent direction of cursor movement. Additionally, if attention was direc-
ted toward the start button in the center of the screen, participants’ processing of the illusory target’s
perceived size would have occurred in their periphery. The position of an illusory figure within a
person’s visual field is known to influence the efficacy of the illusion’s effect, such that the process-
ing of illusory stimuli in the periphery requires increased attentional control (Bakar et al., 2008).
Considering the well-documented limits to both selective attention and the amount of information
that can be stored in visual working memory (see Baddeley, 2003; Cowan et al., 2024, for review),
the reallocation of attention away from the target and toward the start button may have diminished
the effect of the illusion. Consequently, any manipulations of perceived target size while the target
was visible may not have been incorporated in the perceptual representation of the target once vis-
ual feedback was removed. To test this explanation, a third experiment was conducted. Once again,
participants were required to rely on their perceptual representations of a disappeared target when
guiding their cursor movements. When participants clicked the start button in this experiment, how-
ever, the on-screen target appeared for two seconds before disappearing, allowing participants to
direct their full attention to the visible target prior to its disappearance. It was predicted that by
increasing the attention participants allocated to the illusory stimulus while visible, the changes
in perceived target size would be more effectively incorporated into their perceptual representation
of the target after it disappeared, and thus demonstrate a stronger influence on their performance.

Experiment 3

Method

Participants. Having determined adequate a priori power estimates using the sample sizes in
Experiments 1 and 2, a comparable sample size to that of these experiments were recruited to ensure
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Figure 10. Examples of two experimental trials, separated by a 200 ms mask. When participants clicked the
start button, it disappeared, and the experimental target appeared and remained visible for 2 s. After 2 s, the
target disappeared, and participants were required to click its previous location, ending the trial.

appropriate comparative interpretation of results and effect size. Thirty-two undergraduate psych-
ology students were recruited through the Psychology Department Undergraduate Participant Pool
at the University of Manitoba and participated in exchange for course credit. The data of four par-
ticipants was removed due to their consistent movement of the cursor during the two-second win-
dow prior to the target disappearance, despite instructions not to move their cursor. One participant
was removed for having average movement times that were consistently greater than two standard
deviations above the average of the group, and another participant was removed for having an aver-
age number of directional changes that was consistently greater than two standard deviations above
the average of the group. The age range of the remaining 26 participants was between 17 and 27
years (M =20.69 years, SD=2.83). Eighteen participants reported their sex assigned at birth as
female, and eight participants reported their sex assigned at birth as male. Sixteen participants
reported having normal vision, and 10 participants reported having corrected-to-normal vision.
Participants were all right-hand dominant, and all participants reported using their right hand to
control the cursor when using a computer. This research was approved by the University of
Manitoba Research Ethics Board, Fort Gary Campus. Informed consent was obtained from each
participant.

Materials, Procedure, and Data Analysis. The experimental procedure is presented in Figure 10. The
materials and procedures replicated those of Experiment 2, with the following exceptions. The start
button was presented alone at the beginning of each trial. Once the participant clicked the start but-
ton, it disappeared and was replaced with a target stimulus presented at one of the four on-screen
positions. Participants were instructed not to move their cursor from the start position in the center
of the screen until the target stimulus disappeared. After a viewing period of 2 s, the target
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disappeared, at which point participants were allowed to move their cursor toward its remembered
position and click its center as quickly and accurately as possible. In this experiment, the movement
time variable was defined as the amount of time between the disappearance of the target and the
time the participant clicked the disappeared target. The number of practice and experimental trials
participants completed remained the same as in the previous experiments (a total of 200 experimen-
tal trials; each unique stimulus type presented at each onscreen position 10 times). After completing
the two blocks of experimental trials, participants performed a perceptual comparison task to con-
firm if the illusory stimuli were, in fact, affecting their perceptual judgments of target size. This task
has been described previously (Langridge & Marotta, 2022) and involves a forced-choice decision
made between two of the target stimuli presented side-by-side. Participants simply clicked on the
target they perceived to be larger. Each unique target type was compared with each of the other
target types twice: once while presented on the left side of the screen, and once while presented
on the right side of the screen. Each session took no longer than 30 min to complete. Otherwise,
the experimental conditions and analyses of the dependent variables remained the same as in
Experiment 2.

Results

Perceptual Comparisons. Participants’ perceptual comparison scores indicated the illusion success-
fully influenced participants’ judgments of perceived target size (Table 5).

Excluded Data. Participants’ click-points fell outside of the target boundaries while remaining
within the square clickable region in 29 trials (accounting for 0.56% of all trials) and were excluded.
Despite instructions to avoid moving the cursor prior to the target’s disappearance, participants pre-
maturely moved the cursor toward the target while it was still visible in 229 trials (accounting for
4.40% of all experimental trials). These trials were excluded from analysis. A total of 258 (account-
ing for 4.96% of all trials) were excluded.

Click-Point Accuracy. The main effect was significant, F(2.47, 61.85)=12.31, p<.001, np2=.33.
Pairwise comparisons indicated that participants were more accurate when clicking the control small
target (M =16.63 px from target center, SE = 0.90) in comparison to all other target types (perceived
small: M=19.76 px, SE=1.18, p=.005; control regular: M=19.32 px, SE=1.01, p <.001; per-
ceived large: M=18.85 px, SE=1.11, p=.019; control large: M =20.67 px, SE=1.02, p<.001).
Participants were also more accurate when clicking the perceived large target in comparison to the
control large target (p =.038). There were no additional significant differences (all ps>.05).

Movement Time. The main effect was significant, F(2.45, 61.14)=4.19, p=.014, npz =.14.
Participants were significantly slower when clicking the control small target (M =1294.21 ms,
SE =60.20) in comparison to the control large target (M =1231.01 ms, SE=60.59; p=.001).
Participants were also significantly slower when clicking the control regular target (M=
1265.13 ms, SE =61.19) in comparison to the control large target (p =.047). There were no signifi-
cant comparisons involving the perceived small (M =1308.91 ms, SE = 64.41) or perceived large
(M=1281.63 ms, SE = 65.79) targets (all ps>.05).

Fitts’ Throughput. The main effect of target was significant, F(4, 100) =5.250, p =<.001, np2 =.17.
Average ID, and TP scores are presented in Table 6. TP scores were significantly higher when
clicking the control small target compared to the perceived small (p =.009), control regular (p =
.03), perceived large (p =.04), and control large (p =.03) targets. There were no significant com-
parisons between the TP scores of the illusory targets (all ps>.05).
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Table 5. Perceptual comparisons.

Right side of the screen

Control Perceived Control Perceived Control
small small regular large large
Left side of the  Control small - 100% 100% 100% 100%
screen Perceived small 100% - 69.23% 88.46% 76.92%
Control regular  100% 88.46% - 100% 100%
Perceived large 100% 80.77% 80.77% - 85.71
Control large 88.46% 88.46% 100% 73.08% -

Note. Scores represent the percent of comparisons that demonstrated the expected size ordering (smallest to largest):
control small < perceived small < control regular < perceived large < control large. Bolded scores represent the comparisons
between targets of the same veridical size.

Table 6. Target effective index of difficulty and throughput value.

Control Perceived Control Perceived Control
small small regular large large

Effective index of difficulty ~ 3.66 (0.45) 338 (0.34)  3.39 (0.43) 341 (0.38)  3.23 (0.34)

(IDe)
Throughput (TP) 300 (0.81) 276 (0.79)  2.85(0.79) 286 (0.81)  2.80 (0.76)

Note. Standard deviations are provided in parentheses.

Number of Directional Changes. The main effect was significant, (4, 100) =4.44, p =.002), npz =
.15. Participants generated a significantly lower number of directional changes when clicking the
control large target (M =1.80, SE=0.11) in comparison to the control small (M=1.99, SE=
0.10, p=.003), perceived small (M=1.97, SE=0.11; p=.018), and control regular (M =1.96,
SE=0.10; p=.046) targets, but not the perceived large target (M =1.89, SE=0.13, p=.990),
for which the number of directional changes generated did not significantly differ from any of
the other targets (all ps>.05).

Experiment 3 Discussion

The results of this experiment confirmed those of Experiment 2: there were no differences in parti-
cipants’ click-point accuracy, movement duration, FT, or the number of directional changes when
comparing the perceived small, perceived large, or control regular targets, suggesting the illusory
presentation did not have an influence on participants’ performance of the task. This was the case
even though participants were given a two-second period to view the target prior to its disappear-
ance, confirming that the results of Experiment 2 cannot be explained by a diversion of attention
away from the target prior to their cursor movement. Rather, these results suggest that the illusory
presentation did not affect participants’ cursor movements toward the disappeared targets.

General Discussion

Across three experiments, this study tested the influence of the Ebbinghaus illusion on visually
guided cursor movements toward onscreen targets perceived as smaller or larger than their veridical
size. The results of the current study demonstrated an effect of the illusion when visual feedback of
the target was available (Experiment 1), but movements were unaffected when visual feedback of
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the target was removed (Experiments 2 and 3). This finding is the reverse of what would be pre-
dicted based on studies of action in the “real-world,” for which movements toward visual stimuli
are not influenced by illusory features of the target (Aglioti et al., 1995; Whitwell et al., 2023),
whereas actions in the absence of visual feedback are more likely to be affected by the illusion, pre-
sumably due to an infiltration of the illusion on the perceptual representations used to guide the
action in the absence of visual feedback (Carther-Krone et al., 2020; Westwood & Goodale, 2003).

Langridge and Marotta (2022) previously reported an increased number of directional changes
when clicking targets misperceived as larger than their true size compared to targets misperceived
as smaller. It was proposed that this result may be explained within the context of Glover and
Dixon’s planning-control model (Glover & Dixon, 2002; Glover, 2004). The planning-control
model proposes a planning system which is susceptible to illusory influences, and a control system
that produces the necessary “realtime” corrections needed to facilitate an accurate movement. As
originally suggested by Langridge and Marotta, more directional changes—that is, corrections
facilitated by the control system—may have been required when clicking a target that was misper-
ceived to be larger than it’s true size by the planning system. Glover and Dixon’s planning control
model echoes the TVSH in that it also predicts accuracy to be unaffected by the illusion when click-
ing visible targets (Experiment 1), as the available visual feedback is used by the control system to
accurately click the target and to correct any illusory misperceptions present in the planning stage.
Their model also predicts an increased influence of the illusion when visual feedback of the target is
not available to the control system (Experiments 2 and 3). Neither of these predictions were sup-
ported in the current study, suggesting that neither the TVSH nor the planning-control model
can fully account for the current findings in their conventional interpretations.

The results of the present study, though not directly supporting the traditional predictions of the
TVSH, may be explained by considering the increased perceptual nature of the task used in this
study. The TVSH predicts that illusions such as the Ebbinghaus illusion influence our perceptual
representations of viewed stimuli, and movements utilizing these stimulus representations are sus-
ceptible to the influence of the illusion, whereas movements which do not recruit these simulations
will be unaffected. Therefore, the presence of an illusory effect on a movement can be used as an
indication of the perceptual system’s mediation of that movement. The translation of physical finger
movements on the trackpad into onscreen cursor movements toward virtual targets likely involves
the recruitment of the ventral stream to process the perceptual features of the onscreen cursor and
target stimuli. When reaching toward and grasping physical objects, the dorsal stream of visual pro-
cessing can direct these movements without recruiting such perceptual representations within the
ventral stream, which explains why these movements are not affected by illusions in the same way.

This argument can explain why participants’ cursor movements are influenced by the seemingly
irrelevant features of an onscreen image, such as the virtual images of coffee cups used by Phillips
et al. (2024). Their participants’ interaction with the images likely involved activation of their rep-
resentational knowledge of a coffee cup (i.e., its “spillability”’; Phillips et al., 2024), leading to an
influence on their action. Langridge and Marotta proposed that one’s perceptual knowledge of a
stimulus can influence their actions toward virtual images of that stimulus, which can explain
why precision grasps toward symmetrical onscreen stimuli appear to follow similar rules as grasps
toward physical objects (Langridge & Marotta, 2021).

In the absence of visual feedback (Experiments 2 and 3), however, participants needed to rely
entirely on their perceptual representation of the target post’s disappearance. What can explain
the absence of the illusory effect? It is possible that the perceptual change in target size caused
by the illusion and stored within participants’ perceptual representations was simply not of a strong
enough magnitude to affect participants’ accuracy, movement time, or cursor trajectory without vis-
ual feedback of the target present. In other words, while the illusion may have had some influence
on participants’ perceptions of target size, these perceived differences only affected participants’
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cursor movements when they were reinforced by the visible presentation of the target. Without the
illusory features of the target visible, however, any illusory influence on task performance appears
to have been diminished. Interestingly, despite finding no difference in accuracy between the illu-
sory targets in Experiments 2 and 3, participants were consistently more accurate when clicking the
perceived large target than they were when clicking the control large target in all three experiments.
The reliability of this finding suggests a subtle influence of the illusion, which increased click-point
accuracy when clicking on the perceived large target. This increase in accuracy appears to have
been statistically significant when compared to the control large target, which generally generated
the worst accuracy overall. We may therefore infer a slight benefit to the accuracy of cursor move-
ments toward targets perceived as larger than their true size, while recognizing that this benefit was
not large enough to generate differences in accuracy between the same-sized targets used in this
study.

In summary, the act of using a cursor to interact with an onscreen stimulus appears to be funda-
mentally distinct from actions involving interaction with a physical object, such as reaching, grasp-
ing, and pointing movements. Cursor movements are mediated by the perceptual features of that
stimulus, whereas physical movements are not. These findings have direct relevance to the design
of GUISs and other applications in which a cursor is used to interact with onscreen stimuli, as the size
and grouping of such stimuli are programmable by design and can be used to influence the user’s
perceptual representations. This knowledge can be leveraged for various purposes, such as increas-
ing the clarity and readability of onscreen text, enhancing engagement, and optimizing the layout of
presented stimuli to effectively direct users’ attention. Based on the results of this study, for
example, one may choose to present a preferred button or selection as surrounded by smaller visual
elements and, in doing so, induce a size-contrast illusion similar to the perceived large target in this
study. This illusory influence will not only influence users’ perceptions of button size, but, as we
have shown in the present study, will also facilitate participants’ interaction with that onscreen
element.

Testing the TVSH’s predictions using nontraditional actions, such as onscreen cursor move-
ment, provides an important complement to the traditional reaching and grasping studies that led
to its foundation. The results of this study contribute significantly to our understanding of percep-
tion—action interaction and further refine the theoretical basis of the TVSH by expanding its appli-
cation to interaction with onscreen targets. Future studies utilizing additional forms of action within
a variety of contexts will further contribute to our theoretical understanding of the TVSH’s role in
visual perception and action.

Acknowledgements

The authors would like to thank Gabrielle David, Anthony Ngo, and Jasmine Pomrenke for their help with the
data collection process.

ORCID iDs

Ryan W. Langridge https:/orcid.org/0000-0001-5320-8882
Jonathan J. Marotta {12 https:/orcid.org/0000-0001-6635-4694

Ethical Considerations

This research was approved by the University of Manitoba Research Ethics Board, Fort Gary Campus
[Approval No.: HS21645 (P2018:023)].

Consent to Participate

Written informed consent was obtained from each participant.


https://orcid.org/0000-0001-5320-8882
https://orcid.org/0000-0001-5320-8882
https://orcid.org/0000-0001-6635-4694
https://orcid.org/0000-0001-6635-4694

24 Perception 0(0)

Consent for Publication
Not applicable.

Author Contribution(s)

Ryan W. Langridge: Conceptualization; Data curation; Formal analysis; Investigation; Methodology; Project
administration; Writing — original draft.

Jonathan J. Marotta: Formal analysis; Methodology; Project administration; Resources; Supervision;
Writing — review & editing.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publica-
tion of this article: This work was supported by a Discovery Grant from the Natural Science and Engineering
Research Council of Canada (NSERC) held by JIM.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publica-
tion of this article.

Data Availability Statement
Data are available at https:/doi.org/10.5683/SP3/KQ4EVG.

References

Aglioti, S., DeSouza, J. F. X., & Goodale, M. A. (1995). Size-contrast illusions deceive the eye but not the
hand. Current Biology, 5, 679—685. https:/doi.org/10.1016/S0960-9822(95)00133-3

Alphonsa, S., Dai, B., Benham-Deal, T., & Zhu, Q. (2016). Combined visual illusion effects on the perceived
index of difficulty and movement outcomes in discrete and continuous Fitts’ tapping. Psychological
Research, 80, 55-68. https://doi.org/10.1007/s00426-014-0641-x

Baddeley, A. (2003). Working memory: Looking back and looking forward. Nature Reviews Neuroscience, 4,
829-839. https:/doi.org/10.1038/nrn1201

Bakar, A. A., Liu, L., Conci, M., Elliott, M. A., & Ioannides, A. A. (2008). Visual field and task influence
illusory figure responses. Human Brain Mapping, 29, 1313-1326. https:/doi.org/10.1002/hbm.20464

Ben-Shalom, A., & Ganel, T. (2012). Object representations in visual memory: Evidence from visual illusions.
Journal of Vision, 12, 1-11. https:/doi.org/10.1167/12.7.15

Bruno, N., & Franz, V. H. (2009). When is grasping affected by the Miiller-Lyer illusion? A quantitative
review. Neuropsychologia, 47(6), 1421-1433. https://doi.org/10.1016/j.neuropsychologia.2008.10.031

Carther-Krone, T. A., Senanayake, S. A., & Marotta, J. J. (2020). The influence of the Sander parallelogram
illusion and early, middle and late vision on goal-directed reaching and grasping. Experimental Brain
Research, 238, 2993-3003. https:/doi.org/10.1007/s00221-020-05960-2

Chauvel, G., Wulf, G., & Maquestiaux, F. (2015). Visual illusions can facilitate sport skill learning.
Psychonomic Bulletin & Review, 22, 717-721. https:/doi.org/10.3758/s13423-014-0744-9

Cowan, N., Bao, C., Bishop-Chrzanowski, B. M., Costa, A. N., Greene, N. R., Guitard, D., Li, C., Musich,
M. L, & Unal, Z. E. (2024). The relation between attention and memory. Annual Review of
Psychology, 75, 183-214. https:/doi.org/10.1146/annurev-psych-040723-012736

Danckert, J. A., Sharif, N., Haffenden, A. M., Schiff, K. C., & Goodale, M. A. (2002). A temporal analysis of
grasping in the Ebbinghaus illusion: Planning versus online control. Experimental Brain Research,
144, 275-280. https:/doi.org/10.1007/s00221-002-1073-1

Fischer, M. H. (2001). How sensitive is hand transport to illusory context effects? Experimental Brain
Research, 136, 224-230. https:/doi.org/10.1007/s002210000571


https://doi.org/10.5683/SP3/KQ4EVG
https://doi.org/10.5683/SP3/KQ4EVG
https://doi.org/10.1016/S0960-9822(95)00133-3
https://doi.org/10.1016/S0960-9822(95)00133-3
https://doi.org/10.1007/s00426-014-0641-x
https://doi.org/10.1038/nrn1201
https://doi.org/10.1038/nrn1201
https://doi.org/10.1002/hbm.20464
https://doi.org/10.1002/hbm.20464
https://doi.org/10.1167/12.7.15
https://doi.org/10.1167/12.7.15
https://doi.org/10.1016/j.neuropsychologia.2008.10.031
https://doi.org/10.1007/s00221-020-05960-2
https://doi.org/10.1007/s00221-020-05960-2
https://doi.org/10.3758/s13423-014-0744-9
https://doi.org/10.3758/s13423-014-0744-9
https://doi.org/10.1146/annurev-psych-040723-012736
https://doi.org/10.1146/annurev-psych-040723-012736
https://doi.org/10.1007/s00221-002-1073-1
https://doi.org/10.1007/s00221-002-1073-1
https://doi.org/10.1007/s002210000571
https://doi.org/10.1007/s002210000571

Langridge and Marotta 25

Fitts, P. M. (1954). The information capacity of the human motor system in controlling the amplitude of move-
ment. Journal of Experimental Psychology, 47(6), 381-391. https://doi.org/10.1037/h0055392

Fitts, P. M., & Peterson, J. R. (1964). Information capacity of discrete motor responses. Journal of
Experimental Psychology, 67, 103—112. https:/doi.org/10.1037/h0045689

Franz, V. H. (2001). Action does not resist visual illusions. Trends in Cognitive Sciences, 5, 457-459. https:/
doi.org/10.1016/S1364-6613(00)01772-1

Franz, V. H., & Gegenfurtner, K. R. (2008). Grasping visual illusions: Consistent data and no dissociation.
Cognitive Neuropsychology, 25, 920-950. https:/doi.org/10.1080/02643290701862449

Glover, S. (2004). Separate visual representations in the planning and control of action. Behavioral and Brain
Sciences, 27, 3-24. https:/doi.org/10.1017/s0140525x04000020

Glover, S., & Dixon, P. (2002). Dynamic effects of the Ebbinghaus illusion in grasping: Support for a plan-
ning/control model of action. Perception and Psychophysics, 64, 266-278. https:/doi.org/10.3758/
BF03195791

Goodale, M. A., & Milner, A. D. (1992). Separate visual pathways for perception and action. Trends in
Neurosciences, 15, 20-25. https:/doi.org/10.1016/0166-2236(92)90344-8

Haffenden, A. M., & Goodale, M. A. (1998). The effect of pictorial illusion on perception and visually guided
prehension.  Journal of Cognitive Neuroscience, 10(1), 122-136. https://doi.org/10.1162/
089892998563824

Handlovsky, 1., Hansen, S., Lee, T. D., & Elliott, D. (2004). The Ebbinghaus illusion affects on-line movement
control. Neuroscience Letters, 366(3), 308-311. https://doi.org/10.1016/j.neulet.2004.05.056

Henninger, F., Shevchenko, Y., Mertens, U. K., Kieslich, P. J., & Hilbig, B. E. (2021). lab.js: A free, open,
online study builder. Behavior Research Methods, 54, 556-573. https://doi.org/10.3758/s13428-019-
01283-5

Janczyk, M., Pfister, R., & Kunde, W. (2013). Mice move smoothly: Irrelevant object variation affects percep-
tion, but not computer mouse actions. Experimental Brain Research, 231, 97-106. https:/doi.org/10.1007/
s00221-013-3671-5

Knol, H., Huys, R., Sarrazin, J., & Jirsa, V. K. (2015). Quantifying the Ebbinghaus figure effect: Target size,
context size, and target-context distance determine the presence and direction of the illusion. Frontiers in
Psychology, 6, 1-11. https:/doi.org/10.3389/fpsyg.2015.01679

Langridge, R. W., & Marotta, J. J. (2021). Manipulation of physical 3-D and virtual 2-D stimuli: Comparing
digit placement and fixation position. Experimental Brain Research, 239, 1863—1875. https://doi.org/10.
1007/s00221-021-06101-z

Langridge, R. W., & Marotta, J. J. (2022). Use of remote data collection methodology to test for an illusory
effect on visually guided cursor movements. Frontiers in Psychology, 13, 1-21. https:/doi.org/10.3389/
fpsyg.2022.922381

Mackenzie, 1. S. (2015). Fitts’ throughput and the remarkable case of touch-based target selection. Proceedings
of the 17th International Conference on Human-Computer Interaction - HCII 2015 (LNCS 9170). 238-249.
https://doi.org/10.1007/978-3-319-20916-6_23

Marchant, D. C., Carnegie, E., Wood, G., & Ellison, P. (2019). Influence of visual illusion and attentional
focusing instruction in motor performance. International Journal of Sport and Exercise Psychology, 17,
659-669. https:/doi.org/10.1080/1612197X.2018.1441165

Marotta, J. J., DeSouza, J. F. X., Haffenden, A. M., & Goodale, M. A. (1998). Does a monocularly presented
size-contrast illusion influence grip aperture? Neuropsychologia, 36(6), 380-386. https://doi.org/10.1016/
S0028-3932(97)00154-1

Massaro, D. W., & Anderson, N. H. (1971). Judgmental model of the Ebbinghaus illusion. Journal of
Experimental Psychology, 89, 147-151. https:/doi.org/10.1037/h0031158

Meegan, D. V., Glazebrook, C. M., Dhillon, V. P., Tremblay, L., Welsh, T. N., & Elliott, D. (2004). The
Miiller-Lyer illusion affects the planning and control of manual aiming movements. Experimental Brain
Research, 155, 37-47. https:/doi.org/10.1007/s00221-003-1702-3


https://doi.org/10.1037/h0055392
https://doi.org/10.1037/h0045689
https://doi.org/10.1037/h0045689
https://doi.org/10.1016/S1364-6613(00)01772-1
https://doi.org/10.1016/S1364-6613(00)01772-1
https://doi.org/10.1016/S1364-6613(00)01772-1
https://doi.org/10.1080/02643290701862449
https://doi.org/10.1080/02643290701862449
https://doi.org/10.1017/s0140525x04000020
https://doi.org/10.1017/s0140525x04000020
https://doi.org/10.3758/BF03195791
https://doi.org/10.3758/BF03195791
https://doi.org/10.3758/BF03195791
https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1162/089892998563824
https://doi.org/10.1162/089892998563824
https://doi.org/10.1016/j.neulet.2004.05.056
https://doi.org/10.3758/s13428-019-01283-5
https://doi.org/10.3758/s13428-019-01283-5
https://doi.org/10.1007/s00221-013-3671-5
https://doi.org/10.1007/s00221-013-3671-5
https://doi.org/10.1007/s00221-013-3671-5
https://doi.org/10.3389/fpsyg.2015.01679
https://doi.org/10.3389/fpsyg.2015.01679
https://doi.org/10.1007/s00221-021-06101-z
https://doi.org/10.1007/s00221-021-06101-z
https://doi.org/10.3389/fpsyg.2022.922381
https://doi.org/10.3389/fpsyg.2022.922381
https://doi.org/10.3389/fpsyg.2022.922381
https://doi.org/10.1007/978-3-319-20916-6_23
https://doi.org/10.1080/1612197X.2018.1441165
https://doi.org/10.1080/1612197X.2018.1441165
https://doi.org/10.1016/S0028-3932(97)00154-1
https://doi.org/10.1016/S0028-3932(97)00154-1
https://doi.org/10.1037/h0031158
https://doi.org/10.1037/h0031158
https://doi.org/10.1007/s00221-003-1702-3
https://doi.org/10.1007/s00221-003-1702-3

26 Perception 0(0)

Norton, B. J., & Strube, M. J. (2001). Understanding statistical power. Journal of Orthopaedic & Sports
Physical Therapy, 31, 307-315. https:/doi.org/10.2519/jospt.2001.31.6.307

Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh inventory.
Neuropsychologia, 9, 97-113. https:/doi.org/10.1016/0028-3932(71)90067-4

Pavani, F., Boscagli, I., Benvenuti, F., Rabuffetti, M., & Farne, A. (1999). Are perception and action affected
differently by the Titchener circles illusion? Experimental Brain Research, 127, 95-101. https:/doi.org/10.
1007/s002210050777

Phillips, J. G., Triggs, T. J., & Meehan, J. W. (2001). Cursor orientation and computer screen positioning
movements. Human Factors, 43, 435-441. https:/doi.org/10.1518/001872001775898241

Phillips, J. G., Triggs, T. J., & Meehan, J. W. (2003). Conflicting directional and locational cues afforded by
arrowhead cursors in graphical user interfaces. Journal of Experimental Psychology: Applied, 9, 75-87.
https:/doi.org/10.1037/1076-898X.9.2.75

Phillips, J. G., Van Gemmert, A. W. A., & Hughes, B. (2024). Incompatibility influences cursor placement when
pointing to images of cups. Human Factors, 66, 1004—1016. https:/doi.org/10.1177/00187208221121203

R Core Team. (2020). R: 4 language and environment for statistical computing. R Foundation for Statistical
Computing. https:/www.r-project.org/.
Seinfeld, S., Feuchtner, T., Maselli, A., & Miiller, J. (2020). User representations in human-computer inter-
action. Human-Computer Interaction, 36, 400—438. https:/doi.org/10.1080/07370024.2020.1724790
Soukeroff, R. W., & MacKenzie, 1. S. (2004). Towards a standard for pointing device evaluation, perspectives
on 27 years of Fitts’ law research in HCL. International Journal of Human-Computer Studies, 61(6),
751-789. https://doi.org/10.1016/j.ijhcs.2004.09.001

Treisman, A. M., & Gelade, G. (1980). A feature-integration theory of attention. Cognitive Psychology, 12(1),
97-136. https://doi.org/10.1016/0010-0285(80)90005-5

van Donkelaar, P. (1999). Pointing movements are affected by size-contrast illusions. Experimental Brain
Research, 125, 517-520. https://doi.org/10.1007/s002210050710

Westwood, D. A., & Goodale, M. A. (2003). Perceptual illusion and the real-time control of action. Spatial
Vision, 16, 243-254. https:/doi.org/10.1163/156856803322467518

Whitwell, R. L., Garach, M. A., Goodale, M. A., & Sperandio, 1. (2023). Looking at the Ebbinghaus illusion:
Differences in neurocomputational requirements, not gaze-mediated attention, explain a classic
perception-action dissociation. Philosophical Transactions of the Royal Society of London. Series B,
Biological Sciences, 378, 20210459. https:/doi.org/10.1098/rstb.2021.0459

Whitwell, R. L., Goodale, M. A., Merritt, K. E., & Enns, J. T. (2018). The Sander parallelogram illusion dis-
sociates action and perception despite control for the litany of past confounds. Cortex, 98, 163—176. https:/
doi.org/10.1016/j.cortex.2017.09.013

Witt, J. K., Linkenauger, S. A., & Proffitt, D. R. (2012). Get me out of this slump! Visual illusions improve
sports performance. Psychological Science, 23(4), 397-399. https://doi.org/10.1177/0956797611428810

Wood, G., Vine, S. J., & Wilson, M. R. (2013). The impact of visual illusions on perception, action planning,
and motor performance. Attention, Perception & Psychophysics, 75, 830-834. https://doi.org/10.3758/
$13414-013-0489-y

Waulf, G., Chiviacowsky, S., & Lewthwaite, R. (2012). Altering mindset can enhance motor learning in older
adults. Psychology and Aging, 27, 14-21. https:/doi.org/10.1037/a0025718

Wulf, G., & Lewthwaite, R. (2016). Optimizing performance through intrinsic motivation and attention for
learning: The OPTIMAL theory of motor learning. Psychonomic Bulletin and Review, 23, 1382—1414.
https:/doi.org/10.3758/s13423-015-0999-9

Waulff, D. U., Kieslich, P. J., Henninger, F., Haslbeck, J. M., & Schulte-Mecklenbeck, M. (2021). Movement
tracking of cognitive processes: A tutorial using Mousetrap. PsyArchiv, 1-29. https://doi.org/10.31234/osf.
10/v685r


https://doi.org/10.2519/jospt.2001.31.6.307
https://doi.org/10.2519/jospt.2001.31.6.307
https://doi.org/10.1016/0028-3932(71)90067-4
https://doi.org/10.1016/0028-3932(71)90067-4
https://doi.org/10.1007/s002210050777
https://doi.org/10.1007/s002210050777
https://doi.org/10.1007/s002210050777
https://doi.org/10.1518/001872001775898241
https://doi.org/10.1518/001872001775898241
https://doi.org/10.1037/1076-898X.9.2.75
https://doi.org/10.1037/1076-898X.9.2.75
https://doi.org/10.1177/00187208221121203
https://doi.org/10.1177/00187208221121203
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1080/07370024.2020.1724790
https://doi.org/10.1080/07370024.2020.1724790
https://doi.org/10.1016/j.ijhcs.2004.09.001
https://doi.org/10.1016/0010-0285(80)90005-5
https://doi.org/10.1007/s002210050710
https://doi.org/10.1163/156856803322467518
https://doi.org/10.1163/156856803322467518
https://doi.org/10.1098/rstb.2021.0459
https://doi.org/10.1098/rstb.2021.0459
https://doi.org/10.1016/j.cortex.2017.09.013
https://doi.org/10.1016/j.cortex.2017.09.013
https://doi.org/10.1016/j.cortex.2017.09.013
https://doi.org/10.1177/0956797611428810
https://doi.org/10.3758/s13414-013-0489-y
https://doi.org/10.3758/s13414-013-0489-y
https://doi.org/10.1037/a0025718
https://doi.org/10.1037/a0025718
https://doi.org/10.3758/s13423-015-0999-9
https://doi.org/10.3758/s13423-015-0999-9
https://doi.org/10.31234/osf.io/v685r
https://doi.org/10.31234/osf.io/v685r

	 Introduction
	 Experiment 1
	 Method
	 Participants
	 Materials
	 Procedure
	 Data Analysis

	 Results
	 Excluded Data
	 Click-Point Accuracy
	 Movement Time
	 Fitts’ Throughput
	 Number of Directional Changes

	 Experiment 1 Discussion

	 Experiment 2
	 Method
	 Participants
	 Materials, Procedure, and Data Analysis

	 Results
	 Excluded Data
	 Target Exposure Duration
	 Click-Point Accuracy
	 Movement Time
	 Fitts’ Throughput
	 Number of Directional Changes

	 Experiment 2 Discussion

	 Experiment 3
	 Method
	 Participants
	 Materials, Procedure, and Data Analysis

	 Results
	 Perceptual Comparisons
	 Excluded Data
	 Click-Point Accuracy
	 Movement Time
	 Fitts’ Throughput
	 Number of Directional Changes

	 Experiment 3 Discussion

	 General Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


