
The role of cognitive factors and personality traits in the perception
of illusory self-motion (vection)

Sarah D’Amour1,2 & Laurence R. Harris1,2 & Stefan Berti3 & Behrang Keshavarz4,5

Accepted: 30 November 2020
# The Author(s) 2021

Abstract
Vection is a perceptual phenomenon that describes the visually induced subjective sensation of self-motion in the absence of
physical motion. Previous research has discussed the potential involvement of top-down cognitive mechanisms on vection. Here,
we quantified how cognitive manipulations such as contextual information (i.e., expectation) and plausibility (i.e., chair config-
uration) alter vection. We also explored how individual traits such as field dependence, depersonalization, anxiety, and social
desirability might be related to vection. Fifty-one healthy adults were exposed to an optic flow stimulus that consisted of
horizontally moving black-and-white bars presented on three adjacent monitors to generate circular vection. Participants were
divided into three groups and given experimental instructions designed to induce either strong, weak, or no expectation with
regard to the intensity of vection. In addition, the configuration of the chair (rotatable or fixed) was modified during the
experiment. Vection onset time, duration, and intensity were recorded. Results showed that expectation altered vection intensity,
but only when the chair was in the rotatable configuration. Positive correlations for vection measures with field dependence and
depersonalization, but no sex-related effects were found. Our results show that vection can be altered by cognitive factors and that
individual traits can affect the perception of vection, suggesting that vection is not a purely perceptual phenomenon, but can also
be affected by top-down mechanisms.

Keywords Vection . Self-motion . Cognition . Expectation . Field dependence . Depersonalization . Anxiety . Social
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Experiencing self-motion in the absence of actual physical
movement is a common phenomenon and can occur in various
situations. For instance, when sitting in a stationary train ready
for departure, the motion of a neighboring train can sometimes
be misinterpreted as movement of one’s own train and result
in the experience that one’s own train departed. Similar sen-
sations can be observed when using Virtual Reality (VR) ap-
plications, such as VR glasses/headsets or driving/flight

simulators, when users often experience the sensation of
self-motion even when they remain still. The feeling of illu-
sory self-motion is referred to as vection (Brandt, Dichgans, &
Koenig, 1972; Mach, 1875). The general purpose of our study
is to further enhance our knowledge of vection as a phenom-
enon. Moreover, since VR is constantly gaining popularity in
the context of training, education, rehabilitation, and research
(Adamovich, Fluet, Tunik, & Merians, 2009; Bates, 1992;
Montana, Tuena, Serino, Cipresso, & Riva, 2019), a better
understanding of vection may directly help to optimize VR
experiences by improving the sense of realism and presence in
the virtual world (Hendrix & Barfield, 1995).

Vection is a complex phenomenon with multiple contrib-
uting factors (see Hettinger, Schmidt, Jones, & Keshavarz,
2014; Palmisano, Allison, Schira, & Barry, 2015, for
overviews). For instance, characteristics of the sensory infor-
mation such as scene density/complexity (Brandt, Dichgans,
& Koenig, 1973; Keshavarz, Philipp-Muller, Hemmerich,
Riecke, & Campos, 2019; Lubeck, Bos, & Stins, 2015) or
the size of the field-of-view (Allison, Howard, & Zacher,
1999; Flanagan, May, & Dobie, 2002) have been shown to

* Sarah D’Amour
saod16@yorku.ca

1 Centre for Vision Research, York University, Toronto, Canada
2 Department of Psychology, York University, 4700 Keele St.,

Toronto, ON M3J 1P3, Canada
3 Department of Psychology, Johannes Gutenberg University Mainz,

Mainz, Germany
4 KITE, Toronto Rehabilitation Institute–University Health Network,

Toronto, Canada
5 Department of Psychology, Ryerson University, Toronto, Canada

https://doi.org/10.3758/s13414-020-02228-3

/ Published online: 6 January 2021

Attention, Perception, & Psychophysics (2021) 83:1804–1817

http://crossmark.crossref.org/dialog/?doi=10.3758/s13414-020-02228-3&domain=pdf
http://orcid.org/0000-0002-9383-0577
mailto:saod16@yorku.ca


affect vection. There is also evidence that vection is not en-
tirely driven by perceptual components and that emotional
states (Sasaki, Seno, Yamada, & Miura, 2012; Seno,
Kawabe, Ito, & Sunaga, 2013) and cognitive factors such as
contextual information or plausibility can play a modulating
role (Palmisano et al., 2015; Seno et al., 2012; Wright, 2009).
For instance, Riecke, Feuereissen, and Rieser (2009) reported
increased auditory vection in participants who were exposed
to rotating auditory sounds with their feet suspended in the air
in comparison with participants whose feet touched the
ground. The authors argue that the possibility of movement
increased the likelihood of experiencing vection. In another
study, Seno, Abe, et al. (2013) demonstrated that wearing
heavy iron clogs and a weight jacket partially reduced vection
as well, suggesting that the knowledge about the presence of
the weights reduced the likelihood of vection to occur.

The underlying mechanisms of cognitive factors for
vection remain vague. Vection is, by definition, a subjective
phenomenon, and objective measures are largely missing (al-
though some promising ideas have been recently proposed;
see Berti & Keshavarz, 2020; Keshavarz, Campos, & Berti,
2015; Palmisano et al., 2015; Weech, Kenny, Calderon, &
Barnett-Cowan, 2020), which makes research in this domain
susceptible to reporting biases. It is possible that cognition
modulates the processing of the sensory input to exert top-
down effects on perceptual processes. Alternatively, cognitive
processes such as expectation or knowledge about the envi-
ronment might introduce a response bias, with perceptual pro-
cesses remaining unaffected. In addition, it is important to
determine participants’ sensitivity to cognitive factors and
whether this sensitivity might vary with other factors, such
as stimulus characteristics, personality, or sex. A first attempt
to answer some of these questions was presented by
Palmisano and Chan (2004). The authors exposed their par-
ticipants to a cloud of random dots that induced linear, for-
ward vection. Contextual information was altered by manipu-
lating the experimental instructions and settings: One group of
participants sat on a rotatable chair and was told that the pur-
pose of the study was to investigate self-motion. The other
group, in contrast, sat in a stationary chair and was told that
the purpose of the study was to investigate object motion.
Participants in the object-motion group were less likely to
report vection (54 vs. 12 no-vection trials) and showed a sig-
nificantly longer latency when they did, although no differ-
ences were found for vection duration.

The aim of the present study was to further investigate the
role of cognition such as contextual factors and plausibility on
the perception of vection and its interplay with (a) stimulus
characteristics and (b) personality traits. In the context of stim-
ulus characteristics, we introduced three manipulations: First,
we varied the speed of the visual stimulus (slow, medium,
fast) to elicit vection with varying intensity, as faster stimuli
have been shown to generate stronger vection (Kennedy,

Hettinger, Harm, Ordy, & Dunlap, 1996; Keshavarz,
Hettinger, Vena, & Campos, 2014; So, Lo, & Ho, 2001).
Second, we manipulated the participants’ expectation with
regard to the possibility of actually moving by subtly varying
the experimental instruction for each group: For one group,
the instruction suggested that the vast majority of people ex-
perienced vection with strong intensity when exposed to this
type of stimulus, whereas the instruction for the other group
suggested that only very few people experienced vection and
that vection was rather weak. No expectation was established
for the third group (control condition). Third, we manipulated
the plausibility of the laboratory setup by using a chair that
was either capable of rotating around a vertical axis or that was
fixed and could not rotate. Each participant watched half of
the trials sitting on the chair with the rotatable setup (i.e.,
knowing that the chair could rotate) and the other half of the
trials sitting on the chair in a fixed setup (i.e., knowing that the
chair could not rotate), with the order of the setup
counterbalanced between participants. We hypothesized that
the manipulation of contextual information and plausibility
would affect vection ratings; we expected shorter vection la-
tencies, longer vection durations, and increased vection inten-
sity for the high expectation group compared with the low
expectation group. We expected that this effect would be par-
ticularly prevalent in the visual conditions that generated mod-
erate vection (slow or medium speed), as stronger visual cues
may dominate or override the subtle cognitive manipulations
we chose. Based on previous studies (Riecke et al.,
2009), we also anticipated that sitting on a chair that
was known to be rotatable would increase vection com-
pared with sitting on a fixed chair.

With respect to personality traits, we investigated four
concepts that seem relevant in the context of vection: field
dependence, depersonalization, anxiety, and social desir-
ability. Field dependence is considered a basic cognitive
style affecting perceptual processing (Boccia, Piccardi,
Marco, Pizzamiglio, & Guariglia, 2016; Witkin &
Goodenough, 1977) and describes the tendency to rely on
external (e.g., visual) or internal (e.g., vestibular) cues with
regard to perception—for instance, in the context of one’s
body position with respect to gravity. That is, more field-
dependent individuals rely more strongly on external cues
such as reference frames, whereas less field-dependent in-
dividuals rely more strongly on internal cues such as ves-
tibular or proprioceptive information with regard to their
perception of body position. Field dependence has been
shown to affect vection under certain circumstances
(Keshavarz, Speck, Haycock, & Berti, 2017), but the nature
of this relationship is not well understood. We hypothesized
that more field-dependent participants would experience
vection more easily and more intensely, because they rely
more on external, visual cues than low field-dependent
individuals.
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Depersonalization describes an individual’s experience of
being detached or divorced from their own body, which can
result in the perception of the world as dreamlike or unreal
(Mayer-Gross, 1935; Sierra & Berrios, 1998). Single episodes
of depersonalization are not uncommon and are estimated to
occur in approximately 20% of the population at least once in
their lifetime (Aderibigbe, Bloch, & Walker, 2001), whereas
chronic depersonalization is considered a dissociative disorder
according to the Diagnostic and Statistical Manual of Mental
Disorders–Fifth Edition (DSM-5) (Phillips et al., 2001).
Depersonalization can affect cognitive processing: Adler
et al. (2014) demonstrated that visual spatial attention differed
between patients diagnosed with depersonalization disorder
compared with a healthy control group. Thus, we hypothe-
sized that depersonalization would be positively correlated
with vection with those reporting higher scores of deperson-
alization experiencing stronger vection.

Anxiety is an emotion that is linked to several other phe-
nomena, including depersonalization (Sierra,Medford,Wyatt,
& David, 2012), and can be considered as a temporary emo-
tional state or as a manifested personality trait. Interestingly,
anxiety has been shown to increase the level of presence in
VR (Bouchard, St-Jacques, Robillard, & Renaud, 2008), de-
fined as the feeling of “being there” in the virtual environment
(Heeter, 1992). As presence and vection are linked to each
other (Prothero, 1998), it is possible that anxiety may affect
vection. However, due to limited previous research, our inves-
tigation of anxiety was rather exploratory, and we had no
specific hypothesis.

Lastly, social desirability is a type of response bias that
makes participants respond in a way that they believe is
viewed favorably by other (Edwards, 1957), and people with
a higher social desirability could be more prone to cognitive
manipulations that may affect vection. Thus, we measured the
level of social desirability to explore its relationship with
vection perception.

Field dependence was assessed using the rod-and-frame
test (Bagust, 2005; Witkin & Asch, 1948) and depersonaliza-
tion, anxiety, and social desirability were assessed by ques-
tionnaire. In addition, participants were balanced across
experimental conditions according to their sex in order
to investigate potential sex-related differences with re-
spect to the sensation of vection (Darlington & Smith,
1998; Flanagan, May, & Dobie, 2005; Klosterhalfen,
Pan, Kellermann, & Enck, 2006).

Materials and methods

Participants

A total of 67 healthy volunteers participated in this study.
Seven of the participants stopped the experiment prematurely

due to motion sickness and had to be removed from the study.
In addition, nine participants were excluded from the data
analyses due to contradicting vection ratings: For some trials,
they did not report vection onset during trials, but reported
increased vection intensity ratings after trial, or vice versa.
Thus, the final sample size consisted of 51 participants (25
females, Mage = 23.92 years, SD = 7.01, age range: 18–49
years). Participants were healthy and had no self-reported re-
cent history of stroke, active vestibular disorders, disabling
musculoskeletal disorder, acute psychiatric disorder, epilepsy,
and/or a diagnosis of dementia or mild cognitive impairment.
Written consent was obtained prior to the experiment. The
study was approved by the Research Ethics Boards of the
University Health Network and York University and was de-
signed in accordance with the Declaration of Helsinki.
Participants were free to abort the experiment at any time
without negative consequences and all participants were reim-
bursed with a $15 CDN gift card.

Study design

To investigate the effect of contextual information on vection,
participants were randomly assigned to one of three experimental
groups that varied with respect to the experimental instructions. In
all three groups, participants were told that the goal of this study
was to investigate the subjective sensation of vection, and vection
was described using the train-moving-next-to-you analogy. All
participants confirmed that theywere familiar with and understood
the concept of vection. The manipulation of the instructions
consisted of a single aspect: In one group, participants were told
that the visual stimulus that they were about to see generated
vection in 82% of all observers in previous studies, and for those
who experienced it, the sensation was very strong and compelling
as indicated by high intensity ratings (“strong expectation group”).
In the second group, participants were told that the visual stimulus
that they were about to see generated vection in 18% of observers
in previous studies and for those who experienced it, the sensation
was very weak and not compelling as indicated by low intensity
ratings (“weak expectation group”). The remainder of the instruc-
tionwas identical. The third group acted as a control condition, and
no percentage score or description of vection sensation strength
was given (“control group”).

To investigate the effect of plausibility on vection, the
rotatability of the experimental chair was modified as a
within-subjects factor: a custom-made wooden clamp was at-
tached to lower part of the chair that prevented the chair from
rotating and kept it stationary during half of the trials. In other
words, participants were exposed to the moving stimuli sitting
either on a chair that they knew was capable of rotating or
sitting on the same chair that they knew was fixed. The
rotatability of the chair was demonstrated to the participants
immediately before they sat on it. The order of the chair con-
figuration was counterbalanced.
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Finally, to manipulate vection intensity, we chose three
different stimulus speeds: slow (0.5 cycles per s), medium (1
cycle per s), and fast (2 cycles per s). A cycle was defined as a
combination of a single black and white bar with a total of 134
pixels (or 5.16°) per cycle. Consequently, the final design
resulted in a 3 × 2 × 3 design, including the between-
subjects factor expectation (weak, strong, no expectation) as
well as the within-subjects factors chair configuration (rotat-
able, fixed) and stimulus speed (slow, medium, fast).

Stimuli and apparatus

The stimuli consisted of a pattern of alternating black and
white vertical stripes that moved horizontally either to the
right or left (Fig. 1). The spatial frequency of the stimulus
was 0.19 cycles/degree. A red fixation cross was presented
in the center of the middle screen. The stimuli were presented
on an array of three 24-in. Lenovo (ThinkVision) monitors
that were aligned next to each other (approx. angle of 120°
betweenmonitors). The refresh rate was 60 Hz and the display
resolution was set to 1,920 × 1,200 pixels for each monitor.
Participants were seated in a height-adjustable rotatable chair
with their eye-height adjusted to the monitors’ center.
Participant were seated 32 cm in front of the screen,
resulting in a field of view (FOV) of approximately
228 degrees horizontally and 48 degrees vertically.
This setup was demonstrated to reliably trigger vection
in previous studies (Keshavarz et al., 2017).

The stimuli varied in speed (slow, medium, fast) and direc-
tion (right, left), resulting in six stimulus combinations. The
duration of each trial was 60 s and consisted of a 2-s static
phase, 3-s acceleration phase, 45 s of constant motion, 3-s
deceleration phase, and a 7-s static phase. Between the trials,
the bars disappeared and the screen turned black. Each trial

was repeated three times for each condition, and all partici-
pants watched all 18 trials, once sitting on the experimental
chair that they knew could rotate, and once where they knew it
could not, resulting in a total of 36 trials that were run in four
blocks of nine trials each. The two blocks that belonged to the
same chair configuration were run together and were
counterbalanced across participants.

Dependent measures

Vection measures

Vection was measured using three common metrics (see Berti
& Keshavarz, 2020; Palmisano et al., 2015): vection onset
time, vection duration, and vection intensity. With this, we
can explore different aspects of vection processing such as
temporal aspects and the subjective experience (for details,
see Seno et al., 2017). Onset time was defined as the time that
elapsed before vection was first reported. Vection duration
was defined as the total time that participants experienced
vection during each trial. Vection onset time and duration
were recorded using a button press. Participants were asked
to press the left button of a computer mouse as soon as they
first experienced vection and were asked to keep the button
pressed as long as vection lasted. When the sensation of
vection disappeared, they were asked to release the button.
Since vection is not a stable percept and multiple phases of
vection can be experienced within a single trial, participants
were asked to repeat this procedure throughout the duration of
the trial as necessary. The very first button press indicated
vection onset time, and the total duration of vection per trial
was calculated using the sum of all times when participants
hold the button pressed. Vection intensity was measured after
each trial using a verbally reported rating scale ranging from 0

Fig. 1 Experimental setup and stimuli

1807Atten Percept Psychophys  (2021) 83:1804–1817



(no vection at all) to 10 (intense vection). Participants’ were
also asked at the end of each trial to report the direction of
vection (left or right) that they experienced.

Visually induced motion sickness

To control for potential adverse side-effects associated with
vection such as visually induced motion sickness (VIMS;
Keshavarz, Riecke, Hettinger, & Campos, 2015), the Fast
Motion Sickness Scale (FMS; Keshavarz & Hecht, 2011)—
a subjective rating scale ranging from 0 (no sickness) to 20
(severe sickness)—was administered after each trial. To en-
sure participants’ well-being during the experiment and to
ensure that no severe cases of nausea occurred, VIMS was
measured throughout the experiment. However, no statistical
analysis were done on VIMS as this was not the focus of our
study.

Personality trait measures

At the end of the experiment, a series of baseline measures
were taken: field dependence, anxiety, depersonalization, and
social desirability.

Field dependence

Participants’ level of field dependence was measured using a
computerized version of the rod-and-frame test (CRAF;
Bagust, Rix, & Hurst, 2005). The CRAF consists of five lin-
early aligned dots (i.e., the rod) surrounded by a luminescent
frame. Participants were asked to change the rod’s position to
vertical using the buttons of a mouse to align it with gravity.
The frame surrounding the rod was either tilted clockwise or
counterclockwise (18°), remained stable, or was not visible at
all. Deviations in the participants’ alignment from vertical (or
“errors”) were measured in degrees and used as a measure of
field dependence. The CRAF was presented on a large pro-
jection screen (300 cm × 196 cm). The frame size was 187 ×
187 cm, corresponding to 50.1° horizontally and vertically.
Participants were asked to wear a pair of goggles (no lens
strength) with customized facing that limited the visible visual
field to the projection screen. In each of the four frame condi-
tions (no frame, not tilted, tilted clockwise, tilted counter-
clockwise), the rod was adjusted four times. An averaged
CRAF score (deviation from true vertical in degrees:
average value of [(Frame −18°) − (Frame 0°)] and
[(Frame +18°) − (Frame 0°)]) was calculated and used
for the statistical analyses.

Anxiety

The State-Trait Anxiety Inventory (STAI) for Adults
(Spielberger & Sydeman, 1994) is a 40-item self-report

questionnaire that was developed to measure the presence and
severity of anxiety symptoms using two subscales (20-items
each) to evaluate both state and trait anxiety (internal consistency
coefficients = .86 to .95). State anxiety records the current state of
anxiety (how participants feel “right now”; S-Anxiety scale),
whereas trait anxiety focuses on the stable aspects of anxiety
(how participants feel “generally”; T-Anxiety scale). Each ques-
tion uses a scale from 1 (S-Anxiety scale: not at all; T-Anxiety
scale: almost never) to 4 (S-Anxiety scale: very much so; T-
Anxiety Scale: almost always). Scores are added together, with
reverse scoring of anxiety-absent questions (19 out of 40 ques-
tions), resulting in subscale scores ranging from 20 to 80, with
lower scores indicating lower levels of anxiety and higher scores
indicating higher levels of anxiety. For the purpose of the present
study, we focused exclusively on trait anxiety.

Depersonalization

The Cambridge Depersonalization Scale (CDS; Sierra &
Berrios, 2000) is a 29-item self-report questionnaire that eval-
uates whether specific but presumably strange experiences
occurred over that past 6 months (Cronbach alpha = .89 and
split-half reliability = .92). The experiences are specifically
described and evolve around the feeling of detachment from
the own body. For instance, item 24 asks about whether the
following sensation occurs: “When I move, it doesn’t feel as if
I were in charge of the movements, so that I feel ‘automatic’
and mechanical as if I were a ‘robot.’” Participants were then
asked to indicate the frequency of this sensation on a scale
from 0 (never) to 4 (all the time) and the duration on a 1 (few
seconds) to 6 (more than a week) scale. Scores were summed
to obtain total frequency and total duration scores, which were
then added together to obtain a Global Depersonalization
Score, ranging from 0 to 290.

Social desirability

Participants’ level of social desirability was measured
using the Marlowe-Crowne Social Desirability Scale
(SDS; Crowne & Marlowe, 2011). The SDS is a 33-item
long self-report questionnaire that inquires the partici-
pants’ general behavior and sentiments in certain situa-
tions (e.g., “I like to gossip at times,” or “I have never
intensely disliked anyone.”). Participants respond with
true or false to each question. The number of true re-
sponses is then added up to calculate the SDS total score.
Higher scores on the SDS suggest that a person is more
likely to respond in a way that seeks social approval.

Procedure

Participants provided written consent prior to the exper-
iment. A prescreening of participants’ health was
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conducted to ensure participant eligibility for the study.
No participant had to be excluded based on the
prescreening. Participants were then pseudorandomly
assigned to one of the three experimental groups (strong
expectation group, weak expectation group, no expecta-
tion group). They were given the respective written in-
struction. Before participants were seated, the experi-
menter demonstrated that the chair could or could not
actually rotate, depending on the experimental chair
condition. A short practice session with two trials was
used to familiarize participants with the experimental
procedure. Halfway through the experiment (i.e., after
the first two blocks of trials), the chair configuration
was changed by attaching or removing the customized
wooden clamp from underneath the chair seat to enable
or disable chair rotatability before continuing with the
s tudy . The order o f cha i r conf igu ra t ion was
counterbalanced and the order of trials within each
block was randomized. After stimulus presentation was
complete, participants filled out the anxiety and deper-
sonalization questionnaires, and completed the CRAF
before being debriefed.

Data analysis

For all statistical analyses, the Statistical Package for Social
Sciences (SPSS, IBM, Version 26) as well as the statistical
software R were used. A priori significance was set to alpha =
.05 and post hoc multiple comparisons were performed using
Bonferroni corrections. Partial eta square (ηp

2) was calculated
as effect size.

Eleven of the 51 participants provided inconsistent
vection ratings for some of the trials (fewer than two
trials in total per participant): They did not report
vection onset, but reported increased vection intensity
ratings after the trial, or vice versa. These trials were
removed from the data analysis (total of 15 trials). To
analyze vection onset time, the time of the first button
press after the visual stimulus started to move (i.e., after
the 2-s static period) was used as the onset of vection.
If the first button press occurred before stimulus motion,
it was not considered as onset time—instead, the subse-
quent button press was used. Due to technical issues,
two participants could not perform the CRAF and had
to be removed from the statistical analyses involving
field dependence.

One-way analyses of variance (ANOVAs) including the
factor experimental group (weak expectation, strong expecta-
tion, control group) were calculated for the personality trait
measures social desirability, field dependence, anxiety, and
depersonalization to control for group differences. No signif-
icant differences were found in any of the personality trait

measures (ps > .668), indicating that the three groups did not
differ with respect to these personality traits (see Table 1).

Results

Number of non-vection trials

A summary of the number and percentage of trials that did not
generate vection is given in Table 2. A mixed repeated-
measures analysis of variance (rmANOVA) including the
within-subjects factors chair configuration (rotatable, fixed)
and stimulus speed (slow, medium, fast) and the between-
subjects factor expectation (weak, strong, no expectation)
was calculated for the number of non-vection trials. Results
showed a main effect of speed, F(2, 96) = 16.52, p < .001, ηp

2

= .256, indicating that the number of non-vection trials
increased as the stimulus speed decreased. A main effect of
chair F(1, 96) = 6.90, p = .012, ηp

2 = .126, showed that the
number of non-vection trials was higher in the rotatable chair
condition (23.7%) compared with the fixed chair condition
(17.6%). No other main effects or interactions were found.

Expectation and chair configuration

Mixed rmANOVAs including the within-subjects factors
stimulus speed (slow, medium, fast) and chair configuration
(rotatable, fixed) and the between-subjects factor expectation
(weak, strong, no expectation) were computed for the vection
measures of onset time, duration, and intensity. Sex (male,
female) was added as another between-subjects factor to test
for differences between females and males with respect to
vection.

Vection onset time

To account for the trials that did not induce vection (see
Table 1), we used the maximum duration of the trial (58 s)

Table 1 Mean (SD) scores for personality trait measures separated by
experimental condition

Experimental condition (expectation)

Control group Weak expectation Strong expectation

STAI 40.81 (9.61) 40.21 (9.28) 39.56 (11.54)

CDS 33.62 (24.98) 40.37 (37.53) 38.69 (43.66)

CRAF 1.43 (2.25) 1.82 (2.72) 2.28 (4.29)

SDS 18.56 (3.95) 18.05 (3.89) 19.37 (5.14)

Note. STAI = State-Trait Anxiety Inventory; CDS = Cambridge
Depersonalization Scale; CRAF = Computerized Rod and Frame test;
SDS = Social Desirability Scale
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as their “onset time” for the data analysis (see Keshavarz et al.,
2014; Palmisano & Chan, 2004). A significant main effect of
speed was found, F(2, 90) = 37.685, p < .001, ηp

2 = .456,
revealing that vection onset times were reduced as stimulus
speed increased (all ps < .001; see Fig. 2). Main effects of
chair configuration, F(1, 45) = 3.222, p = .079, ηp

2 = .067,
expectation, F(2, 45) = 0.245, p = .784, ηp

2 = .011, and sex,
F(1, 45) = 3.393, p = .072, ηp

2 = .070, were not significant. No
significant interaction was found.

Vection duration

A significant main effect of speed was found, F(2, 90)
= 46.296, p < .001, ηp

2 = .507, revealing that vection
duration increased as stimulus speed increased (all ps <
.001; see Fig. 3). Main effects of chair configuration,
F(1, 45) = 2.199, p = .145, ηp

2 = .047, expectation,

F(2, 45) = 0.128, p = .880, ηp
2 = .006, and sex, F(1,

45) = 0.425, p = .518, ηp
2 = .009, were not significant.

No significant interaction was found.

Vection intensity

A significant main effect of speed was found, F(2, 90) =
170.340, p < .001, ηp

2 = .791, showing that vection intensity
ratings increased with speed (all ps < .001; see Fig. 4). Main
effects of chair configuration,F(1, 45) = 0.177, p = .685, ηp

2 =
.004, expectation, F(2, 45) = 0.371, p = .692, ηp

2 = .016, and
sex, F(1, 45) = 0.020, p = .888, ηp

2 = .020, were not signifi-
cant. A significant interaction between chair configuration and
expectation was found, F(2, 45) = 5.640, p = .009, ηp

2 = .191,
indicating that expectation affected vection intensity when the
chair was in rotatable configuration, but not in the fixed con-
figuration (see Fig. 5). Follow-up post hoc comparisons

Table 2 Number (percentage) of non-vection trials separated by stimulus speed, expectation, and chair configuration

Expectation Chair Speed Total

Fast Medium Slow

Control (N = 16) Fixed 7 (14.6%) 9 (18.8%) 19 (39.6%) 35 (24.3%)

Rotatable 7 (14.6%) 10 (29.8%) 25 (52.1%) 42 (29.2%)

Weak (N = 19) Fixed 2 (3.5%)) 10 (17.5%) 19 (33.3%) 31 (18.1%)

Rotatable 8 (14.0%) 8 (14.9%) 27 (47.4%) 43 (25.2%)

Strong (N = 16) Fixed 0 (0.0%) 5 (10.4%) 11 (22.9%) 16 (11.1%)

Rotatable 1 (2.1%) 5 (10.4%) 18 (37.5%) 24 (16.7%)

Total (N = 51) Fixed 9 (5.9%) 24 (15.7%) 49 (32.0%) 82 (17.6%)

Rotatable 16 (10.5%) 23 (15.0%) 70 (45.8%) 109 (23.7%)

Fig. 2 Vection onset time (s) separated by expectation, chair configuration, and stimulus speed. Individual dots represent means for each participant.
Error bars represent SEM
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showed significant differences between the rotatable and fixed
chair conditions in the weak expectation group (p = .039) and
a nonsignificant trend in the strong expectation group (p =
.061). No other interaction was significant.

Field dependence, depersonalization, anxiety, and
social desirability

Pearson correlations between the between the CRAF score,
CDS score, STAI trait score, and SDS score with all vection
measures were calculated to investigate the role of field

dependence, depersonalization, anxiety, and social desirabili-
ty on vection (see Table 3). Moderate, positive correlations
were found between the CRAF score and vection duration
across all experimental conditions. CRAF also correlated
moderately with vection intensity, but only when the stimulus
was moving slowly. No significant correlations were found
with vection onset time. For depersonalization, moderate pos-
itive correlations were found with regard to vection intensity
across all experimental conditions. No significant corre-
lations were found for anxiety or social desirability with
any of the vection measures.

Fig 3 Vection duration (s) separated by expectation, chair configuration, and stimulus speed. Individual dots represent means for each participant. Error
bars represent SEM

Fig. 4 Vection intensity separated by expectation, chair configuration, and stimulus speed. Individual dots represent means for each participant. Error
bars represent SEM
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To investigate the role of field dependence on vection more
closely, a median split of the averaged CRAF scores (median =
0.755) was used to separate participants into two subgroups: a
low-field-dependent group (low CRAF scores; n = 25,M = 0.03,
SD = 0.58; 18 males, seven females) and a high-field-dependent
group (high CRAF scores; n = 24, M = 3.71, SD = 3.55; eight

males, 16 females; see Keshavarz et al., 2017). This new factor
field dependence (high, low) was added to the rmANOVA as an
additional between-subjects factor for all vection measures.

Themain findings were identical to the rmANOVAdescribed
previously. In addition, a significant main effect of field depen-
dence was revealed for vection onset times,F(1, 37) = 5.274, p =

Fig. 5 Vection intensity separated by chair configuration and expectation. Individual dots representmeans for each participant. Averaged across stimulus
speed. Error bars represent SEM

Table 3 Pearson correlations between the CRAF score, CDS score, STAI trait score, and the SDS score with all vection measures, separated by chair
configuration and stimulus speed

Score Vection measure Fixed chair Rotatable chair

Fast Medium Slow Fast Medium Slow

CRAF (df = 47) Onset time −.187 −.180 −.278 −.163 −.225 −.281
Duration .321* .356* .383** .346* .378** .406**

Intensity .179 .189 .307* .198 .192 .287*

CDS (df = 49) Onset time −.082 −.071 −.149 −.051 −.074 −.095
Duration .220 .186 .179 .126 .130 .160

Intensity .297* .307* .406** .297* .368** .381**

STAI (df = 49) Onset time −.021 .001 .046 .031 .081 .050

Duration −.151 −.167 −.118 −.225 −.239 −.145
Intensity −.081 −.050 .100 −.175 −.049 −.017

SDS (df = 49) Onset time −.149 −.116 −.025 −.128 −.158 −.014
Duration .039 .016 −.097 .082 .094 −.065
Intensity −.031 .056 −.112 .064 −.005 −.070

**p < .01, *p < .05
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.027, ηp
2 = .125, vection duration, F(1, 37) = 11.257, p = .002,

ηp
2 = .233, and vection intensity, F(1, 37) = 6.093, p = .018, ηp

2

= .141. High field-dependent participants reported shorter
vection onset times, longer vection duration, and more intense
vection compared with low field-dependent participants (see
Table 4).

Discussion

The aim of the present study was to investigate the role of
cognitive factors and individual traits on the perception of
vection. Our results indicate that indeed cognitive factors
can alter the perception of vection. We found that expectation
affected vection intensity, but only when the chair was known
to be rotatable. Interestingly, while the effect of expectation
was limited to the perceived intensity of vection, variation in
the sensory input (i.e., the speed of visual motion stimuli)
affected all three vection measures: onset time, intensity, and
duration. Field dependence and depersonalization were also
found to modulate the experience of vection, but again, not
every aspect of vection was correlated with these traits. This
pattern of results demonstrates that top-down effects on
vection exist and reveals a complex interplay between contex-
tual effects and perceptual factors.

Cognitive factors in the context of vection

The results of the present study suggest that cognitive factors can
affect the perception of vection, but only under certain contextual
settings. That is, ourmanipulation of the experimental instruction
successfully altered vection intensity when the chair was in a
rotatable configuration, but not when the chair was fixed. With
regard to this finding, two aspects are worth noting: First, we
applied only a rather modest manipulation of participants’ expec-
tations. Second, variation of the context (i.e., the rotatability of
the chair) was introduced without explicit reference to self-mo-
tion. Our top-down effects, therefore, imply the processing of
different sources of information about the likelihood of self-
motion and the integration of this contextual information into
the potential self-motion perception triggered by visual motion.
Importantly, this is supported by other studies suggesting cogni-
tive effects on vection, because all studies applied context

information that was not directly related to the self-motion, but
only “informed” the participants indirectly about the likelihood
of self-motion (for instance, wearing additional weights, which
made self-motion more unlikely; Seno, Abe, et al., 2013).
Interestingly, our instructions only affected vection intensity,
but not vection onset time or duration, suggesting that vection
onset time and duration are subject to different processes than
perceived vection intensity. Although these three parameters are
typically strongly correlated with each other, they may indeed
represent different aspects of vection (for details see Seno et al.,
2017). Our results suggest that cognitive factors may influence
the intensity of a vection sensation, but leave its temporal aspects
(onset, duration) unaffected.

Our findings are in accordancewith previouswork suggesting
that vection can be modulated by cognitive factors such as con-
textual information and plausibility. For instance, Riecke,
Schulte-Pelkum, Avraamides, Heyde, and Bülthoff (2006) ex-
posed participants to a rotating visual stimulus that either
consisted of a photograph of a street scene or of a scrambled
version of the same photograph. Their results suggested that
ecologically valid photographs generated more vection com-
pared with the scrambled stimulus, although visual components
such as contrast, color, speed, and spatial frequency content
remained constant. In addition, a study by Mursic, Riecke,
Apthorp, and Palmisano (2017) exposed their blindfolded partic-
ipants to musical stimuli (a Shepard-Risset glissando) that pro-
vided metaphorical auditory motion stimulation. That is, the mu-
sical stimuli did not deliver any spatialized cues, but rather con-
veyed a descent or ascent in pitch. The music alone successfully
created vertical vection in most of their participants. With regard
to plausibility, Wright (2009) demonstrated that vection was
more compelling when the laboratory settings allowed the pos-
sibility of movement (e.g., participants sitting on top of an oscil-
lator vs. sitting on a fixed chair). Interestingly, as in our study,
vection latency was not affected by this cognitive manipulation.
The authors conclude that some, but not all, aspects of vection
can be modulated by contextual factors. Similar results were
found byRiecke et al. (2009), who demonstrated that participants
having their feet suspended in the air reported stronger auditory
vection compared with those with their feet on the ground.

From a computational point of view, a pure processing of
sensory information in order to adapt to a moving environment
seems adequate, and the question arises as to why an elaborate
processing of contextual information that modulates the percep-
tual response should exist. We cannot give a complete answer to
this question on basis of this study, but we speculate that pro-
cessing of information relying on different sources of motion
related-information (including likelihood information) is more
flexible and can more reliably predict potential changes in the
environment. Take, for example, a surfer on a surfboard: By
processing and extrapolating the motion of an approaching yet
distant wave, she can estimate the point in time at which the
board (and she) will start to move, and when to apply some

Table 4 Mean (SD) scores for all vection measures collapsed across
stimulus speed and separated by field dependence

Field dependence Vection measure

Onset time (s) Duration (%) Intensity (0–10)

High 8.24 (8.00) 38.91 (10.64) 4.14 (1.51)

Low 17.30 (14.15) 24.45 (15.00) 3.19 1.65)
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strokes to catch the wave; in this context, a pure bottom-up
processing of self-motion would be too late to allow for prepa-
ration of the upcoming motion (and she will miss the perfect
wave!).

The perception of vection undoubtedly comes about from the
sufficient activation of multisensory cortical areas normally in-
volved in processing all self-motion related cues (Chen,
DeAngelis, & Angelaki, 2011; Kleinschmidt et al., 2002).
Organisms clearly need to have cognitive awareness of their
self-motion and there are extensive reciprocal connections be-
tween the frontal cortical areas traditionally associated with
higher cognitive functioning including navigation and decision-
making, and areas known to be involved in self-motion process-
ing, such as the posterior parietal cortex (Battaglia-Mayer,
Caminiti, Lacquaniti, & Zago, 2003; Gu, Cheng, Yang,
Deangelis, & Angelaki, 2016) and areas that are stimulated by
large-field visual stimuli (Avila, Lakshminarasimhan,
DeAngelis, & Angelaki, 2019; Bremmer, Klam, Duhamel, Ben
Hamed, & Graf, 2002). These connections may be the basis by
which self-motion can inform higher cognitive functioning, such
as decision-making, and also through which expectations might
modulate self-motion perception as demonstrated in this study
(see also Berti & Keshavarz, 2020).

Exploration of personality trait effects and sex on
vection

The relationship between individual traits and vection has only
been rarely investigated in the past. Seno, Yamada, and Ihaya
(2011) explicitly investigated how personality factors may affect
the perception of vection, and the authors found evidence that
vection was weaker in participants with a higher level of narcis-
sism, whereas other Big Five personality traits (openness, con-
scientiousness, extraversion, agreeableness) showed no correla-
tion with vection measures.

The present study explored the relationship between field de-
pendence, depersonalization, anxiety, and social desirability on
vection and revealed interesting findings. For instance, high
field-dependent participants reported shorter vection onset times,
longer vection duration, andmore intense vection comparedwith
their low field-dependent counterparts. In other words, partici-
pants who typically rely more strongly on surrounding visual
cues than others are more likely to experience more prolonged
andmore intense vection. This result seems plausible, as the only
visible visual cues provided during the experiment consisted of
the horizontally moving bars. Thus, it may not be surprising that
individuals who rely more on visual cues with regard to their
body position in space experience stronger vection than those
who rely more on internal (e.g., vestibular and proprioceptive)
cues. This finding is at least partially in accord with our previous
work (Keshavarz et al., 2017) where a difference in vection
measures between high and low field-dependent participants
was found for some, but not all, experimental settings.

With respect to depersonalization, we found moderate, posi-
tive correlations with vection intensity, suggesting that partici-
pants who report higher susceptibility to “out of the body” expe-
riences are more likely to experience stronger vection. Vection is
an illusion of self-motion operating through shared vestibular
pathways, and artificial vestibular stimulation and vestibular dis-
ease have been shown to increase the likelihood of depersonali-
zation experiences (Jáuregui Renaud, 2015; Lopez & Elzière,
2018; Yen Pik Sang, 2006). The comparatively strong correla-
tion between vection intensity and the depersonalization score in
our slow-speed conditions suggests that people experiencing de-
personalization might be more vulnerable to motion-related vi-
sual stimulation. Vection susceptibility may provide a useful tool
with which to further explore the cognitive basis of depersonal-
ization and out-of-body experiences. Interestingly, since anxiety
did not affect vection in our study despite depersonalization and
anxiety often being correlated (Sierra et al., 2012), we can con-
clude that we tapped a specific relationship between depersonal-
ization and vection that is not moderated by anxiety.

We found no effect of social desirability on vection, which
also has previously been shown not to affect susceptibility to
motion sickness (Hemmerich, Shahal, & Hecht, 2019). In fact,
this is a promising finding for vection research in general, as it
suggests that the level of vection reported during experimental
research is likely not affected by reporting biases due to social
desirability. Previous work suggested that the presence of an
audience may alter the perception of vection (Seno, 2013), sug-
gesting a social component. However, it seems unlikely that the
presence of other people causes differences in vection ratings due
to social desirability. Seno’s (2013) finding is probably better
explained by distraction.

Finally, no differences were found between males and fe-
males in any of the vection ratings, suggesting that sex is not a
crucial factor for the perception of vection. This finding supports
previous research that found sex-related differences for visually
induced motion sickness but not for vection (Flanagan et al.,
2005; Klosterhalfen et al., 2006).

Conclusions

We have shown that high-level cognitive factors and individual
traits such as field dependence and depersonalization can affect
the perception of vection, confirming that vection can no longer
be treated as a purely perceptual phenomenon. Instead, our re-
sults expand our emerging understanding of the two-way influ-
ences in which cognition is informed by self-motion and vestib-
ular information, and high-level cognitive factors in turn influ-
ence self-motion perception.
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