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In the rod and frame test (RFT), participants are asked to set a tilted visual linear
marker (i.e., a rod), embedded in a square, to the subjective vertical, irrespective
of the surrounding frame. People not influenced by the frame tilt are defined
as field-independent, while people biased in their rod verticality perception are
field-dependent. Performing RFT requires the integration of proprioceptive, vestibular and
visual signals with the latter accounting for field-dependency. Studies indicate that motor
experts in body-related, balance-improving disciplines tend to be field-independent, i.e.,
better at verticality perception, suggesting that proprioceptive and vestibular expertise
acquired by such exercise may weaken the influence of irrelevant visual signals. What
remains unknown is whether the effect of body-related expertise in weighting perceptual
information might also be mediated by personality traits, in particular those indexing
self-focusing abilities. To explore this issue, we tested field-dependency in a class of
body experts, namely yoga practitioners and in non-expert participants. Moreover we
explored any link between performance on RFT and self-transcendence (ST), a complex
personality construct, which refers to tendency to experience spiritual feelings and ideas.
As expected, yoga practitioners (i) were more accurate in assessing the rod’s verticality on
the RFT, and (ii) expressed significantly higher ST. Interestingly, the performance in these
two tests was negatively correlated. More specifically, when asked to provide verticality
judgments, highly self-transcendent yoga practitioners were significantly less influenced
by a misleading visual context. Our results suggest that being highly self-transcendent
may enable yoga practitioners to optimize verticality judgment tasks by relying more on
internal (vestibular and proprioceptive) signals coming from their own body, rather than on
exteroceptive, visual cues.
Keywords: rod and frame test, self-transcendence, yoga, field dependency/independency, embodiment

INTRODUCTION
The perceived direction of upright, a process referred to as “subjective visual vertical” (SVV), is fundamental for our visual,
interpretation of the world. SVV can be assessed by means of
the rod and frame test (RFT), developed for the first time by
Asch and Witkin (1948). The RFT requires the setting of a visual
linear marker (i.e., a rod), embedded in a square luminescent
frame, along the gravitational vertical. Importantly, achieving a
good performance in the test requires one to ignore the frame.
Individuals who are unable to set the rod upright, and instead
set it tilted, are also classified as “field-dependent.” Individuals
who are able to ignore the misleading context of the frame, setting the rod upright, are classified as “field-independent.” RFT
performance depends on the integration of visual with internal bodily signals (e.g., vestibular and proprioceptive), and relies
on a multisensory integration process that involves proprioception, vision, vestibular, and postural cues (Zoccolotti et al., 1992,
1993; Golomer et al., 2005; Luyat et al., 2005; Isableu et al., 2008;
Lopez et al., 2008). Interestingly a similar process is involved in
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postural control (Massion, 1994). Changes in any of the above
sensory inputs imply that individuals have to redefine the respective contribution of the different sources of information (Ernst
and Bülthoff, 2004) for regulating posture and balance.
Self-transcendence (ST) is considered to be a dimension of
character based on a synthesis of information about social and
cognitive development and descriptions of personality development in humanistic and transpersonal psychology. According to
a widely known psychobiological model of personality, interindividual differences in spiritual feeling and thinking are
detected by the Temperament and Character Inventory (TCI)
(Cloninger et al., 1994; Gillespie et al., 2003) and cluster into a
supposedly stable personality dimension called ST. ST measures
the inclination of human beings toward spirituality, and generally refers to identification with everything conceived as a part
of a unified whole reflecting the awareness of being an integral
part of the universe (Paloutzian and Park, 2005). Highly selftranscendent people are characterized by great awareness of the
self and of the environment (Reed, 2008). Cooperativeness (C) is
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a dimension of character that measures acceptance of other people, while ST captures the degree to which an individual feels that
they are a part of nature and the universe at large (Gillespie et al.,
2003). C is a dimension of character that defines the maturity of
the self as part of a community or society and is linked to concepts
like compassion, empathy, and tolerance (Cloninger et al., 1994).
Yoga, in general, involves a series of integrative mind-body
exercises involving stretching, balance, bodily alignment, relaxation, meditation, and breathing. Thus, yoga may increase bodily
awareness, in particular the perception of one’s body in space
(Yardi, 2001). We chose to study yoga practitioners because of
their special expertise in body awareness. These individuals are
characterized by an almost daily practice with enhanced focus
on their body position in space (i.e., in vestibular-proprioceptive
terms) and also by an overall embodied lifestyle. The focus on
sensory experiences is at the core of many movement-based practices such as yoga. Ashtanga yoga (AY) is a branch of Hatha yoga
focusing on physical exercise and non-visual experience of the
body in space (Benavides and Caballero, 2009; Varambally and
Gangadhar, 2012). Like other yoga experts, AY practitioners are
involved in meditative practices (David et al., 2014). However,
they have to master body representations that are likely involved
in ST (Urgesi et al., 2010; Crescentini et al., 2014). One of the
aims of body-mind practices is to reach a high level of ST,
together with a deep awareness of one’s own body and a nonjudgmental attitude to life. Hatha yoga is proved to increase body
awareness (Mehling et al., 2009), ST and well-being (Macdonald
and Friedman, 2009), while mindfulness-oriented meditation
(MOM) improves both C and ST (Campanella et al., 2014). It is
held that a close relationship exists in the practice of yoga between
the achievement of a stable equilibrium through physical exercises (i.e., to correctly execute poses) and an internal balance in a
broader sense of living the present in harmony, accepting oneself, and finding peace. Thus, we sought to determine if there
is any specific link between two crucial aspects of AY, namely
verticality proprioception and balance for execution of yoga positions. Physical exercises and the development of specific skills
may “shape” the mind by means of mechanisms of neural plasticity (Froeliger et al., 2012). Moreover, practicing sport typically
enhances verticality perception, especially in experts in disciplines
requiring a fine postural control (Golomer et al., 2005). Also,
awareness of body orientation modulates the perception of the
visual vertical (Barra et al., 2012). On the basis of previous literature we expect AY practitioners perform better in verticality
estimation and are field independent. One of the aims of bodymind practices is to achieve high levels of ST, together with a
deep awareness of one’s own body and a non-judgmental attitude to life. C and ST are likely to be the most complex and
evolutionary recent aspects of personality. Unlike temperamental variables, that are underpinned by a very wide subcortical
and cortical neural network (Cloninger et al., 1994), the character dimensions, particularly ST, may be associated to cortical
structures and be prone to the effects of specific environmental
inputs (Urgesi et al., 2010; Crescentini et al., 2014). In view of this,
we tested whether AY practice influenced the personality traits
likely to be more susceptible to plastic changes. What remains
unknown is whether personality traits like ST and C are linked
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to the perceptuo-motor behavior involved in SVV tasks. Here
we used RFT to investigate whether expert yoga practitioners are
more field-independent than non-experts. We expected that, like
other motor experts (Golomer et al., 1999; Vuillerme et al., 2001b;
Jola et al., 2011), yoga practitioners should not be very influenced
by external visual cues in assessing SVV. We also explored whether
differences in ST (probably higher in practitioners) are associated
with differences in RFT performance.

METHODS
PARTICIPANTS

Data collection was performed at the department of Psychology
at University of Rome “La Sapienza,” School of Medicine and
Psychology, in the period from January to April 2012. A group
of 21 AY practitioners (aged 26–53 years, mean 37.14; mean
education 18.38 years, range 13–25 years; 13 females) recruited
at two AY schools in Rome, and 22 control participants (aged
26–52 years, mean 35.86; mean education 18.59 years, range 11–
26 years; 13 females) with no expertise in yoga, or any meditation
practice, participated in the study. Participants were matched for
age [t(41) = 0.59, p = 0.561], gender (χ 2 = 0.036, p = 0.85), and
education [t(41) = −0.178, p = 0.860].
AY is a unique style of yoga that focuses on the non-visual
experience of body in space. AY is taught in supervised selfpractice, with teachers adjusting the student’s body if the asanas
(postures) are incorrectly maintained, without giving any other
visual, or verbal instructions. There are no mirrors in the room;
furthermore, the gaze remains focused on defined points on the
body or room. Thus, to correctly achieve/maintain yoga asanas,
participants must rely on a very good sense of their body in space,
and on high skills in interpreting vestibular information coming from the body. Our yoga participants had been practicing for
3 months to 12 years (mean: 4.8 years) and were able to practice from 1st to 4th series of AY levels with 4 meaning the most
advanced one (mean: 1.86 series). AY consists of four series/levels
characterized by postures of increasing complexity. A practitioner
can only advance to the next series if he/she can physically master
all postures of that level. AY courses go well-over training weeks
and achieving the highest levels may require years. All participants had normal or corrected-to-normal vision, and gave written
informed consent prior to participating in the experimental tests.
They received information concerning the experimental hypothesis only after completion of the tasks. Participants were paid 7.50
C/h for participation. All procedures were approved by the ethics
committee of the IRCCS Santa Lucia Foundation (Rome), and
were in accordance with the standards of the 1964 Declaration
of Helsinki. All participants were unaware of the purpose of the
experiment.

ROD-AND-FRAME TEST
APPARATUS AND STIMULI

A standard RFT device square frame was used, previously
described in Zoccolotti et al. (1997). Each side of the square
frame measured 96 cm, and a single 15 cm long rod was anchored
at the center of the frame. Both the frame and the rod were
outlined with 1.2 cm-wide fluorescent tape, and were the only
visible elements in a completely darkened room. To prevent
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fading, the apparatus was exposed to light for 30 min before
each session. Observers were seated in an erect position at
a distance of 160 cm so that the square subtended a visual
angle of 34◦ and the rod a visual angle of 5◦ . The frame was
tilted 33◦ clockwise (CW), counter-clockwise (CCW), or not
tilted (0◦ ), the rod 11◦ or 22◦ , CW or CCW. Thus, there were
12 randomly presented conditions, each containing three trials
(Takasaki et al., 2012) (see Figure 1A for example). Errors were
calculated as deviation from the gravitational vertical position of
the rod.

ASSESSMENT OF SELF-TRANSCENDENCE
Participants completed the scale of the Temperament Character
Inventory (TCI) assessing ST, and cooperativeness (C),
(Cloninger et al., 1994). These two personality traits were
selected for their specific relationship with the so-called mindbody practices (i.e., meditation, mindfulness, relaxation, yoga,
and tai-chi). Despite several differences, mind-body practices
such as mindfulness yoga share meditation goals and do show
close relationship with specific personality traits. It has been
shown, for example, that MOM (Campanella et al., 2014) after
8-weeks training may increase ST (Campanella et al., 2014).
Kemeny et al. (2012) found an increment in empathy and C after
8 weeks of contemplative training. In addition, yoga practice
have the potential to increase mindfulness (Shelov et al., 2009),
assessed by the Freiburg Mindfulness Inventory (FMI) (Walach
et al., 2006). Thus, we sought to determine whether these
personality traits are different in AY practitioners with respect to
novices.
Individuals high in ST are described as patient, selfless, spiritual, and seem to tolerate ambiguity and uncertainty. The ST

FIGURE 1 | Example of RFT experimental set-up and results.
(A) Participants were seated in front of a large fluorescent frame inside a
completely darkened room (left panel). The frame was either tilted or vertical.
Inside this frame, approximately at the same level as the eyes, there was a
tilted rod, which participants had to verbally set to the vertical (i.e., end angle
of the rod 0◦ ). (B) Displayed is the median error angle (◦ ), that is the median
value of deviation from the gravitational vertical position in the tilted and
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scale of the TCI consists of 33 statements, which describe attitudes, opinions, interests or personal feelings and which have to
be evaluated as true or false according to the participant’s personal
opinions. ST includes three subscales: Self-Forgetfulness vs. SelfConsciousness (ST1), Transpersonal Identification vs. Personal
Identification (ST2), and Spiritual Acceptance vs. Rational
Materialism (ST3). Cooperativeness (C) is assessed with five subscales: Social acceptance vs. intolerance (C1), Empathy vs. social
disinterest (C2), Helpfulness vs. unhelpfulness (C3), Compassion
vs. revengefulness (C4) Principles vs. self-advantage (C5), and it
consists of a total of 42 statements. This scale concerns the degree
to which people are generally agreeable, in their relations with
others, and how much they identify with and accept others. (see
Table 1 for example items).
PROCEDURE AND STATISTICAL ANALYSES

Participants were blindfolded and led into a dark blue painted
room. The concept of verticality was defined using standard
examples referring to familiar scenes (e.g., water running from
the tap, door frame). Participants had to give verbal instructions
to the experimenter in aligning the rod to the gravitational vertical position. No time limit for responses was given. Participants
had to keep their eyes closed between trials.
To assess field dep/independency two indexes were used
namely the Nyborg and Isaken equation (Frame Effect; Nyborg
and Isaksen, 1974) and the Frame Influence. Please note that
the Frame Effect is the sum of right-frame tilted trials (CW)
divided by the number of right-frame tilted trials, minus the overall mean error in frame tilted condition, calculated by summing
up both left-frame tilted (CCW) and right-frame tilted (CW)
trials divided by total numbers of trials:

non-tilted frame condition in both groups. Ashtanga yoga showed
significantly smaller deviations of the SVV from the earth vertical when the
frame was tilted as compared to novice participants. Furthermore,
practitioners and control group, in a with-in comparison, performed better in
the upright frame conditions than in the tilted condition. Error bars reflect
confidence level at 95%. All tests were two-tailed. Asterisks in the plots
indicate significance levels: ∗∗∗ p < 0.001.
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Table 1 | Exemplary Items for each of the sub-scale of the self-transcendence and cooperativeness dimensions as assessed by the
temperament and character inventory.
Sub scale
Self-transcendence

Cooperativeness

Exemplary item

ST1

Spiritual acceptance vs. rational materialism

I believe that miracles happen

ST2

Self-forgetful vs. self-conscious experience

Often I have unexpected flashes of insight or understanding while
relaxing

ST3

Transpersonal identification vs. self-differentiation

I often feel a strong sense of unity with all the things around me

C1

Social acceptance vs. social intolerance

I have no patience with people who don’t accept my views

C2

Empathy vs. social disinterest

I wish other people didn’t talk as much as they do

C3

Helpfulness vs. unhelpfulness

I try to cooperate with others as much as possible

C4

Compassion vs. revengefulness

Most of the time I quickly forgive anyone who does me wrong

C5

Pure-hearted conscience vs. self-serving advantage

Principles like fairness and honesty have little role in some aspects
of my life

CWtrial1 + CWtrial2 + · · · + CWtrialn
nCWtrials

−

CWtrial1 + CWtrial2 + · · · + CWtrialn + CCWtrial1+
CCWtrial2 + · · · + CCWtrialn
nCCW trials + nCW trials

The Frame Effect index represents the attraction of a perturbing visual field on the subjective vertical. For the purpose of this
experiment it was not necessary to know the frame effect direction
(CW or CCW). Thus, the frame effect index was used considering
absolute values.
A different index of the strategy used in SVV estimation
was assessed by subtracting the mean end angle error collapsed against rod and frame upright condition to the mean
end angle error collapsed against rod and frame tilted condition (FR_Tilted_All Rod)-(FR_Non-Tilted_All Rod). This index
(which we called Frame Influence) is independent from the tilt
angles and from the participants’ ability in estimating verticality, and it may highlight the two different perceptual styles (i.e.,
field dependency/independency), along a continuum. Higher values indicate that verticality is estimated using mainly a visual
strategy. By contrast, low values indicate that verticality is estimated mainly using a proprioceptive or vestibular strategy. The
Frame Influence differs from the Nyborg’s Frame Effect because
it takes into account the errors made by participants in assessing verticality in the upright frame position. The Frame Influence
index describes visual context dependency. Frame tilted conditions (CCW and CW) and rod conditions (CCW vs. CW and 11
vs. 22◦ ) were collapsed because the aim of this study was to evaluate the size of the errors in assessing SVV and not the direction
of the errors (CCW vs. CW). To test the null-hypothesis that data
are normally distributed we used the Shapiro–Wilk test. In the
event that data were non-normally distributed, Mann–Whitney
and Wilcoxon signed-rank tests were used for between-group
and within-group comparisons, respectively. When data were
distributed normally, Student t-tests were used. Differences in
personality traits between AY practitioners and control group
have been computed by appropriate between group comparison analysis. To test if any relationship exists between personality
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traits and bodily processing involved in RFT performance, a correlational analysis was performed. Analyses were conducted using
the SPSS software package (version 17.0, SPSS Inc., Chicago,
IL, USA). To ascertain if participants are more biased in verticality estimation in CW or CCW frame condition, or when
the rod was settled at 11 and 22◦ , in CW or CCW position, a
Friedman ANOVA was performed. If no differences are found,
an overall mean across tilted and non-tilted frame conditions can
be used.

RESULTS
ROD-AND-FRAME

RTF accuracy analysis was performed by collapsing all rod conditions (11 and 22◦ , CW and CCW) and then comparing the
overall mean error in the tilted-frame vs. the overall mean error in
the non-tilted frame conditions. Friedman’s test was used before
collapsing variables. No differences were found in frame tilted
2 (7, n = 21) = 7.711, p > 0.05; χ 2
[Friedman test; χAY
Con (7,
2 (3,
n = 22) = 13.293, p > 0.05] and upright [Friedman test; χAY
2
n = 21) = 1.691, p > 0.05; χCon
(3, n = 22) = 3.091, p > 0.05]
position in both groups. The following variables were then used
for the main analysis: FR_Tilted_All Rod represents the mean
error of all trials in tilted condition, irrespectively to the rod
starting position, and FR_Non-Tilted_ All Rod summarizes all
trials in frame upright condition irrespectively to the rod starting
position.
To determine differences in accuracy in assessing SVV the
overall mean error in the tilted-frame vs. the non-tilted frame
conditions were compared in AY practitioners vs. control group.
AY practitioners were less biased by the context of a tilted frame
in adjusting their SVV (Mdn = 0.79◦ , IQR = 0.50) compared
to controls (Mdn = 1.64◦ , IQR = 0.72) (Mann–Whitney test;
U = 88, p < 0.001). AY practitioners were also more accurate
in judging verticality in the frame non-tilted condition (Mdn =
0.12◦ , IQR = 0.20) compared to controls (Mdn = 0.50◦ , IQR =
0.59); [Mann–Whitney test; U = 86, p < 0.001]. Both groups
were more accurate in SVV estimation in the non-tilted condition, (Wilcoxon signed-rank test; TAY = 0.00, p < 0.001; TCon =
1.00, p < 0.001), hinting at a similar effect of the presence of the
frame (see Figure 1B).
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The mean value Ashtanga practitioners Frame Effect was
slightly lower (mean = 0.25◦ , SD ± 0.24) than those obtained
by controls (mean = 0.37◦ , SD ± 0.30). No significant between
group comparison was found [Frame Effect t (41) = −1.348, p >
0.05]. This indicates that the presence of the frame affected the
RFT performance similarly in AY and controls. Frame Effect absolute value, tested against a reference constant (value = 0), turned
out to be significant in both groups [tAY(20) = 4. 36, p < 0.001;
tCon(21) = 5.76, p < 0.001].
In order to analyse the strategy used by participants in assessing SVV, the Frame Influence index was used. AY practitioners (mean = 0.74◦ , SD ± 0.38) and Controls (mean = 1.08◦ ,
SD ± 0.84) seem to use the same strategy in assessing SVV,
t(41) = −1.68, p > 0.05.

is necessarily upright and whether the frame has to be necessarily present in the computing od field dep/independency. Thus,
the Frame Influence index describes the ability to remain stable in verticality estimation irrespectively of whether the frame
is tilted or not. The Pearson correlation in all participants collapsed together was as follows: r = 0.009, p = 0.957, n = 43.
Since the study focused on differences between two groups, the
correlation was also performed in the two groups separately. A
significant negative Pearson correlation between Frame Influence
and ST scores was found in AY practitioners (rAY = −0.515, p =
0.020, n = 20; Figure 2B). Note that one outlier participant was
removed from the sample on the basis of the residual analysis. No
such correlation was found in the Control group (rCon = 0.408,
p = 0.059, n = 22). Thus, in AY practitioners, the higher the ST
the smaller the influence of the tilted frame.

OBSERVED RANGE IN SELF-TRANSCENDENCE

AY practitioners scored significantly higher in ST (mean score =
19.48, range 4–29) compared to control participants (mean
score = 11.27, range 2–22); t(41) = 3.957, p < 0.001 (Figure 2A).
AY practitioners scored significantly higher in all ST subscales
and since the effect was comparable for the three ST sub-scales,
the total ST score was used for the correlation analysis. In the
C subscale no statistical difference between groups was found
(all p > 0.05), therefore relationships between variables were
run only for variables statistically different (see Table 2 for all
results).
CORRELATION ANALYSIS

Correlation analysis has been run only on Frame Influence and ST
score because this index is much more adept to inform about the
strategy used by participants to assess verticality. The Frame Effect
measures how much the presence of a tilted frame influences
the verticality assessment, on the basis of visual distracting cues
and not of participants’ performance in the upright condition.
In our opinion the ability to assess verticality in upright frame
condition can be considered as a baseline. This can be important for understanding whether the internal model of verticality

FIGURE 2 | Personality trait and Rod-and-Frame performance.
(A) self-transcendence scores. Ashtanga yoga are significantly more
self-transcendent than controls group (error bars reflect s.e.m). Asterisks
in the plot indicate significance level, ∗∗∗ p < 0.001. (B) “Frame
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DISCUSSION
In this study we investigated the link between the processing of
bodily signals assessed by the RFT, AY (a specific type of yoga aiming at increasing body awareness) practicing and dispositional ST.
Four main results are reported: (1) AY practitioners performed
better than controls in the verticality judgment task in all RFT
conditions; (2) both AY and Controls can be considered as field
dependent, when using the Frame Effect (Nyborg and Isaksen,
1974); (3) AY practitioners showed higher ST compared to nonyoga practitioners; (4) a negative correlation between “Frame
Influence” index and ST scores was found in AY but not in the
novice group.
PROCESSING OF SENSORY INPUTS CONCERNING BODY AND SPATIAL
ORIENTING REQUIRED FOR PERFORMING RFT AND PRACTICE OF
ASHTANGA YOGA

Visual dependence from a given context has been measured
in professional dancers who performed RFT with a style more
independent from vision with respect to non-dancers (Golomer
et al., 1999, 2005). In a similar vein, gymnasts exhibited better postural control than novices (Vuillerme et al., 2001a; Croix

Influence” negatively correlates with scores on ST in Ashtanga yoga,
proving that the more they use a proprioceptive style strategy in
assessing the SVV (small value in “Frame Influence” index), the more
they are self-transcendent.
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Table 2 | Table shows scale range, mean, observed range and differences between groups for each subscale of ST and C scales.
Sub scale

Range

AY
Mean

Con

Observed

Mean

range

t-value (41)

p-value

0.0003

Observed
range

ST tot

Self-transcendence

0–33

19.48

4–29

11.28

2–22

3.957

ST 1

Spiritual acceptance vs. rational materialism

0–13

7.33

1–12

4.56

1–11

2.666

0.011

ST 2

Self-forgetful vs. self-conscious experience

0–11

6.39

1–10

4.37

0–9

2.359

0.023

ST3

Transpersonal identification vs. self-differentiation

0–9

5.76

2–9

2.32

0–6

6.140

0.000003

C tot

Cooperativeness

0–42

35.19

29–40

33.50

18–39

1.362

0.181

C1

Social acceptance vs. social intolerance

0–8

6.57

1–8

6.81

4–8

−0.564

0.576

C2

Empathy vs. social disinterest

0–7

6.24

4–7

5.68

2–7

1.675

0.102

C3

Helpfulness vs. unhelpfulness

0–8

6.86

5–8

6.59

4–8

0.863

0.393

C4

Compassion vs. revengefulness

0–10

8.29

5–10

7.59

1–10

1.291

0.204

C5

Pure-hearted conscience vs. self-serving advantage

0–9

7.24

2–9

6.82

4–9

0.923

0.361

et al., 2010), even when the contribution of vision is removed
(Vuillerme et al., 2001b). It is also worth noting that in kayak
roll athletes who, in structured training sessions, learn specific sub skills (i.e., underwater orientation, paddle movements),
greater field-independence (measured with a portable rod and
frame apparatus) may parallel fast learning of the training skills.
Kayak roll requires cognitive restructuring and strong reliance on
kinaesthetic and proprioceptive feedback (Hodgson et al., 2010).
AY practitioners typically report the discipline induces an embodied life style, in keeping with the objective need to rely on one’s
body perception in space for achieving good progress in this discipline. Importantly, any differences between AY and novices in
RFT performance cannot be attributed to visual practice, because
no visual cues are used in the discipline, no visual feedback is
given from mirrors, and the practice is based exclusively on the
close connection with the body and the awareness of its position
in space.
Thus, we did not find that AY practitioners are more field
independent than non-experts. One possible way of interpreting
this seeming discrepancy is to consider that our very conservative
method to assess field dependency/independency (frame effect =
0) was never used in any previous studies.
While superiority of AY practitioners in the RFT task may not
be surprising, no specific conclusion on whether they are more
field independent can be drawn.
It is also worth noting that the field-independences as assessed
by Nyborg’s Frame Effect turned out to significantly differ from
0 in both AY practitioners and novice participants, indicating
both groups are equally biased, in evaluating SVV, by the presence of a tilted frame and can be considered field-dependent. In
fact, field-independent individuals should not be biased by the
frame presence, and their errors (distance in degrees from SVV
and earth-gravity) should be near zero, in both frame conditions (tilted or upright). By contrast, field-dependent individuals
should make large errors in tilted condition but small errors, if
any, in upright frame condition.
The lack of difference in Frame Effect between the two groups
is consistent with the assumption that the two groups mainly
differ for yoga practice, a physical training designed to increase

Frontiers in Human Neuroscience

balance. It is worth noting that no visual cues are used in AY
and the practice is based exclusively on the close connection with
the body and the awareness of its position in space. Moreover, no
visual feedback is given to AY practitioners.
The Frame Influence index describes a perceptive style in
assessing the rod in upright position, without taking into account
the performance on RTF. Interestingly, the Frame Influence index
may allow researchers to virtually divide participants into two
sub-groups on a continuum with people who make errors of the
same size in tilted and non-tilted frame conditions, and people
making large errors in frame-tilted and small ones in non-tilted
conditions. People with a high Frame Influence index base their
verticality estimation more on the visual system, gaining useful
cues in non-tilted condition, but being deceived by the frame
in the tilted condition. By contrast, people with a low Frame
Influence index adopt a strategy based more on proprioceptive
signals without taking the frame angle into account. Thus, individuals who make large errors both in frame tilted and upright
condition base their verticality perception on proprioception. By
contrast, individuals who provide exact judgment of verticality
only in the upright condition, but make large errors in the frametilted ones, base their perception of verticality on external visual
cues. At any rate, the Frame Influence index may be interpreted
as a marker of perception style that gives information about people who determine their verticality perception using more the
proprioceptive than the visual system. It is worth emphasizing
that the practice of AY usually takes place in places without any
mirror and in the absence of visual feedback. Thus, AY practice is based more on proprioception than on visual feedback.
No between-group difference in the Frame Influence index was
found, indicating that, in spite of the superiority of AY practitioners in performing the RFT task, the two groups did not differ in
the strategy used for estimating verticality. This lack of difference
may be attributed to the fact that our yoga Asthanga practitioners were mostly beginner-intermediate and no specific analysis
on advanced level practitioners could be performed. A possible
explanation of this lack of difference may reside in the fact that
yoga does increase precision in verticality estimation, but does not
induce any change in field-dependency.
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A LINK BETWEEN ASHTANGA YOGA AND SELF-TRANSCENDENCE

Our finding shows that yoga practitioners are more selftranscendent than novices. To the best of our knowledge, the
study by Büssing et al. (2012) is the only exploring ST related
to yoga practice. They adopted a within-subject design, in which
Yoga practitioners were enrolled in an intense training for becoming yoga teachers and found showed an increase of ST in yoga
practitioners after 6 months of intensive training. These results
may suggest that Yoga practice increases ST and specific aspects
of practitioners’ spirituality, mindfulness and mood. However, ST
was higher in yoga practitioners than in the reference control population already before the training. Thus, neither Büssing et al.
(2012) study nor our present results can tell apart whether higher
ST is the direct consequence of yoga practice or the expression of
a tendency to adopt a specific lifestyle.
RELATIONSHIP BETWEEN BODILY PROCESSING AND ST

AY practitioners and the control group did not statistically differ in Frame Influence index. Importantly, however, only in this
group there were a relationship between higher ST scores found
in individuals with smaller Frame Influence. Thus, highly ST
individuals are more in touch with their body, and may be better at analysing information coming from their body. The same
correlation was not found in non-yoga practitioners.
Yoga practice is deeply connected with meditative experiences
and mindfulness training. There have been reports, for example,
of better performance in RTF performance in a group that underwent a 3-months transcendental meditation training compared
with a group who did not receive this kind of treatment (Pelletier,
1974). All participants were tested also in an auto kinetic effect
and an embedded figure test (EFT; Witkin, 1950) a task designed
to assess the concept of field dependence/independence (Witkin
and Goodenough, 1981). The meditation group improved their
performance in all tasks after 3 months of training. These
better performances have been ascribed to an increased fieldindependence. While this is true for the result obtained in the EFT,
participants shifted toward a shorter latency time for the simple
figure identification, only a reduction in the error size has been
noted in the RFT, and no frame effect was measured. Attention is
a critical factor in determining performance in these perceptual
tasks. Interestingly one of the most important aims of meditative techniques is to achieve an inward, focused attention. In this
context, Pelletier (1974) suggested that these observed differences
can be attributed to an alteration in the individual’s displacement
of attention toward a context-independent cognitive style, due to
meditative practice.
It would be interesting to investigate if there is a difference in
the “Frame Influence” index between very advanced practitioners
(3rd and 4th level), beginners (1st and 2nd level), and novices.
Unfortunately in this study it was only possible to collect two
practitioners from 3rd level and only one from 4th level.
Our results are partially in conflict with the findings of
Hergovich (2003) who showed a relationship between field
dependence, measured by EFT, and belief in paranormal phenomena. In Hergovich’s study, participants completed several
questionnaires assessing belief in paranormal phenomena, while
we used the TCI (Cloninger et al., 1994) for assessing ST. A closer
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inspection of the items revealed that especially the subscale ST1 shares some elements with the questionnaires administered by
Hergovich. For example, in both tests there are items related to
phenomena not easily explained by science, alternative medical
practices, and near-death experiences. In spite of this possible
similarity, it is worth noting that while the questionnaires used
by Hergovich (2003) assess beliefs, ST scales assess a specific personality trait. In AY, we found higher field independence and
reliance on internal information depending on higher ST scores.
An opposite, non-significant tendency, was found in the control group, where high ST scores paralleled field-dependence and
reliance on visual cues in SVV tasks. Only the result in healthy
controls is in keeping with Hergovich (2003). While we do not
have a ready explanation for this partial discrepancy, we note
that using different tools for testing field dependency may bring
about different results (Arbuthnot, 1972). Thus, although speculatively, we suggest that the difference between the two studies
may be explained by the different sensitivity of the tools used.
In any case, the different patterns of results in yoga practitioners
may be due to a training effect from the embodied experiential practice of AY, that may change reliance on internal signals
(i.e., interoceptive, proprioceptive, vestibular). No such learning
effect may have occurred in novices. It is worth noting that temporo parietal junction (TPJ), a neural region that is supposed
to be an important function in the body’s space proprioception
(Trousselard et al., 2004; Barra et al., 2012), is also important in body awareness (Bunning and Blanke, 2005; Aglioti and
Candidi, 2011), and in integration of signals coming from our
own body. It is also interesting that individuals who have experienced out-of-body experiences showed damage to multisensory
cortices (Blanke et al., 2004; Lenggenhager et al., 2006; Ionta
et al., 2011) centered around TPJ that may also be closely related
to the processing of vestibular inputs (Lopez and Blanke, 2011;
Lopez et al., 2012). Finally, alterations of TPJ induced by brain
lesions (Urgesi et al., 2010), or by inhibitory TMS (Crescentini
et al., 2014), induce an increase of ST and of spirituality. The
hypothesis that TPJ is involved in both ST (i.e., spirituality)
and the perception of the vertical midline has not been clearly
tested. However, the question of whether TPJ may be important
for performing RTF tasks is currently being investigated at our
laboratory.

CONCLUSION
We report a relationship between the strategy used to assess verticality and ST only for yoga practitioners. This finding may index
some changes in the mechanisms underlying the performance
in verticality judgment depending on the personality traits likely
influenced by yoga practice itself. More specifically, high levels of
ST may guide people to deeper levels of body awareness mediated
more by internal (i.e., vestibular or proprioceptive) than external signals. This finding may suggest that individuals who score
high in ST have high levels of body awareness and rely more
on internal (i.e., vestibular or proprioceptive) than external signals, as proposed by predictive models of interoception (Seth
et al., 2011; Seth, 2013). The higher accuracy found in the overall
mean, in both frame conditions, may rely on multisensory integrative systems through which optimization of the most reliable
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information takes place. Moreover, the lack of difference in the
strategy used by participants in assessing verticality and in the
frame effect index suggests that physical practice can account for
accuracy in assessing verticality but not for changes of cognitive
style. Yoga practice is a highly embodied discipline that, maybe
through an enhancement of ST, allows one to achieve deeper body
awareness; this process may be the key for accessing an embodied
sense of balance/verticality, and consequently to achieve a more
explicit improvement in sensory evaluation.

FUNDING
This study was supported by: EU Information and
Communication Technologies Grant (VERE project, FP7ICT-2009-5, Prot. Num. 257695), the Italian Ministry of Health
(and RF-2010-2312912) (to Salvatore M. Aglioti), and Deutsche
Forschungsgemeinschaft (DA 1358/1-1) and European Union
(project “eSMCs”; FP7-ICT-2009-6, #270212) to Nicole David.

ACKNOWLEDGMENTS
The authors would like to thank M. Martelli and P. Zoccolotti for
permitting us to use their RFT set-up. We are also grateful to all
the Ashtanga yoga practitioners who kindly participated in this
study.

REFERENCES
Aglioti, S. M., and Candidi, M. (2011). Out-of-place bodies, out-of-body selves.
Neuron 70, 173–175. doi: 10.1016/j.neuron.2011.04.006
Arbuthnot, J. (1972). Cautionary note on measurement of field independence.
Percept. Mot. Skills 35, 479–488
Asch, S. E., and Witkin, H. A. (1948). Studies in space orientations: I. Perception
of the upright with displaced visual fields. J. Exp. Psychol. 38, 325–337. doi:
10.1037/h0057855
Barra, J., Pérennou, D., Thilo, K. V, Gresty, M. A., and Bronstein, A. M. (2012).
The awareness of body orientation modulates the perception of visual vertical.
Neuropsychologia 50, 2492–2498. doi: 10.1016/j.neuropsychologia.2012.06.021
Benavides, S., and Caballero, J. (2009). Ashtanga yoga for children and adolescents for weight management and psychological well-being: an uncontrolled
open pilot study. Complement. Ther. Clin. Pract. 15, 110–114. doi: 10.1016/j.
ctcp.2008.12.004
Blanke, O., Landis, T., Spinelli, L., and Seeck, M. (2004). Out-of-body experience
and autoscopy of neurological origin. Brain 127, 243–258. doi: 10.1093/brain/
awh040
Bunning, S., and Blanke, O. (2005). The out-of body experience: precipitating
factors and neural correlates. Prog. Brain Res. 150, 331–350. doi: 10.1016/S00796123(05)50024-4
Büssing, A., Hedtstück, A., Khalsa, S. B. S., Ostermann, T., and Heusser, P.
(2012). Development of specific aspects of spirituality during a 6-month intensive yoga practice. Evid. Based Complement. Alternat. Med. 2012, 981523. doi:
10.1155/2012/981523
Campanella, F., Crescentini, C., Urgesi, C., and Fabbro, F. (2014). Mindfulnessoriented meditation improves self-related character scales in healthy individuals. Compr. Psychiatry 55, 1269–1278. doi: 10.1016/j.comppsych.2014.03.009
Cloninger, C. R., Przybeck, T. R., Svrakic, D. M., and Wetzel, R. D. (1994).
The Temperament and Character Inventory (TCI): a Guide to its Development
and Use. St. Louis, Mo: Center for Psychobiology of Personality Washington
University.
Crescentini, C., Aglioti, S. M., Fabbro, F., and Urgesi, C. (2014). Virtual lesions
of the inferior parietal cortex induce fast changes of implicit religiousness/spirituality. Cortex 54, 1–15. doi: 10.1016/j.cortex.2014.01.023
Croix, G., Chollet, D., and Thouvarecq, R. (2010). Effect of expertise level on the
perceptual characteristics of gymnasts. J. Strength Cond. Res. 24, 1458–1463. doi:
10.1519/JSC.0b013e3181d2c216
David, N., Fiori, F., and Aglioti, S. M. (2014). Susceptibility to the rubber hand illusion does not tell the whole body-awareness story. Cogn. Affect. Behav. Neurosci.
14, 297–306. doi: 10.3758/s13415-013-0190-6

Frontiers in Human Neuroscience

Ernst, M. O., and Bülthoff, H. H. (2004). Merging the senses into a robust percept.
Trends Cogn. Sci. 8, 162–169. doi: 10.1016/j.tics.2004.02.002
Froeliger, B., Garland, E. L., and McClernon, F. J. (2012). Yoga meditation practitioners exhibit greater gray matter volume and fewer reported cognitive
failures: results of a preliminary voxel-based morphometric analysis. Evid. Based
Complement. Alternat. Med. 2012, 821307. doi: 10.1155/2012/821307
Gillespie, N. A., Cloninger, C. R., Heath, A. C., and Martin, N. G. (2003). The
genetic and environmental relationship between Cloninger’s dimensions of
temperament and character. Pers. Individ. Dif. 35, 1931–1946. doi: 10.1016/
S0191-8869(03)00042-4
Golomer, E., Crémieux, J., Dupui, P., Isableu, B., and Ohlmann, T. (1999). Visual
contribution to self-induced body sway frequencies and visual perception of
male professional dancers. Neurosci. Lett. 267, 189–192. doi: 10.1016/S03043940(99)00356-0
Golomer, E., Guillou, E., Testa, M., Lecoq, C., and Ohlmann, T. (2005).
Contribution of neck proprioception to subjective vertical perception among
experts in physical activities and untrained women. Neurosci. Lett. 381, 31–35.
doi: 10.1016/j.neulet.2005.01.076
Hergovich, A. (2003). Field dependence, suggestibility and belief in paranormal phenomena. Pers. Individ. Dif. 34, 195–209. doi: 10.1016/S0191-8869(02)
00022-3
Hodgson, C. I., Christian, E., and McMorris, T. (2010). Performance on the
portable rod and frame test predicts variation learning the kayak roll. Percept.
Mot. Skills 110, 479–487. doi: 10.2466/pms.110.2.479-487
Ionta, S., Heydrich, L., Lenggenhager, B., Mouthon, M., Fornari, E., Chapuis,
D., et al. (2011). Multisensory mechanisms in temporo-parietal cortex support self-location and first-person perspective. Neuron 70, 363–374. doi:
10.1016/j.neuron.2011.03.009
Isableu, B., Gueguen, M., Fourré, B., Giraudet, G., and Amorim, M. A. (2008).
Assessment of visual field dependence: comparison between the mechanical 3D
rod-and-frame test developed by Oltman in 1968 with a 2D computer-based
version. J. Vestib. Res. 18, 239–247.
Jola, C., Davis, A., and Haggard, P. (2011). Proprioceptive integration and body
representation: insights into dancers’ expertise. Exp. Brain Res. 213, 257–265.
doi: 10.1007/s00221-011-2743-7
Kemeny, M. E., Foltz, C., Cavanagh, J. F., Cullen, M., Giese-Davis, J., Jennings,
P., et al. (2012). Contemplative/emotion training reduces negative emotional
behavior and promotes prosocial response. Emotion 12, 338–350. doi: 10.1037/
a0026118
Lenggenhager, B., Smith, S. T., and Blanke, O. (2006). Functional and neural mechanisms of embodiment: importance of the vestibular system and the temporal
parietal junction. Rev. Neurosci. 17, 643–657. doi: 10.1515/REVNEURO.2006.
17.6.643
Lopez, C., and Blanke, O. (2011). The thalamocortical vestibular system in animals and humans. Brain Res. Rev. 67, 119–146. doi: 10.1016/j.brainresrev.2010.
12.002
Lopez, C., Blanke, O., and Mast, F. W. (2012). The human vestibular cortex
revealed by coordinate-based activation likelihood estimation meta-analysis.
Neuroscience 212, 159–179. doi: 10.1016/j.neuroscience.2012.03.028
Lopez, C., Lacour, M., Léonard, J., Magnan, J., and Borel, L. (2008). How body
position changes visual vertical perception after unilateral vestibular loss.
Neuropsychologia 46, 2435–2440. doi: 10.1016/j.neuropsychologia.2008.03.017
Luyat, M., Mobarek, S., Leconte, C., and Gentaz, E. (2005). The plasticity of gravitational reference frame and the subjective vertical: peripheral visual information
affects the oblique effect. Neurosci. Lett. 385, 215–219. doi: 10.1016/j.neulet.
2005.05.044
Macdonald, D. A., and Friedman, H. L. (2009). Measures of spiritual and transpersonal constructs for use in yoga research. Int. J. Yoga 2, 2–12. doi: 10.4103/09736131.53837
Massion, J. (1994). Postural control system. Curr. Opin. Neurobiol. 4, 877–887.
Mehling, W. E., Gopisetty, V., Daubenmier, J., Price, C. J., Hecht, F. M., and Stewart,
A. (2009). Body awareness: construct and self-report measures. PLoS ONE
4:e5614. doi: 10.1371/journal.pone.0005614
Nyborg, H., and Isaksen, B. O. (1974). A method for analysing performance in
the rod-and-frame test. II Test of the Statistical Model. Scand. J. Psychol. 15,
124–126. doi: 10.1111/j.1467-9450.1974.tb00564.x
Paloutzian, R., and Park, C. (2005). Handbook of the Psychology of Religion and
Spirituality. New York, NY: The Guilford Press.
Pelletier, K. R. (1974). Influence of trascendental meditation upon autokinetic
perception. Percept. Mot. Skills 39, 1031–1034.

www.frontiersin.org

September 2014 | Volume 8 | Article 734 | 8

Fiori et al.

Perception and self-transcendence in yoga

Reed, P. G. (2008). “Theory of self-transcendence,” in Middle Range Theory for
Nursing, eds M. Smith and P. Liehr (New York, NY: Springer Publishing
Company), 105–129.
Seth, A. K. (2013). Interoceptive inference, emotion, and the embodied self. Trends
Cogn. Sci. 17, 565–573. doi: 10.1016/j.tics.2013.09.007
Seth, A. K., Suzuki, K., and Critchley, H. D. (2011). An interoceptive predictive
coding model of conscious presence. Front. Psychol. 2:395. doi: 10.3389/fpsyg.
2011.00395
Shelov, D. V., Suchday, S., and Friedberg, J. P. (2009). A pilot study measuring the
impact of yoga on the trait of mindfulness. Behav. Cogn. Psychother. 37, 595–598.
doi: 10.1017/S1352465809990361
Takasaki, H., Treleaven, J., Johnston, V., and Jull, G. (2012). Minimum repetitions
for stable measures of visual dependency using the dot version of the computerbased Rod-Frame test. Man. Ther. 17, 466–469. doi: 10.1016/j.math.2012.02.013
Trousselard, M., Barraud, P., Nougier, V., Raphel, C., and Cian, C. (2004).
Contribution of tactile and interoceptive cues to the perception of the direction
of gravity. Brain Res. Cogn. Brain Res. 20, 355–362. doi: 10.1016/j.cogbrainres.
2004.03.008
Urgesi, C., Aglioti, S. M., Skrap, M., and Fabbro, F. (2010). The spiritual
brain: selective cortical lesions modulate human self-transcendence. Neuron 65,
309–319. doi: 10.1016/j.neuron.2010.01.026
Varambally, S., and Gangadhar, B. N. (2012). Yoga: a spiritual practice with therapeutic value in psychiatry. Asian J. Psychiatr. 5, 186–189. doi: 10.1016/j.ajp.2012.
05.003
Vuillerme, N., Danion, F., Marin, L., Boyadjian, A., Prieur, J. M., Weise, I., et al.
(2001a). The effect of expertise in gymnastics on postural control. Neurosci. Lett.
303, 83–86. doi: 10.1016/S0304-3940(01)01722-0
Vuillerme, N., Teasdale, N., and Nougier, V. (2001b). The effect of expertise in gymnastics on proprioceptive sensory integration in human subjects. Neurosci. Lett.
311, 73–76. doi: 10.1016/S0304-3940(01)02147-4
Walach, H., Buchheld, N., Buttenmuller, V., Kleinknecht, N., and Schmidt, S.
(2006). Measuring mindfulness-the Freiburg Mindfulness Inventory (FMI).
Pers. Individ. Dif. 40, 1543–1555. doi: 10.1016/j.paid.2005.11.025

Frontiers in Human Neuroscience

Witkin, H. A. (1950). Individual differences in ease of perception of
embedded figures. J. Pers. 19, 1–15. doi: 10.1111/j.1467-6494.1950.
tb01084.x
Witkin, H., and Goodenough, D. R. (1981). Cognitive styles: essence and origins.
Field dependence and field independence. Psychol. Issue 51, 1–141.
Yardi, N. (2001). Yoga for control of epilepsy. Seizure 10, 7–12. doi: 10.1053/seiz.
2000.0480
Zoccolotti, P., Antonucci, G., Daini, R., Martelli, M., and Spinelli, D. (1997). Frameof-reference and hierarchical-organisation effects in the rod-and-frame illusion.
Perception 26, 1485–1494.
Zoccolotti, P., Antonucci, G., Goodenough, D. R., Pizzamiglio, L., and Spinelli, D.
(1992). The role of frame size on vertical and horizontal observers in the rodand-frame illusion. Acta Psychol. (Amst). 79, 171–187.
Zoccolotti, P., Antonucci, G., and Spinelli, D. (1993). The gap between rod and
frame influences the rod-and-frame effect with small and large inducing
displays. Percept. Psychophys. 54, 14–19.
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Received: 01 July 2014; accepted: 01 September 2014; published online: 18 September
2014.
Citation: Fiori F, David N and Aglioti SM (2014) Processing of proprioceptive and
vestibular body signals and self-transcendence in Ashtanga yoga practitioners. Front.
Hum. Neurosci. 8:734. doi: 10.3389/fnhum.2014.00734
This article was submitted to the journal Frontiers in Human Neuroscience.
Copyright © 2014 Fiori, David and Aglioti. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

www.frontiersin.org

September 2014 | Volume 8 | Article 734 | 9

