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Abstract

Yoga is an activity that aims to integrate physical, mental
and spiritual elements and is an increasingly popular
approach to enhancing physical fitness. The integration of
imagery within yoga practice is considered an important
component and may be critical in contributing to the ben-
efits of yoga that have been reported. In this study, we test-
ed whether individuals who practice yoga demonstrate
superior performance on an objective measure of implicit
motor imagery. Thirty-six participants (18 yoga, 18 non-
yoga) matched for age, sex and handedness, undertook the
hand laterality recognition task; an objective measure of
implicit motor imagery performance. Accuracy and
response times were gathered and analysed to determine any
group differences as well as any differences relating to the
typical hallmarks of imagery (i.e. dominance and awkward-
ness effects) on the task. Response Times (RTs) in the yoga
group were significantly faster than controls (p < 0.05) and
there was also a trend towards greater accuracy for the Yoga
group (p = 0.073). Dominance eftects (faster responses to
images corresponding with the dominant limb) and
Awkwardness effects (faster responses to images correspon-
ding with natural compared with awkward postures) were
evident across groups, supporting the participants’ use of
motor imagery in undertaking the task. Additionally, a
Group x Awkwardness interaction (p < 0.05) revealed that
the enhanced imagery performance for the yoga group was
most pronounced for awkward postures. This is the first
study to show that yoga practice is associated with superior
motor imagery performance; an association that may be
important in explaining the established rehabilitative value
of yoga for chronic pain.

Introduction

In contemporary western society, yoga is an increasingly
popular approach to improving physical fitness and research
has shown that its practice is associated with a range of
physical and mental health benefits. However, this focus on

physicality was never the intention of yoga." A physical,
mental and spiritual practice, yoga is thought to have its ori-
gins in India dating back over three thousand years. One of
the many definitions of the word yoga is 'union' and in spir-
itual terms is described as the bringing together of individ-
ual and universal consciousness. On a practical level, yoga
may be considered a means of 'bringing together' mind and
body. As practitioners advance and begin to engage more
deeply with the techniques, yoga is considered to become a
largely mind-based practice.? The most common yoga prac-
tised in the West is Hatha Yoga,’ and while there are many
styles of this form (e.g. Ashtanga Vinyasa, Iyengar, and
General Hatha), common practices include asana (the
assumption of specific postures), pranayama (breath-con-
trol), meditation and yoga nidra (guided relaxation with
imagery).

It is the integration of imagery within yoga that is the
focus of this study. Language used in yoga classes instructs
students to perform motor imagery of a desired action while
also focusing on the associated kinaesthetic sensation,
intended to heighten the sensory experience.’ Such an
approach appears to have similarities with motor imagery
training where the instigation of internally driven images
combined with layering of additional sensory (kinaesthetic)
associations of the proposed action is encouraged.* It is
known that a greater physiological response is observed
when motor imagery training is conducted from an egocen-
tric perspective’ and such an approach is common in yoga,
as students are repeatedly instructed to mentally simulate
specific actions. Examples of such language include, “Begin
to roll the upper legs inward and the lower legs slightly out-
wards. Your legs will not actually rotate in either direction,
but you will become more aware of your leg muscles in the
process.”

Given that imagery is a key component of yoga, one
might predict that experienced yoga practitioners would
have superior skills in performing motor imagery compared
with those who do not. Establishing such a relationship is
challenging as most measures of motor imagery suffer from
being highly subjective. However, the hand laterality recog-
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nition task provides a solution.® In this task, individuals are
presented with a series of images, each depicting a hand in
various postures and asked to judge the laterality of each
with accuracy and response time (RT) providing an index of
performance.®® Importantly, it is established that individu-
als perform the task by mentally rotating their own limbs to
the positions of those depicted.*’ Individuals are not
instructed to follow this approach and may not be aware of
how they solve the task. The hand laterality recognition task
is therefore considered a measure of implicit motor
imagery. ' Typically, images depicting more awkward pos-
tures elicit poorer performance (i.e. slower and less accurate
responses) than those depicting more natural postures.® "
Similarly, images corresponding with the dominant limb
elicit faster responses than images corresponding with the
non-dominant limb."”"* The subsequent awkwardness and
dominance eftects that are produced by the hand laterality
recognition task provide further confidence that the task is
eliciting motor imagery rather than some other approach.
In this study, we compared hand laterality recognition
task performance in yoga practitioners with that of a con-
trol group (i.e. age-matched individuals who do not practice

yoga).

Materials and Methods

The study was approved by the University of Birmingham’s
Science, Technology, Engineering and Mathematics Ethical
Review Committee, and conducted in coherence with the
Declaration of Helsinki. Participants provided written
informed consent prior to taking part. The study involved a
mixed experimental design.

Participants

Thirty-six participants were included in the study. Eighteen
participants (6 males, 17 right-handed) with a mean age of
48 years (range = 30-69, SD = 12.4) comprised the yoga
group. All had been practising yoga continuously for a min-
imum of one hour per week, and for one year or more.
Characteristics of the yoga group including years of experi-
ence, frequency of practice, and style of yoga followed are
shown in Table 1. A further 18 participants (6 males, 18
right-handed) made up the control group. Participants in
the control group stated they had no previous yoga experi-
ence. This group had a mean age of 49 years (range = 31-
71, SD=13.3). An independent t-test confirmed that the
two groups had comparable ages (t (34) = 0.26, p = 0.80).

Procedure

Participants completed a hand laterality recognition task on
a laptop PC. The experiment was programmed using spe-
cialist software (E-Prime 2.0, www.pstnet.com/eprime).
Experimental stimuli were black and white line drawings of
hands replicated with permission.” There were four views of
each hand (back, front, thumb and wrist) and each image
was presented in twelve different degrees of rotation/orien-
tation (0°-330°, each separated by 30°) (Figure 1). This
gave rise to a total of 96 different images. Images were cat-
egorised as natural or awkward based on previous work by
Nico and colleagues."

The experiment took place in a quiet room.
Participants sat in an upright posture at a comfortable dis-
tance (approximately 50cm) from the screen. The presenta-
tion of each image was preceded by a fixation cross in the
middle of the screen for a random period between 1100ms

Components of Yoga Practice (%) Styles of Yoga (%)

Asana 100 Restorative

Meditation 89 General Hatha

Yoga Nidra 83 Vinyasa/Dynamic
Ashtanga

50
22
17
11

Types of Meditation (%)
Mindfulness 50
Unknown 38
Other 12
One-pointedness 0

1. Relaxation
2. Strength
3. Flexibility

Main reasons for practising Yoga

Years spent practising Yoga (%) Frequency per week (%)
1-3 34 1-2x  3-6x 7x
5-10 5 Asana 32 26 42
10+ 61 Meditation 50 25 25
Yoga Nidra 33 47 20
Length of time spent per practice (%)
5-15 mins 15-30 mins 30-60 mins 60-90 mins 90-120 mins
Asana - - 33 50 17
Meditation 50 25 25 - -
Yoga Nidra 60 40 - - -

Table 1. Characteristics of the Yoga Group
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Figure 1. Examples of line drawings presented in the
experiment.

There were four views of the left and right hands (back, front,
thumb and wrist), and each were presented in 12 different
degrees of rotation (0°-330°, each separated by 30°). In total,
there were 96 different images. Left hand images are shown here
at 0°.

and 1500ms. Images were displayed until a response was
made. Participants indicated their left/right judgment by
pressing keys on the laptop PC. Accordingly, participants
indicated a right hand by pressing the ‘N’ key with their
right index finger and a left hand by pressing the V’ key
with their left index finger. Index fingers remained resting
on these keys throughout the experiment. Participants were
instructed to respond as quickly and as accurately as possible.

Following a short practice involving eight images and
responses, participants completed 3 blocks of 96 trials
(images); 288 trials in all. The type of image (laterality,
view, orientation) was randomised across trials. Accuracy
and RT (in milliseconds) were recorded.

Data analysis

Accuracy and RTs were analysed. Mean accuracy was
defined as the proportion of correctly identified images and
expressed as a value between 0 (none correct), and 1 (all cor-
rect). Response time for each trial was the period between
the image (stimulus) appearing on screen and the key press.
Only correct responses were included in the related analy-
ses. Mean accuracy and median RT for accurate trials were
calculated for each participant and for each factor of inter-
est. These data were subsequently analysed using SPSS ver-
sion 22.0. Two (accuracy and RT) 2x2x2 Group [Yoga vs.
Control] x Side [Dominant vs. Non-dominant) x
Awkwardness (Natural vs. Awkward) analyses of variance
(ANOVA) with repeated measures for the latter two factors
(Side, Awkwardness) were conducted. Where these revealed
interactions, the related simple effects were explored.

Results
There was a trend for greater accuracy in the Yoga group (M

= 0.95, SD = 0.04) than in the Control group (M = 0.92,
SD = 0.07) (F (1, 34) = 3.32, p = 0.077, n% = 0.89].

Accuracy for images corresponding with dominant (M =
0.93, SD = 0.06) vs. non-dominant (M = 0.93, SD = 0.06)
limbs was comparable (F (1, 34) = 0.05, p = 0.826, n%=

0.001]. Accuracy for images corresponding with awkward

postures (M = 0.90, SD = 0.09) was lower than those cor-
responding with natural postures (M = 0.97, SD = 0.04))
leading to a significant main effect for Awkwardness (F (1,

34) = 37.26, p < 0.001, n% = 0.523). Accuracy data did not

reveal any interactions.

The Yoga group (M = 1317msec, SD = 545msec)
demonstrated faster responses than the Control group (M =
1725msec, SD = 545msec) leading to a significant main
effect of Group (F (1, 34) = 5.04, p < 0.05, n% = 0.129].

Response time data also showed a significant main effect of

Dominance (F (1, 34) = 24.11, p < 0.001, n% = 0.42);
responses to images corresponding with the dominant hand

(M = 1423msec, SD = 379msec) were faster than for images
corresponding with the non-dominant hand (M =
1619msec, SD = 410msec). Additionally, responses to
images corresponding with awkward postures (M = 1805
msec, SD = 485msec) were markedly slower than for natu-
ral postures (M = 1236msec, SD = 299msec) leading to a
significant main effect of Awkwardness (F (1, 34) = 107.54,
p < 0.001, n% = 0.760). However, there was also a Group x
Awkwardness interaction (F (1, 34) = 5.33, p < 0.05,M?% =
0.135). Exploration of this revealed that the yoga group's

superiority was most evident for images corresponding with

more awkward postures (F (1, 34) = 5.47, p = 0.025, 1% =
0.14) than for images corresponding with natural postures

(F (1, 34) = 3.98, p = 0.05, n% = 0.11). These data are

shown in figure 2. Figure 3 shows the same data according

to the degree of rotation from neutral (0°); see figure cap-
tion for more details. There were no other 2-way or com-
plex interactions.

Discussion

A central component of yoga practice is the simulation of
movement. One might therefore reasonably expect experi-
enced yoga practitioners to develop an enhanced ability to
perform motor imagery. We tested this hypothesis by com-
paring the performance of a group of experienced yoga
practitioners with that of an age-matched control group on
a task that implicitly elicits motor imagery; the hand later-
ality recognition task. Data presented here are supportive of
the hypothesis; yoga practitioners demonstrated superior
performance on the task. The enhanced motor imagery
ability of the Yoga group was demonstrable through faster
RTs to identify the laterality of hand images without any
decrement in accuracy; indeed, accuracy was marginally
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Figure 2. Mean response times for the Yoga and Control
groups and for Natural vs. Awkward images.

Error bars denote the standard error of the mean.

Asterisks denote statistical significance.
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Figure 3. Mean response times for the Yoga and Control
groups as images rotated from 0° to 330°.

Rotations clockwise from 330° to 120° represent natural (largely
medial) positions, whereas rotations clockwise from 150° to
300° represent awkward (largely lateral) positions, in line with a
previous study. !

superior for the Yoga group also. The results cannot there-
fore be explained by a speed-accuracy trade-off.

Comparison with an age-matched control group aimed
to provide a means to attribute any performance difference
in the Yoga group to ‘yoga. However, could it be that our
control group’s performance was not representative? This
seems unlikely. Both accuracy and RTs were consistent with
previous studies where a similar aged control group were
included, and where stimuli and response mode were the
same.” Other than practicing yoga, there were no evident
differences between the two groups.

It was possible to show that both groups were using a
motor strategy (i.e. motor imagery) in order to complete the
task. This was evident through the exploration of what are
often referred to as dominance and awkwardness effects, the
typical hallmarks of motor imagery. For example, responses
to images corresponding with the dominant limb were
faster than responses corresponding with the non-dominant
limb."'* !¢ Additionally, responses to images corresponding
with awkward postures were slower than responses to
images corresponding with natural postures.® ' ' '* While
these findings provide confidence that both groups used
motor imagery, the Yoga group were simply better at the
task. Furthermore, as well as demonstrating generally
enhanced performance on the task, the superiority of the
Yoga group was particularly evident in their responses to
images corresponding with more awkward postures. We
interpret these findings as reflecting the experience and
related expertise that yoga practitioners have developed in
mentally simulating movement. To our knowledge, this is
the first experimental demonstration that those who prac-
tise yoga display superior motor imagery performance.
While motor imagery practised in yoga is explicit, it is strik-
ing that related expertise was shown in this study to trans-
late to an implicit motor imagery task. It is important to
recognise that the task in the study was not presented to
participants as a motor imagery task. Individuals were not
asked to imagine movements and neither were imagined
movements requested. Although our data clearly show that
motor imagery was elicited by the task, individuals are typ-
ically not aware of this when completing the task."

The findings presented here contrast markedly with a
previous study that showed no difference in performance on
a laterality recognition task between a yoga group and a
control group.” There are perhaps a number of reasons for
these contrasting findings. Firstly, participants in the previ-
ous study were recruited as part of a large online cross-sec-
tional study where one of multiple questions asked was
whether individuals participated in yoga for 30 minutes a
week or not. Related data were subsequently extracted for
analysis. In contrast, in the present study, participants in the
yoga group were recruited purposively, the sample including
relatively experienced yoga practitioners with a minimum of
one year’s experience and practising for at least one hour per
week. Secondly, while the hand laterality recognition task
tends to reliably elicit implicit motor imagery, it is impor-
tant to report data in a manner that provides confidence of
this, as there are reports of alternative non-motor strategies
being used.” * In this study, we probed the resulting data
for awkwardness and dominance effects that carry the hall-
marks of motor imagery (see above); there was no such
analysis in the previous study.” The authors of that study
acknowledge that as a result of their study being conducted
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online, they had little control over important technical ele-
ments of the study. As a laboratory-based study, we were
able to closely supervise and standardise issues such as par-
ticipant posture” and response mode'* which can have a sig-
nificant effect on performance in laterality recognition
tasks. Additionally, our task was not vulnerable to the errors
that can be associated with online RT studies.”***

In recent years, yoga has been shown to have therapeu-
tic value in patients with persistent pain of the limbs; sys-
tematic reviews of randomised controlled trials have been
conducted to support this.” * However, to date mecha-
nisms underpinning these findings have been unclear.”” It
has been shown that patients with persistent pain are slow-
er to recognise images corresponding with affected limbs %
and that the cortical representation of movement in affect-
ed limbs is correspondingly reduced.” Yoga aims to improve
the awareness of one's body via a number of components
including the practicing of simulated movements (motor
imagery). Our findings of enhanced motor imagery in yoga
practitioners suggest that yoga may contribute to optimis-
ing the cortical representation of the body in a manner con-
sistent with the superior imagery demonstrated. However,
yoga may be considered a complex intervention and its
reported effects on body awareness (proprioception, intero-
ception, embodiment)** may have also contributed to the
enhanced performance we report here. Our study is unable
to determine the relative contributions of these factors to
the findings. Similarly, while we refer to the potential
explanatory value that enhanced motor imagery may pro-
vide in understanding the therapeutic effects of yoga for
individual with chronic pain, we accept that there are mul-
tiple theories that may lend themselves to this issue.*

Previous research has shown how superior motor per-
formance of learned complex movements is reflected in the
enhanced ability to simulate the same movements during
action observation.”** Similarly, this study supports the
positive impact of yoga on motor imagery performance.
Future follow-up research could strengthen this relationship
further. It would be interesting to examine whether a yoga-
based intervention improves motor imagery performance in
a prospective trial where the control group undertakes some
form of physical activity other than yoga. Such a study has
the potential to strengthen any causal relationship between
yoga and superior motor imagery performance.

Conclusion

This study has shown that experienced yoga practitioners
perform at a superior level compared with age-matched
control participants on a task that implicitly elicits motor
imagery. This finding supports the notion that practicing
yoga can improve body awareness and may help to provide

the hitherto elusive mechanism accounting for the potential
rehabilitative value of yoga for individuals suffering persist-
ent pain.
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