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Abstract

Background

Recent studies suggest that yoga practice may improve cognitive functioning. Although pre-
liminary data indicate that yoga improves working memory (WM), high-resolution informa-
tion about the type of WM subconstructs, namely maintenance and manipulation, is not
available. Furthermore, the association between cognitive enhancement and improved
mindfulness as a result of yoga practice requires empirical examination. The aim of the pres-
ent study is to assess the impact of a brief yoga program on WM maintenance, WM manipu-
lation and attentive mindfulness.

Methods

Measures of WM (Digit Span Forward, Backward, and Sequencing, and Letter-Number
Sequencing) were administered prior to and following 6 sessions of yoga (N = 43). Addition-
ally, the Mindfulness Attention Awareness Scale was administered to examine the potential
impact of yoga practice on mindfulness, as well as the relationships among changes in WM
and mindfulness.

Results

Analyses revealed significant improvement from pre- to post- training assessment on both
maintenance WM (Digit Span Forward) and manipulation WM (Digit Span Backward and
Letter-Number Sequencing). No change was found on Digit Span Sequencing. Improve-
ment was also found on mindfulness scores. However, no correlation was observed
between mindfulness and WM measures.

Conclusions

A 6-session yoga program was associated with improvement on manipulation and mainte-
nance WM measures as well as enhanced mindfulness scores. Additional research is
needed to understand the extent of yoga-related cognitive enhancement and mechanisms
by which yoga may enhance cognition, ideally by utilizing randomized controlled trials and
more comprehensive neuropsychological batteries.
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Introduction

There has been significant interest in cognitive enhancement in recent years, including several
investigations of the potential cognitive benefits of computerized cognitive training (e.g., [1,
2]). Several variables may promote this trend, including the increased availability of cognitive
programs; extended life span and subsequent increase in the prevalence of elderly experiencing
cognitive decline; and the increased prevalence of attention deficit/hyperactivity disorder
(ADHD) (3, 4]. However, a recent meta-analysis on the efficacy of computer-based cognitive
training programs indicates minimal effects on cognition and behavior [5, 6].

For these reasons, researchers have begun to explore cognitive enhancement via Mind-
Body Practices (e.g., mindfulness training [MT], yoga, meditation). Preliminary studies sug-
gest that yoga practice may result in improved cognitive performance, among other potential
benefits in healthy adults [7-10]. Indeed, a meta-analysis of both short- and long- term effects
indicates that yoga practice is associated with improvement in cognitive functioning generally
in both long-term (Hedges’ g = 0.33) and short-term studies (Hedges’ g = 0.56), with medium
effect sizes reported in short-term studies’ measures of attention and processing speed
(Hedges’ g = 0.49) and executive functioning (Hedges’ g = 0.39). However, as the limited num-
ber of studies and the heterogeneous use of cognitive tests indicate, evidence for cognitive
improvement via yoga practice should be considered preliminary [11]. As such, additional
research on the possible efficacy of yoga for cognitive improvement is needed.

Working memory

WM is a limited-capacity cognitive system that involves the temporary storage, processing and
manipulation of information [12] and is involved in a number of cognitive functions [13, 14],
including reasoning, decision-making, learning, and behavior [15, 16]. WM is considered a
part of the central executive function domain and may subserve all executive functions.
Indeed, the WM system plays a central role in a diverse array of cognitive tasks, and WM
capacity shares significant variance with measures of fluid intelligence [17, 18]. A useful
conceptualization of WM subdomains differentiates between maintenance WM, involving
short-term storage of information; and manipulation WM, involving both short-term storage
and manipulation of task-relevant information. The Wechsler Adult Intelligence Scale (WAIS)
Digit Span Forward task is a gold standard measure to assess maintenance WM. The WAIS
Digit Span Backwards, and more so the WAIS Letter- Number Sequencing tasks [13], are fre-
quently used to assess manipulation WM. The recent edition of the WAIS introduced the
Digit Span Sequencing-a new test added to the Digit Span subtest. This subtest is associated
with manipulation WM functions, but has been introduced only relatively recently, and lim-
ited published peer-reviewed psychometric work has yielded inconsistent results [19, 20].

Yoga, mindfulness, & cognition

Yoga is a derivative of Indian ancient science, but the physical practice and way of life has
become very popular in Western countries [21-23]. The physical yoga discipline includes asa-
nas (postures), pranayama (breathing techniques), and dhyana (meditation) [24]. Tools to
withdraw the senses (pratyahara), concentrate the mind (dharana), and develop unwavering
awareness (dhyana) manifest from dedicated yoga practice [25]. Yoga practice comprises not
just stretching, but rather dynamic movements tied to the breath. Indeed, yoga is associated
with multiple health benefits including increased physical stamina, balance, flexibility, and
relaxation [26]. However, yoga also appears to offer potential psychological benefits through
the inclusion of mindfulness training, involving the practice of meditation as well as the
dynamic combination of proprioceptive and interoceptive awareness [27]. The regular practice
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of mindfulness skills results in both awareness and profound focus by drawing attention to the
present moment without judgment.

The physical and cognitive benefits associated with yoga and mindfulness [28] may be due
to mechanisms including pranayama and activation of the parasympathetic nervous system
[29]; meditative or contemplative practices [30, 31]; increased body perception [32]; stronger
functional connectivity within the basal ganglia [33]; or increased activation of grey matter vol-
ume and amygdala with regional enlargement [34, 35]. The meditative aspect of yoga practice
may contribute to the enhancement or improvement of WM, although the mechanism is yet
to be clarified. Subramanya and Telles [8] utilized the Wechsler Memory Scale (WMS): Digit
Span Forward and Backward to assess WM (N = 57) in healthy adults pre- and post- yoga-
based relaxation techniques (cyclic meditation and supine rest). They found significantly
improved WMS scores following both yoga-based relaxation techniques. Additionally, a ran-
domized trial with healthy adults (N = 42) found that a single session of a yogic meditation
technique significantly enhanced WM task scores [36]. Repeated practice of attentional focus
and redirecting attention may be a possible active ingredient for developing greater attentional
control [37, 38]. However, to our knowledge, no study to date has examined the potential rela-
tionship between mindfulness and WM cognitive function in the context of yoga practice, and
no available literature exists on maintenance versus manipulation WM in this context.

The current study examined whether 6 sessions of yoga training would result in improve-
ment in WM performance as well as improvement in self-reported mindfulness. We hypothe-
sized that yoga training would result in improved WM performance on outcome measures
assessing both maintenance WM and manipulation WM. It was further hypothesized that
improvements in mindfulness would be associated with improvements in WM performance.

Materials & methods
Measures

WAIS IV: Digit span. The Wechsler Adult Intelligence Scale, 4th edition (WAIS-IV) [39]
subtest Digit Span (DS) is a widely-used measure of WM [40, 41]. The DS test includes: Digit
Span Forward (DSF), in which the participant is read a sequence of numbers and recalls the
numbers back in the same order, assessing maintenance WM; Digit Span Backwards (DSB), in
which the participant recalls the numbers in the reverse order, assessing a higher-load manipu-
lation WM; and Digit Span Sequencing (DSS), a new subtest introduced in the WAIS-IV that
is presumed to assess maintenance WM, in which the participant recalls the numbers in
ascending order. However, while the first two subtests have been extensively investigated and
have demonstrated very good psychometric properties, the latter subtest has received relatively
little attention, and recent reports indicate some weaknesses in terms of Digit Span Sequencing
test’s psychometric properties [19, 20]. Nevertheless, we chose to administer the third subtest
in order to be able to extract an overall DS Total score (DST), which incorporates scores from
all three subtests.

WAIS IV: Letter-number sequencing. The WAIS-IV subtest Letter-Number Sequencing
(LNS) is a well-validated measure of manipulation WM [42]. The participant is read a series of
numbers and letters and asked to recall the numbers in ascending order, followed by the letters
in alphabetical order.

The Mindful Attention Awareness Scale (MAAS). The MAAS is a 15-item scale design-
ed to assess dispositional mindfulness, which refers to a receptive awareness or attention to
what is taking place in the present moment [43]. Items are scores on a 6-point Likert scale
ranging from 1 = almost always to 6 = almost never. All items are first person statements such
as “It seems I am ‘running on automatic,” without much awareness of what I'm doing.”, and “I
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could be experiencing some emotion and not be conscious of it until sometime later.” Thus,
higher scores reflect elevated mindful awareness. The MAAS demonstrated strong psychomet-
ric properties, with good (o = 0.84) to very good (o = 0.91) internal consistency found across
different age groups and countries [44, 45]. A number of studies have shown that the MAAS
assesses a unique quality of consciousness that is associated with enhanced self-awareness as
well as a variety of wellbeing constructs [46, 47]. The MAAS’s Cronbach alpha for the present
study indicated good internal consistency (first administration o = 0.84; second administra-
tion o = 0.81).

Participants

Forty-three participants (8 males, 35 females) were recruited by contacting instructors of psy-
chology and exercise science classes in addition to recruitment announcements in the fitness
center at Texas State University. Inclusion criteria included being 18 years old or older as well
as affirming a statement regarding general good physical health and absence of physical condi-
tions that would interfere with participation in the yoga program. No other inclusion/exclu-
sion criteria were imposed. Participant mean age was 24.77 (SD = 10.72), with an age range
between 18 and 80. Notably, 95% of our participants were between 18-36 years old, with one
participant aged 57 and another aged 80 years old. Most participants (91%) were undergradu-
ate students, and four participants had an undergraduate degree. Of the entire sample, 51%

(n = 22) reported no past yoga experience. This study was approved by the Texas State Univer-
sity Institutional Review Board, and all participants provided signed informed consent. In
addition to free participation in the present yoga program, participants received as incentive a
free one-semester exercise pass (valued at $60) for campus recreation classes.

Procedures

A within-subjects design was used to assess changes in cognitive functioning and mindfulness
following yoga training. Participants completed baseline assessment of maintenance and
manipulation WM (DS and LNS) as well as mindfulness (MAAS) up to 1 week before partici-
pating in yoga sessions. They were then allowed to select one of two formats of the 6-session
yoga program: one 60-minute yoga session per week for 6 weeks, or two 60-minute yoga ses-
sions per week for 3 weeks (only two participants chose the latter). Participants met with the
experimenter (DB) individually in a research assessment room to complete a short demo-
graphic questionnaire, complete the MAAS questionnaire, and be administered the DS and
the LNS at time 1, prior to attending yoga sessions, and time 2, at least 1 day after completing
yoga sessions. Given scheduling constraints, assessment at time 2 took place within two weeks
of the final yoga session (MDays = 6.32, SD = 3.61, range = 13). The study was conducted
between September and December 2015, and all yoga sessions were held on campus at the
Department of Campus Recreation facilities.

Yoga intervention. Hatha yoga employed in this study included asanas connected with
pranayama and a 10-minute guided mindfulness meditation in supine rest. The mindfulness
meditation exercise included elements of focused attention meditation, which encouraged par-
ticipants to direct and sustain attention to the breath and focus on the inhalation and exhala-
tion sensations, cueing to detect mind wandering or distractors (e.g., “allow thoughts to pass
by like floating clouds in the sky”), and to bring the attention back to the breath. Influenced by
Iyengar yoga, guidance emphasized precision of proper body alignment in the performance of
the asanas and pranayama as well as redirecting focus on the breath. Mats, blocks, and straps
were provided to all participants. All sessions lasted 60 minutes and were led by the first
author, who has over a decade of experience in yoga practice, and who has completed
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500-hour certification as a therapeutic yoga teacher. Classes were offered 4 times/week for par-
ticipants to fulfill their selected program requirements.

During each session, traditional yogic philosophy elements of non-violence (ahisma) and
truthfulness (satya), apart from the five other yamas, or yogic ethical guidelines, were empha-
sized. When moving through the asanas, honesty and non-violence cueing was advocated for
safe practice. These two yamas were highlighted during each session as a reminder of being
aware of the body’s physical limitations both on and off the mat. Additionally, the asanas were
held for approximately five breaths. The class structure included a warm-up breathing exercise
with directed observation and scanning of mental and physical state in the present moment as
well as choosing to set a positive affirmation or something to be thankful for in the present
moment (Table 1). Followed by asana practice, every yoga session ended with a guided mind-
fulness meditation in supine rest. Home practice was not required, but participants were asked
to document and provide information about home practice prior to every subsequent yoga
class.

Results
Preliminary moderator analyses

In order to assess the potential impact of age, gender, previous yoga experience, and hours
practicing yoga outside of the study, we computed the scaled score difference (time 2—time 1)
for the five outcome measures (DSF, DSB, DSS, DST, and LNS), which were then examined
via multivariate analysis of variance and Pearson correlation analyses with potential modera-
tors. No overall difference in score change was found between males and females across WM
outcome measures (Wilk’s Lambda = 0.910, F(5, 37) = 0.735, p = 0.602), and no gender

Table 1. Sample 60-minute yoga session construction.

Component Approximate Duration
Seated mindfulness scan and set positive affirmation 3-5min
Seated asanas 6-9 min

1. Spinal twists

2. Staff pose

3. Head-to-knee forward bend

4. Reclining hand-to-big-toe pose

Standing asanas 25-27 min

5. Mountain pose

6. Tree pose

7. Warrior Il pose

8. Extended side angle stretch
9. Half-moon pose

10. Standing forward bend

11. Warrior | pose

12. Downward facing dog pose

Restorative asanas 6—-8 min

13. Cobra pose

14. Child’s pose

15. Cat-cow pose

16. Eye-of-the-needle pose
17. Legs up the wall

Final relaxation: guided mindfulness meditation 10in
18. Corpse pose (supine rest)

Each asana was held for approximately five breaths.

https://doi.org/10.1371/journal.pone.0182366.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0182366  August 4, 2017 5/12


https://doi.org/10.1371/journal.pone.0182366.t001
https://doi.org/10.1371/journal.pone.0182366

@° PLOS | ONE

Yoga and cognitive function

difference was found for any single measure (all p5 0.12-0.82). During the study, 25 partici-
pants reported practicing yoga outside the study program. No overall difference in score
change was found between participants who practiced yoga outside the study sessions and
those who did not (F(5, 37) = 0.509, p = 0.768), and no effect was found for any single measure
(all p5 0.37-0.96). To assess dose response among the 25 participants who did practice yoga
outside study sessions, we conducted Pearson’s correlations between the number of hours
practiced outside the study sessions and change on the five outcome measures. No significant
correlation was found between these variables (+’s 0.04-0.25, p’s 0.11-0.97).

An overall difference in score change was found between individuals with or without previ-
ous yoga experience (F(5, 37) = 3.673, p = 0.008, Partial nz =0.33), where a larger improvement
was found in individuals with past yoga experience. Subsequent univariate analyses revealed
that this significant difference stems from a significant difference found on the LNS test (F
(1,41) = 10.683, p = 0.002, Partial 7* = 0.21), where individuals with past yoga experience
exhibiting significantly greater improvement. No other univariate differences were found.
However, in order to take a more conservative approach, previous yoga experience was con-
trolled for in all subsequent analyses. Notably, only 3 participants chose the 2 yoga sessions x 3
weeks yoga program, and only 4 participants completed an undergraduate degree (all other
participants were undergraduate students). These sample sizes prevented testing of the moder-
ating effect of these variables.

Main analyses. Repeated measures ANOV As were conducted to assess the difference on
the five outcome measures while incorporating previous yoga experience as a between group
factor. A significant improvement was found on the DSF score (F(1, 41) = 6.375, p = 0.016,
Partial n* = 0.13). No significant interaction effect was found for treatment x past yoga experi-
ence (p = 0.43). A significant improvement was found on the DSB score (F(1, 41) = 13.251,

p = 0.001, Partial n” = 0.24). No significant interaction effect was found for treatment x past
yoga experience (p = 0.067). No significant improvement was found on the DSS score (F(1, 41)
=1.570, p = 0.217, Partial ° = 0.037), and no significant interaction effect was found for
treatment X past yoga experience (p = 0.267). However, a significant improvement was found
on the DST score (F(1, 41) = 21.217, p < 0.0001, Partial n* = 0.35), and no significant interac-
tion effect was found for treatment x past yoga experience (p = 0.768).

A significant improvement was found on the LNS score (F(1, 41) = 23.683, p < 0.0001, Par-
tial 7” = 0.37), and a significant interaction effect was found for treatment effect x past yoga
experience (F(1, 41) = 12.152, p = 0.0001, Partial i° = .23). Subsequently, individual repeated
measures conducted separately among participants with and without past yoga experience
showed that a significant improvement on the LNS was found only for the group with previous
yoga experience (F(1, 19) = 25.126, p < 0.0001, Partial n* = 0.57), and not for those with no
previous yoga experience (F(1,21) = 1.418, p = 0.247, Partial n* = 0.06). Given that it is plausi-
ble that a practice effect exists as part of the improvements on these tests, we present the
means and standard deviations from a study examining practice effects on the WAIS-IV in 3-
and 6- month retest intervals with no intervention between test sessions [48]. As presented in
Table 2, partial 1” effect sizes indicate that participants in the current study demonstrated
greater improvement in both DS and LNS performance from pre- to post- training testing
than was observed in Estevis and colleagues’ test-retest study [48]. See Fig 1 for a graphic illus-
tration of these results. Notably, Pearson’s correlations between the scaled score improvement
on the four tasks and baseline performance yielded three negative significant correlations for
DEFS (r =-0.43, p = 0.004), DSS (r = -0.49, p = 0.001), and LNS (r = -0.45, p = 0.003), where
lower scaled scores were associated with a greater increase following yoga training. Subsequent
Fisher’s Z transformation and comparison between participants with and without previous
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Table 2. Working memory function before and after yoga intervention.

Time 1 Time 2
m SD M SD Mige F(1,42) Partial n?
DS Forward 9.19 3.18 10.02 20.98 0.83 6.37%* 0.13
DS Backward 8.00 1.50 9.02 2.18 1.02 13.25%%* 0.24
DS Sequencing 9.09 2.50 9.58 2.53 0.49 1.57 0.04
DS Total 8.35 2.09 9.42 2.30 1.07 21.71%%* 0.35
LNS 8.36 2.05 9.60 2.08 1.54 23.68%** 0.37
MAAS 3.56 0.76 4.09 0.62 0.53 23.43%** 0.36
Ds? 10.3 2.8 10.8 3.2 0.5 6.13* 0.10
LNS? 10.9 3.2 11.2 2.7 0.3 0.85 0.02

M, Mean; SD, standard deviation; M;; Mean difference; ES, Effect size (partial n); DS, Digit Span; LNS, Letter-Number Sequencing; MAAS, Mindfulness
Attention Awareness Scale.

@ DS and LNS test-retest comparison sample scores (N = 54) from Estevis et al. [48].

(Level of significance:

**% p<.001

** p<.01

* p<.05)

https://doi.org/10.1371/journal.pone.0182366.t002

11

e=@==DSF

e=@==DSB

10 === DSS

DS Total

. - =@ | NS
8
7

T1 T2

Fig 1. Test scores on working memory indices before and after yoga intervention. DSF = Digit Span Forward; DSB = Digit Span Backward;
DSS = Digit Span Sequencing; DS Total = Digit Span Total; LNS = Letter-Number Sequencing.

https://doi.org/10.1371/journal.pone.0182366.g001
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yoga experience yielded no significant differences between the two groups pertaining to these
associations.

In order to assess change in mindfulness, we conducted a repeated measure ANOVA
between the two administrations of the MAAS. Results revealed a significant change (in the
direction of increased mindfulness) on this scale (F(1, 42) = 23.432, p < 0.0001, Partial n° =
0.36). Moderator analyses including age, gender, past yoga experience, and additional yoga
practice revealed no significant moderating effect (all p5 > 0.05). Furthermore, change in the
MAAS score was not correlated with change in any of the cognitive outcomes (all r’s < 0.074,
all p’s > 0.64).

Discussion

In the current study, we examined whether six 60-minute sessions of yoga training, which
included mindfulness meditation practice, improved WM functions and mindfulness. In
accordance with our primary hypothesis, completion of this program was associated with
overall significant improvement in measures of WM. Specifically, participants significantly
improved performance on a maintenance WM task (DSF) over and above previous yoga
experience. Participants also improved on two manipulation WM tasks (i.e., DSB, and LNS).
Notably, improvement on the LNS was found only among participants with previous yoga
experience. Given that among the tasks administered LNS is considered a task with the highest
cognitive load, it may be the case that participants with previous yoga experience were able to
benefit more from the yoga program. This may be supported by our results indicating that
additional yoga practice during the program did not moderate any WM effects. Thus, it
appears that both previous guided practice and present guided practice had an effect on WM,
where the former was important in the most demanding task.

Effect sizes for WM improvement were found to be large, indicating that the improvement
in the current study was more substantial than that attributable to practice effects [48]. Surpris-
ingly, participants did not demonstrate improvement on one manipulation WM, namely the
DSS subtest. However, compared to the strong psychometric properties of the traditional DS
and LNS tasks, this subtest of the WAIS-IV Digit Span test is considered problematic in terms
of its psychometric properties [19, 20]. In accordance with our second hypothesis, we found a
significant improvement in attentive mindfulness from pre- to post- yoga training as measured
by the MAAS questionnaire (corresponding to a large effect size). However, in contrast to our
hypothesis, improvement in mindfulness was not associated with any change in cognitive
functions. This outcome is similar to another study that found no significant correlations
between MAAS and WM task performance pre- to post- mindfulness training [49]. Specula-
tively, it is possible that yoga enhances WM function without any conscious effort on the part
of participants, but mindfulness requires active conscious effort to be present and alert to one’s
surroundings [50]. These potentially different mechanisms may explain how yoga would
improve both WM and mindfulness independently, such that measures involving these pro-
cesses may be uncorrelated. Overall, our results are consistent with previous studies that
reported improved WM and executive function performance following yoga training [51-56].
Furthermore, incorporating mindfulness practice in the present yoga program results in
increased mindfulness that has been associated with increased WM function [37, 38],
increased wellbeing, decreased stress, and decreased mood disturbance [30, 40]. Although the
specific mechanism underlying the positive effect yoga practice has on WM is unclear, previ-
ous research documents that alongside a host of psychological and physiological benefits of
yoga [28], yoga practice leads to substantial neurobiological and psychophysiological alter-
ations. Some studies indicate that yoga practice enhances parasympathetic system activity [29],
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while others report increased gray matter following yoga practice [35]. Most notably, yoga has
been found to enhance resting state activation across multiple cortico-striatal neuronal loops
[33], a system thought to subserve executive functions [57], and for which alterations have
been associated with a host of neuropsychiatric disorders [58].

Limitations of the current study include the absence of a control group and relatively brief
study duration. However, comparison of the current results with test-retest data allows for a
quasi-control group and demonstrated that greater improvement was observed following yoga
practice than was observed in individuals taking DS and LNS twice with no intervening train-
ing. In addition, the present sample included a majority of female participants, which may
potentially limit generalizability. However, gender was not found to have a significant effect on
the present study’s outcome measures. Notably, previous yoga experience was recorded as a
binary nominal variable, and not a continuous variable exemplifying the degree of previous
experience. However, in light of our results demonstrating the importance of previous yoga
experience on the cognitive benefit from yoga, future studies should assess this variable with
higher resolution (e.g., length of previous training, type of yoga etc.). Furthermore, we were
unable to assess differences in both education and program enrollment type due to limited var-
iability from participants, and we did not screen our participants for neuropsychiatric condi-
tions, although overall baseline performance was in the normative range.

Conclusions

The results of this study suggest that a brief yoga program incorporating mindfulness media-
tion may offer an improvement in WM functioning and enhance attentive mindfulness. The
current study adds to the limited amount of research available regarding yoga training as a
potential method for cognitive enhancement. Future studies should ideally employ a random-
ized control trial, incorporating broader neuropsychological batteries to enhance our under-
standing regarding the strength and extent of the cognitive enhancing effects of yoga.
Furthermore, although our group’s baseline cognitive performance was in the normative
range, future studies should include samples associated with deficient cognitive functioning
and psychopathology.
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