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Highlights

e  Trataka studies show a preliminary, statistically insignificant trend suggesting longer
practice durations may be associated with higher cognitive scores, requiring confirma-
tion through larger studies.

e  As ahealthcare technique, Trataka shows preliminary evidence of cross-modal neu-
rocognitive modulation across visual, cognitive, and psychophysiological domains.

e High heterogeneity-centric studies underscore the need for an integrated, evidence-
based public health approach to Trataka that ensures reliability, replicability, and
reproducibility across ages, and evaluates duration-response correlations.

Abstract

Objective: A complementary and alternative healthcare practice such as Trataka, a Yogic
visual concentration technique (YVC) rooted in Ayurvedic tradition, links cognition, visual,
and psychophysiological well-being. This meta-analysis aimed to evaluate the moderating
factors, including variations in study design and intervention protocol, to understand
the efficacy of YVC across multiple domains. Methods: Systematic searches of eight
scientific databases obtained 34 studies from 280 records until December 2025. Based on
task scores, meta-regression and statistical heterogeneity were assessed using a random-
effects model to obtain standardized mean difference (SMD) and risk of bias (RoB). Results:
A pooled meta-analysis showed a significant YVC effect over control conditions across
visual, cognitive, and psychophysiological domains (SMD of 0.92, 95% CI [0.44, 1.41]), with
substantial heterogeneity (I = 74%) and a wide prediction interval (—0.22 to 2.07), which
indicated that the true effect size could range from negligible to large, while extending
to future studies. Meta-regression across the nine cognitive studies (K = 4 for each study
design; k = 1 outlier) revealed no statistically significant duration-response relationship
between session length and cognitive outcomes. RoB assessments indicated unclear to
high risk among included studies. Discussion: Our results indicate that regular YVC
practice could be associated with potential benefits for ocular and cognitive wellbeing,
and for stress reduction, aligned with Sustainable Development Goal 3. However, given
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substantial heterogeneity, methodological limitations, and RoB concerns among included
studies, these findings should be interpreted cautiously. Standardized protocols, larger
controlled trials, and neuroimaging approaches are needed to more precisely characterize
YVC-related effects.

Keywords: Trataka; yoga; cognition; visual attention; neuroscience; SDG 3; complemen-
tary therapy

1. Introduction

Trataka, a structured yoga-derived attentional practice involving sustained time-
limited focus aimed at strengthening visual attention over time [1-3], is referred to as the
Yogic visual concentration technique (YVC) in this study [4,5]. A type of complementary
therapy rooted in Ayurveda [6] that uses visual concentration, based on yogic principles and
neurophysiological studies [7]. Many complementary therapy practices in yoga, including
Asana (exercises) [8], Pranayama (breathing exercises) [9], and Dhyana (meditation) [10],
have been recognized for their role in changing people’s lifestyles and improving their
mental health [11-13].

More than 2.2 billion people globally are reported to suffer from various forms of
vision impairment, according to the World Health Organization [14]. Following the COVID-
19 pandemic [15], the increased use of digital screen time has led to eye strain [16] and
vision problems such as myopia, diabetic retinopathy, glaucoma, and age-related macular
degeneration [17,18]. Increased online learning and remote working have raised global
health concerns [19], underscoring the importance of preventive methods to reduce the
impact of ocular diseases that aid in achieving Sustainable Development Goal 3 (SDG3) [20].
With the growth of digitally reliant sedentary lifestyles, complementary therapies are being
evaluated to meet the new challenges [9,21]. Studies [22-24] have shown that traditional
methods in mental resilience address the growing burden through non-pharmacological,
cost-effective, and sustainable approaches [16,25]. While measuring traditional techniques,
such as YVC limited information is available in terms of its neurophysiological corre-
lates [26,27]. However, there has been limited focus on visual attention and cognitive effects
related to YVC. To tackle these challenges, there is a need to understand the neuroscientific
basis of visual attention in terms of cognitive health [28]. Neuroscience research has been
interested in exploring the neural mechanisms underlying attentional control [29,30] and
perceptual processing [31] to develop sustainable treatment strategies [32].

Visual attention is one of the essential cognitive-functional domains [33-39] that enables
individuals to focus on significant details while selectively ignoring distractions [40,41] through
both top-down (cognitive) and bottom-up (stimulus-driven) processes [42—44]. Different
forms of visual attention have been reported in studies, involving selective attention [45],
divided attention [46], and sustained attention [47], which includes YVC, providing valu-
able insights into how attentional control influences perception and higher-order cognitive
processes [48-51] that are mediated by distributed cortical and subcortical networks [52].
Studies [29,53,54] have proposed that YVC practice effects have a role in the neural basis for
sustained attention and cognitive modulation, activating higher-order visual regions from
V1 to V5 [7,55,56] involving ipRGCs, which transmit signals beyond the primary visual
system [57,58].

In meditation research, studies have hypothesized modulation of the default mode
network (DMN) [59], where reduced DMN activity during focused attention [60] was
generally associated with decreased mind-wandering [61] and improved task engage-
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ment [34,60]. Studies have indicated that sustained visual fixation [62,63] was linked to
oculomotor and attentional regulation [64], recruiting neural circuits related to the frontal
eye fields [65] and superior colliculus [37,66]. Theta and alpha oscillatory activity in the
prefrontal and occipital regions [41,49] during sustained-attention tasks is associated with
default-mode [61] and salience-network connectivity [53]. Related work [67-69] has linked
sustained visual cues to attention regulation and cortical plasticity, with cortical mapping
studies having reported changes in visual, executive, and emotion-regulation regions in the
cortex following sustained practice [56,70]. In general, yoga and meditative studies [71-73]
have used neuroimaging methods including fMRI [74-76], EEG [77-79], and MEG [80]
for brain-mapping [81], while microstate-based network analyses provide an additional
framework for understanding multi-scale brain organization [82-84]. Despite the lack of
data supporting pathways for visual and cognitive processes, YVC has been characterized
as a low-cost, non-invasive, and accessible practice [85,86] with potential to improve eye
health, attention, and stress reduction, aligning with public health objectives [87,88].

Evidence from the YVC studies on direct neurophysiological assessment of YVC prac-
tice remains limited. Short-term practice has been associated with reduced EEG entropy
across frontal, temporal, and occipital regions, indicative of altered cortical activity pat-
terns [66], and with an increase in Critical Flicker Fusion frequency, suggesting enhanced
cortical arousal [5]. Improvements in shooting accuracy following structured YVC tech-
nique have similarly been interpreted as evidence of enhanced oculomotor coordination
and visual-motor integration [89]. However, a previous study on visual evoked potential
(P100) latency had reported no significant change among short-term practitioners [90].
YVC’s effects across health-related domains remain to be addressed in the context of
brain function and processing of oculo-sensorimotor functions. Classical texts describing
YVC, including the Gheranda Samhita and Hatha Yoga Pradipika [1], do not specify a
standardized, step-by-step protocol for duration, frequency, gaze-target characteristics, or
progression, and contemporary studies consequently vary in these parameters as well as
in visual cues and outcome measures [91-93], contributing to substantial heterogeneity
that limits reproducibility. No prior meta-analysis has quantitatively synthesized YVC’s
effects across visual, cognitive, and psychophysiological domains while accounting for this
methodological diversity.

The use of RoB in evaluating the literature suggested a lack of unified assessment
of how YVC may influence distinct cognitive domains such as attention, working mem-
ory, processing speed, and inhibitory control. Owing to its simplicity, minimal resource
requirements, and ease of practice, YVC is being explored as a feasible attentional training
approach across diverse populations and settings. This study assesses the methodological
efficacy of YVC techniques across diverse study designs to explore how YVC can contribute
to sustainable health practices. Integrative approaches to lifestyle management such as
YVC that align with SDG3 can ensure healthy lives and promote well-being for all ages [94].

This preliminary meta-analysis aims to achieve the following;:

1. Evaluate the pooled effects of YVC on cognitive, visual, and psychophysiological
outcomes compared with control or baseline conditions, and characterize the methodolog-
ical quality, study-level heterogeneity, and risk of bias underlying this evidence across
between-subject and within-subject study designs.

2. Examine, on a preliminary basis, whether session duration can act as a potential
moderator of cognitive effect size through meta-regression analysis.

2. Materials and Methods

This meta-analysis followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 guidelines (see Supplementary Table S8) [95]. Eligibility
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criteria and the analytic approach were defined by the authors before study selection
and data extraction. Prospective registration for the review protocol was not undertaken
with PROSPERO or any other registry. As the study did not involve animal or human
participants, no ethical approval was required. Only studies published in English or
accompanied by a comprehensive English abstract were considered. Titles, abstracts,
and full texts were independently screened by all authors. Given the limited number of
available studies on YVC, no formal reviewer agreement was required. All discrepancies
were resolved through discussion until a general agreement was achieved.

2.1. Search Strategy

A systematic search was performed across eight electronic databases, including
PubMed, Scopus, Web of Science, Google Scholar, Cochrane Library, DOA]J, ProQuest, and
JSTOR, to identify articles related to Trataka or YVC. The search strategy combined practice-
related terms (Trataka; Yogic visual concentration; Yogic gazing) with domain/outcome
terms (cognition; visual attention; EEG; fMRI; physiology; neural mechanisms; visual path-
ways). These term sets were used with Boolean operators as detailed in Table 1. No records
were identified prior to November 2010. No field restrictions or limits were applied when
retrieving records, and no predefined stopping criterion was used for the Google Scholar
search. From 280 studies, 34 met the inclusion criteria and were included in the analysis. El-
igible studies included publications in English up to December 2025 and included research
articles, conference papers, dissertations, and relevant academic web sources.

Table 1. Search strategy for the eight databases, including Boolean operators, search dates, and

number of records retrieved.

Database

Search String

Search Period Record Retrieved

PubMed

“Trataka” [Title/ Abstract] OR “Yogic
visual concentration” [Title/ Abstract]
OR “Yogic gazing” [Title/ Abstract]
AND (“Cognition” [Title/ Abstract] OR
“Visual attention” [Title/ Abstract] OR
“EEG” [Title/ Abstract] OR “fMRI”
[Title/ Abstract] OR “Physiology”
[Title/ Abstract] OR “Neural
mechanisms” [Title/ Abstract] OR
“Visual pathways” [Title/ Abstract])

November

2010-December 2025 47

Scopus

TITLE-ABS-KEY ((“Trataka” OR “Yogic
visual concentration” OR “Yogic
gazing”) AND (“Cognition” OR “Visual
attention” OR “EEG” OR “fMRI” OR
“Physiology” OR “Neural mechanisms”
OR “Visual pathways”))

November

2010-December 2025 >

Web of Science

TS = (“Trataka” OR “Yogic visual
concentration” OR “Yogic gazing”)
AND (“Cognition” OR “Visual attention”
OR “EEG” OR “fMRI” OR “Physiology”
OR “Neural mechanisms” OR “Visual
pathways”)

November

2010-December 2025 13
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Table 1. Cont.

Database

Search String Search Period Record Retrieved

Cochrane Library
(CENTRAL)

#1 “Trataka” OR “Yogic visual

concentration” OR “Yogic gazing”

#2 “Cognition” OR “Visual attention”

OR “EEG” OR “fMRI” OR “Physiology” 2014-December 2025 38
OR “Neural mechanisms” OR “visual

pathways”

#3 #1 AND #2

DOA]

(“Trataka” OR “Yogic visual

concentration” OR “Yogic gazing”)

AND (“Cognition” OR “Visual attention” November

OR “EEG” OR “fMRI” OR “Physiology” 2010-December 2025
OR “Neural mechanisms” OR “Visual

pathways”)

19

ProQuest

noft((“Trataka” OR “Yogic visual

concentration” OR “Yogic gazing”)

AND (“Cognition” OR “Visual attention” November

OR “EEG” OR “fMRI” OR “Physiology” 2010-December 2025
OR “Neural mechanisms” OR “Visual

pathways”))

27

JSTOR

(“Trataka” OR “Yogic visual

concentration” OR “Yogic gazing”)

AND (“Cognition” OR “Visual attention” November

OR “EEG” OR “fMRI” OR “Physiology” 2010-December 2025
OR “Neural mechanisms” OR “Visual

pathways”)

22

Google Scholar

(“Trataka” OR “Yogic visual

concentration” OR “Yogic gazing”)

AND (“Cognition” OR “Visual attention” November

OR “EEG” OR “fMRI” OR “Physiology” 2010-December 2025
OR “Neural mechanisms” OR “Visual

pathways”)

55

Total (after
de-duplication)

280

The PRISMA 2020 flow diagram illustrated the identification, screening, eligibility
assessment, and inclusion of studies in the meta-review on YVC and its effects on cognition
and visual attention-related outcomes. Out of 280 records, 195 duplicates were removed
before screening, yielding 85 records. From 85, 34 studies were included in this review (see
Figure 1).

2.2. Inclusion and Exclusion Criteria

This systematic review and meta-analysis were conducted using the PICOS framework
(Population, Intervention, Comparators, Outcomes, and Study designs) [96] to ensure
methodological clarity and transparency (Supplementary Table S1). The study design
includes randomized controlled trials, quasi-experimental designs, pre-post intervention
studies, and within-subject repeated measures that precisely evaluated the effects of YVC.
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PRISMA

Records identified from:

Scopus (n = 59)
Records removed before the
PubMed (n = 47) screening(n=195):

Google Scholar (n = 55) Duplicate records removed with
Web of Science (n = 13) Excel automation (n = 153)
ProQuest (n = 27)
JSTOR (n =22) Records removed for other
DOAJ (n=19) reasons (n = 33)
Cochrane (n = 38)

Duplicate records removed after
manual inspection (n = 9)

c
o
=
S
=
=]
=
[}
=

Records excluded based on
abstract screening(n=26):

11 results are not related to
depth cues
Records screened 8 comments, opinions,
interventions, book chapters, or
— (n=85) reviews

7 articles not in the English
language

Screening

Reports excluded based on full-
text screening(n=25):

— Records assessed for full - 8 articles not related to Visual
- attention, Trataka, and
text eligibility (n = 59) Neuroscience

2 articles with no clear ideas of
cognition and meditation

2 articles with no clear data and
related to physiology

3 articles with the same clinical
population

3 articles with no depth
perception and outcomes

Studies finally included in 7 articles with no full-text
availability

this review (n = 34)

Figure 1. The schematic of the selection process included the identification, screening, eligibility, and
inclusion of studies.

2.2.1. Studies Included

Population: The review focused on human participants of all age groups, includ-
ing children, adults, and older adults, regardless of their prior experience with yoga or
meditation practices.

Intervention: YVC is practiced as a standalone technique. Studies in which YVC
was combined with other yoga or meditation methods were included only if YVC-specific
effects were reported as a separate outcome.

Comparison: YVC was composed of no-intervention or waitlist groups, routine
daily activities, or standard care, using within-subject designs and participants’ own
baseline measures.

Outcome: Cognitive functions such as attention, memory, processing speed, and
executive function. Emotional or psychological parameters, including stress, anxiety, mood,
or sleep quality. Visual health, including digital eye strain, refractive symptoms, visual
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comfort, or ocular fatigue. Physiological markers, such as heart rate, blood pressure, and
insomnia symptoms. Neurophysiological responses, such as EEG, fMRI, or other indices
related to brain activity. Published in English or with a comprehensive English abstract
that provided sufficient methodological and results information for analysis.

2.2.2. Studies Excluded

Lack of empirical data: review articles, conceptual papers, editorials, commentaries,
or anecdotal accounts without primary data or statistical analysis.

Intervention ambiguity: Combined YVC with other interventions (e.g., Pranayama, gen-
eral Yoga) without isolating YVC-specific effects or reporting them as a distinct intervention.

Unrelated outcomes: Outcomes that are not relevant to cognition, emotion, vision, or
physiology, or are focused on unrelated physical health markers (e.g., cholesterol, diabetes,
musculoskeletal pain).

Duplicate or redundant data: Repeated or overlapping data from the same research
group already included in the review, unless new outcome domains or participant groups
were analyzed.

Methodological limitations: Lack of baseline or comparison condition or sample size
too small (n = 3) to permit statistical analyses.

2.3. Data Extraction and Management Procedures

Data extraction was performed by two authors (SK and SB) and verified by three
independent authors (SNS, SK1 and SD) as in previous studies [97,98] for accuracy, and
discrepancies were resolved during the extraction process. No disagreements occurred
during the verification of extracted data. When a study did not report sufficient data to
compute an effect size (missing means, standard deviations, or convertible statistics), the
study was excluded from the quantitative synthesis. Data extracted from these studies
included study design, participant characteristics such as age, gender, methods used, key
findings, and observations (Supplementary Table S1). Eligible studies were systematically
reviewed to examine patterns in YVC technique duration and variations in study design and
the primary outcome measures. Key methodological characteristics, including participant
demographics (Figure 2a), intervention protocol, and assessment tools (Supplementary
Table S2), were extracted to identify trends and variations across the literature, which were
represented in Figure 2.

A comprehensive meta-analysis was conducted to explore the rationale for YVC-based
interventions. A total of 34 studies were included, each selected based on methodological
quality and relevance to the research objective. Among the included studies, 12 were
randomized controlled trials, 7 were quasi-experimental designs, and 10 were pre—post
intervention studies that examined the practice of YVC over time (Figure 2b,c). Three stud-
ies using a self-as-control approach were examined. Two repeated measures contributed
to the dataset. The distribution of YVC-related parameters was documented for the ses-
sion duration and had moderate variability, with a median of 25 min and an interquartile
range of 15-40 min (Figure 2d). Training duration showed a distribution with a median of
4 weeks and an interquartile range of 2.25-8 weeks, indicating that most experiments were
conducted for short to medium duration (Figure 2d). All study types were considered and
weighted in the synthesis process, ensuring that methodological variations were addressed
in the final analysis. A list of keywords was used to represent an overview of participant
characteristics, health conditions, outcome domains, and reported effects related to the
included YVC studies [99,100].
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N
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Demographics
D Andhra Pradesh (1.32 %)
B chennai (6.01 %)
9 Delhi (1.65 %)
Goa (3.31 %)
5 B Gujarat (11.90 %)
W Haridwar (1.65 %)
B Karnataka (35.38 %)
B Kerala (3.31 %)
Madhya Pradesh (2.20 %)
Maharashtra (14.11 %)
Y9 B New Delhi (1.65 %)
9 B uttar Pradesh (1.65 %)
B Wwest Bengal (1.43 %)
B usa (6.61 %)
B Eoypt (3.31 %)

1

120
100
» 80
2 2
- [7]
£ 60 )
Study desi = =
udy design
3 =40
B RCT 40 B=d
I Pre-Post 20 25
[ Repeated Measures
3 Self-as-Control 0
I Quasi-Experimental 0

Figure 2. Characteristics of YVC research studies by intervention time and study design. (a) Geo-
graphic spread and diversity of the participant pool, along with the percentage. The map shows the
countries of origin of participants included in the meta-analytic review. Most cohorts were drawn
from different regions across India, with additional groups contributing from the United States
and Egypt. (b) Research trend of YVC studies on the Y-axis, published between 2006 and 2025 on
the X-axis. Early years showed sparse activity, with a sharp rise in 2014 and a rapid increase from
2010 onwards. The highest publication counts (purple) were observed in 2022 and 2025, showing a
growing scientific interest in YVC research in recent years. (c) Distribution of study designs within
the cognition domain. Randomized controlled trials (RCTs) were the most common (pink-43%),
followed by pre—post studies (brown-36%), while quasi-controlled (red), self-as-control (green), and
repeated-measures designs (yellow) each account for 7% of the included studies. (d) Box-and-violin
plots of YVC practice parameters indicate the session duration and training duration values, with
the embedded box plot showing the interquartile range of the data points (Q1-Q3), with the median
indicated by a horizontal line across all studies.
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2.4. Evaluation of Methodological Bias in Included Studies

Cochrane risk of bias tool (RoB1), as described in the Cochrane Handbook (Version
5.1.0) and operationalized per [101,102], was applied uniformly across all included study
designs to enable direct comparison within a single reporting framework. The Cochrane
ROB 1 domain-by-domain assessment was applied only after eligibility screening to char-
acterize the risk of bias profile of the retained studies. Domains specific to randomization
were marked as not applicable for non-randomized or quasi-experimental studies rather
than scored. The six standard ROB1 domains assessed were selection bias, performance
bias, detection bias, attrition bias, reporting bias, and other sources of bias, each rated as
low, high, or unclear risk. The risk of bias assessment was performed independently by
two authors (SK and SB), and there were no disagreements in this study due to the limited
literature on YVC.

2.5. Classification of Study Designs and Outcomes

All 34 eligible studies were included, and risk of bias was assessed. Five studies
were excluded [2,51,66,103,104] from the meta-analysis because of insufficient statistical
information for reliable effect size estimation. No effect sizes were imputed. For the
quantitative analysis, 29 studies were included.

The included studies were classified and listed based on their outcomes and study
designs in Table 2.

Table 2. Study designs and outcome domains of the included literature.

Study-Design Analytical .Studles .Inc.ludEd .Studles Ifldl.lded . . Cognitive Psychophysiological
e es in Qualitative in Quantitative Visual Domain . .
Category Classification Domain Domain
Analyses Analyses
Randomized .
controlled trials Lo o Subject g 1 5 8
(RCTs) y desig
Quasi- Between-subject
. ; 7 4 1 2
experimental study design
Pre-post Within-subject
. . . 10 9 1 5
intervention study design
Self-as-control W1th1n-sup]ect 3 3 1 2
study design
Repeated Within-subject
. 2 2 2 0
measures study design

2.6. Statistical Analysis and Assessment of Heterogeneity

Statistical analyses were conducted to evaluate the effects of YVC-based outcomes on
cognitive, visual, and psychophysiological domains, including within-subject (pre-post)
and between-subject (YVC—-control) study designs. Raw outcome data were extracted from
the included studies and classified into the prespecified functional domains. Individual
study-level Hedges’ g, standard errors, and 95% confidence intervals were calculated sepa-
rately for within-subject and between-subject studies using design-specific formulas. When
a study reported multiple outcomes, their corresponding outcome-level effect sizes were
averaged into a single composite study-level Hedges’ g to preserve the study as the unit
of analysis [105]. All the notations and parameters used are described in Supplementary
Tables S3 and S4. All the parameters were calculated using jamovi (Version 26) [106] and
PythonMeta (Version 1.26) [107].

Effect magnitudes across diverse outcomes were computed using the standardized
mean difference (SMD). Effect sizes were calculated separately according to study design.

https:/ /doi.org/10.3390/healthcare14213624
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For between-subject studies, Cohen’s d was calculated from the difference between group
means and the pooled standard deviation:

M, — M;
d=—— 1
SDpooled @
where
(n1 —1)SD? + (np — 1)SD3
SDPooled = \/ n + 1y — 2 2)
Hedge’s g was obtained by applying the small-sample bias-correction factor:
g=J]xd (3)
where
J=1- ot @
B 4df -1

For within-subject designs, dependent-measures effect sizes were calculated to account
for the correlation between pre- and post-intervention measurements. When a paired-
samples t statistic was reported, the standardized mean change was calculated as:

dz = (5)

Followed by the Hedges’ correction:

8= Jd (6)

The corresponding standard error was calculated as:

1 &2

SEg:] E-Fm (7)

When only pre- and post-intervention means and standard deviations were available,
the SD of the change was calculated as:

SDA = \/SD%re + SD;zmst — erDpreSDpost (8)

where r represented the pre—post correlation. The pre—post correlation was not consistently
reported in the studies; therefore, r = 0.50 was adopted as the primary working assump-
tion [108,109], with r = 0.30 and r = 0.70 examined in sensitivity analyses. The standardized
mean change (effect size d) was then calculated as:

o Mpost - Mpre

d
SDx

©)

and converted to Hedge’s g using the correction factor | (as derived from Equations (3), (4)
and (8)).

A random-effects model employing the inverse-variance method was used to compute
the pooled effect sizes across studies. The weight, w; of the ith study was computed.

1

= — 10
SE? 4 12 (10

w;j
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The pooled effect size, fi was calculated.

)N wiy'i (11)

The chi2 (x2) test was used to assess variations between categorical variables, with statistical
significance at p < 0.05.

Q=Y wi(yi— )’ (12)
The Hartung-Knapp-Sidik—Jonkman (HKSJ) method was used to improve confidence
interval coverage, particularly with few studies. HKSJ-adjusted standard errors and 95%

CIs were calculated using random-effects inverse-variance weights and the corresponding
degrees of freedom.

_xwi (v —p)?
SR (v )
Cl= =+ t_q1 x SEpx (14)

Within-subject and between-subject random-effects meta-analyses were performed
across each functional domain using Cochrane Review Manager (RevMan 5.4) [110], with
inverse-variance weighting and REML estimation of between-study variance (t2), with
HKS]J-adjusted confidence intervals. To provide an overall descriptive summary of magni-
tude and direction of effects across functional domains, domain-level composite Hedges’g
and standard error estimates were calculated using the arithmetic mean.

Heterogeneity was assessed using Chi-square (x?), I, and 72, and pooled confidence
intervals were calculated using the HKSJ] method. Heterogeneity across the included
studies was classified using the following thresholds: 0-24% (low), 25-49% (moderate),
50-74% (substantial), and 100% (considerable) [111].

For the meta-regression analysis, 9 studies that involved the cognitive domain were
included to assess whether variations in intervention duration, measured in minutes, were
associated with different outcomes across studies. This analysis reveals how extended
practice durations may enhance intervention efficacy. A linear regression model was used
to test their association, with the fitted line illustrating the trend linking session duration in
minutes to domain outcome.

Effect size = B1 (Duration) + Bg (15)

Change in SMD across the individual study was calculated as 3. The p-value tested the
null hypothesis that 3 = 0 (no linear relationship between duration and effect size).

£[(xi—x)’] (16)

Positive SMD values were interpreted as indicating improvement in YVC outcomes
compared to baseline conditions.

Effect sizes were interpreted using Cohen’s conventional thresholds: SMD = 0.2-0.4
(small), 0.5-0.7 (moderate), indicating improvement in the intervention compared to the
control or baseline condition, but not uniform across all studies, and SMD > 0.8 (large).
Statistical significance was set at p < 0.05.
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3. Results

3.1. Prevalence and Distribution of Systematic Keywords to Classify Outcome Domains in the
YVC Research

Studies have shown varying levels of distribution, prominence, and co-occurrence
across the literature for the obtained keywords related to various domains of neuroscience.
These keywords have been clustered horizontally by relevance to YVC studies, and the
word size indicates how often they appear in the literature, while their spatial proximity
indicates how closely they are related (Figure 3a). The central words “Trataka”, “Visual”,
“Stress”, “Yoga”, and “Cognitive” are the most often listed. The overlap between cognitive
and visual clusters has led many YVC-based studies to conceptualize both visual training
and cognitive performance as interrelated rather than independent domains. Methodologi-
cal terms (including measures, tools, designs, functional, and intervention) remained more
isolated, which indicated heterogeneity rather than a standardized approach.

Across the 34 studies, the thickness and flow of the ribbon model represented the
distribution of studies with diverse populations across different age groups and genders,
participants with distinct health conditions, and mixed outcomes after practicing the
YVC (Figure 3b). These 34 studies have included participants from different age groups,
from 8 to 11 years [103,104,112], 18 to 25 years [2,3,51,57,58,67,81,89,90,103,104,112-119],
25-40 years, and 40-80 years [4,5,38,44,66,120-129]. This suggests the diversity and pre-
dominance of young populations, while one study did not report the age group [107]. A
gender-based heterogeneity was observed across the 34 studies, among which 10 studies
labeled them as heterogeneous (mixed population) [2,51,103,104,107,113,121,124-126], and
7 studies specified males only or females only. Furthermore, six studies did not report
any information about the involvement of participants [5,38,66,81,89,115]. Various vision-
related conditions, especially myopia, digital eye strain, visual strain, asthenopia, and
glaucoma, were reported in 15 studies [2,3,5,51,103,113-116,120,122,125,126]. Four studies
included stress- and anxiety-related conditions, insomnia, and hypertension [4,124,128,129].
Cognitive improvements have been observed in visual-related studies after YVC prac-
tice [38,44,57,58,66,67,81,89,104,116-118,124,127]. Only six studies did not report any im-
provement or had heterogeneous results, which may indicate inconsistent intervention
effects or differences in the methods of measuring the outcomes [103,109,113]. The exis-
tence of heterogeneous and non-reported data depicts differences in reporting practices and
outcomes among the studies. These visualizations provide a descriptive and exploratory
characterization of the included studies and participant characteristics and are not part of
the quantitative statistical analysis and were not used to estimate intervention effects.

3.2. Non-Uniform Intervention Parameters and Associated RoB Across YVC Studies

The RoB evaluation indicated differences in methodological quality across studies,
including eligibility criteria, search strategy, study selection, reporting transparency, and
interpretation. RoB was assessed in the following domains: selection bias, performance bias,
detection bias, reporting bias, attrition bias, and other sources of bias. The domain-specific
assessment was applied to randomized studies, while the same domain structure was used
to consider descriptively for non-randomized and quasi-experimental studies to facilitate
consistent reporting across the evidence. Randomization-specific domains, including
sequence generation and allocation of concealment, were marked as not applicable for
studies without random allocation rather than being assigned to a risk category.
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Figure 3. Key phrase relevance and heterogeneity in participant characteristics across included
YVC studies [2-5,38,44,51,57,58,66,67,81,89,90,103,104,112-129]. (a) The word size plot represents
Trataka-related term frequency, and spatial clustering signifies semantic relatedness, indicating visual,
stress-related, and cognitive themes across included studies. The bigger the size of the word, the more
often it was used, and the smaller the size, the less it was mentioned across the literature. (b) Sankey
diagrams represent the YVC-based intervention studies, denoting the flow of data from individual
studies to the characteristics of participants, reported health conditions, outcome domains related to
functionality, and the effects of the intervention. The flow chart describes the contributions of studies
by age group (children, young adults, elderly), gender distribution (male, female, heterogeneous),
disease conditions (myopia, visual strain, anxiety, insomnia, post-COVID-19 disorders), and the
main functional domains. The size of the flow in each category indicated the contribution of the
studies, offering a collective assessment of characteristics of the population, the intervention, and the
outcomes of the studies conducted on YVC.
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RoB assessments indicated that the random sequence generation was rated as low risk
in 11 studies (33%) (green). Allocation concealment was computed as low risk in seven
studies (21%) and unclear in four studies (12%) (yellow). The remaining studies were
not considered applicable as they involved no randomization or used quasi-experimental

designs (Figure 4).
Random sequence generation (selection bias) [N |
Allocation concealment (selection bias) [N ]
Blinding of participants and personnel (performance bias): | | N
Blinding of outcome assessment (detection bias): Self-reported outcomes [N | ]

Blinding of outcome assessment (detection bias): Objective measures [NNNNS T
Incomplete outcome data (attrition bias): All outcomes [N ]

Selective reporting (reporting bias) NI |
Other bias | ]

0%  25% 50% 75% 100%

[l Low risk of bias [] Unclear risk of bias [l High risk of bias [] Not applicable |

Figure 4. Risk of bias summary for the 34 included studies assessing YVC-based interventions (also
see Supplementary Figure S1). The distribution of risk of bias across 34 studies was estimated using
the Cochrane risk of bias assessment tool. A horizontal bar represented a domain of bias, and the
colors showed the proportion of studies rated as low risk (green), unclear risk (yellow), and high
risk (red), whereas the white space denoted insufficient information from the data to conclude the
domain result.

For blinding of participants and personnel, 21 studies (65%) were classified as unclear
risk and 11 studies (32.4%) as high risk (red), reflecting the practical difficulty of blinding
participants in YVC-based studies. For self-reported outcomes, approximately 9 studies
(30%) were at low risk, 15 studies (41%) at unclear risk, and 5 studies (15%) at high risk.
However, objective outcome assessment demonstrated a comparatively favorable profile:
22 studies (65%) were low risk, 11 studies (29%) were unclear, and 1 study (3%) was high
risk. Incomplete outcome data were classified as approximately 15 studies (43%) low risk
and 18 studies (57%) unclear, whereas selective reporting showed 22 studies (68%) low
risk and 10 studies (29%) unclear. Other biases were not applied as a substantive risk
domain in the assessment. Overall, the evidence base demonstrated a relatively lower risk
for objective selective reporting and outcome assessment. The individual study for each
domain, from selection to other sources of bias, was assessed separately to summarize this
risk of bias graph (Supplementary Figure S1).

3.3. Cognitive Outcomes Across Short- and Long-Term YVC Practice Experimental Studies

Among the 29 studies, 10 primarily focused on the cognitive domain, including a
minor psychophysiological task, and analyzed the total task-based score. The studies
included a pre (before YVC practice) and post (after YVC practice) within-subject study
design and a between-subject study design (YVC—control). The change in score for each
cognitive task showed a consistent pattern of improvement after practicing YVC across the
different cognitive domains. After following the YVC practice, the positive and negative
differences in task scores across various cognitive measures, ranging from Stroop reaction
time (—20.00) to the word score (10.47), indicate positive effects in the control and YVC
groups (Figure 5a). Similarly, the pre- and post-YVC groups showed positive and negative
scores across the various cognitive tasks from the Trail-Making Test-B (TMT-B) (—59.31) to
the SLCT net score (16.87), indicating positive effects following YVC practice (Figure 5b).
Psychophysiological measures such as electrodermal activity, anxiety (assessed by the
Hamilton scale), Mood and Anxiety symptoms (MASQ), Stroop reaction time, perceived
stress scale (PSS), and TMT-B showed negative scores, which indicate improvement because
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lower scores signify reduced anxiety and faster reaction time performance after YVC
practice [38,44,57,58,67,81,112,114,124,127].

a
Word Score r——) 10.47
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Colorword Score et 5.87
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3
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= Electro Dermal Score -02 ¢
>
3 Visual Strain Checklist -0.38 J
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Mood and Anxiety Questionnaire 4.0 @y
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Change in Score
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Figure 5. Task-based score analysis for cognitive, visual, and psychophysiological outcomes. Vari-
ations across task-based scores highlighted the significance of YVC-related effects across cogni-
tive, visual, and psychophysiological outcomes between the YVC and control groups (a,b) and
pre—post changes within the YVC group. Positive values represented multi-domain benefits follow-
ing YVC practice. Negative values indicated either a reduction in measures, where lower scores
denoted improvement (e.g., anxiety, reaction time), or a smaller change than the control condi-
tion [38,44,57,58,67,81,112,114,124,127].

A meta-regression analysis was performed to identify whether improved cognitive
task scores were associated with the duration of YVC practice sessions (10-60 min) as the
indicator [3,38,44,57,58,81,112,116,127]. Across the nine studies, the results showed that as
the duration of YVC practice increased, the effect size increased. Cognitive outcomes were
converted to Hedge’s g, and multiple outcomes within the same study were summarized
into a single study-level effect size. Five between-subjects studies were included in the
regression analysis, where one study remained an outlier due to its observed effect size
of 3.21, which fell beyond the 95% prediction interval of the regression model fit to the
other four studies (SMD = 2.65), and exceeded the model’s predicted value at its corre-
sponding session duration (Figure 6a). A sensitivity analysis was conducted (K = 5; see
Supplementary Figure S5). Both including (3 = 0.009, p = 0.7891, K = 5) and excluding
the study ( = 0.018, p = 0.2201, K = 4) showed no significant association between session

https:/ /doi.org/10.3390/healthcare14213624


https://doi.org/10.3390/healthcare14213624

Healthcare 2026, 14, 3624

16 of 26

duration and effect size, indicating that duration alone may not be a strong moderator. The
mean effect size across four studies was 0.94, and individual effect sizes ranged from 0.44
to 1.57.
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Figure 6. Meta-regression plots inspecting session duration as a moderator of effect size (SMD) across
YVC-based intervention studies. (a) Four included studies; one outlier excluded, and (b) cognitive
task outcomes within-subject study designs (K = 4 studies). Each bubble represented a single study,
with color intensity indicating effect size, where dark shades represented larger SMD values. The
solid black line denotes the ordinary least squares regression line fitted to the included studies.
The dark shaded band indicates the 95% confidence interval (CI), where the plausible range of
the true regression line lies, and the SE incorporates both sample size and distance from the mean
duration. The light shaded band denotes the 95% prediction interval (PI), suggesting the expected
range for future studies. The orange dotted line represents the slope, indicating the change in SMD
per additional minute of session duration. In (a), duration was not a significant moderator overall
(B =0.018, p = 0.2201), with S5 identified as an outlier (A = 2.65 SMD units above prediction), pointing
to a potential study-level factor that may influence the direction of the effect. In (b), duration has a
positive but non-significant trend (3 = 0.029, p = 0.083), due to K =4 [3,38,44,57,58,81,112,116,127].

Similarly, session duration did not show a statistically significant association with
effect size in the within-subject cognitive studies (3 = 0.029, p = 0.083, K = 4). The mean
effect size across the four included studies was 0.946, while individual study effect sizes
ranged from 0.530 to 1.741. All four study-level estimates were positive, with the lowest
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effect observed at 20 min (0.530) and the highest at 60 min (1.741) (Figure 6b). Although
the trend shows larger effects with increasing duration, it was not statistically significant.
No outliers were identified. Therefore, the current evidence from both between-subject
and within-subject designs was insufficient to establish a duration-response relationship
for cognitive outcomes. The wide confidence and prediction intervals indicate substantial
uncertainty in the estimated relationship and may reflect factors beyond duration.

3.4. Pooled Effects of YVC Practice Favored Visual, Cognitive, and Psychophysiological Outcomes
Across Within- and Between-Subject Study Designs

Within-subject designs showed a statistically significant pooled effect favoring YVC
(SMD = 1.20, 95% CI: 0.33-2.07, p = 0.03), with moderate heterogeneity (1> = 41%; x* = 3.39,
p = 0.18). Between-subject designs also favored YVC, but the pooled effect was not statisti-
cally significant (SMD = 0.61, 95% CI: —0.36-1.58; p = 0.11), with moderate heterogeneity
(% = 62%, x*> = 5.44, p = 0.07). The subgroup difference between within-subject and
between-subject pooled estimates was borderline statistically significant (x? = 3.70, p = 0.05,
I = 72.9%), with a larger pooled effect observed in the within-subject designs (Figure 7).
Overall, the pooled estimates favored YVC in both study designs, although the magnitude
and statistical significance differed between designs. The pooled analysis, stratified by
study design, showed a significantly positive effect in the within-subject studies across all
domains and a smaller pooled positive effect for between-subject studies, with moderate
heterogeneity reported in Supplementary Figure S2a,b.
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Figure 7. Effects on YVC practitioners across within- and between-subject studies on visual, cognitive,
and psychophysiological domains. Pooled SMDs for within-subject and between-subject study
designs across the functional domains. A random-effects model with HKSJ-adjusted 95% confidence
intervals was used. Heterogeneity was assessed (SMD = 0.61, 95% CI: —0.36-1.58; p = 0.11), with
moderate heterogeneity (I = 62%, x? = 5.44, p = 0.07).

In the RCT-only analysis, the psychophysiological domain favored YVC with statistical
significance (SMD = 0.68, 95% CI 0.04-1.32, 12 = 87%), whereas the cognitive effect was
positive when Hedge’s g favored YVC over the baseline condition, but not statistically
significant (SMD = 1.02, 95% CI 0.25-2.29, I> = 90%). The vision domain showed no signifi-
cant effect and substantial heterogeneity (SMD = 0.86, 95%, I> = 99%). Overall, the pooled
RCT estimate was positive with statistical insignificance (SMD = 0.62, 95% CI 0.03-1.26,
12 = 95%), with a wide predicted interval (—1.78 to 3.02) (Supplementary Figure S4). Leave-
one-out sensitivity analysis showed that the pooled effects remained positive across both

https:/ /doi.org/10.3390 /healthcare14213624


https://doi.org/10.3390/healthcare14213624

Healthcare 2026, 14, 3624

18 of 26

study designs. In within-subject analyses, the largest changes were observed after removal
of three studies (A = —0.37, A = —0.36, A = 0.30), while in between-subject analyses, re-
moval of one study produced the largest increase and decrease (A = 0.56 and A = —0.40)
(Supplementary Table S6 and Figure S3).

4. Discussion

This review and meta-analysis synthesizes the evidence on Trataka (YVC) across vi-
sual, cognitive, and psychophysiological outcomes. The frequent key phrases across the
34 studies indicated the relevance of YVC in the critical domains, and the study charac-
teristics have reported diversity across participants” age, gender, assessments, and YVC
outcomes (visual strain, hypertension, anxiety).

The RoB assessment of the reported studies highlights several methodological incon-
sistencies, including participant selection for study designs, detection of diverse outcomes
in the same domain, reported participants’ performance, and self-reported, selective, or
inadequate outcomes. These reported factors led to a highly biased evaluation of YVC-
based interventions, underscoring the need for stronger research designs in future studies.
Participant selection in the studies indicated that only the younger population limited the
interpretation of YVC effects among the children and the elderly populations. Diverse out-
comes were observed due to several assessments (word score, HRV, sleep quality, MASQ,
TMT-B, SLCT, Stroop reaction time, HARS, and PSS) and variation in protocols (gazing du-
ration, intervention length, and session frequency from single sessions to weeks or months).
This diversity limits the comparability of individual participants” performance to employ
generalized standard tools for further research. These selective protocol-based variations on
YVC have led to diverse research objectives (visual strain, cognitive and psychophysiologi-
cal stress) and study designs (including pre—post, quasi-experimental, repeated measures,
and limited RCTs), indicating heterogeneity across the studies and implying the need for
specific RCTs and domain-focused reproducible protocols to minimize bias.

In the meta-regression analysis, no statistically significant duration-response rela-
tionship between session length and cognitive outcomes was reported. Even within brief
sessions (10-30 min), effect sizes on cognitive-related measures were slightly favored,
suggesting that the short- and long-term duration protocol may impact YVC's efficiency
across all domains. Sensitivity analysis in the between-subject meta-regression yielded
no significant association between session duration and cognitive effect sizes to interpret
duration-response relationships.

Although several studies showed effects in a favorable direction, the number of
studies showing such effects was not taken as the primary basis. Some studies reported no
significant change between baseline and YVC practitioners. The overall findings in relation
to the magnitude of the pooled effect estimates, confidence and prediction intervals, and
between-study variability suggested substantial heterogeneity observed across the studies.
This variability was also evident across the study characteristics, including differences in
participants, intervention duration, comparators, outcome measures, and study designs.
These factors may contribute to variation in the observed effect sizes. The preliminary
findings support a favorable overall direction of effect associated with YVC across the
evaluated domains, although this favorability remained inconsistent. The findings from
the RCT-only sensitivity analysis indicated that the pooled evidence showed a favorable
effect of YVC, with a larger estimate among within-subject designs than between-subject
designs. The potential benefit may rely on evidence from within-subject designs rather
than the moderate effect provided by the RCTs. The difference in effect estimates between
RCT-only and combined analyses highlights the influence of study design on the observed
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effect magnitude. Leave-one-out analysis showed that exclusion of individual studies did
not reverse the direction of effects in either within- or between-subject designs.

Several methodological limitations affect the interpretability and generalizability of
findings. Most research focused on young adults (18-25 years), with limited attention to
older adults (25-40 years), the elderly (40-80 years), or children (8-11 years). A secondary
concern is the imbalance of gender representation. Many studies limited their data to only
male or female populations, which may influence the observed outcomes. Heterogeneity
in the duration protocol further limits comparability. YVC session durations ranged from
2 min to 2 h, with frequencies from weekly to daily and total durations from 2 weeks to
3 months. This variability complicates the identification of optimal practice parameters.
Many studies considered YVC alongside other practices, thereby limiting YVC efficiency
among participants. Studies assessed a wide array of variables (e.g., flicker fusion thresh-
olds, Stroop tasks, working memory, heart rate variability, and visual strain) using diverse
instruments. Small sample sizes increased the risk of statistical errors, and many studies re-
lied on subjective or self-reported outcomes rather than validated objective tools. Together,
this contributes to the substantial heterogeneity observed in the quantitative synthesis
and suggests that current evidence may not completely indicate the true efficacy of YVC.
Standardized protocols defining session length, frequency, and duration are needed to
improve consistency and clinical applicability. Substantial heterogeneity across the studies
limited direct comparability and may have influenced the consistency of the observed re-
sults. A methodological limitation of this review was the reliance on the common RoB1 tool
across studies with heterogeneous designs. This review was restricted to studies published
in English or accompanied by a comprehensive English abstract, which may introduce
language bias by excluding relevant evidence published in Hindi, Sanskrit, and other
languages. Publication bias and selective reporting could not be formally assessed because
the domain- and design-specific subgroups contained fewer than 10 studies, limiting the
reliability of small-study effect tests.

To better understand the effects of YVC, yoga-related neuroscience research using
physiological and neuroimaging methods is needed. Longitudinal EEG with functional
connectivity analysis and cortical mapping studies may help characterize how repeated
YVC practice modifies large-scale brain network organization over time. While further
mechanistic and longitudinal studies are needed, the existing evidence supports YVC’s
potential role in cognitive enhancement, attentional training, and emotional regulation.
Though the heterogeneity remains unclear, the cumulative evidence supports YVC’s poten-
tial as a holistic practice for improving cognition, visual function, and psychophysiological
balance. YVC demonstrated observable effects across visual, cognitive, and psychophysi-
ological domains that remain to be fully explored. However, the current evidence lacks
definitive conclusions regarding its effectiveness. Overall, analysis suggests potential
benefits across selected outcomes but does not establish YVC as an effective technique
across all domains, underscoring the need for standardized protocols, larger controlled
trials, and neuroimaging-based investigations to establish clinical relevance. Future studies
should include broader age ranges and conduct age-specific analyses. Standardizing YVC
protocols, including duration, visual cue type, preparatory practices, and session design,
may reduce heterogeneity and enhance comparability across studies.

5. Conclusions

The findings from this preliminary evidence suggest potentially beneficial effects
across the domains of cognition, vision, and psychophysiology. However, substantial
heterogeneity among the included studies, concerns regarding risk of bias, small samples,
and variability in intervention protocols limit the reproducibility and generalizability of
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these findings. To better understand the benefits and limitations of YVC practice, future
studies need to adopt rigorous trials with adequate sample sizes, standardized assessments,
and follow-up evaluations to assess both short- and long-term effects. Development of a
core outcome set for YVC would further improve consistency and comparability across
studies. By addressing these methodological limitations, future investigations would
be better positioned to generate reliable, reproducible evidence on the cognitive and
neurophysiological benefits of YVC practice, thereby potentially aligning with the United
Nations (UN) SDG 3.
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YVC Yogic Visual Concentration

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
SMD Standardized Mean Difference

RoB Risk of Bias

RCT Randomized controlled trial

SLCT Six Letter Cancellation Test

DLST Digit Letter Substitution Test

VFS Visual Fatigue Scale

VEP Visual Evoked Potential
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MASQ Mood and Anxiety Symptom Questionnaire
HRV Heart Rate Variability

PQSI Pittsburgh Sleep Quality Index

IST Insomnia Severity Index

PSS Perceived Stress Scale

MWQ Mind Wandering Questionnaire

SMASS State Mindfulness Attention Awareness Scale
HARS Hamilton Anxiety Rating Scale
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