8 APPRAISAL

8.1 SUMMARY OF THE FINDINGS

The internal validity of effectiveness of adaptive yoga intervention is established based on
visual analysis, the effectiveness is supplemented by non-overlap method NAP and statistical
significance using Cohen’s d. The impact of intervention shows effectiveness across all
cognitive, behavioural, and emotional domains; and across participant replications. This
establishes external validity of the impact.

Effect size using NAP shows for the 122 observable parameters across baseline vs. intervention
phases (institute and home settings) having 18% as not significant, 24% as moderately
significant, 44% as significant and 14% as insignificant. Similarly, effect size using Cohen’s d
shows 34% of data has significant effect, 8% of data shows moderately significant and 13% of
data shows less significance. 32% of data shows the intervention impact is positive, however,

insignificant and 13% of data shows opposite effect.

8.2 CONCLUSION

This is a single case experimental design to study the impact of adaptive yoga intervention on
the children with multiple disabilities with ASD and ID. The result suggests that a long term,
consistent one-to-one adaptive yoga intervention can effectively improve the cognitive,
behavioural, and emotional conditions of children having ASD and with ID. The results are
observed to be satisfactory and shows mild to moderate change in each of the psychological
areas for all six participants. This study establishes the potential of yoga interventions in the

field of multiple disabilities.

8.3 IMPLICATIONS OF THE STUDY

This study now establishes the change in functional behavior across cognitive, behavioural,
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and emotional domains for children with ASD and with ID along with empirical evidence. This
study now is subject to further research by replications across increased number of participants,
on other psychological parameters, geographical conditions, varied severity levels with similar
combinations of multiple disability, longitudinal study etc. In future, cross functional
effectiveness of other therapies practiced along with yoga intervention as a complementary
therapy can be researched.

The study will unlock the perspectives of caregivers, institutions in assessing the feasibility
and acceptability of yoga practices in the context of their daily routines and overall care

strategies.

8.4 APPLICATION OF THE STUDY

This study unfolds multiple applications. In the field yoga, this study proposes an approach to
design and deploy adaptive teaching methodology without compromising the principles of
classical yoga. This learning principle spans across multiple age groups and conditions, like
children, adult and geriatric conditions having difficulty in following regular yoga practices.
This study unlocks the possibility of institutionalizing the yoga practice as an additional therapy
for children or people with special needs. The outcome of this study can be shared with
caregivers and practitioners to appreciate, apply in their engagements handling children with

special needs.

8.5 STRENGTH OF THE STUDY

The strength of the study are as follows:
e A systematic empirical study establishes the functional relationship between yoga
intervention and its impact on psychological health of children with multiple disability

having developmental disorders.

e A multiple stakeholder involvement provides confidence in parents and clinical

70



practitioners to observe and appreciate the gradual change in children cognitive,
behavioural, and emotional faculty due to yoga intervention.

An adaptive yoga teaching approach and simplification of yogasanas without
compromising the principles of yoga made this ancient technique more acceptable and
accessible.

The use of Single Case Experimental Design (SCED) is able to establishes both internal
and external validity even with smaller subjects by power of continuous assessments,

replication, randomization and rigor in design methodology.

8.6 LIMITATIONS OF THE STUDY

The limitations of the study are as follows:

This study was done with small size of participants and one interventionist.

There was no clear evidence for attendance of practice in home settings. Thus, the
results obtained in home settings can be a carry forward effect from institute
intervention or due to continued practice, is inconclusive.

There is a scope to consider the factor of change from one setting to another setting and
validate the effect.

There is scope to blind the assessors in study by randomizing the participant assignment
for evaluation.

The caregiver’s involvement and dedication as one of the predictors was not taken into
consideration for this study.

The participants continued with their other regular therapies along with this intervention

may have cross functional effects that was kept out of scope for this study.

8.7 SUGGESTIONS FOR FUTURE STUDIES

Scope for scaling the study with larger replications with a greater number of yoga
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interventionists.

Scope for cross functional effects comparing yoga intervention and other interventional
therapies for the children.

Scope for a comparative study of specific yoga interventions like @sana and pranayama
and its impact on respective cognitive, behavioural, and emotional domains of the
children with multiple disabilities. i.e., a multiple interventions strategy of yoga
interventions and its impact.

Scope for a comparative study on effectiveness of classical yoga teaching methodology
and yoga practices verses adaptive yoga teaching methodologies and adaptive yoga

practices.
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APPENDIX - 1: SAMPLE COURSE PLAN

Sample Course Plan (45-60 minutes)

Seq No. Activity Duration & Remarks
. " . . 3 Rounds
! Starting Prayer "4UM" Chanting (in any comfortable seated position)
5 Arms Up and Down with Syllable Any choice of syllable
Chanting
3 Standing Samasthiti -
4 Taddsana (Palm Tree) 6 Rounds (with heels down)
Uttanasana
> (Standing Forward Bend) 6 Rounds
6 Shavasana (Corpse) -
7 Lying Supine Samasthiti -
8 Dvipadapitham (Bridge) 6 Rounds
9 Apanasana (Knees to Chest) 6 Rounds
10 Shavasana (Corpse) -
11 Lying prone Samasthiti -
12 Bhujangasana (Cobra) -
13 Prone rest -
14 Kneeling Samasthiti -
Balasana to Marjariasana
I3 (Child to Cat) 6 Rounds
16 Seated rest -
17 Dandasana (Seated Samasthiti) 6 Rounds
(Stick) (with arms raised across the ears)
18 Seated rest -
19 Closing Prayer "AUM Shanti" 3 Rounds

in any comfortable seated position)
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APPENDIX - 2: SAMPLE SESSION PLAN

Sample yoga protocol prescription shared with the caregiver as reference during the transition

workshop before the start of home setting intervention.
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APPENDIX - 3: SAMPLE INTERVENTION & ASSESSMENT PLAN

Intervention Start D4 06-Apr-22
Intervention End Dat|06-Jan-23
No. of Assessments|26
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APPENDIX — 4: INFORMED CONSENT FORM
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This Informed Consent Form (ICF) is for the parents of children diagnosed with autism
spectrum disorder and intellectual disability by NIEPMD. This is for only those who we are

asking to participate in this study of impact of yogasana on psychological areas.

Name of the study: Impact of yogasana integrated with chanting of syllable on children with
autism spectrum disorder and intellectual disability (multiple disabilities) for cognitive,
emotional, and behavioural skills.

Name of Principal Investigator: <<name>>, Research Scholar, e-mail: <<email>>

Name of Organization(s): NIEPMD and S-VYASA Yoga University

This Informed Consent Form has two parts:

Part I: Information Sheet (to share information about the study with you)

Part Il: Certificate of Consent (for signatures if you agree that your child may
participate)

You will be given a copy of the full Informed Consent Form

PART I: Information Sheet

Introduction

| am <<Name>>, a research scholar at Swami Vivekananda Yoga Anusandhana
Samsthana (S-VYASA). | am a certified yoga professional. | am visually challenged
person with partial sight, however, can manage my day today activities independently.
| am doing research study on the effect of yogasana on children with multiple
disabilities at NIEPMD (Divyangjan), Chennai. | am going to give you information about
the study and inviting you and your child to participate in this study. You do not have
to decide today whether you will participate in this research. Before you decide, you

can talk to anyone you feel comfortable with.
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There may be some words that you do not understand. Please ask me to stop as we
go through the information and | will take time to explain. If you have questions later,

you can ask them to me again or the NIEPMD point of contact.

Purpose of the Research

Children having Autism Spectrum Disorder(ASD) with Intellectual Disability (ID) in
general have cognitive, emotional and behavioural challenges. With help of yogasana
practice this study will try to see any change in these psychological areas of these

children.

Type of Research Intervention
One-to-one yogasana practice with proper breathing. This practice will be along with

yoga teacher, child and parent or caregiver.

Participant Selection
This study includes children having ASD with ID, age between 7-12 years, joining
along with their parent or caregiver. The parent or caregiver willing to participate in this

study for a period of nine months.

Voluntary Participation

Your decision to have your child participate in this study is entirely voluntary. It is your
choice whether to have your child participate or not. If you choose not to consent, all
the services you and your child receive at NIEPMD will continue and nothing will
change. You may also choose to change your mind later and stop participating, even
if you agreed earlier, and the services you and/or your child receives at NIEPMD will

continue.

Procedures and Protocol

Description of the Process

The yogasana practice will be done at NIEPMD. You will stay with your child during
each of the sessions and participate in the practice along with the yoga
teacher(myself). For the purpose of this study, your child will have to discontinue the
regular yoga practice as part of the NIEPMD school. This will be the only yogasana

practice throughout the duration of the study.
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This study requires continuous observations and assessments to see the
effectiveness. The assessments will be done by the NIEMD professionals on regular
intervals before, during and after the study. This study will require access to the current
status of your child and medical history to compare with against the observation during

the study.

The practice will include simple and basic yoga postures according to the comfort and
capacity of the child and will be further simplified if required. Any yogasana practice is
beneficial if integrated with appropriate breathing. To achieve this we will include
syllable chanting to regulate exhalation during the practice. This will in turn improve

the inhalation naturally [Explained with simple demonstration].

Before we start practicing with children, we will arrange few practice sessions for
parents to understand your role during the session, getting familiar and comfortable
with the yogasana course plan. We will also arrange similar sessions throughout nine

months of practice if required.

Duration

The yogasana practice will be given by me one-to-one along with you for 45 minutes
in first 3 months and 60 minutes next three months everyday, five days a week for six
months at NIEPMD. We will ask you to continue the practice plan of 60 minutes at
home on your own in absence of yoga teacher for next three months in same manner.
Once in two weeks | will take one session during last three months to support the

practice or clearing any doubts. Overall the study will be for nine months.

Side Effects and Risks

This practice will be an easy and safe as per the child’s comfort and capacity.
However, in general, there are contra-indications associated with yogasanas if not
performed properly and without expert guidance. This is recommended to follow the
practice as prescribed by the yoga teacher only, to avoid any such adverse situations.
In case of any discomfort experienced due to practice expressed by the child, this
needs to be brought into the notice of the yoga teacher immediately to help

understanding the problem and correct the practice accordingly.
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Benefits

Yoga has proven to be a very useful for overall health and wellbeing. We will attempt
to see if yogasanas are beneficial for children with special needs with multiple
disabilities on the psychological areas. The results of this work will be known only at
the end of the study. There may not be any other benefit for your child but his/her
participation is likely to help us find the answer to the research question. There may
not be any benefit to the society at this stage of the research, but future generations

are likely to benefit and will open doors for other researchers in this field.

Reimbursements
This yogasana practice will be offered at no charge to you. All assessments will be
carried out at NIEPMD. You will not be provided with any other incentives to take part

in this research.

Confidentiality

The information that we collect from this study will be kept confidential. Information
about you and your child that will be collected from the study will be put away and no-
one but the researcher (myself), professionals assessing from NIEPMD will be able to
see it. Any information about your child will have a number on it instead of his/her
name for the purpose of reporting and publication. The detailed assessments reports
will be maintained as records and copy will be available with NIEPMD and myself and
my research support staff. The personally identifiable information about the subject
will be protected and will not be shared with or given to anyone except authorised

personnels from NIEPMD, myself and my research support staff.

Sharing the Results
The knowledge that we get from doing this research will be shared with you before it
is made widely available to the public. Confidential information will not be shared or

published.

Right to Refuse or Withdraw
You do not have to agree to your child taking part in this research. If you do not wish

to do so and refusing to allow your child to participate, will not affect your treatment or
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your child's treatment at NIEPMD in any way. You and your child will still have all the
benefits that you would otherwise have at NIEPMD. You may stop your child from
participating in the research at any time that you wish without either you or your child
losing any of your rights as a client here. Neither your treatment nor your child's

treatment at NIEPMD will be affected in any ways.

Who to Contact:

If you have any questions you may ask them now or later, even after the study has
started. If you wish to ask questions later, you may contact following:

* <<name>>, <<phone no.>>, <<email>>

* <<name>>, <<phone no.>>, <<email>>

This proposal has been reviewed and approved by NIEPMD Research Committee,
undersigned by << >> Dy. Registrar, NIEPMD, Chennai and S-VYASA Doctoral
Committee, undersigned by << >>, Dean of Academic, S-VYASA, Bengaluru. These
are the designated committees whose task it is to make sure that research participants

are protected.

<<name>> (Research Scholar): Tel: <<phone no.>>. Email: <<email>>
NIEPMD: Tel: <<email>> Email: <<email >>

S-VYASA  University:  Tel:  <<phone no.>> Email:  <<email>>

Part II: Certificate of Consent
Certificate of Consent

| have been invited to have my child and me participate in research of yogasana and
its impact on children having autism with intellectual disability. | have read the
foregoing information, or it has been read to me. | have had the opportunity to ask
qguestions about it and any questions that | have asked have been answered to my
satisfaction. | consent voluntarily for my child and myself to participate as a participant
in this study.

Name of Participant:

Name of Parent or Guardian:
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Signature of Parent or Guardian:
Date :

Day/month/year
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Statement by the researcher/person taking consent

| have accurately read out the information sheet to the parent of the potential
participant, and to the best of my ability made sure that the person understands that
the following will be done:

1. Participation of the children along with the parent for the entire period of intervention.
2. Only the prescribed yogasana practice will be administered for nine months.

3. First six months of practice will be along with yoga teacher in NIEPMD and last three
months will be independently at home.

| confirm that the parent was given an opportunity to ask questions about the
study, and all the questions asked by the parent have been answered correctly and to
the best of my ability. | confirm that the individual has not been coerced into giving

consent, and the consent has been given freely and voluntarily.
A copy of this ICF has been provided to the participant.
Name of Researcher/person taking the consent:

Signature of Researcher /person taking the consent:
Date :

Day/month/year
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APPENDIX - 5: INSTITUTIONAL ETHICS COMMITTEE LETTER

T fadag anT UL T

Swami Vivekananda Yoga Anusandhana Samsthana

{Declared as Deemed-to-be University under Section 3 of the UGC Act, 1956)

Exnath Bhavan, ¥ 19, Gavipuram Circle, Kempegowda Nagar, Bangaloce - 560 019
Ph: 080 - 2661 2659, Teletax: 080 - 2650 5645

- E-mail: m@wm te: www.svyasa.org

Institutional Ethics Committee (1EC)
Clearance Certificate

Dear Ms. Jyoti Maggu, Date: 24" June, 2021

The institutional Ethics committee (IEC) of Swami Vivekananda Yoga
Anusandhana Samsthana (Deemed-to-be University under Section 3 of the UGC
Act, 1956) reviewed your application in the committee meeting held on 08"

May, 2021 (Online) based on:

I. Documents o~

L Your clarification
presentation,

After perusal of this

VbW N

. Covering Letter “ \
Project Appkau‘p‘ <

Project Propoul |
Informed consent bln
Undertaking

th&dﬁm&n made during

-

IE hudeddtdwapproveyour study. Details

of approval are as f

Project Title: Impact of yogasana a Min;of,v'hb‘eonchildren

with autism spectrum disorder and
for cognitive, emotional, and behwvivural skills.

disablility (multiple disabilities)

Nature of Study: PhD

APPROVED

INSTITUTIONAL ETHICS COMMITTE
SVYASA, BANGALORE

87



@l fadam= 0 SFEa T
Swami Vivekananda Yoga Anusandhina Samsthana

(Declared as Deemed-to-be University under Section 3 of the UGC Act, 1956)

Ekrarh Bhavan, # 19, Gavipuram Circle, Kempegowda Nagar, Bangalore - 560 019
Ph: 080 - 2661 2669, Telefax: 080 - 2660 8645

E-mail: svyasa@svyasaorg Website: waw.svyasa.org

e
AN

Authorised Personnel: Ms, Jyoti Maggu, Dr. Ravikumar Itagi
Approval Period: 02 Years

Condition of approval

Research must be conducted according to the approved proposal.
Report has to submitted to IEC on completion of study.
Violation/deviation from the approved proposal has to be notified to IEC.
The authorised personnel will comply to request for audit from IEC.

IEC retains nght to withdraw or amend this approved clearance

certificate.
Please contact undersigned > Q!ﬁynmhumqmlmd
e E .
IEC wishes you all the best.
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Swami Vivekananda Yoga Anusandhana Samsthana

Deemed to be University u/s 3 of the UGC Act, 1956

219, ‘Eknath Bhavan, Gavipuram Circle, Kempe Gowda Nagar, Bengaluru - 560 109
ph: 080-2661 2669 | ¢ mall: Info@svyasa.eduin | www.svyasa.eduin

Ret: RES/IEC-SVYASA/206/2021/ADD1

To,

Date: 30 June, 2025
Jyoti Maggu
PhD Scholar,

SVYASA Yoga University,
Bangalore

Reference

1. %C approved study number (RES/IEC-SVYASA/206/2021)

2. Request for the change in the study tithe in the email dated 16™ May 2025,

Dear Jyoti Magpu,

In response to your request for the change in study title from “Impact of Yogdsana integrated
with Chanting of Sylable on Chidren with Autism Spectrum Disorder and intellectusl Disability
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APPENDIX - 6: COGNITIVE PARAMETERS

Graphs 1: Cognitive Component
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Graphs 2: Language
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Graphs 3: Reding-Writing
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Graphs 4: Number-Time
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APPENDIX - 7: BEHAVIOURAL PARAMETERS

Graphs 5: Behaviour Patterns
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Graphs 6: Hyperactivity and Inattention
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Graphs 7: Repetitive Behaviour
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APPENDIX - 8: EMOTIONAL PARAMETERS

Graphs 8: Emotional Responsiveness
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Graphs 9: Violent and Destructive Behaviours
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Graphs 10: Temper Tantrums
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Graphs 11: Self-Injurious Behaviours
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Graphs 12: Odd Behaviours
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scientific reports

OPEN

Adaptive yoga for psychological
health of children having autism
spectrum disorder and with
intellectual disability: single case

experimental design
JyotiMaggu® , Soubhagyalaxmi Mohanty* & Karthikeyan Sundaravadivel®

Chisgien with mwup i€ disabilities have developmental issues in psychological domains. Adaptive
yoga tailored to individual abilities promises positive results on children with special needs. This
study applies multiple baseline single-case experimental design (SCED) to establish functional
relationship between yoga and psychological heaith of children with autism spectrum disorder (ASD)
and intellectval disability (1D). A multiple baseline SCED (AB1B2), with phases (A) baseline without
intervention, (B1) intervention in the institute with a yoga teacher and caregiver, and (82) intervention
at home with the caregiver. The experiment was replicated across six children aged 7-12 years with
mild ASD and 1D. The study assessed the lmpm of a 180-day adaptive yoga mtervenuon on twelve
parameters across cognitive, behavi I, and ional domains. A ts were

using the Indian Scale for Assessment ofAtmsm (1SAA) and Behavioural Assessment Scales for Indian
Children with Mental Retardation (BASIC-MR) tools. The study involved caregivers, yoga teacher,
and clinical psychologists. The visual analysis established the functional effect of yoga intervention.
The effectiveness of impact was supplemented by percentages of non-overlapping pairs and Cohen’s
d shows moderate to significant impact among all the participants in at least three instances across
psychological domains. The experiment establishes both internal and external validity.

Trial registration CTR1/2021/08/035389; DOR: 04/08/2021.

Keywords Adaptive yoga, Multiple disabilities, Auttsm spectrum disorder, Intellectual disabtlity,
Psychological health, Single case expertmental design

Children with multiple disabilities, particularly those diagnosed with autism spectrum disorder (ASD) and with
intellectual disabtlity (ID), represent a uniquely vulnerable population facing profound challenges In various
aspects of psychological health. These children often struggle with cognitive delays, behavioural tssues, and
emotional dysregulation, which can significantly tmpede their ability to engage in datly activities, form soctal
connections, and to reach developmental miestones.

In a recent study, parents of children with both intellectual and developmental disabilittes (IDD) and with
ASD reported greater psychological distress compared to those with IDD alone. Spectfically, symptoms of
hyperactivity, emotional ditficulties and conduct problems in children with ASD were significant contributors
to this distress'.

The study indicates that conditions ltke ASD and with ID exhibit significantly more symptomatology,
including anxiety, mania, schuophrtma. stercotypies/tics, self-injurious behaviour, eating disorders, sexual
disorders, and tmpulse control. These conditions are also assoctated with 2 greater negative impact on family
financtal and employment burdens®. Without the necessary services and supports, preferably starting in the
earltest years of ltfe, these conditions can result in significant and lifelong impairments®.

Compounding ditficulties of children with developmental disorders often require spectalized care beyond
standard interventions. Tradittonal therapeutic interventions, such as behavioural therapy, occupational therapy,

Department of Yoga and Humanities, S-VYASA University, Bengalury, India. “Department of Clinical Psychology,
National Institute for Empowerment of Persons with Multiple Disabilities (Divyangjan), Chennai, India.  emaik:
jyot.maggu@gmail.com

Scientific Reports | (2025 25:28360 | httpz:idoi.org/10.1038/241598-025-02368-2 nature pordolio
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speech therapy, and medication are benefictal In meeting the respective functional objectives. The complexity of

managing co-occurring conditions ltke ASD and with 1D intenstfies these challenges. This study Is an attempt to
wm:mmmmmmmmwmumﬂmmmmmmm
areas ltke cognitive, behavioural, and emotional domatns.

Yoga, an ancient mind-body practice, has increasingly been recognized for its potential therapeutic benefits
acrossvarious populations. Yoga based Interventions on normal children showsstgnificant Improvement
in thetr motor abilitses ltke balance, strength, and flextbility>~. In few other studies yoga Interventions ltke
asana (postures), pranayama (breath regulation), Mm(comeurm).dmm(mdnm)wmwbe
an effecttve modality for helping normal children to cope with the stress, anxiety and improvement in
regulation and emotional regulation’. AmongdmdrenwllhASDwnhlnwvmmhleAT(Wed
Approach to Yoga Therapy) and movement based yoga has shown significant improvement In thetr motor skills,
while few study involving mindfulness based practices such as MBSR (Mindfulness Based Stress Reduction),
MBPBS (Mindfulness Based Posittive Behaviour Support) shows improvement in behavioural skills among
adults with [D*-'2, However, the body of research 1s sttll nascent on yoga tnterventions for multtple disabilittes
having combination of more than one developmental disorder, often marked by methodological limitations and
non-sclentific case studies.

Yoga interventson for children with ASD and ID necessitates modification tn yoga teaching methodology
customized to the individual level and capacity. The yoga course plan 1s designed based on the fundamental
principles of yoga as rooted in classical text of Patanjalf Yogasutra (PYS). The aphortsm, sukham sthiram asanam
(PYS, Chap. 2, Verse 46) means quality of asana (practice) should meet the criterta of sukham (comfort) and
sthiram (stabtlity) of the practitioner. Another aphortsm, tasys bhumisu vintyoga (PYS, Chap. 3, Verse 6) means
the practice 1s always unique and spectfic to the individuals’ capacity and comfort. A common misconception
among people around yoga is to attain only certain form classically. This might lead to compromistng sukham
and sthiram. Anmemohdmnhm(mpomuuorbm).mmamuhmmmm).
dhyana (meditation) were destgned to serve certain functional benefits. This purpose can also be achteved
through Another important reason for practicing asana variations is to encourage attentiveness.
The design of 2 right course plan serves this purpose, yet that is personalised, meets the criteria of function
over form and safe, while maintaining the sukham and sthiram for a practitioner. A course plan also evolves as
the practitioner establishes themselves in the practice gradually. Yoga practices performed with coordtnatton of
mmmmuuhm“mm:pmmmmywnmmmmm
psychological areas such as cognitive, behavioural, and emotional domains

mmupmdcmmmmemmnhmmumwmmmmm
participants to butld 2 psychologically safe environment. The caregiver also helps in patterning the movements
along with the yoga teacher. The destgn also invoives extended Intervention tn home setting without yoga teacher,
where the partictpant conttnues the practice along with the caregiver during follow-up phase and later.

Children with spectal needs require personalized intervention. Every child has unique needs and capacity. A
traditional group design and aggregate analysts ltke RCT may not be appropriate for the study of Intervention
tmpact on psychological areas. A Single Case Expertmental Design (SCED) empirically establishes both internal
mdmmﬂnhdnymnﬂhmdhunpk&mmmmmummmcmmm

phase
functional relationships between the intervention (or independent variable) and the outcomes cbserved
in autsstic children or youth'“. The significance of tmpact can be established by replication of study across
participants, psychological domains, and settings.

This study was first of its kind to apply yoga iIntervention on children with multiple disabtlitses on thetr
psychological skills. The study was a multt-stakeholder study with involvement of experts from field of multiple
disabtlntses, clinscal psychology, and yoga. The genests of this experiment was a joint etfort to test and see any
posstblities of benefit that can be dertved from yoga for children with spectal needs with multtple developmental
disorders. From clinical psychology experts’ polnt of view, the scope of the study was kept stmple, limited to
the children having ASD and with ID, with mild level of severity and assess the impact on psychological areas
using standardized tools - ISAA and BASIC(MR) across sub-domains that do not conflict cross functionally,
Le., cognitive, behavioural and emotional. From yoga experts’ potnt of view, the scope was to design an adaptive
yopa module and an Intuitive teaching methodology that sults the capacity of individual partictpants with
such conditions, keeping the foundational principles of yoga Intact and stmplifying the practice to the level
of participants and thelr caregivers, to ensure continuity of practice in post research context. The antictpated
indicators of improvement in cognitive domain were for the participants to be able to follow basic yoga
instructions, under behavioural domatn were to have reduced hyper activity, cooperate to complete datly practice
and under emotional domain the indicators were Improvement in demonstrating certain level of expression
and regulation of emotions. We wanted to make this study as a robust experiment, emplrically establishing
any outcome as it comes. Thus, used SECD with continuous assessments to generate adequate data to support
our outcome. Both psychological assessments and yoga Intervention happened in parallel and the respective
mmbwrmmmrunmmmmmmmpmmmmm
subjective observations to these psychological domatns are provided In this article.

This research work aims to prove existence of a functional refationship and etficacy of tatlored made

yoga intervention for chidren with ASD and with ID on tmproving thetr psychological health in cognitive,
behmauﬂ.mdawmﬂdnmumbyewbymawmuﬁ:hm&awdamm
course plan and teaching methodology. The purpose is also to involve caregivers that ensures continuity of the
practice If there are carry forward benefits tn home condition.

Scientific Reports |

(2025) 25:28360 | httpz:fidoi.org/10.4038/241598-025-02368-2 nature portfolio
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Method

Participants

Six chiidren participated along with their caregivers (mothers), recrutted from NIEPMD—National Institute
for Empowerment of Persons with Multiple Dissbilities (Dtvyangjan), Chennat, Tamil Nadu, Indta, Under
Department of Empowerment of Persons with Disabdtties (Divyangian), Minsstry of Soctal Justice &
Empowerment, Govt. of Indfa. The partictpants are restdents and day boarders avatling therapeutic services
from the tnstitute. Two of the participants attend spectal model school run by the institute and four attend other
schools outstde the Institute admitted based on spectal status. The mothers with imited educational background
could communicate only in vernacular (Tamil) language and chiidren could follow thetr mothers. For children,
two were non-verbal and other four however verbal, had minimal communication. Mostly caregtvers understood
them better and helped bridging the communication gaps during the interventton.

The two partictpants from the institute were Introduced to basic yoga postures as part of school curricula
tn form of a group practice and not formally as a regular therapeutic one-to-one Intervention. Other four
partictpants had no prior exposure to yoga. The common therapeutic services like occupational therapy, speech
therapy, behavioural therapy and spectal education were attended time to time by all the partictpants tn the
Institute.

All the partictpants are certified by the institute under Department of Empowerment of Persons with
Disabiitty (DEPD) gazette guideltnes for multiple disability certtfication on ASD and with ID. As per the
gmdelmes.NCmemxtodraAmsmSp«tmmDsader(leuD)uuxdbymemukfa

followed by Indian Scale for Assessment of Autism (ISAA) to assess the severtty of the condition.
‘Ihekum -Kamat Test of Intelligence (BKT) and Malins Intelligence Scale for Indian Children (MISIC) are used
to confirm the ID diagnosts and Vineland Soctal Maturity Scale (VSMS) tool ts used assess the severity of the
diagnosis.

The incluston criterta for the study included children those were certified by the institution as multiple
disabled having ASD and with ID, chronological age between 7 and 12 years having mild severity level and
the caregiver agreed to partictpate throughout the study. Children having other diszbilities, beyond the age
criterta, having moderate, severe to profound conditions 1n ASD and ID were excluded. Demographic detatls
g;lrtptmedmhbltl Prior to the partictpation the informed consent was obtained from parents and/or

guardians.

The six assessors recrusted were practicing dinical psychologists factlitated by the nstitute. One assessor was
mapped to one partictpant. The trained yoga teacher was the researcher of this study to execute the intervention.

Design

A multiple baseline single case expertmental design (AB1B2) was implemented for this study. Each partictpant
went through three phases: (A) baseltne phase without Intervention, (B1) intervention phase In institute setting
with yoga teacher and caregiver, and (B2) intervention phase tn home setting with only caregiver. Continuous
assessments were planned and administered for each partictpant at a frequency of every two weeks. The start of
the Intervention was strattfied based on completion of four months of without any yoga practice and completion
of assoctated baseline assessments for respective partictpants from the time of recruttment. This was planned
to establish the existence of the problem related to the vartables of interest before start of the Intervention.
Stx months of Intervention along with yoga Interventionist and caregiver In Institute setting followed by three
months of yoga along with caregtver alone in home setting was planned. The duration of each intervention phase
was dectded based on number of Intervention sessions as per the and that covers at least five counts of
assessments for observable data representation for a phase analysis'®. The multtple baselines were compared for
each replication across six partictpants, twelve parameters distributed under three psychological domatns and
two settings. Replication added strength for external valsdity'’. There was Itmited scope of randomization in this
study. The continuous assessment outcomes were biinded for the Interventionist and parents, also the assessors
were blinded to the intervention procedure throughout the study. The study was conducted and reported as per
the Single-Case Reporting Guideltnes In Behavioural Interventions (SCRIBE) 2016 Statement'*,

The study was approved by Research Committee (RC) of the institution where the study was executed,
Doctoral Committee (DC) and Inststutional Ethics Committee (IEC) of atfiltated Untversity. This is to confirm
that all the methods were performed In accordance with the relevant guidelines and regulations as per the
Dedlaratton of Helstnki. The study adhered to the approved protocol and consent process.

il

Participants] | Male 9 |Mid Mother | Higher Secomdary
Pasticpants? | Female | 8 | Mnd | aald | Mother | Higher Socondary
Particpants3 | Female [12 | aand | aald | Mother | Higher Socomdary
Particpanesd [ acale |12 | aand | aald | Mother | Under Graduate
Paticpaness [Meale  [10 | aand | aald | Mother | Higher Secondary
Participaness | Male | 9 | Mid | Mild | Mother | Under Graduate

Table 1. Demographics. ASD: Autism Spectrum Disorder, ID- Intellectual Disability.
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Intervention procedure
AmmmmmmmmmbnmeW
of study and the tmportance of thetr role during the intervention. The partictpants continued thelr respective
regular therapies throughout the study. There were no conditional restrictions on other theraples along with
mmmmmwmmormmwmmmum:mm
and only change was additional yoga Intervention to assess the tmpact.

The yoga sesstons were administered for the participants as one-to-one Intervention along with yoga teacher
and caregiver. The Intervention sesstons started In Institute setting along with yoga teacher and caregtver for
120 days, followed by 60 days In home setting zlong with only caregiver. Each Intervention session duration
was between 45 to 60 minutes administered every working day of the week excluding weekends and holidays.
Before moving from institute setting to home setting, the ownership of Intervention was handed over to the
caregtver with documented course plan for continuity and smooth execution. A sample documented plan can
be referenced tn Appendix B.

During home setting phase, six sesslons (once In 2 fortnight) over this pertod were conducted by the yoga
teacher to re-establish the continuity and correct the course plan as applicable. The total days of tntervention
were adjusted to the planned number of days to compensate any longer absences (more than a week) against
medical emergencies. Figure | represents the flow.

Course

Aﬂ&mphndagmdlhﬂmpemmhmd.pmmdﬁmmmhmﬁuu&bm
on the fundamental princtples of yoga as rooted n the scripture of Patanjalf Yogasutra®. (1) Personalized - The
practice was designed spectfic to the individual’s capacity and comfort. The course plan was further modified
to sulte the physical and mental condition of the partictpant on a particular day. (2) Function over form - A
well-structured yet flextble course plan was designed with appropriate sequences towards fulfilling the function
rather than emphasts to achieve the form. (3) Transttion of planes were carefully crafted keeping it smooth and
in sequence for example from seated to standing to supine to prone to kneeling to seated. (4) For all asanas
(physical postures) adequate counter postures were given. (5) Adequate rests were Incorporated between asanas
wwm«mammm&m%mnnmpkmphnm

In the 1nitial phase, the sessions were simplified, preparatory, and executed depending on the interest and
comfort of the partictpant on that day. Once the relationship was established (between the yoga teacher and the
participant), the nuances were understood by the yoga teacher, the sessions were modified Incrementally as per
the course plan.

Teaching methodology
The fundamentals of yoga—movement, breath and awareness were achleved by incorporating following
adaptation techniques In teaching.

Movement (1) The objective is to get Into and come out of the posture with comfort. This sequence was
mmmmmmmmtz)wm:wmmedbywpmanwhmlm
and Incremental, subject to the readiness of partictpant for next stage. (3) asana forms were established using
patterning wherever applicable with support of caregtver. For example, in dvipada pitham (bridge pose), the hip
movements were patterned by support of caregiver lifting the back of the participant.

Breath The breath was influenced In two ways. (1) Our body naturally tnhales on expansion and exhales
on contraction. Appropriate sequencing by alternating movements heiped to achieve the right breathing. (2)
Chanting happens on exhalation. Thus, chanting of any syllable of participants’ choice was used In exhalation
leading to an tmplicit inhalation. Length of the chant was moderated as per the partictpant’s capacity.

Awareness Awareness was brought by maintaining the attention of the participants throughout the sesston.
(1) Every session started by re-establishing 2 positive connect between yoga teacher, the partictpant, and the
caregtver. (2) The sesstons were then executed with continuous engagement in form of movements integrated
with limited voice modulated short instructions, counting, chanting, demonstration, and patterning that was
suitable for the partictpant for that sesston. (3) Every day the teacher assessed the readiness and responstveness
dthepummm:wmmmmwmmmmmmwmmmnmw
The yoga teacher demonstrated and practiced along with the participants throughout the session for ease of
imitation.

The visual cues (parallel demonstration), audstory cues (limited voice modulated short Instructions), support
(caregiver patterning), stmple plan integrating movements with chanting or counting; all combined throughout
the session heiped in making the session mindful and accesstble.

Assessments

Indian Scale for Assessment of Autism (ISAA) and Behavioural Assessment Scales for Indian Children with
Mental Retardation (BASIC-MR) Instruments were used to assess the desired cognitive, behavioural, and
emotional parameters objectively.

ISAA 1s an objective assessment tool for persons with autism which uses observation, clinical evaluation of
behaviour, testing by Interaction with the subject and tnformation supplemented by parents or caretakers. The
lmmsmwammmmmwmm
language and communication, behaviour pattern, sensory aspects, and cognitive component. These are further
wmwmqmmmmfmmmmmwdwm
that are observed. Lower the percentage indicates lesser problem and higher the score indicates severity. ISAA
1s a standardized, reliable, and valid tool for dtagnosts and assessment of severity in autism among children'®,
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Orientation Sessions for
parents in NIEPMD
(n=17)
T z Declined to Take Part
v i (n=10)
Provided consent and signed

up for the Study, schedule of
the intervention agreed
(n=7)

Completed Baseline Phase
with 8 assessments

(fortnightly)
(n=7) Unable to continue due to
> severity in condition
y (n=1)
Completed the Intervention
and 12 assessments
(fortnightly) in Institute Setting
(n=6)
v
Caregiver workshop to
handover the ownership of
Intervention in home Setting
(n=6)
Discontinued after 3
] assessments due to health
- reasons (n=1)

Completed the Intervention
and 6 assessments
(fortnightly) in Home Setting
(n=5)

.

Assessment data considered
for analysis: institute settings
(n=6) and home settings (n=5)

Fig. 1. Recruttment flowchart.

BASIC-MR s designed to elictt systematic tnformation on the current level of behaviour in school golng
children with development disorders. It is developed In two parts. Part-A helps to assess the current level of
skills behaviours tn the child. Part-B helps to assess the current level of problem behaviours in the child. Part-A
consists of seven domains: motor, activity of datly living (ADL), language, reading-writing, number-time,
domestic-soctal, and prevocattonal-money. Part-B consists of ten domains: violent and destructive behaviour,
temper tantrums, misbehaviour with others, self-injurious behaviours, repetittive behaviours, odd behaviours,
hyperactive behaviours, rebellious behaviours, antisoctal behaviours, and fears. For both Part-A and Part-Beach
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of the respecttve domatns of Interest can be consumed independently. The scores for each domain are calculated
and converted into a percentage. For Part- A:Wmmmmmwh&hmsl
lower score indicates fewer behaviour problems

Twelve domatns as variables of interest were picked from ISAA and BASIC-MR (A&B) that was administered
to generate percentage scores. The aggregate score of the child on each domain expressed as the raw score. This
was converted Into percentage for each domatn by dividing the obtained raw score by maximum score for that
domain and multiplied by 100. The percentage scores across phases were compared against the expected outcome
of Increasing or decreasing measure as prescribed In the tool. Table 2 describes the assessment parameters of
Interest, description of problems assessed in each domatn, and expected outcome.

The study was conducted over three phases. The assessments were administered by assessors to collect
cognittve, behavioural, and emotional data desired for the study every two weeks as per the plan. Total twenty-
six (26) assessments were administered throughout the study with first eight during baseiine phase (without
intervention), followed by twelve during intervention phase in tnstitute setting followed by six during Intervention
phase tn home settings. The assessors were blinded to the intervention modtfications. The yoga interventionst
and caregtvers were blinded to the assessment scores during the Intervention phases. After all the assessments
were completed and completion of intervention phases, the scores were revealed and consolsdated for analysts.

Data analysis—collection, visual and empirical analysis

Overall, 1836 data potnts generated out of 153 assessments for six participants. The data potnts were aggregated
and analysed for each partiipant, for each parameter within and across phases. A visual analysts tool was
developed using MS Excel to consume the data collected and generate respective participant-parameter wise time
mmhmgnphsfamnhmbnmmzmmeumpkdummdumwwwpmmg

the percentage score on ‘Odd Behaviour’ across three phases for Partictpant# 1. Percentage scores of observable
parameters are depicted along the ordinate axis, and the abscissa represents the baseline (B1-B8), Intervention
Institute setting (111-1112), and Intervention home setting (IH1-1H6) assessments.

Visual analysis was used to determine the functional relationship between the Intervention and observable
parameters. A change In percentage score Indicates the change In functional behaviour as observed during
assessment. If the change 1s vistble to be significant, consistent during visual analyss and aligned to the destred
direction, was a clear Indication of functional improvement. The visual analysis was further supplemented with
quantitattve analysis for evaluating the magnitude of impact using multiple non-overlapping indsces for effect
size and the statistical effect stze was calculated using Cohen$ d between baseline to Intervention (Institute
settings) and baseline to intervention (home settings) respecttvely.

The visual analysis involved evaluating level, trend, and stability of data for within phase analysts. Further the
immedsacy-of-etfect, consistency of data patterns, and non-overlap of data was compared between baseline and
respective Intervention phuu.Wben!hechmga(mdlamnblhty)mkvd.mmthedmmddlmumm
immedtate, perceptible, and maintained over time, it is concluded that the changes tn behaviour across phases
1s a result of the Interventton and are indicative of functional improvement. This analysis was repeated for all 12

lack of aention and ‘Thetr o the am prompt

ISAA Cognive Component auknm&y i Decreass
Assess (A) Rearptive language bty b in 2 book, arranging pitures after
Langumage halghaloq.u(l)ﬂmlm mltwphumcmcb’m Increase
Cogniitve in ese, ek
- Rding Wi _a:-qmd.wmmmuwummummmm —
Assess abtlites to role counts t five, count five objects “ﬂ" digt numbers, name,
Nember-Time or identify rumbers on the clock, name oc sdentify day, dae nnuho(nl.iu*yu.m ——
dxtory beb In the form of ofhands or
ISAA Behavioural Prim nﬁmkhmmummmmm sty | Docrease
BASIC. MR | Hyper Acthvity.- Inattention mmm»m-«mummmunm«; Decrease
B Repetithe Bchavicur Assess pazterns Itk rocking the body, nodding head, shaking parts of the body repaatedly, cic. Decrease
Individuals with autism do not show the expected foclings in 2 soctal sttuation. Emotional reactions are
ISAA Emocticaal Responstveness | unreizted 1o the sttuation and mmunwm.mwmm Decrease
mr&ymmmdmhbwh n'nduyhdhdm
. Viekert & Destruct™e | yeary books, breaks things, throws objects, ek, Decrease
(Ilk)“C-l‘l Temper Tantrems Bangs head, scratches self, pulls own hatr, bites s, pecls skin/wound, etc. Decrease
Self- Injuricus Behaviours | Rolls on the floce, screams, cries cxcesstwely, etc. Decrease
04d Behaviours Smilcs, aghs, or taks 1 self withoat reason, collects rabbish, etc. Decrease

Table 2. Vartables of Interest: Domain, source, parameter, description and expected outcome. ISAA: Indian
Scale for Assessment of Auttsm, BASIC-MR: Behavioural Assessment Scales for Indian Children with Mental
Retardation.
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1. Particpantl Odd Behavicurs % 2. Participant®] Odd Behavicurs Lewel
¥ (Mean & Median)
\/V : alufuludelulelal falolalolslelidubalodbed fobobohagals
Ill'll-lllllllllIIIIHI[IHNH1 . — -
3. Participant¥l Odd Behaviours Trend (Slope) 4. Participare]l Odd Behavious Stability (Median]

- mmeely Tl e

& Participantal Odd Behaviours PEM

7. Participant ¥l O34 Behavious 10E Level (BL vs 1)

—— L mmm——

Fig. 2. Sample graphs generated for visual analysss for Participant#1 for “odd behaviours™

Description of graphs in order (1) Overall 26 data polnts across baseline, intervention(institute),
intervention(home). (2) Levels represented by Mean and Medtan Lines. (3) Phase wise trend line. (4) Stabiitty
of data between Median range of (+/-) 15%. (5) The Percentage of Non-overiapping data (PND) using min
(or max) baseline data point. (6) Percentage of data exceeding medtan line (PEM). (7) Immediacy of etfect
comparing last three data potnts of baseline agatnst first three data potnts of Intervention phase. (8) The level
mean comparison between baseline phase and nterventton in home setting,

pmmbrmpmmMmmunWMmmmmmdmw
etfect during visual analysts was necessary for establishing a functional relationship™.

Level, trend, and stabtlity of the data within each phase was evaluated. Mean and median of percentage
scores was used to report the level. An Increasing or decreasing trend was observed. Within phase stabtlity was
evaluated.

by calculating the percentage of data potnts within 15% of the phase median. The stability criterta are satisfied
1f about 85% (80-90%) of the data 1n a phase fall within a2 15% range of the median of all data potnts for that

Between the phase analysts included observing shift in level, change in stability of data distribution,
tmmedsacy of effect, and non-overlap of data between phase. The immedtacy of effect is observed by change in
level, trend or vartabliity comparing the last three data potnts of baseline compared with first three data points
:’uumveumphn. Immediacy of etfect 1s not considered between baseline and second Interventton phase In

settings.

Non overlapping indices were used to calculate the magnitude of etfect and quantify the proportion of
measurements In the intervention phase not overlapping with the baseline measurements. Non-overlapping of
All Patrs (NAP), Percentage of Non-overlapping Data (PND), Percentage of Data Exceeding the Median (PEM)
were used to quantify the magnitude of effect to supplement the visual analysss™’. This paper depicts the NAP as
a parameter to show the magnitude etfect. The significance assoctated with the magnitude of etfect was dasstfied
nwmowmmdwmommummmduudn@&mmowb
0.50 are less signtficant and score less than 0.50 are considered tnsignificant®.

‘The Cohen’ d was used to generate the effect size between baseline and intervention phases (first and second)
respecttvely'®. A score greater than 0.80 was considered significant, 0.79 to 0.50 represents moderately signtficant,
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Table 3. Cognitive metrics supporting visual analyss within phase- level (Mean), trend (Slope), stabtlity (% of
data between 15% range of Median). BL - Baseline; 11 - Intervention (Institute); IH - Intervention (Home). BL
Baseline; 11 Intervention (Institute); [H Intervention (Home). *Represents aggregate of only three data potnts.
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Table 4. Behavioural metrics supporting visual analysts within phase: level (Mean), trend (Slope), stability (%
of data between 15% range of Medtan). BL - Baseiing; II - Intervention (Instttute); [H - Intervention (Home).
BL Baseling; I1 Intervention (Institute); IH Interventson (Home). "Represents aggregate of only three data
polnts.

0.49 t0 0.20 represent less significant and less than 0.2 ts considered insignificant. The polarity of the Cohen’s d
represented the alignment to the expected result, negative for decreased effect and positive for increased effect™.

Results
Preliminary analyses
The visual analysis of all baseline data across partictpants establishes the existence of the problem assoctated
with the parameter as per the definition 1n Table 2. Quantifying the same, the minimum baseline mean (or
dian) > 10% s considered as problem for parameters where expected outcome s to decrease. The maxtmum
baseline mean (or median) < 50% is considered as probiem for parameters where expected outcome Is to Increase.
For Participant#1 and Partictpant#2, “sdf-injurious behaviour™ and for Partictpant#3 “hyperactivity and
tnattention”, “repetitive behaviour™ and “temper tantrums™ were not the observable problems during baseline
phase and thus excluded from further analysis. Supplementing data points to visual analysis within phase of level
(mean), trend (slope) and stability is represented in Tables 3, 4 and 5 for cognitive, behavioural, and emotional
domains 3
Overall, all the partictpants recorded more than 90% of the attendance during the Intervention phase
(institute settings). Participant#6 dropped during the last phase of intervention in home settings resulted in only
three recorded observations, the between phase compartson for baseline (BL) vs intervention home (IH) resuits
are not conclustve for this participant.

Primary outcomes

The visual analysts done between the phases from baseline to interventton phase (Institute setting) and baseline
to Intervention phase (home setting), establishes the functional dependency between yoga Intervention and
psychological skills. This 1s vistble in at least one or more of the parameters under cognitive, behavioural, and
emotional domains respectively across all the six partictpants. More than three Instances of change in level,
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Table 5. Emotional metrics supporting visual analysis within phase: level (Mean), trend (Slope), stabtlity (% of
data between 15% range of Median). BL - Baseline; II - Intervention (Inststute); IH - Intervention (Home). BL
Baseline; 11 Intervention (Institute); [H Interventson (Home). *Represents aggregate of only three data potnts.
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observable parameters. The data supplementing this observation is represented tn Tables 3, 4 and 5 depicting
the level (mean), trend (slope) and stability (conststency of data around median) for cognittve, behavioural, and
emotional domatns respecttvely. The sample immediacy of effect can be observed from graphical analysis as
shown In 2.
mﬁmumwwmmmmm&mwmw
behaviours. Under cognitive domain for “language’ skills Partictpant#] and Partictpant#6 shown significant
improvement. For ‘reading-writing skills only Partictpant#1 shown signtficant tmprovement. For rest of the
mmmdhwmﬁmxmmmmhmmumm
domain reflected oppostte etfect. Under behavioural domain for “behaviour patterns’ Participant#2 and
Partictpant#3 demonstrated significant decrease In expected behaviour changes. All the five partictpants shown
significant reduction In ‘hyperactivity-inattention’ behaviour with Participant#3 not having the problem at first
place. Except Participant#5 all other participants have shown reduction tn ‘repetitive behaviour: Under emottonal
dom: Participant#1, Particpant#2 and Participant#6 have shown significant improvement in ‘emotional
responstveness, while Participant#4 and Participant#5 have shown oppostte effect. “Violent and destructive
behaviour’ of Partictpant#6 have shown significant reduction. Participant# 1, Partictpant#2, and Participant#6
have shown signtficant reduction In “temper-tantrums’ The ‘seif-injurtous behaviour” has significantly dropped
for Partictpant#4 and Partictpant#6. The ‘odd behaviour” of Partictpant#6 was signtficantly reduced (Tables 6, 7,
8).

The visual analysis is supplemented by the effect size calculation using non-overlap Indices PND, PEM,
NAP. This data 1s depicted In Tables 6 and 7 for respective domains and aggregated Interpretation of NAP is
depicted In Table 9. For this paper, the effect stze calculation measure of NAP between baseline vs. Intervention
phase (Institute settings) and baseline vs. Intervention phase (home settings) s used for depiction of tmpact.
NAP shows moderately significant to significant outcome for Participant#1, #2, #3, 24 and #6 for at least one
parameter across cognitive, behavioural, and emotional domains respecttvely. For participant#5 1t shows less
significant impact.

The statistical effect size calculated using Cohens d b baseline vs. inter phase (Institute
settings) and baseline vs. intervention phase (home settings) shows the outcome 1s positive and significant for
at Jeast one parameter across cognitive, behavioural, and emotsonal domatns for Participant#1, #2, #3 and #6.
For Partictpant#4 the results are signtficant only in cognittve domatn and In other domains it ts insignificant.
For Partictpant#5 the outcome s Insignificant across domains. The supporting data 1s depicted In Table 8 for
respective domains and aggregated Interpretation of the same s presented in Table 10.

Comparing the statistical etfect along the functional changes tn participants shows mismatch in few Instances.
The observable significant change in behaviour was not always resulted in equivalent Cohens d significance
and/or NAP significance. For example, "hyperactivity-inattention’ was reduced significantly as behaviour for
all partictpants, however, the magnitude of effect supplemented by Cohen’s d did not reflect as signtficant as
1t was. Similarly, 2 stignificant Cohen’ d and NAP score for a parameter did not reflect as actual behavioural
improvement. For example, the language’ skills show statsstical significance for most of the participants however,
1t was only demonstrated by Participant#1 and Participant#6.
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Table 6. Metrics supporting visual analysis across phase BL vs Il and BL vs IH: the non-overlap indices
calculated ustng non-overlap of all patrs (NAP). Non-overiap > =0.50 1s marked as significant. BL - Baseline;
11 - Intervention (Institute); IH - Intervention (Home). * Insutficient data points to calculate this value.
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Table 7. Metrics supporting visual analysis across phase BL vs Il and BL vs IH: the non-overlap indices
calculated using percentage of non-overlap (PND) and percentage of data exceeding medtan (PEM). Non-
overlap >=0.50 s marked as significant. BL Baseline; II Intervention (Institute); IH Intervention (Home). *
Insutfictent data potnt to calculate this value.
Overall outcome
The tnternal validity of effecttveness of adaptive yoga intervention s established based on visual analysts, the
etfectiveness Is supplemented by non-overlap method NAP and statsstical significance using Cohen’s d. The
tmpact of intervention shows etfectiveness across all cognitive, behavioural, and emotsonal domatns; and across
participant replications. This establishes external validity of the tmpact.
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Table 8. Effect size across phases - Cohend. Significant values are marked as bold and underkined. BL
Baseling; 11 Intervention (Institute); [H Intervention (Home). b: Opposite effect insignificant. c: Opposite effect
significant. *Insutfictent data potnt. “Incondlustve.
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Tg::. Impact s‘ckunmary 51 percentages based on non-overlap effect stze (NAP) for overall study.
ps P 4
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Table 10. Impact summary in percentages based on Cohen’s d etfect size for overall study. *“Count of
observations; % percentage of observations.

Etfect size using non overlap method shows for the 122 observable parameters across baseline vs. Intervention
phases (institute and home settings) having 17% as less significant, 25% as moderately significant, 44% as
significant and 14% as insignificant. Similarly, etfect size using CohenS d shows 34% of data has significant
etfect, 8% of data shows moderately significant and 12% of data shows less significance. 33% of data shows the
Intervention mpact Is positive, however, insignificant and 12% of data shows opposite effect. Tables 9 and 10
represents the impact summary for NAP and Cohens’ d respectively.

Observed changes of clinical significance
There were changes observed by Interventionist during the sessions and by caregivers beyond sesstons. All
the improvements were not consistent across all participants, and impact varied for participants from mild to
moderate to significant and at an early, middle or later stage of the Intervention. Few Indicators and observations
with examples are as follows.
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CognlMAnthepmnpans quality of partictpation and cooperation to follow the practice ltke, imitating
the postures, following the instructions and reduced dependency on caregiver for patterning improved over
time. Except Partictpant#2 and #5, all other participants towards end started to practice independently along

Repetitive

Partictpant#] mwpmmmmmmnmmmmmumedmuwmm
people at times, got moderately reduced. Hyper-activity reduced gradually among all the participants. Fiddling
during rest or practice reduced over time for all. Later stages they were more stable and calmer during the
sessions. Participant#2 and Participant#4 could able to chant comfortably for even 5-10 min without distraction
towards the end of the intervention. As shared by the caregtver, Participant#4 even continued chanting during
his day-to-day activittes while taking bath, and somettmes even during sleep.

Emotional used to demonstrate aggression which reduced over time during sessions. Also, the
caregtver testified the partictpant had reduced temper tantrums at home.

Discussions

To the best of our knowledge, this is the first study to design and develop an integrated yoga module within a
single-case experimental design to evaluate its etfectiveness on the psychological health of children with multiple
disabtlitses, spectfically those having ASD and with ID, using a long-term intervention, and multi-time point
approach. A distinctive feature of this study is the Inclusson of caregtvers and psychologists who are emotionally
tnvolved with the children and can assess them more etfecttvely.

Considering the current condition of ASD and with ID, each child was unique and had respective ways
wwm.mlmmMMpmmeﬂof&mwwmw
establish the initial connect before start of the intervention making the child feel secured and comfortable. Every
day 5-10 min of the sesston was consumed to understand the readiness of the participant based on cues, ltke
smile when greeted, energy level before the sesston, hyper activity level etc. The time 1t took to establish the first
connect varted from partictpant to participant and gradually they got used to the instructor. A flextble, stmplified
approach made all the ditference to establishing the comfort and safety of the partictpant. As we progress with
time the partictpants start experiencing the comfort and safety and get along cooperating with the teacher. The
duration may vary for individual participant. So, based on the readiness for each sesston only that portions they
were comfortzble were covered. The use of yoga components Itke movement, chanting, rest were customised to
a day keeping function over form. There were few days, where depending on thelr readiness sessions were also
cancelled as required

The strength of the study lies in its methodological rigor, enhanced by the single-case, multsple-baseline
design, and the objective assessments of psychological parameters. The long-term intervention allows for detatled

into individual responses and trajectorses of change over time. As a single-case experimental design

(SCED), this study addresses the need for individualized interventions, which are cructal for mitigating the

influence of time-varying soctal and psychological factors, and thus cannot rely on group statistical inferences.
group estimates to individuals can be, at best, tneffective and, at worst, potenttally harmful®®.

The participants continued with their other regular theraptes served as a control environment. This adaptive

yoga Intervention was only additional change for the partictpants, strengthens the hypothests of functional
Wwdmmwmﬂmwmmdammmmm
Interventions was kept out of scope for this study.

The qualitative feedback as observed and shared by the caregivers (mothers) were subjective and expersential.
Few caregivers found the yoga intervention made 2 lot of ditference tn reductng hyper activity, improved quality
JMMmcommmmmmemdmmmhdmmﬁcmmmm

verbal skills. Even post intervention the mothers were In touch with the Interventionist sharing feedback over

behaviours and
however, observed to be reversed due to discontinuity in practice later. The caregtver’s involvement and
dedscation as one of the predictors was not taken Into consideration for this study, would be an Interesting
dimenston to research in future.

There was no dear evidence for attendance of practice in home settings. Thus, the results obtained in home
settings could be a carry forward effect from tnstitute intervention or due to conttnued practice. This was
inconclustve. There s a scope to conssder the factor of change from one setting to another setting and validate
lhe&dmﬁamhcmdﬂabﬁmmmzmdhummmpm%dmum

In Appendix

This study now establishes the change In functional behaviour across cognitive, behavioural, and emottonal
domains for children with ASD and with ID along with empirical evidence. This study now s subject to
further research by replications across increased number of participants, on other psychological parameters,

conditions, varted severity levels with stmilar combinations of multiple disabtlity, longitudinal
study etc. In future, cross functional effectiveness of other therapies practiced along with yoga Intervention as a
complementary therapy can be researched.

This 1s a single case experimental design to study the impact of adaptive yoga Intervention on the chidren with

improve
ASD and with ID. The results are observed to be satisfactory and shows mild to moderate change in each of
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the psychological areas for all six participants. This study establishes the potential of yoga interventsons in the
field of multiple disabtlities. The study will unlock the perspectives of caregivers, assessing the feastbilsty and
acceptabllity of yoga practices in the context of thetr datly routines and overall care strategles.

Data availability
The aggregate summary and analysis outcome of data are included tn this published artide.
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