
 

  

  

WALKING MEDITATION EFFECTS ON DUAL-TASK WALKING PERFORMANCE 
IN ELDERLY 

 

PICHITCHAI SHUWUTTANAKUL 
 

Graduate School  Srinakharinwirot University 
2022 

 

 

 



 

  

ผลของการเดินจงกรมต่อประสิทธิภาพของการเดินขณะมีการท างานรว่มในผูส้งูอายุ 
 

พิชิตชยั ชวูฒันกูล  

ปริญญานิพนธนี์เ้ป็นส่วนหน่ึงของการศึกษาตามหลกัสตูร 
วิทยาศาสตรมหาบณัฑิต สาขาวิชากายภาพบ าบดั 
คณะกายภาพบ าบดั มหาวิทยาลยัศรีนครินทรวิโรฒ 

ปีการศึกษา 2565 
ลิขสิทธิ์ของมหาวิทยาลยัศรีนครินทรวิโรฒ  

 

 



 

  

WALKING MEDITATION EFFECTS ON DUAL-TASK WALKING PERFORMANCE 
IN ELDERLY 

 

PICHITCHAI SHUWUTTANAKUL 
 

A Thesis Submitted in Partial Fulfillment of the Requirements 
for the Degree of MASTER OF SCIENCE 

(Physical Therapy) 
Faculty of Physical Therapy, Srinakharinwirot University 

2022 
Copyright of Srinakharinwirot University 

 

 

 



 

 

THE THESIS TITLED 
  

WALKING MEDITATION EFFECTS ON DUAL-TASK WALKING PERFORMANCE 
IN ELDERLY 

  

BY 
PICHITCHAI SHUWUTTANAKUL 

  

HAS BEEN APPROVED BY THE GRADUATE SCHOOL IN PARTIAL FULFILLMENT 
OF THE REQUIREMENTS FOR THE MASTER OF SCIENCE 

IN PHYSICAL THERAPY AT SRINAKHARINWIROT UNIVERSITY 
  

  

  
(Assoc. Prof. Dr. Chatchai Ekpanyaskul, MD.) 

 

Dean of Graduate School 
  

  
 

  

  

ORAL DEFENSE COMMITTEE 
  

.............................................. Major-advisor 
(Asst. Prof. Dr.Saitida Lapanantasin) 

............................................ Chair 
(Asst. Prof.Parit Wongphaet, M.D.) 

  

  

............................................ Committee 
(Asst. Prof. Dr.Nithinun Chaikeeree) 

 

 

 



  D 

ABSTRACT  
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Walking meditation is a mind-body practice combining walking slowly simultaneously with 

meditation, which can be described as dual-task walking. However, the training effect of walking meditation 
on dual-task walking performance has yet to be proven. Besides, a dual-task walking is necessary for 
balance in the daily life of elderly people. Thus, this study aimed to investigate whether walking meditation 
training can improve dual-task walking performance among elderly people. The methodology included 48 
elderly volunteers aged 65.13±0.35 years participated in the study. They were matched by gender and 
education level block and randomized into control group (CG, n = 24) and walking meditation group (WMG, 
n = 24). Both groups engaged in practice 30 min/day, three days/week for a total of six weeks. CG received 
walking exercise with preferred speed, while WMG received walking meditation training. Before and after 
training, four outcomes were identified: (1) single-task walking time (STT); (2) dual-task walking time (DTT); 
(3) dual-task cost (DTC); and (4)correct answers of subtraction during dual-task walking (CAS). The training 
effect, time effect, and training x time interaction were analyzed by two-way ANOVA mixed model and post-
hoc tested with Bonferroni. The results were the mixed model ANOVA analysis revealed significant training 
effect on CAS (p<0.05) and the significant effects of time and training x time interaction on all studied 
outcomes (p<0.01). After training, the WMG demonstrated significant improvement in all outcomes 
compared with before training (p < 0.001), and also showed shorter DTT (p=0.049) and higher CAS 
(p=0.002) than the CG. Meanwhile, the CG only presented improvements of STT (p<0.05) and CAS 
(p<0.001) compared to the baseline. In conclusion, the results demonstrated walking meditation training was 
able to improve dual-task walking performance of the elderly participants better than preferred-speed 
walking exercise significantly. Therefore, walking meditation training protocol in this study can be applied as 
an alternative exercise to promote dual-task walking performance for elderly people. 

 
Keyword : Walking meditation, Balance, Dual-task walking, Dual-task cost, Number subtraction while walking 
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CHAPTER 1 
INTRODUCTION 

Background 
According to a report in 2020 of the Foundation of Thai Gerontology Research and 

Development Institute, the Thai elderly population (aged 60+) was larger than the Thai 
children population (aged under 15 years). The elderly population in 2020 is 11.6 million 
people or 17.5% of the entire Thai population. As demographic predictions in 2010, the 
Northern part of Thailand will have the highest ratio of senior people aged over 60 years 
to the total population by the year 2020. In addition, according to the prediction, 
Thailand will have elderly people, around 20% of the total population by the year 2022, 
and it will be a completely aging society. Then, the proportion of the elderly population is 
predicted to reach 28%, by the year 2033, which will become to be the superaged 
society. The increase in the elderly population is a similar trend around the world. At 
present, the global elderly population is reaching 1,016 million people or 13% of the total 
world population.(1) As a result, planning ahead of time is critical and a lot of researches 
involving the elderly have taken place, with the most interesting issue about the risk of 
falling. In Thailand, fall injuries are one of the most common problems among elderly 
people, with one in every three 65-year-olds falling each year, and the prevalence will 
become more than double in the age of 80-year-olds. In 2019, number of the elderly 
people injured by falls were 141,895 cases, which is up from those in 2016 around 29.5 
percent. (2) 

One of the factors causing the elderly to fall is a decreased ability to balance as a 
result of significant deterioration in physical and cognitive functions. Both physical and 
cognitive changes were discovered to have an impact on the balance ability of the 
elderly (3), particularly balance performance while walking with a cognitive task (dual-
task walking) which is a part of daily activities that the elderly need to do. (4) As a result, 
older adults are more likely to fall when performing two activities at the same time, such 
as walking while shopping or walking while talking on the telephone or stepping over 
obstacles while holding a glass of water. These movements need cognitive, motor, and 
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sensory functions working together. (5) Therefore, the training of physical and cognitive 
functions in elderly people will improve or maintain balance performance during dual-
task walking as they are getting older. (6) 

From the literature review, there are many studies related to a dual-task and 
multiple-task exercise program in both healthy and cognitively impaired groups. It was 
found that the dual-task and multiple-task exercise programs improved the ability to do 
dual-task activities in both motor/balance, and cognitive aspects. The majority of dual-
task programs are activities that require motor movement with cognitive activities 
working together, such as walking along with subtracting numbers, or it could be a 
popular community exercise activity like Qigong Tai-chi or dancing. (7, 8) 

Attention is one of the cognitive functions which is essential to carry out everyday 
activities (Executive function). (9) The attention can be divided into three categories: 
sustained attention, selective attention, and alternating attention. Sustained attention is 
the ability to perceive and focus only on ongoing work in a calm environment. Selective 
attention refers to the ability to continuously focus on one active task in a distractive 
environment. Alternating attention denotes the ability to focus on and perform many 
activities simultaneously, for example, talking while cooking. Hence, attention is 
important for dual-task performance. In other words, a deteriorative change of cognitive 
function in elders, particularly attention, will effect-on their dual-task performance which 
leading to a high risk of falls during dual-task walking. 

From literature review, mindfulness practice such as meditation can improve 
cognitive function (10) and was recommended for elderly exercise program. (11) 
Moreover, systematic review and meta-analysis studies convinced that physical 
exercise as walking (12-14), helps promote physical fitness, weight control, good sleep, 
emotional and mental health, besides, it also prevents dementia and mild cognitive 
impairments and improves quality of life. As well as decreases mortality in the elders. 
(15, 16) 

Walking meditation is a mind-body practice by slowly walking simultaneously with 
meditation which seem like dual-task activity. So, in accordance with previous studies 
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relate to dual-task training program improving both cognition and balance aspects, the 
walking meditation may be able to improve those aspects as well. Walking meditation 
has been shown to improve ankle proprioception and functional balance in elderly 
participants. (17) However, the effect of walking meditation on balance during dual-task 
walking and cognition has not been proved. Thus, this study is interested in investigation 
whether walking meditation training able to promote the balance ability while dual-task 
waking in the elderly. 

 
Research question 

Can walking meditation improve dual-task walking performance of the elderly? 
 

Hypothesis 
Walking meditation can improve dual-task walking performance of the elderly. 
 

Purpose of the research  
The purpose of the study is to examine the effectiveness of walking meditation on 

dual-task walking performance of the elderly with specific objectives as follows: 
To compare dual-task walking performance of the elderly between pre-training 

and post-training within the walking meditation group (WMG)  and within the control 
group (CG). 

To compare dual-task walking performance of the elderly between the WMG and 
the CG at pre-training and at post-training. 

Outcome measures 
The outcome measures represented a dual-task performance for this study are as 

follows: 
Dual-Task cost (DTC) is a percentage of the time difference between a dual-task 

walking and a single-task walking to the time use in a single-task walking as the 
calculating formula presented below. (18) 
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Correct answers of subtraction during dual-task walking (CAS)  is defined by 

number of the correct answer of subtraction by 3 ( or count backward by 3) 
consecutively during dual-task walking standardized by the time use in dual-task 
walking as the calculating formula below. (19) 

 
 
 

Benefits and application 
1 . If the findings accordance with the hypothesis, walking meditation will be an 

alternative health promotion activity for the elderly, which can improve their dual-task 
walking performance.  

2. Walking meditation can be applied in clinical practice to promote or, rehab the 
elderly who have problem with balance and cognitive function during dual-task activity. 

3 .  The findings of this study can provide evidences for the benefits of walking 
meditation and for the further studies related to walking meditation. 

 
 
 
 
 
 
 
 
 
 

DTC = (time use in dual-task walking – time use in single-task walking) x 100 
    time use in single-task walking 

CAS = number of correct answers of consecutive subtraction during dual-task walking x 100  
                                             time(second) use in dual-task walking 
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Conceptual Framework 
  

 

 

 

 

 

 

 

 

 

 

 

Figure  1. Conceptual framework of the research 
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CHAPTER 2 
THE LITERATURE REVIEW 

The literature reviews in chapter 2 are related to the following topics: 
1. Dual-Task 

1.1 Dual-Task theory 
1.2 Dual-Task and postural stability and postural control 
1.3 Dual-Task testing to predict fall and balance 
1.4 Dual-Task training in the elderly 
1.5 Dual-Task performance 

2. Cognitive function 
2.1 Neurocognitive domains of cognitive function 
2.2 Cognitive function decline in the elderly 
2.3 Cognitive test and cognitive performance in dual-task in the elderly 

3. Meditation 
3.1 Definition 
3.2 Mediation and the elderly 

4. Walking in Elderly 
4.1 Benefit of walking in the elderly  

5. Walking meditation 
5.1 Definition 
5.2 Benefits of walking meditation 
5.3 Related research 

1.Dual-task 
As going through daily lives, most activities are performed two or multiple tasks at 

the same time defined as dual-task or multi-task respectively. Dual-task and multi-task 
need a variety of body functions including cognition, sensory, and motor systems. The 
brain has to process information and divide its functions for working on more than one 
task so that simultaneous tasks can be completed at the same time. 
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1.1 Dual-task theory 
The decline in motor and cognitive functions commonly occurs in the aging 

process, both of which are important causes for deterioration of dual-task ability in 
elderly people, especially postural stability and balance during dual-task walking. Dual-
task walking is necessary in daily life, such as walking by taking on the phone, walking 
across the street while carrying products, walking in the market during shopping, etc.  

Control of the dual-task activity can be described by several cognitive-motor 
theories. The “Central Bottle Neck Theory” describes how one process might be 
stopped completely by another process that is more salient interference taking place at 
the same time. The ability to prioritize several tasks by comparison in the form of their 
importance, interest, and necessity is defined as “Task Prioritization Model”. The 
“Attentional Resources Theory” explains that, because individuals have limit attention 
resources, the effectiveness of working under concurrent will disturb the main task due 
to mismatched task interests. For example, when the elderlies are calculating while 
walking, the focus is on the cognitive task (calculating)  which leading to disrupt the 
walking movement, or become less aware of the surroundings. Finally, it may result in a 
fall. The “U-Shaped Non-Linear Interaction Model”, which describes how individuals 
maintain balance while concentrating on dual-tasks, they increase usage of motor, 
cognition, and balance associated with postural control. This is due to the strengthening 
motor system, sensory system, and balance abilities, as well as muscle co-ordination in 
dual-task ability. According to “Supra-Postural Task Model”, in addition to motor, 
sensory, cognition, postural control, and balance, there must also use awareness of 
dual-tasks with motor tasks and cognitive tasks. (5, 7) 

1.2 Dual-task on postural stability and postural control 
One of the major problems of falling is postural control impairment. Previous 

systematic review discussed about programs and social events that can improve dual-
task and postural control. Dual-task with postural control has been added to reduce the 
risk of falling. The review concluded that postural control during performing activities as 
a dual-task can be applied to specific activity training, clinical balance training, and the 
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progression of single-task training programs. Motor learning theory convinces that 
postural control can be improved in healthy elderly people by complex motor skills, 
walking, and postural stability practices. (20) 

The systematic review and meta-analysis related to the effects to Dual-task 
training on postural control of the finding concluded that Dual-Task training improved 
postural stability in healthy elderly, the elderly with falling risk and the persons with 
chronic stroke. Negative results were found in people with other neurological disorders 
such as multiple sclerosis and who have a history of falls. This means that encouraging 
activities that improve dual-task ability in the healthy older can improve postural control, 
and postural stability. (21) 

1.3 Dual-task testing to predict fall and balance 
Menant, et.al. (2014) conducted a systematic literature review and meta-analysis 

related to fall predicting in the elderly by using the dual-task ability test compared to the 
Timed Up and Go test (TUG), a well-known single-task activity based on simple walking 
speed. The results revealed that there was no significant difference in identifying the 
Faller and non-Faller. This means that any assessment can be used to predict falls in 
older people. However, a single-task test, such as TUG, may not cover all fall factors for 
preliminary screening. (4) Since there are other factors, such as a history of falls, the use 
of medicines with the potential for falling side effects, and visual problem, the 
combination with other tests, such as physical performance exams are recommended 
(e.g., Physiological Profile Assessment, Fall. Risk for Older People in the Community 
Test, etc.). 

The dual-task test differs from the single-task test in that, it involves evaluation of 
two tasks, such as specific attention and the executive function of posture and walking. 
Furthermore, the assessment with the dual-task test can check the condition of cognitive 
functions and motor functions, as well as postural stability and control. Dual-task test is 
designed specifically for patients with cognitive impairment such as mild cognitive 
impairment, dementia, Alzheimer’s disease, Parkinson’s disease, and stroke. Also, the 
dual-task test aids in fall-risk screening for prevention better than the single-task tests 
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such as TUG and Functional Reach Test. (22) Thus, in order to aware of good health 
and fall prevention of the elderly people in community. (4, 22) 

1.4 Dual-task training in the elderly 
Motor/postural and cognitive impairments in dual-task performance are observed 

in individuals with TBI, stroke, and cognitive impairment. So, most of research were 
carried out dual-task training in these individuals. Early findings indicated an importance 
of the specific task training, which means that one kind of dual-task training (e.g., a 
motor-motor dual task) inconsistently generalizes to the other kinds of dual-task (e.g., 
cognitive-motor dual task). Combining of cognitive and motor tasks for a dual-task 
training is the most popular applications. (23) Progressive complexity and difficulty of 
multiple task as real-life situations was suggested in order to help individuals improve 
their ability to perform daily tasks in difficult environments. (8) 

1.5 Dual-Task performance 
Measures of dual-task performance in a clinical context often incorporate with 

observation and easily available equipment, such as basic pathways, obstacle courses, 
stopwatches, things to carry, and lists of cognitive tasks. 

Dual-Task Cost (DTC) 
DTC the effect of dual-task on gait and cognitive parameters, is evaluated 

by comparing absolute values for all cognitive and gait indicators between single- and 
dual-task conditions. The DTC represents ability of motor and cognitive functions under 
various dual-task situations. (24) The higher DTC indicates poor performance on 
individual task, whereas the lower DTC suggests improved performance on individual 
tasks. Meanwhile, the differential difficulty of a cognitive task performance is assessed 
based on the motor cost of gait speed under the corresponding dual-task situations. 
(25) 
2. Cognitive function 

2.1 Neurocognitive domain of cognitive function 
Cognitive function is a brain process that makes a person aware of their situation, 

needs, goals, and operations. This process is required for problem-solving strategy in 
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living. Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition(DSM-5) 
classified cognitive function into 6 neurocognitive domains as follows. (26) 

2.1.1 Perceptual-motor function 
Perceptual-motor function includes visual perception, visuo-constructional 

reasoning, perceptual-motor coordination. The Oxford reference (27) has defined 
perceptual-motor function as any ability or capacity involving the interaction of 
perception and voluntary movement, typical examples are the abilities to typing, working 
and playing game. 

2.1.2 Executive function 
Executive function is a cognitive process necessary for cognitive behavior 

control: to select and successfully monitoring behaviors that make it possible for 
selected objectives to be achieved. Executive function includes planning, decision-
making, working memory, responding to feedback, inhibition, flexibility, and language. 
(28) 

2.1.3 Language 
Language is one of a human cognitive ability along with perception, 

attention, memory, motor skills, and visual and spatial processing. Emphasis of 
language is laid on cognitive semantics that studies the contextual–conceptual nature of 
meaning. The cognitive function for language includes object naming, word finding, 
fluency, grammar and syntax, receptive language. (29) 

2.1.4 Learning and memory 
Learning and memory are closely related concepts. Learning is a skill or 

knowledge acquisition, while memory is the expression of what you have acquired. The 
speed with which the two things occur is another difference. Learning is a process of 
acquiring the new skills or knowledge while the memory is an acquisition from learning 
which taking place instantly. It includes free recall, cued recall, recognition memory, 
semantic and autobiographical memory, long-term memory, and implicit learning. (30) 
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2.1.5 Complex attention 
Attention is a complex process that used in almost all of daily activities. It is 

the behavioral and cognitive process of selectively concentrating on a discrete aspect 
of information, either considered subjective or objective information, while ignoring other 
perceivable information. Complex attention includes a sustained attention (the ability to 
attend to a stimulus or activity over a long period.) , a divided attention ( the ability to 
attend to different stimuli or attention at the same time.), a selective attention (the ability 
to attend to a specific stimulus or activity processing speed in the presence of other 
distracting stimuli), a focused attention. (the ability to focus attention on a stimulus) and 
an alternating attention (the ability to change focus attention between two or more 
stimuli). (31) 

2.1.6 Social cognition 
Social cognition is focused on how people process, store and implement 

information on other people and social situations. The cognitive processes play 
significant role in social interactions. The way individuals think about other people plays 
an important part in their thought, feeling, and interacting with the world and people 
around them. It consists of recognition of emotions, theory of mind, and insight. (32) 

2.2 Cognitive function Decline in Elderly 
Cognitive function declines faster in the elderly which may worsen cognitive 

deficit. The cognitive decline by aging commonly affects the fluid ability before the 
crystallized abilities as presented in early dementia. (33) Cognitive aging is also 
associated with behavioral slowing in everyday tasks and laboratory tasks. Selective 
attention on the main or important information, while inhibition of irrelevant stimuli or 
information, increasingly becomes difficult for the elderly. The Cognitive aging is linked 
to the changes in the frontal lobes as people get older. (34) Some of the cognitive 
changes associated with normal aging are shown in Table 1. The elderly people 
commonly have the following cognitive changes: Abstract thinking and mental flexibility. 
All domains of attention are also declined with difficulties in switching between multiple 
sensory inputs, for example auditory, taste, smell, etc., paying attention on prolonged 

https://en.wikipedia.org/wiki/Cognition
https://en.wikipedia.org/wiki/Subjectivity
https://en.wikipedia.org/wiki/Objectivity_(philosophy)
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tasks and inputs, and filtering out irrelevant data of for cognition process. Information 
processing speed in learning is delay and it also needs greater repetitions for learning 
new skill or information. Language aspects are different, some aspects for example 
vocabulary or idiom may continue to improve with age, and other aspects showed 
declines. (35) Long-term memory is the most declination for recall than recognition, while 
short-term memory is preserved. The visuospatial function in three-dimensional 
construction and drawing abilities are declined in aging. 

Table  1. cognitive changes associated with normal aging(36) 

Cognitive Ability Changes associated with normal aging? 
Information Processing Speed √ 
Divided Attention √ 
Sustained Attention √ 
Selective Attention √ 
Short-Term memory √ 
Long-Term memory √ 
Language √ 
Visuospatial √ 
Abstraction and Mental Flexibility √ 

 
2.3 Cognitive test in the elderly 
Mini-Cog 

The Mini-Cog test (37) is designed to screen for dementia in primary care 
settings. It consists of a memory test (recall of three unrelated words – total of three 
scores) and a very simple free-hand version of the clock drawing test (CDT; total of two 
scores) as a distractor for the memory task. Mini-Cog scores thus range from 0 (worst) 
to 5 (best). (38, 39) A cut-off of 4 out of 5 provides the best combination of sensitivity 
(99%) and specificity (96%) for detecting cognitive impairment. In comparison to other 
cognitive test instruments, such as the MMSE Thai 2002, the Thai version of the Mini-
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Cog is both reliable and valid, particularly for practical use in primary care centers. 
Many studies demonstrated that the Thai version of Mini-Cog is appropriate for cognitive 
assessment in Thai older elderly people. (39) Especially in primary care, when time is 
limited and a short cognitive screening approach is necessary.  

Montreal Cognitive Assessment (MoCA) 
The Montreal Cognitive Assessment has been translated into 36 languages 

and dialects, including Thai language. It is a validated, reliable and publicly available 
screening tool for mild cognitive impairment (MCI) detection. The detection of cognitive 
dysfunction in a wide variety of diseases has been proven to be helpful, including which 
Huntington disease; Parkinson's disease; Poststroke cognitive impairment, and brain 
metastases. (40) The internal consistency and criterion validity of Thai-MoCA for 
diagnosis was explored and compared with the Clinical Dementia Rating (CDR) scale as 
the gold standard. The internal consistency of Thai-MoCA test were demonstrated to 
have the Cronbach’s alpha coefficient of 0.744. With the cut off score under 24 for 
person with MCI and under 18 for person with AD, the sensitivity and specificity were 
0.70-0.8 and 0.95 respectively. Thai-MoCA and MMSE appeared to have significantly 
positive correlation with Pearson correlation coefficient at 0.90. The cut-off score for 
screening patients with early-stage dementia is 24 points or higher. (39, 41, 42) 

The Simple Reaction Time test 
The Simple Reaction Time test measure’s simple reaction time, general 

alertness, and motor speed through the delivery of a known stimulus to a known location 
to elicit a known response. The only uncertainty is regarding when the stimulus will 
occur, by having a variable interval between the trial response and the onset of the 
stimulus for the next trial. (43) To assess global attention in Alzheimer's disease, a 
simple reaction time (RT) test was used. (44) 

Abbreviated Mental Test (AMT) 
The Thai Abbreviated Mental Test (Thai AMT) was translated by the 

Department of Medical Service, Ministry of Public Health, Thailand, and compared to 
Hodkinson's original English version of the AMT. (45) The AMT consists of ten questions 
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that assess time orientation, person and place orientation, attention and current memory, 
remote memory, and general knowledge. The test administration takes around 3-5 
minutes to complete. (46) 

Mini-Mental State Examination (MMSE) 
The Thai version of the Mini-Mental State Examination (MMSE-Thai 2002) 

was verified against the original English version of the MMSE. (40) It is a 30-item 
questionnaire that is widely used to test and screen for cognitive impairment in clinical 
and research settings. The test takes between 5 and 10 minutes to administer and 
assess capabilities such as registration, attention and calculation, recollection, 
language, ability to follow basic orders, and orientation. (46) 
3. Meditation 

3.1 Definition 
Meditation is a self-regulation practice which focus on attention and awareness in 

order to control of the voluntary movement and the mental processes and thus promote 
common perception, development, and/or specific capacities such as calmness, clarity, 
and concentration. (47) 

Meditation is a practice of mindfulness which has long been used to increase 
calm and physical relaxation, to improve the psychological balance, to recover and to 
enhance overall well-being and health. (48) A systematic review showed that people 
who undergo long-term psychiatric or medical treatment could reduce anxiety, pain, or 
depression by practice of consciousness meditation for one or six months. (49) The 
American Heart Association has published a scientific statement that meditation can be 
a reasonable additional practice to reduce the risk of cardiovascular disease, qualifying 
that the clinical quality of meditation should be better defined in these disorders. (50) 

3.2 Mediation for elderly 
Meditation showed potential evidences on either physical or psychological 

benefits for older adults, including better focus, enhanced calmness, less stress, and 
improved sleep. The evidences suggested that meditation may help the elderly with 
bowel syndrome (48), insomnia (51) and cognitive decline. (52) Also, the evidences 
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indicated that attention and meditation practice can reduce depression and pain and 
increase emotional well-being. (49) The challenges of aging can even be met by adults. 
(11) 

From previous systematic review on the effects of meditation, in patients suffering 
from chronic cerebrovascular disease, the majority of whom are elderly showed 
significant improvement. (53) The finding benefits of meditation were reported into three 
categories: 1) Raising awareness and accepting everything that happens in tandem with 
the one’s mood, one's feelings, and one’s reflection 2) Reducing stress and improving 
idea management, and 3) Simply and indefinity doing or practicing. There is also 
effectiveness of meditation for the patient's mental and physical aspects. (54) In 
addition, the finding was possible to explain the relationship between meditation and 
cognition. (10) 
4. Walking in the elderly 

4.1 Benefits of walking in the elderly 
There have been a lot of discussions on walking as a form of exercise or physical 

activity amounting from light to moderate level. (14) Among the elderly, it has also begun 
to use walking exercise in patients with cognitive problems or impairments (13, 15, 16), 
as well as in the elderly with osteoporosis to reduce a high impact load. (55) 
5. Walking meditation 

5.1 Definition 
Walking meditation is a Buddhist practice that combines meditation along with 

walking. (56) It is characterized by slow, controlled movements. Walking meditation is a 
simple type of meditation. However, there are many more details that must be 
understood in order to successfully practice walking meditation. Presenting some little 
detail from normal walking: it focuses on leg and foot moving while walking slowly. 
Walking meditation is available to practice in anywhere because there is no need of 
accessories or equipment. Also, it can be applied for activity daily living simply. (57, 58) 

In terms of the current practice of Thai walking meditation, it is a practice that 
demonstrates that the symptoms differ from the general walking orientation, which is to 
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be mindful and walk back over it a certain distance. Walking meditation can be 
classified into two types: 

1) Walking meditation in a way that is aware to walk with a regular rhythm but 
without controlling the rhythm of walking, which is walking in the Buddha Poot-Tor line 
and thinking about the Buddha's blessing while walking. 

2) Walking meditation in a rhythmic gait, which takes a slower movement to 
identify the rhythmic gait, may be found in the Buddha Yup Nor-Phong Nor line, which 
defines the 6-stage gait. (59)  

5.2 Benefits of Walking Meditation 
According to previous researches, walking meditation can help increase motor 

and co-ordination, which affects balance, and also increases proprioceptive sense of 
the ankle in the elderly people. (17) It has also been demonstrated that walking 
meditation can aid in cognition and quality of life development. (60) It was also 
discovered that the rate of walking speed as measured by Timed Up and Go test in 
elderly people with diabetes peripheral neuropathy who participated in walking 
meditation training showed a significant improvement when compared to those who 
participated in training with preferred speed walking. (61) 

Walking meditation is largely used for therapeutic purposes among patients 
suffering from various mental health conditions for reducing psychotic symptoms, such 
as personality disorder, depression, anxiety, schizophrenia, alcoholism, and aid in the 
withdrawal of drug addiction. (51, 62, 63) The research studies have shown that walking 
meditation can be used to reduce stress and pain in patients with chronic pain, such as 
patients with arthritis, cancer, and healthy people who are stress out. (64) Furthermore, 
walking meditation can decrease the level of blood pressure in patients with high-blood 
pressure resulting from the relaxation effect of walking meditation. (65) It also aids in the 
reduction of blood sugar levels and the improves blood vessel function in diabetic 
patients. (63) Walking meditation effect can be obtained by combining the benefits of 
meditation and walking, as well as aerobic exercise. (55) 
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5.3 Related research 
This section summarized the data extraction from review of researcher related to 

investigation of the effects or benefits of walking meditation on the outcome relevant to 
this study. 

5.3.1 Walking meditation and balance 
In the past, walking meditation isn’t yet know in balance training, but now it’s 

made popular in older people who believe in healthy aging and meditation training. 
There are 3 researches related to walking meditation effects on balance as, the 
summary of each research is demonstrated in Table 2. (17, 61, 66) 

5.3.2 Walking meditation and cognition 
The simple, meditation and mindfulness could improve attention and the 

other domain of cognition. The are 3 researches related to walking meditation effects on 
cognitive function. The summary of each research is presented in Table 3. (64, 67, 68) 

5.3.3 Walking meditation and elderly 
Besides the walking meditation effect on balance and cognition, there were 

some researches related to giving walking meditation practice to the elderly people. 
Even though the outcomes measure of those researches were not according to this 
study, their findings revealed the benefits of walking meditation in the elderly. So, the 
data extraction of those researches is summarized and shown in Table 4. (51, 60, 62, 
65, 69) 
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Table  2. Summary of researches related to walking meditation effect on balance 
 
 
 
 
 
 



  19 

 
 
 
 
 
 
 
 
Table  3. Summary of researches related to walking meditation effects on cognition 
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Table  4.Summary of researches related to walking meditation effect on various 
outcomes in elderly people 
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CHAPTER 3 
METHODS 

The chapter describes about the details of methodology included research 
design, sample size, inclusion and exclusion criteria of the participants, and the 
procedure as follows. 
1.Research design 

This study was a randomized controlled trial with single-blinded of the outcome 
assessor. 

1.1 Participants 
The study’s participants were recruited from the Kohkha’s elderly club, 

Kohkha, Lampang province Thailand. All members of the clubs were invited to enroll the 
study by the researcher. Only the members who volunteer to participate the study were 
screened accordance with the inclusion and exclusion criteria as mentioned below. 
Then, the elderly volunteers who meet the criteria were simple randomly allocated into 
two groups: a walking meditation group (n = 24) and a control group (n=24) 

1.2 Inclusion and exclusion criteria 
The inclusion criteria are as follows: 
- Age 60-69 years with a low to moderate level of physical activity evaluated 

by Global Physical Activity Questionnaire (GPAQ-Thai Version). (70) 
- The evaluated score by MoCA test > 24 points (Normal). (41) 
- Never practiced walking meditation before. 
- Able to walk without gait aid independently. 
- Sign an informed consent to attend the study by themselves. 
The exclusion criteria are as follows: 
- Body Mass Index (BMI) is greater than 30 kg/m2 or less than 18.5 kg/m2. 
- There is a chronic pain in the back or legs while standing or walking with a 

pain intensity level of more than 6 points as assessed by the Visual Analog Scale (3). 
- Neurological and/or cardiovascular problems that are still uncontrollable, 

such as after recent surgery or neurological treatment, acute myocardial infarction, 
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acute cardiac arrhythmias, untreated phlebitis and thromboembolism, and untreated 
neurological/cardiovascular diseases, etc. 

- Some diseases evaluated by a doctor or physical therapist, those are a 
contraindication to exercise, such as severe and acute kidney disease, uncontrolled 
asthma and acute exacerbation of COPD, etc.  

- Unable to do backward counting of number by 3, or number subtraction 
by 3, correctly for three counts in five consecutive counts.  

- Drinking alcoholic beverages everyday as a behavior or within one day 
before attend the study 

1.3 Sample size calculation 
The purpose of this clinical trial is to look into the effects of walking 

meditation on balance ability while dual-tasking walking in healthy aging by comparison 
between walking meditation and control groups. As a result, the sample size for this 
study were determined with formula for testing two independent means by used mean 
and standard deviations of the data from the previous study which investigated the 
effects of a walking  meditation program on balance performance in older women. (17) 
The means and standard deviations of control and experimental groups found in the 
previous study are 11.2+2.7 and 9.2+1.6 respectively. Researcher used the n4Studies 
application (71) to calculate the sample size, which was calculated by setting Alpha(a) 
= 0.05 and Beta (B) = 0.20. The sample size from calculation is 40 persons ( n = 
20/group), as shown in Figure 2. In case of drop-out reservation, researcher estimated 
for 20% drop-out rate. Thus, the total sample size included 20% drop-out rate as 48 
persons (n=24/group). 
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Figure  2. Sample size calculation by the n4Studies application  
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2. Research procedure 
The study procedure carried out in the followed steps. The elders who volunteer to 

participate in the study screened according to the inclusion and exclusion criteria by a 
physical therapist ( researcher no.1).  Then, the elderly volunteers who had passed the 
screened informed about the purpose, benefits, and procedures of the study, and also 
signed the consent form if they agreed to enroll in the study. 

Before group allocation, the participants were matched by blocked with sex and 
educational level, in order to reduce the effects of the confounded factors on the studied 
outcomes. (72) Then participants were simple allocated from the matched block with the 
random number generator excel computer program into 2 groups equally: 1) the walking 
meditation group (WMG), and 2) the control group (CG) by researcher no.1. At the first 
time of attended, both groups were educated how to live a healthy lifestyle and exercise. 

At pre-training, the participants were assessed their dual-task performance by a 
physical therapist (researcher no.2) whom blinded from the group allocation of the 
participants. The Dual-Task performance assessment consists of 2 steps: 1) single-task 
walking test by Time Up and Go Test (TUG) for 2 trials, and 2) dual-task walking test by 
TUG along with number subtraction by 3 consecutively for 2 trials. The time use for 
single-task walking test and that for dual-task walking test recorded and averaged from 
the 2 trials. Before the dual-task walking test, the participants have to practice single 
cognitive task of number subtraction by 3 consecutively in sitting position for 30 
seconds in order to understand how to do the subtraction. 

The WMG received a walking meditation training protocol. The protocol starts with 
a 5 minutes warm-up by stretching the back muscles, leg muscles, and the sole. (See 
more detail for stretching activity in Appendix A.) Each muscle group stretched 3 times, 
and hold the stretch for 10 seconds/time. After that, the participants were practice 
walking meditation for 30 minutes and end with a cool-down by stretching same as the 
warm-up. The walking meditation practice were be divided into 3 intervals of 10 minutes 
each, and there is a 2-minute break between the intervals in order to prevent symptoms 
of fatigue. The participants in WMG attended the protocol 3 days a week, for 6 weeks. In 
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addition, the walking meditation practice were be progressed each week from phase 1 
to phase 6 as mentioned in the walking meditation protocol. 

The CG received a warm-up and cool-down by stretching similar to the WMG. 
After a warm-up, instead of practicing walking meditation, the participants of the CG 
practiced walking at the preferred speed for 30 minutes. The preferred speed walking 
for 30 minutes and divided into 3 intervals of 10 minutes each, with a 2-minute break 
between intervals in order to prevent symptoms of fatigue. The participants of the CG 
enrolled in the practice with preferred speed walking, 3 days a week for a period of 6 
weeks. 

The researcher was trained the participants how to perform the exercise program 
of their group once a week and let them perform the exercise by themselves at home 
twice a week. The participants were received a leaflet and videos to watch while 
practice at home. The researcher was also following up each participant once a week 
by a report form, whether they can perform their assigned program correctly or have any 
difficulty/adverse symptoms during practice. After 6 weeks of the training program, all 
participants re-assessed same as the pre-training. Then, the outcome measures data 
was be statistically analyzed. The participants who practice the protocol of their group 
less than 12 sessions from 18 sessions, or less than 67% of the total practice within six 
weeks excluded from the data analysis. (73) Also, the participants who attend the 
practice training by the physical therapist (researcher no.1) less than six times excluded 
from the data analysis. 
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Walking meditation protocol 
Walking meditation involves subtle attention concentrating on leg and foot 

movements while walking slowly. The walking meditation protocol of this study followed 
the six phases, progression of walking meditation by Wat Borom Sathon Sri Sutthi 
Sophon Rangsan (Wat Don), which are as follows (61): 

Phase 1: Paying attention to foot movement while slowly walking with 
simultaneously saying “Right pedal–Left pedal” in every left and right step alternately. 

Phase 2: Paying close attention to the more delicate foot movement while slowly 
walking with simultaneously saying “Raise foot up–Pedal” in every single walking step. 

Phase 3: Paying close attention to the more delicate foot movement while slowly 
walking with simultaneously saying “Raise foot up–Pedal–Tread” in every single walking 
step. 

Phase 4: Paying close attention to the more delicate foot movement while slowly 
walking with simultaneously saying “Heel raise–Foot raise–Pedal–Tread” in every single 
walking step. 

Phase 5: Paying close attention to the more delicate foot movement while slowly 
walking with simultaneously saying “Heel raise–Foot raise–Pedal–Place down–Tread” in 
every single walking step. 

Phase 6: Paying attention to the more delicate foot movement while slowly walking 
with simultaneously saying "Heel raise–Foot raise–Pedal–Place down–Floor contact–
Tread” in every single walking step. 

Each phase practiced by slowly walking back and forth in a path of 8-12 paces for 
3 0  minutes per day, three days a week. As a result, it took 18 days or 6 weeks to 
complete all six phases of the walking meditation. 
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Figure  3. The flow chart depicts the study procedure 

Stretching (Warmup& Cooldown. 5 minutes each) 

+ Walking meditation (30 minutes) 

3 days/week, 6 weeks 

Stretching (Warmup& Cooldown. 5 minutes each) 

+ Prefer speed walk exercise (30 minutes) 

3 days/week, 6 weeks 

Statistical Analysis 

Post-test: Dual-task performance test 

Volunteers (n = 69) 

Screened by inclusion & exclusion criteria 

Walk meditation group (N=24) Control Group (n=24) 

Matched and simple random 
allocation 

Pre-test: Dual-task performance test 

Subject (n=48) 
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3. The screening instruments used in the recruitment of participants 
This study used a questionnaire to collect background, characteristics, alcohol 

drinking behavior, and ability to do consecutive number subtraction by three of the 
elderly based on the inclusion and exclusion criteria. Global Physical Activity 
Questionnaire (GPAQ-Thai Version2) were used to screen out the elders who have 
vigorous physical activity. The cognitive MoCA test were used to screen out the elders 
with cognitive impairment and to detect whether participants have problem in number 
subtraction part. 
4. Outcome measurement 

The outcome of the study was a dual-task walking performance assessed by a 
dual-task walking performance test. The dual-task walking test was applied by a Time 
Up and Go test while performing cognitive task of number subtraction by 3 
consecutively. The dual-task walking performance was represented by the Dual-task 
cost (DTC) and the Correct answers of subtraction during dual-task walking (CAS).  
Dual-task walking performance test 
The dual-task walking performance test consists of 2 conditions: 

1) Single-task walking test by Timed Up and Go Test (TUG), The spent time of the 
single-task walking was tested and averaged from two trials. Then the averaged spent 
time of the single-task walking was used for calculation of a Dual-task cost (DTC).  

2) Dual-task walking test by doing TUG together with number subtraction by 3, 
starting with the given number of 2 digits from the assessor, for example starting from 99 
and then the consecutive subtraction by 3 will be 96, 93, 90, 87, etc., respectively. 
Besides, the Correct answers of subtraction during dual-task walking (CAS) was 
counted by the assessor. The dual-task walking test was assessed and averaged from 
two trials. Then the Dual-task cost (DTC) and the Correct answer of subtraction during 
dual-task walking (CAS) was calculated. 
Time Up and Go Test (TUG) 

TUG starts with the participant sitting on a chair and when the assessor said the 
word “Go”, the participant gets up from the chair, walk as fast as feeling safe for a 
distance of 3 meters, then turned around at a traffic cone (80-centimeter height) and 
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walked back to sit on the same chair. The assessor began the timer when said the word 
“Go” and stopped the timer when the participants walked back and sat on the chair in 
upright position. The researcher explained and demonstrated the test to the participants 
(See more detail of the instruction of the test to the participants in Appendix B.) before 
starting to assess while the participant sitting on a chair. 

In the dual-task walking test condition, the assessor instructed the participant 
similar to TUG plus giving the participant a starting number of 2 digits for subtraction by 
three consecutively during TUG. The time recording began when the assessor said the 
word “Go” and stopped when the participants walked back and sat on the chair in 
upright position. In the meantime, the researcher recorded numbers of the correct 
subtraction answers from the participants during the dual-task walking test. In addition, 
during the test, a video recording was taken to verify the correctness. During the test 
session, if the participant forgets to start number subtraction or stops walking, the 
assessor was immediately motivated participant only once, such as reminding the 
participant to do subtraction, re-telling the starting number, or stimulating when 
participant halted his/her walking, which recorded. 
Dual-task cost (DTC) 

To assess the participants’ dual-task walking performance, the dual-task cost was 
determined as the difference of the time use between the dual-task walking test and 
single-task walking test and standardized it with the time spent of the single-task walking 
in term of percentage. A lower result of DTC represents better dual-task performance. 
(24) The formula for DTC calculation is presented  below. (18)  

 
 
 
 
 
 
 

DTC = (time use in dual-task walking – time use in single-task walking) x 100 
   time use in single-task walking 
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Correct answers of subtraction during dual-task walking (CAS) 
The term "correct answers of subtraction during dual-task walking (CAS)" was 

adapted from previous literature (18, 74, 75) to describe the level of performance in the 
cognitive test. The formula for CAS calculation is presented below. 

 
 
 
Where "number of correct answers" refers to the total number of correct digits (for 

the serial subtractions task) generated during the tests, and "time" refers to the time (in 
seconds) in dual-task walk test required to complete the specified walking activity. A 
higher result of CAS represents a better cognitive performance. 
5. The statistical analysis 

The Kolmogorov–Smirnov test was used for normal distribution test of the outcome 
data. The two-way ANOVA mixed model was used to analyze the training effect, time 
effect, and interaction ( training x time) effect on the studied outcomes. The outcomes 
included of the dual-task cost (DTC) and the correct answer of subtraction during dual-
task walking (CAS). Then, post-hoc multiple comparison by Bonferroni test was 
performed to compare between groups. The level of statistical significance for all tests 
was set at p <0.05.  
 
 
 
 
 
 
 
 
 

CAS = number of correct answers of consecutive subtraction during dual-task walking x 100  
                                                 time(second) use in dual-task walking 
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CHAPTER 4 
RESULTS 

This study investigated effectiveness of walking meditation on dual-task walking 
performance in aging. Forty-Eight participants were matched with sex and education, 
and randomized into two groups; a walking meditation group (WMG) receiving walking 
meditation training and a control group (CG) receiving walking exercise with self-
preferred speed. All participants were members of Kohkha’s elderly club, Kokha, 
Lampang, Thailand.  The participants completed the program and no one of participants 
dropped out. 

The outcome measures representing dual-task walking performance of this study 
was a time up and go test with number subtraction which is a motor task combined with 
a cognitive task. For the dual-task walking performance test, four parameters were 
collected as follows: 1) single-task walking time, 2) dual-task walking time, 3) Dual-task 
cost (DTC), and 4) Correct answers of subtraction during dual-task walking (CAS). DTC 
is a difference of the time used in dual-task walking test and single-task walking test 
standardized with the time spent in the single-task walking. CAS is the total number of 
correct digits from serial subtraction task during dual-task walking test standardized with 
the time spent in the dual-task walking. 

Baseline characteristics of the participants in walking meditation and control 
groups are shown in Table 5. There was no significant difference in all characteristics 
related to age, body mass index, genders, education level, score of Montreal cognitive 
assessment, and physical activity level of the participants between both groups at 
baseline. 
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Table  5.Demographic characteristics of participants in walking meditation and control 
groups 

Characteristics 
Walking meditation Group 

(N = 24) 
Control Group  

(N = 24) 
p-

value# 
Age(year)a 64.79 ± 2.57  

(63.71-65.88) 
65.46 ± 2.32  
(64.48-66.44) 

0.351 

Body Mass Index (kg/m2) a 23.60 ± 3.47  
(22.14-25.07) 

23.67 ± 2.97  
(21.71-24.16) 

0.942 

Gender b    
Male/Female 6 (25%) /18 (75%) 6 (25%) /18 (75%) 1.000 
Educational (year) a 11.63 ± 5.36  

(9.36-13.89) 
12.04 ± 6.01 
(9.12-14.29) 

0.801 

Educational (level) b   1.000 
Primary school  8 (34%) 8 (34%)  

Secondary school or 

Vocational certificate 

9 (38%) 9 (38%)  

Bachelor’s degree or Diploma 5 (20%) 5 (20%)  

Master’s degree or Doctor’s 

degree 

2 (8%)  2 (8%)  

MoCA score a 27.17 ± 1.86  
(26.38-27.95) 

27.33 ± 1.97  
(26.50-28.17) 

0.764 

Physical activity level b   0.500 
- Inactive 1 (4%) 2 (8%)  
- Insufficient active  23 (96%) 22 (92%)  

MoCA: Montreal cognitive assessment 
# p-value from independent t-test comparing between walking meditation and control groups. 
a the data are presented as a mean ± standard deviation (95% confidence interval) 
b the data are presented as number (%) 
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At baseline or pre-training. The four studied parameters, single-task walking time 
which assessed by using TUG; dual-task walking time which assessed by TUG with 
number subtraction; DTC; and CAS, were not significantly different between walking 
meditation and control groups as shown in Table 6. 

Table  6. Comparison of single-task walking time, dual-task walking time, dual-task cost, 
and correct answers of subtraction during dual-task walking between walking meditation 
and control groups at baseline or pre-training. 

Studied parameters 
(Pre-test) 

Mean±SD (95% confidence interval) p-value# 
(Between 
Groups) 

Walking meditation Group 
(N = 24) 

Control Group  
(N = 24) 

Single-task walking timea 

(Second) 
9.75±0.89 (9.37-10.13) 9.96±1.28 (9.41-10.49) 0.518 

Dual-task walking timeb 

(Second) 
15.92±2.43 (14.89-16.94) 14.79±2.88 (13.58-16.01) 0.153 

DTC (%) 63.41±21.73 (54.24-72.59) 49.29±27.16 (37.83-60.76) 0.053 
CAS (%) 15.29±7.24(12.23-18.35) 14.30±9.18(10.42-18.17) 0.680 
asingle-task walking time assessed by Time up and go test (TUG), bdual-task walking time assessed by TUG with 
number subtraction, DTC: Dual-Task cost, CAS: Correct answers of subtraction during dual-task walking. 
# p-value from independent t-test comparing between walking meditation and control groups.  

 
Analysis of the data by two-way ANOVA mixed model revealed significant effects 

of time and time x group interaction on all studied parameters (p<0.01), and showed 
significant group effect on only CAS (p<0.05) as shown in Table 7. Since significant time 
effect on all studied parameters was found, comparison between pre- and post- training 
within walking meditation and within control groups on each studied parameter was 
analyzed by dependent t-test. Also, due to the significant effects of group on CAS and 
also time x group interaction on all studied parameters were found, the post-hoc 
analysis to multiple compare between groups at pre-training and post-training of each 
studied parameters was performed with Bonferroni test. 
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Table  7. The effects of groups as walking meditation and control groups, time as pre-
training (at week 0) and post-training (at week 6), and time x group interaction analyzed 
by two-way ANOVA mixed model. 

Studied parameters F p-value 
Single-task walking timea    
Group 2.87 0.097 
Time 49.24 0.001** 
Time x group 9.44 0.004** 
Dual-task walking timeb    
Group 0.37 0.544 
Time 74.23 0.001** 
Time x group 46.44 0.001** 
Dual-Task cost (DTC)   
Group 0.18 0.674 
Time 24.25 0.001** 
Time x group 29.96 0.001** 
Correct answers of subtraction during 
dual-task walking (CAS) 

  

Group 4.88 0.032** 
Time 112.30 0.001** 
Time x group 29.85 0.001** 
asingle-task walking time assessed by Time up and go test (TUG), bdual-task walking time assessed by TUG with 
number subtraction. * Significant difference at p < .05 by Two Way ANOVA Mixed model. ** Significant difference at p 
< .01 by Two Way ANOVA Mixed model 
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When looking at the time effect by comparison between pre-training and post-
training within each group, the results were as follows. At post-training, the walking 
meditation group showed significant decreases in single-task walking time (p=0.001), 
dual-task walking time (p=0.001) and DTC (p=0.001), but increase in CAS (p=0.001) 
when compared with the baseline at pre-training as demonstrated in Table 8. 
Meanwhile, after training, participants in a control group showed a decrease in single-
task walking time only (p=0.012), and an increase in CAS (p=0.001) when compared to 
their baseline at pre-training as presented in Table 8. 

As the effects of group on CAS and of time X group interaction on all studied 
parameters, it was found that only the walking meditation group demonstrated 
significant decrease in dual-task walking time and DTC after training, while a control 
group did not show (Table 8). Particularly, after training, the walking meditation group 
used significantly shorter dual-task walking time (p=0.049) and had significantly higher 
CAS (p=0.002) than the control groups as shown in Table 9. 
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Table  8. Comparison of single-task walking time, dual-task walking time, dual-task cost, 
and correct answers of subtraction during dual-task walking between pre- and post-
training within group. 

Studied parameters 
Walking meditation Group 

(N = 24) 
Control Group  

(N = 24) 
Single-task walking timea 

(Second) 
  

- Pre-Test 9.75±0.89(9.37-10.13) 9.96±1.28(9.41-10.49) 
- Post-Test 8.79±0.99(8.37-9.21) 9.58±1.08(9.12-10.03) 
p-value$  0.001** 0.012* 
Dual-task walking timeb 

(Second) 
  

- Pre-Test 15.92±2.43(14.89-16.94) 14.79±2.88(13.58-16.01) 
- Post-Test 12.43±2.03(11.53-13.24) 14.39±2.64(13.19-15.42) 
p-value$  0.001** 0.124 
DTC (%)   
- Pre-Test 63.41±21.73(54.24-72.59) 49.29±27.16(37.83-60.76) 
- Post-Test 41.67±19.17(32.95-49.67) 50.45±23.25(40.63-60.27) 
p-value$  0.001** 0.652 
CAS (%)   
- Pre-Test 15.29±7.24(12.23-18.35) 14.30±9.18(10.42-18.17) 
- Post-Test 26.52±7.18(23.57-29.61) 17.89±7.93(14.64-21.30) 
p-value$  0.001** 0.001** 
a single-task walking time assessed by Time up and go test (TUG), b dual-task walking time assessed by TUG with 
number subtraction, DTC: Dual-Task cost, CAS: Correct answers of subtraction during dual-task walking 
* Significant difference at p < 0.05. ** Significant difference at p < 0.001. $ p-value from dependent t-test 
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Table  9. Comparison of single-task walking time. Dual-task walking time, dual-task cost, 
and correct answers of subtraction during dual-task walking between walking meditation 
and control group at post-training. 

Studied parameters 
(Post-test) 

Mean±SD (95% confidence interval) p-value# 
(Between 
Groups) 

Walking meditation Group 
(N = 24) 

Control Group  
(N = 24) 

Single-task walking timea  

(Second) 
8.79±0.99(8.37-9.21) 9.58±1.08(9.12-10.03) 0.074 

Dual-task walking timeb 

(Second) 
12.43±2.03(11.53-13.24) 14.39±2.64(13.19-15.42) 0.049* 

DTC (%) 41.67±19.17(32.95-49.67) 50.45±23.25(40.63-60.27) 1.000 
CAS (%) 26.52±7.18(23.57-29.61) 17.89±7.93(14.64-21.30) 0.002** 
asingle-task walking time assessed by Time up and go test (TUG), bdual-task walking time assessed by TUG with 
number subtraction, DTC: Dual-Task cost, CAS: Correct answers of subtraction during dual-task walking 
# p-value from Bonferroni test. * Significant difference at p < 0.05. ** Significant difference at p < 0.01. 
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CHAPTER 5 
DISCUSSION 

This study was conducted to evaluate walking meditation effect on dual-task 
walking performance compared to a preferred speed walking exercise in elderly 
persons. 

Forty-eight elderly participants aged 65.13±0.35 years were block matched with 
gender and education level. They were randomized into control group (CG, n = 24) and 
walking meditation group (WMG, n = 24). So, these help to reduce the gender, age, and 
educational factors that affecting the studied outcomes between WMG and CG. Both 
groups engaged in 6 weeks of practice (30 minutes/day, 3 days/week). The CG 
received walking exercise with preferred speed, while the WMG received walking 
meditation training. Four studied parameters were measured before and after training as 
follows: 1) single-task walking time (STT), 2) dual-task walking time (DTT), 3) dual-task 
cost (DTC), and 4) correct answers of subtraction during dual-task walking (CAS). The 
DTC and CAS were main outcomes representing dual-task walking performance 

The results showed that, after training, WMG significantly improved all of the 
studied parameters after training when compared with before training (p < 0.001). In 
addition, at post-training, the WMG demonstrated significant shorter DTT (p=0.049) and 
higher CAS (p=0.002) when compared to the control group. Meanwhile, after training, 
the CG presented an improvement of only STT (p < 0.05) and CAS compared with 
before training (p < 0.001). These findings indicate that walking meditation training 
protocol of this study can improve both single-task walking and dual-task walking 
performance of the elderly and show better improvement than walking exercise with 
preferred speed. On the other hand, a walking exercise with preferred speed can 
improve single-task walking performance rather than dual-task walking performance. 

This study found that walking meditation training for 6 weeks improved STT of the 
elderly which is similar to previous studies that improving timed up and go test (TUG) in 
persons with type-2 diabetic peripheral neuropathy (61) and healthy elderly women (17) 
within 4-week and 8-week walking meditation training respectively. This supports that 
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walking meditation protocol of this study can promote walking balance or balance 
during TUG within a suggested time (4-6 weeks) for training to improve balance from 
previous literature review. (76) 

A walking exercise with preferred speed for 6 weeks in elderly participants of CG 
in this study helped improve STT, whereas the previous study which trained persons 
with type-2 diabetic peripheral neuropathy with preferred speed walking for 4 weeks did 
not show improvement of TUG. (61) This may suggest that a preferred-speed walking 
exercise can promote walking balance in inactive elderly if practice at least 6 weeks, 
while it may need more training time in persons with unhealthy conditions.  

For the CAS outcome, before training, both WMG and CG did not show any 
significant difference in CAS score, but after training, WMG presented significantly 
higher score of CAS than CG (p=0.001). Together with a higher score of CAS in WMG 
than in CG after training, the WMG also showed faster STT and DTT than the CG, as well 
as lower DTC than its baseline. These finding represented that walking meditation can 
improve dual-task walking performance by promoting both motor and cognitive tasks 
better than preferred speed walking exercise. Although, after training, elderly 
participants in CG also showed significant improvement of CAS and STT, but they did 
not show any significant changes in DTT and DTC. These may imply that the CAS 
improvement when doing dual-task walking of CG may because the elderly paid their 
attention to a cognitive task and divided their brain’s processing on the cognitive task 
over a motor task which resulting in unchanged DTT and DTC which according to the 
bottle neck theory of dual-task working. (77) The bottle neck theory explains that, in 
dual-task conditions, a central brain processing is limited. It can serial selecting 
response to only one task at a time depending on which task is more focused. (78) 
Therefore, after training, the DTT of CG did not change from baseline even though STT 
improved.  

The WMG showed improvement of both DTT and CAS better than CG. This 
represents that WMG definitely improves dual-task walking performance. It can be 
explained by theory and definition of dual-tasking. Margaret et al. (19) and Verhaeghen 
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et al. (2003) (79) described “dual-tasking as doing two tasks simultaneously and both 
tasks will interfere each other, if one task did well, it will make both tasks better”. In 
accordance with the definition, walking meditation is like dual-tasking by performing two 
tasks at the same time those were walking and meditation. Walking task during walking 
meditation practice seems like physical exercise that will improve motor task. (80) 
Meanwhile the second task during walking meditation practice as “meditation or 
mindfulness” which concentrated on leg movement could promote cognitive task. (55, 
81, 82)  

Also, CG could increase cognitive task as shown by increase in CAS. It may be 
supported by previous studies (76, 83) which claimed that physical exercise could help 
increase cognition or cognitive task. Thus, a preferred-speed walking exercise could 
improve cognitive task as number subtraction during TUG test as well. From the 
previous study in elderly, physical exercise with moderate-intensity to increase cognition 
needed at least 4 weeks to 12 months and increase balance needed at least 4 weeks to 
6 months (12, 84), which agreed with the 6 weeks training effect that found in this study. 

However, at post-training, WMG revealed a significant better DTT than CG, but did 
not show difference of DTC from CG. These can be explained by the tendency of using 
more DTC in WMG (63.41±21.73 %) than CG (49.29±27.16 %) at before training. After 
training, although, the walking meditation group showed the improvement of DTC, the 
amount of DTC improvement may not be large enough to make different from the CG. As 
a result, a difference in DTC outcome after training between WMG and CG was not 
found.  

Currently, dual-task training, which combines movement and cognitive training 
with motor learning and task specificity principles, is suggested to integrate in exercise 
to improve balance and dual-task walking performance for the elderly. (83) For 
examples, Tai-chi, Qigong, dancing, and walking meditation, which are similar to  dual-
task training. It was found to help improve balance of elderly people. (3, 85) Besides the 
benefit for the elderly, a dual-task training has also been shown to be beneficial in a 
variety of populations with various clinical conditions such as Parkinson’s disease, Mild 
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cognitive impairment, Stroke and etc. (86-88) Particularly, a motor-cognitive dual-task 
training has been shown to improve cognitive and physical functions in older adults with 
and without cognitive impairment. (11, 89) The systematic review recommended that a 
dual-task training program is rather preferred than a single-task training in order to 
targeting both motor performance and cognitive ability, especially in a dual-tasking 
situation, in healthy older adults. As a result of motor and cognitive functions 
improvement, these will lead to increase in balance performance of elderly persons 
during dual-task walking which is a necessary daily activity for independent living (90). 

Walking meditation can improve individual’s ability to maintain balance when 
single-leg stance while walking because each phase of the walking meditation training 
helps develop a perceptive sense of stability and control in one’s movements, including 
a subtle shift in weight between both feet that occurs while walking. Therefore, walking 
meditation practice may have a positive effect alike balance training, specifically in a 
single-leg stance. Also, the walking meditation practice involves the continuously 
tracking of one’s thought or focus on every steps of foot and leg movements during 
walking, which is similar to controlled attention training. (91) Previous literatures reported 
that attention training can improve cognitive function in various domains, including 
working memory. (92) This may be the reason why walking meditation training can 
improve dual-task walking performance, as it enhances mental tracking task, or 
controlled attention, that is an important required cognitive function for working memory 
when doing more than one task simultaneously. (91-92) Therefore, it can be concluded 
that the benefits of walking meditation training with six-phases progression within 6-
weeks are not limited to physical aspect such as balance and stability, but it also 
extends to cognitive function, including attention and working memory supporting by the 
improvement of DTC found in this study. 

In this study, none of the participants in WMG and CG dropped out of the study. 
This may be due to a good management of the researcher team as follows. The 
researcher followed up with good care of all participants at every session to prevent 
them from dropping out of the study. Also, the researcher offered the participants to 
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engage the training (walking meditation practice or self-preferred speed walking 
exercise) during their free time. In addition, the training place was close to the 
participants’ residences where easily for coming to join.   

In conclusion, this study supported that walking meditation practice alike motor-
cognitive dual-task training can improve dual-task walking performance which is 
necessary for balance during walking in community of the elderly persons. Also, within 
6-week training, walking meditation helped improve dual-task walking performance 
better than preferred-speed walking exercise. Therefore, walking meditation practice 
can be an alternative exercise for promoting dual-task walking performance in elderly 
people via improving both motor and cognitive tasks. 
Study limitations 

This study recruited participants aged 60-69 years who were early elderly with 
inactive physical activity lifestyle, so that they may not represent overall elderly 
population. Therefore, the research findings of this study cannot be extrapolated to other 
aging people such as those with cognitive problems or with underlying diseases that 
excluded from the study.  
Further studies 

Further studies related to a comparison of walking meditation effect with other 
exercise regimens, such as Tai-chi, dancing, and yoga on dual-task walking 
performance in elderly are interesting to investigate. Furthermore, effects of walking 
meditation training in other focused groups, for example persons with mild-cognitive 
impairment, and on other outcomes as quality of life are also fascinating.  
Conclusion 

Walking meditation protocol of this study (30 minutes a day, 3 days a week, for 6 
weeks) significantly improved dual-task walking performance of the elderly persons. At 
post-training, the WMG presented significant improvements of STT, DTT, DTC, and CAS, 
while the CG showed significant improvements of STT and CAS when compared to their 
baseline at pre-training. Moreover, after training, the elderly participants who received 
walking meditation practice in WMG showed significantly faster DTT and higher CAS 
than whom in the CG which received a preferred speed walking exercise.  Therefore, 



  46 

walking meditation can be applied as an alternative exercise for health promotion to 
improve dual-task walking performance for inactive elderly people who able to walk 
independently. 
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APPENDIX A 
Stretching Exercise for  

Warm-up and Cool-down 
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The stretching exercise for warm-up and cool-down in the study includes of the following 
postures. 

1.Back flexion in sitting position 
Let the participant sit on a chair. Then, ask the participant to bend the trunk 

forward slowly by reaching to touch the floor as far as feeling tight at the lower back 
without pain. Hold at that position for 10 seconds. Repeat 3 times. 

 

2. Back extension in sitting position 
Let the participant sit on a chair. Then, ask the participant to place both hands on 

the lumbar and bend the trunk backward slowly as far as feeling tight without pain. Hold 
as the position for 10 seconds. Repeat 3 times. 
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3.Knee to chest in sitting position 
Let the participant sit on a chair. Then, ask the participant to use both hands to 

hold the thigh and pull it up to the chest slowly as far as feeling tight at gluteal region 
without pain. Hold at that position for 10 seconds. Repeat 3 times. Then switch to do on 
the other leg. 

 

4. Sit and reach 
Let the participant sit on a chair. Then, ask the participant to straighten one leg 

forward with ankle dorsiflexion and slowly reach the hand to touch tip of the toes or until 
feeling tight at posterior of leg and thigh without pain. Hold at that position for 10 
seconds. Repeat 3 times. Then switch to do on the other leg. 
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5. Dorsiflexion of ankle with knee straight in sitting position 
Sit and straighten the knee and hold it. Then, try to dorsiflex the ankle as much as 

having a slight feeling of tightness without pain, hold for 10 seconds, repeat 3 times. 
Then switch to do on the other leg. 

 

6. Plantarflexion of ankle with knee straight in sitting position 
Sit and straighten the knee and hold it. Then, try to plantarflex the ankle as much 

as having slight feeling of tightness without pain, hold for 10 seconds, repeat 3 time. 
Then switch to do on the other leg.  
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7. Gastrosoleus muscle stretching 
Stand in lunge position facing with the wall (as shown in the picture).  Then use 

both hands to push the wall. Gently bend the right knee until feeling the tension at the 
left calf. Hold at that position for 10 seconds, repeat 3 times, then switch side. 

 

8. Quadriceps muscle stretching 
Start in a standing position with hands on a chair shown in the picture below. Bend 

your left knee backward slowly until feeling tension in front of your thigh without pain. If 
you are able to maintain good balance, use your hand to pull your ankles toward your 
buttocks slowly until feeling tight in front of your thigh without pain. Hold at the position 
for 10 seconds, repeat 3 times, then switch side.  

 



  62 

9. Foot’s intrinsic muscle stretching 
Start in a sitting position with your hand grasping your toes (as shown in the 

picture) and gently bend your toes up and down to stretch foot’s intrinsic muscle, so that 
you should feel tight at the dorsum of the foot when bending toes downward and at the 
soles of foot when bending toes upward. Hold at each position for 10 seconds, repeat 3 
times, then switch side. 
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APPENDIX B 
Instruction for Dual-Task Walking Performance Test 
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The dual-task walking performance test of the study consisted of two conditions; 
1) Single-task walking test by Time up and go test, and 2) Dual-task walking test by 
Time up and go test with number subtraction. The instructions for both conditions are as 
follows. 
Single-task walking test by Time up and go test 

The assessor will demonstrate and instruct the participant how to perform the test 
activity in Thai language as shown below. 

“เร่ิมจากใหค้ณุลุง/ป้านั่งท่ีเกา้อีนี้ ้จากนัน้ เมื่อดิฉัน/ผมพดูค าว่า “ไป” แลว้ ใหค้ณุลงุ/คณุป้า
ลกุจากเกา้อีแ้ลว้เดินตรงไปดว้ยความเร็วท่ีเร็วท่ีสุดท่ีมั่นใจว่าปลอดภัยและไม่ลม้ เป็นระยะทาง 3 
เมตร จนถึงกรวยจราจรนีแ้ลว้เดินออ้มกรวยกลบัมานั่งท่ีเกา้อีเ้หมือนเดิมนะคะ/นะครบั” 
Dual-task walking test by Time up and go test with number subtraction 

The assessor will demonstrate and instruct the participant how to perform the test 
activity in Thai language as follows “เร่ิมจากใหคุ้ณลงุ/ป้านั่งท่ีเกา้อีนี้ ้จากนั้น เมื่อดิฉัน/ผมพูด
ค าว่า “ไป” แล้ว ให้คุณลุง/คุณป้าลุกจากเก้าอีแ้ล้วเดินตรงไปด้วยความเร็วท่ีเร็วท่ีสุดท่ีมั่นใจว่า
ปลอดภัยและไม่ลม้ ร่วมกบัการเปล่งเสียงบอกผลการลบเลขทีละ 3 โดยจะเร่ิมตน้จากเลข 98 และ
ให้ลบไปเรื่อยๆ เป็นระยะทาง 3 เมตร จนถึงกรวยจราจรนีแ้ล้วเดินอ้อมกรวยกลับมานั่งท่ีเก้าอี ้
เหมือนเดิมนะคะ/นะครับ  โดยยังคงต้องลบเลขทีละ 3 ตลอดการเดินจนกว่าจะกลับมานั่ ง
เหมือนเดิม” 

Notification: The starting number that the assessor will give to the participant for 
the pre-test is 98 and for the post-test is 96 

 
 
 

 
 
 
 
 
 

96 - 3 =? 

3 meters 
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APPENDIX C 
Training Check-list Form and Data Collection Forms 
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Training Check-list form for participants 
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Data collection forms for Pre- and Post-test
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Table  10. Practice Timeline of Walking meditation group 
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Table  11 Practice Timeline of Control group 
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APPENDIX D 
Raw data 
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Table  12. Raw data of baseline of the walking meditation group 

 
 
 
 
 
 
 
 

 Table D-1 Raw data of Baseline of walking meditation group  
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Table  13. Raw data of baseline of control group 

 

 

Table D-2 Raw data of Baseline of control group  
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Table  14.Raw data of timed up and go test at pre- and post- training of the walking 
meditation and control groups 

 

 

 

 

 

 

 

 

Table D-3 Raw data of timed up and go test at pre- and post-training of the walking 
meditation and control groups 
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Table  15. Raw data of Timed up and go with dual-task test (DTC ,CAS ,Time) at pre- 
and post-training of the walking meditation and control groups 

 

 

Table D-4 Raw data of Time up and go with dual-task test (DTC, CAS, Time) at pre- and 
post-training of the walking meditation group and the control group 
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APPENDIX E 
Inter-tester Reliability of Timed Up and Go Test between senior physical therapist and 

research tester. 
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 Inter-tester reliability of timed up and go test 
Raw data for inter-tester reliability of Timed up and go test (TUG) from 15 elderly 

participants who received services in Vejjarak Hospital Lampang during February – 
March 2022 are shown in the table below. The test was assessed in the same day by 2 
physical therapists: a senior physical therapist with over 10 years of work experience in 
using TUG, and the researcher with 2 years of work experience who was going to be a 
tester of this study. 

No. Gender Age (years) Timed up and go test (seconds) 
Physical therapist 1 

(Senior) 
Physical therapist 2 (Researcher) 

1 Men 67 11.46 11.30 
2 Men 72 13.40 13.59 
3 Woman 64 14.00 14.25 
4 Woman 65 11.40 11.08 
5 Woman 60 12.88 12.55 
6 Men 61 10.01 10.28 
7 Woman 63 10.30 10.11 
8 Men 67 12.69 12.80 
9 Men 62 12.29 12.10 
10 Woman 65 10.86 9.85 
11 Men 79 14.50 11.56 
12 Woman 71 10.10 11.09 
13 Woman 69 9.49 10.56 
14 Woman 65 12.23 12.25 
15 Woman 68 12.39 11.59 

It was found that the inter-tester reliability of TUG between the two physical 
therapists determined by intraclass correlation (ICC) was excellent [ICC (2,1) = 0.78, p 
< 0.001]. 
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APPENDIX F 
Intra-tester Reliability of the research tester 
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Intra-tester reliability of timed up and go test 
An Intra-tester reliability for the Timed up and go test (TUG) of the researcher, who 

was going to be a tester of this study, was investigated. The raw data for the intra-tester 
reliability of TUG from 15 elderly participants who received services in Vejjarak Hospital 
Lampang during February – March 2022 are presented in the table below. The TUG was 
assessed on each participant by the same researcher for 2 times which were 7 - 14 
days apart. 

No. Gender Age (years) Timed up and go test (seconds) 
Test 1 Test 2 

1 Men 67 11.25 11.35 
2 Men 72 13.00 14.18 
3 Woman 64 14.00 14.50 
4 Woman 65 11.21 10.95 
5 Woman 60 12.99 12.11 
6 Men 61 9.09 11.47 
7 Woman 63 10.11 10.11 
8 Men 67 12.08 13.52 
9 Men 62 12.20 12.00 
10 Woman 65 9.71 9.99 
11 Men 79 12.06 11.06 
12 Woman 71 10.59 11.59 
13 Woman 69 10.12 11.00 
14 Woman 65 12.15 12.35 
15 Woman 68 11.65 11.53 

It was found that the intra-tester reliability for TUG of the assessor in this study 
which determined by an intraclass correlation (ICC) was excellent [ICC (3,1) = 0.88, p < 
0.001]. 
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APPENDIX G 
Human Research Ethic 
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