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Foreword 

Submitted in partial fulfillment of the requirements of the BSc Psychology degree, 

Reykjavik University, this thesis is presented in the style of an article for submission to a 

peer-reviewed journal. 

This thesis was completed in the Spring of 2020 and may therefore have been 

significantly impacted by the COVID-19 pandemic. The thesis and its findings should be 

viewed in light of that. 
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Abstract 

Few studies have been conducted on the relationship between yoga and cognition and the 

literature faces methodological limitations. Majority of the studies have employed short-term 

interventions on small sample sizes and most of them have been on older adults. Many 

studies have also not controlled for education and other forms of exercise, variables known to 

affect cognitive functioning. The purpose of this quasi-experimental study was to add validity 

to the current literature by comparing experienced yoga practitioners to a non-randomized 

match control group in healthy and middle age adults, controlling for gender, age, education 

and other forms of exercise. Each group consisted of 10 female participants (20 in total). The 

average age in the yoga group was 35.60 years and 35.10 years in the comparison group. The 

yoga group had practiced yoga on average 3.10 times a week for 6.50 years and performed 

other forms of exercise on average 1.50 times a week for the past 2 years. The comparison 

group had never practiced yoga but had performed other forms of exercise on average 1.20 

times a week for the last 2 years. The average education level in both groups was a bachelor 

degree. All three domains of cognition, attention and processing speed, executive function 

and declarative memory, were measured using the Trail-Making, Verbal-fluency, Stroop 

Word-Color and OSPAN tests. An independent t-test was used to compare means. The results 

from these tests were mixed but when interpreted in the light of previous studies they indicate 

that yoga might be beneficial for cognition in young and middle age adults.  

 

Keywords: Yoga, cognition, cognitive functioning, cognitive tests 

 

Útdráttur 

 

Fáar rannsóknir hafa skoðað sambandið milli yoga og hugrænnar getu. Meginþorri þeirra 

glíma við ýmsa aðferðafræðilega vankanta og hafa notað skammtíma íhlutun á fámennu 

úrtaki sem og flestar þeirra hafa verið gerðar á eldra fólki. Yfirleitt var ekki heldur stjórnað 

fyrir þekktum breytum, svo sem menntun og annars konar líkamsrækt, sem sýnt hefur verið 

fram á að hafi áhrif á hugræna getu. Núverandi rannsókn var hálf-tilraun og var gerð í þeim 

tilgangi að bæta við þekkingu frá eldri rannsóknum með því að taka tillit til algengra 

vankanta. Langtíma kvenkyns yoga iðkendur voru bornir saman við þá sem höfðu aldrei 

stundað yoga og stýrt var fyrir aldri, kyni, menntun og annars konar líkamsrækt. Meðalaldur í 

yoga hópnum var 35.60 ár og í samanburðar hópnum 35.10 ár. Yoga hópurinn hafði að 

meðaltali stundað yoga í 3.10 skipti í viku í 6.50 ár og stundað aðra líkamsrækt að meðaltali 

1.50 skipti í viku síðastliðin 2 ár.  Samanburðarhópurinn hafði stundað annars konar 

líkamsrækt að meðaltali 1.20 skipti í viku síðastliðin 2 ár. Meðalmenntun í báðum hópum var 

bakkalárgráða. Allir þrír þættir hugrænnar getu, athygli og vinnsluhraði, æðra hugarstarf og 

minni voru mæld með Trail-Making, Orðaflæði, Stroop Orð-Lita and OSPAN 

prófunum.  Óháð t-próf var notað til að bera saman meðalmun milli hópanna.  Niðurstöður 

prófana voru blandaðar en þegar þær voru túlkaðar í ljósi fyrri rannsókna benda þær til að 

yoga gæti haft jákvæð áhrif á hugræna getu í ungum og miðaldra einstaklingum.  

 

Lykilorð: Yoga, hugræn geta, hugræn virkni, hugræn próf 
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A Comparative Study of Long-Term Yoga Practitioners and Non-Practitioners in Young 

Healthy Females 

Controlling for the Socio-Demographic Variables, Age, Gender, Education and Physical 

Exercise 

Yoga practice has become increasingly popular the past two decades with positive 

feedback from practitioners on its effect on body and mind. Yoga is an ancient form of 

physical meditation with the claim that its practice enhances physical and mental wellbeing 

(De and Mondal, 2016). Yoga is defined as consisting of three components, exercise 

component (posture-holding exercise, called asana), breathing component (controlled 

inhalations and exhalations, called pranayama) and meditation component (relaxation of the 

mind through the dissociations of thoughts, called dhyana), although different yoga styles 

combine them in various ways (Desai, Tailor and Bhatt, 2015). While a body of literature 

exists on the physical benefits of practicing yoga it is only in recent years that researchers 

have begun to study the relationship between yoga and cognition. Cognition is the internal 

mental processes of the mind, measured with various tests that span three interrelated 

domains, attention and informational processing speed (measures of sustained focus of 

cognitive resources, selective concentration and rapid processing of information), executive 

function which refers to a subset of goal-directed processes (planning, working-memory 

(WM), reasoning, task coordination and cognitive control) and declarative memory (includes 

processes that involve retention, recollection and recognition of previously encountered 

informations) (Gothe and McAuley, 2015, Lu and Hall, 2016).  

It has been documented that physical exercise (Colcombe and Kramer, 2003; 

Colcombe et.al., 2006; Hillman, Erickson and Kramer, 2008; Gomez-Pinilla and Hillman, 

2013; Castells-Sánchez, 2019) and meditation (Prakash et.al., 2010; Zeidan, Johnson, 

Diamond, Davis and Goolkasian, 2010; Gallant, 2016) are important factors for improving 
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and maintaining cognitive health across the human lifespan. Since yoga is a combination of 

physical exercise, meditation and breathing exercises it has been hypothesized that yoga 

practice may incur cognitive benefits over traditional forms of exercise alone because 

of deeper awareness of both the body and mind (Gothe and McAuley, 2015).  Few studies 

have, however, been conducted so far on the relationship between yoga practice and 

cognition (Gothe, Kramer and McAuley, 2014). 

As the population is getting older in many countries, one of the main focus of 

cognitive research has been on how to reduce cognitive decline, that is loss in fluid 

intelligence such as conceptual reasoning, memory, reaction time and informational 

processing speed, linked to normal aging or various neurodegenerative diseases (Gothe, 

Kramer and McAuley, 2013; Gard, Hölzel and Lazar 2014; Gothe and McAuley, 2015; 

Zhang, Li, Zou, Liu and Song, 2018; Chobe, Chobe, Metri, Patra and Nagaratna, 2020). 

Majority of yoga-cognition studies have thus focused on older adults, and most of them 

employed short-term yoga interventions. Two prominent studies are by Gothe, McAuley and 

Kramer, done in 2014 and 2017, where in both studies they compared a 8 week Hatha yoga 

intervention, with 3 sessions a week, to a stretching-strengthening control group in 118 

community-dwelling elderlies. The results from the 2014 study showed that the yoga group 

significantly improved performance on executive function measures of WM capacity and 

mental flexibility using the task switching paradigm, the n-back task and the running memory 

span compared to the control group.  In the 2017 study, the yoga group showed a 

significantly improved attention and processing speed measured with the Attention Network 

Task´s and the Trail-Making test.  This suggests that short-term yoga practice could be 

beneficial in improving cognition, over all three domains, for older adults. Only a handful of 

studies have examined the effects of long-term (minimum 6 months practice) yoga 

interventions for this population. One of them is by Oken et.al. (2006) that compared a 6 
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months Iyengar yoga intervention, with weekly sessions, in 135 healthy physically active 

community-dwelling older adults, to a walking exercise class and a non-active control group. 

They found no significant difference in attention and alertness using the Stroop test among 

the three groups. The reason was likely due to the fact that they did not control for physical 

activity outside the study and the dose of exercise was unusually low compared to other 

studies (Gothe and McAuley, 2014). A more recent study by Hariprasad et.al. (2013) 

contradicts their results. They compared the effects of a 6 months Hatha yoga-based 

intervention to a non-active control group in 120 healthy seniors in elderly homes. The yoga 

group received daily sessions the first month, weekly session the second and third month and 

were then encouraged to continue unsupervised until 6 months. The yoga group showed 

significant improvements in verbal (RAVLT) and visual memory (CFT), attention and WM 

(WMS-spatial span test), verbal fluency (COWA test), executive function (Stroop Word-

Color test) and processing speed (Trail-Making test) compared to the control group.  They 

however lacked control on yoga adherence the second half of the experiment and they did not 

have an active control group as well as the results of resident based elderlies are difficult to 

generalize to a community-dwelling population.  Neither study controlled for education level, 

a variable known to affect cognition (Chen et.al., 2019). One of the major limitation in the 

yoga-cognition literature is that studies do not control for potential confounds such as 

education and exercise and therefore do not inform much about causality (Park, Braun and 

Siegel, 2015; Patwardhan, 2016). 

There have been considerably fewer studies conducted on the effect of yoga on 

cognition in younger to middle age adults (Dolde, 2011). One study by Gothe, Pontifex, 

Hilman and McAuley (2013) compared single bouts of Hatha yoga, to aerobic exercise, in 30 

healthy adult females using flanker and n-back tasks and found significant improvements in 

WM and inhibitory control in the yoga group compared to the aerobic training group and 
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baseline controls. The major limitation in this study was how unusually small the sample 

sizes were, though they did control for age, gender and exercise. Another study that is worth 

mentioning to draw attention to the limitation the yoga-cognition literature faces is a recent 

study by Brunner, Abramovitch and Etherton (2017). They examined the effects of a 6 

session Hatha yoga intervention on WM functions (Digit Span Forward, Backward and 

Sequencing and Letter-Number Sequencing)  in 43 healthy young adults. Even though the 

results showed a significant improvement in WM functions after the intervention they lacked 

a control group and did not control for age (age range was 18-80 years old), gender (8 males 

and 35 females), previous yoga-experience or physical fitness (participants self-reported of 

being of good physical health).  

As can be seen the yoga-cognition literature faces many limitations.  Studies have 

been conducted in heterogeneous populations using various yoga styles with different doses 

as well as used a myriad of cognitive tasks to assess different aspects of cognition. Majority 

of the studies have employed short-term interventions on small sample sizes and most of 

them did not control for potential confounds known to affect cognitive functioning, such as 

education or physical activity, which limits the ability to draw causal conclusions.  While a 

nascent database is emerging that both long-term and short-term yoga practice is beneficial 

for improving and maintaining cognitive health the findings are still considered 

preliminary.  The purpose of this current study was to add to the existing literature by 

comparing long-term yoga practitioners (with more than 2 years experience) to those that 

have never practiced yoga in a healthy young and middle age female population.  Further 

investigations are needed on the effects of yoga practice on improving cognition as well as 

examining the possible preventive benefits on healthy young adults. Since previous studies 

have not measured the relative contribution of each component (asana, meditation, 

pranayama) on their effect on cognition this study defined yoga as any style that includes all 
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three components. This study controlled for age and gender and additionally controlled for 

education level and exercise, which have often been uncontrolled for in previous research and 

might explain the discrepancies in findings. Majority of the yoga-cognition studies have been 

performed in eastern populations, where individuals are culturally predisposed to yoga 

practice, and there is a need to investigate if it has the same effects in western populations 

(Rocha et.al, 2012). A new sample of Icelandic women was used, a sample that has not been 

used before in this line of research.  Based on the results of previous studies, when taken 

together, that suggest that yoga practice is beneficial for cognition over all three cognitive 

domains, the directional hypothesis that long-term healthy adult female yoga practitioners 

have superior cognitive functioning over non-practitioners was tested.  

Method 

Participants  

Originally it was planned to have 40 female participants, 20 in each group but do to 

the Covid-19 pandemic and the social distancing that followed it was not possible to acquire 

more than 20 participants, 10 in each group.  The requirement for the yoga group was to be a 

female over 18 years of age, and having practiced any form of yoga, consisting of asana, 

meditation and pranayama, on average at least once a week for the last 2 years (long-term 

practitioner). The average age was 35.60 years (ranging from 23 to 54 years) and they had 

practiced yoga on average 3.10 times a week (ranging from 2 to 5 times a week ) for 6.50 

years (ranging from 2 to 11 years). Their average education level was 16.80 years (bachelor 

degree) (ranging from 10 years (elementary degree) to 21 years (master degree plus an 

MBA)).  They had performed other forms of exercise on average 1.50 times a week (ranging 

from 0 to 3 times a week) for the past 2 years. The requirement for the comparison group was 

to be female over 18 years old and having never practiced yoga of any kind. In addition, the 

comparison group was matched on age, education and participation in other forms of exercise 
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for the past 2 years.  The average age was 35.10 years (ranging from 24 to 51 years). Their 

average education level was 16.40 years (bachelor degree) (ranging from 10 years to 19 years 

(master degree)). They had performed other forms of exercise on average 1.20 times a week 

(ranging from 0 to 3 times a week) for the last 2 years.  

The present study was accepted by the department of psychology at Reykjavík 

University. No formal ethical clearance was needed. All ethical standards regarding 

psychological research were followed. All participants signed a consent form that detailed 

basic information about the study and all the data was anonymous and untraceable (Appendix 

A). Participants did not receive any compensation for their participation and they were free to 

withdraw their participation at any time, though no one did.   

Procedure and Materials 

The first step was to acquire participants for the yoga group.  In an attempt to gather 

participants an email with basic information about the study was sent to the five largest yoga 

stations in Reykjavík and the surrounding area. Only one station replied back and offered to 

put information about the study on their facebook page and from that 4 participants were 

acquired.   The next step was to send a message, containing the same information as the 

email, to known yoga practitioners, on social media (Facebook and Instagram) and from that 

3 participants were acquired.  Finally students from the psychology department at Reykjavík 

University that were known to practice yoga were asked to participate and from that 3 

participants were acquired. The next step was to gather participants for the comparison group 

so they would be similar in age, education and have similar experience in other forms of 

exercise.  All 10 participants were acquired from friends and family members as well as 

students from the psychology department at Reykjavík University.    

Each participant took 4 cognitive tests, and each test took between 3-5 minutes to 

finish (around 15 min for all 4 tests). The examiner met participants at various locations that 



A Comparative Study of Long-Term Yoga Practitioners and Non-Practitioners in Young 

Healthy Females 

 

10 

suited them but the requirement was that it was without distraction and noise. All participants 

took the tests in the same order, starting with the Trail-Making test, then the Verbal fluency 

test, third was the Stroop Word-Color test and ending with the OSPAN test.  All the tests 

were chosen for their high reliability and validity (Gaudion, Geisler and Squires, 1995; 

Bowie and Harvey, 2006; Shao, Janse, Visser and Meyer, 2014; Miyake et.al., 2000; Strauss, 

Allen, Jorgensen and Cramer, 2005; Conway et.al., 2005).  

 The Trail-Making test.  The Trail-Making test consisted of 2 conditions, part A and 

B (see Appendix B).  Both conditions measure attention, the ability to execute and modify a 

plan of action and psychomotor skills with condition B additionally measuring task switching 

and the ability to maintain 2 trains thoughts simultaneously (Bowie and Harvey, 2006). 

Participants started with condition A.  First they took a practice test where they were 

instructed to draw a line (without lifting the pencil from the paper) to connect 8 circled 

numbers in total as rapidly as possible and immediately after they took the test itself where 

they had to connect 25 circled numbers in total. As soon as they finished condition A they 

took a practice test for condition B where they were instructed to draw a line (without lifting 

the pen from the paper) to connect 4 circled numbers and 4 circled letters in total in 

alternating numeric and alphabetic sequence as rapidly as possible. Immediately after they 

took the test itself where they had to draw a line to connect 13 numbers and 12 letters in total. 

Scoring was based on the time it took to complete each task.  When an error was made the 

examiner stopped the task and returned the participant to the last correct response and 

therefore the errors were not counted but were included in the total time to complete the task. 

 The Verbal fluency test.  The Verbal fluency test had 3 conditions, 2 in letter fluency 

and 1 in category fluency (see Appendix C). Both the letter and category conditions measure 

verbal ability and executive control abilities (Federmeier et.al., 2002, 2010; Fitzpatrick et.al., 

2013). Verbal ability includes vocabulary size, lexical access ability (ability to retrieve the 
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grammatical representations and sound forms of words from the mental lexicon) and lexical 

access speed (Levelt et.al., 1999; Fisk and Sharp, 2004). Executive control abilities include 

updating (constant monitoring and tracking of WM representations), focus on task, selecting 

words meeting certain constraints and inhibition (that is supress irrelevant responses and 

repetition) and flexibility switching between tasks or mental sets (Miyake and Friedman, 

2012). In the letter conditions the words are retrieved from phonemic categories which is 

rarely done in everyday life and thus participants must suppress the activation of semantically 

related words and must resort to novel retrieval strategies (Newcombe, 1969). In the 

Icelandic version of the letter fluency condition, participants had to first produce as many 

unique words as possible, in 60 seconds, starting with the letter s and then to produce as 

many unique words as possible, in 60 seconds, starting with the letter h.  In the category 

condition participants had to produce as many unique words as possible, in 60 seconds, from 

the semantic category animals. This resembles everyday production tasks by exploiting 

existing links between related concepts to retrieve responses (Benton, 1968).  The score was 

the number of unique correct words from each task.     

 The Stroop Word-Color test. Participants took the Icelandic version of the Stroop 

Word-Color test (see Appendix D).  The Word-Color version of the Stroop test measures the 

ability to inhibit cognitive interference that occurs when processing a specific stimulus 

feature impedes the simultaneous processing of a second stimulus attribute, or with other 

words it measures the relationship between response inhibition and WM (Stroop, 1935; 

Scarpina and Tagini, 2017).  The test has also been used to measure attention, processing 

speed, cognitive flexibility and WM (Jensen and Rohwer, 1966; Kane and Engle, 2003, 

Scarpina and Tagini, 2017).  The test had 5 blocks and all except the first block were 

presented, in Power Point, in randomized order using Latin square to avoid confounding 

conditions with order.  Each block was on one slide and consisted of 32 words (4 columns 
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and 8 rows) in font size 24 (calibri body). All participants started with the first block which 

measured the baseline (reading speed). The task was to read words of color names in black 

ink.  The task in the other 4 blocks was to name the color of the ink (yellow, red, green, blue 

or black) in which a color name was printed while ignoring the written word. The blocks had 

either a 100%, 70%, 30% or a 0% consistency between ink and color word. The scoring was 

the time it took to complete each block as well the number of errors and correct errors were 

counted.  The time difference between blocks is attributed to the interfering effects of the 

printed color name on the different color ink.   

 The OSPAN test. Participants took the Icelandic version of the OSPAN test (see 

Appendix E). The test measures WM capacity, that is both short-term memory capacity 

(domain-specific executive skill) and executive attention capability (domain-general 

executive attention) (Conway et.al, 2005). With other words it measures the short-term 

memory capacity while simultaneously processing additional information that interferes with 

rehearsal. In the operation span task participants needed to say if an elementary arithmetic 

equation was right or wrong. The secondary task was to remember a word that was written 

next to the equation for a later recall. Real examples from the test are: Is (4x1) + 1 = 

4?   Photo; Is (6x3) + 4 = 22?  Moon. All participants went through the same order, starting 

with 3 sets of 2 items, then 3 sets of 3 items, 3 sets of 4 items and 3 sets of 5 items. The 

scoring was based on accuracy on the math problem and recall of words in the correct order.  

Research Design 

 This was a quasi-experimental design that compared a group of experienced yoga 

practitioners to a non-randomized matched control group (gender, age, education and 

physical exercise per week).  The independent variable was yoga practitioner (practicing 

yoga vs. not) and the dependent variables were performed on 4 different cognitive tests 

(Trail-Making test, Verbal fluency test, Stroop test and OSPAN test). An independent t-test 
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was used, with 95 % confidence interval, on all dependent variables to test the directional 

hypothesis that long-term yoga practitioners have improved cognitive functions over non-

practitioners.   

Results 

Descriptive Statistics  

 In total there were 20 female participants in this study, 10 in the yoga group and 10 in 

the comparison group.  There was no dropout.  The yoga group consisted of long-term 

practitioners that had practiced on average for 3.10 times a week (range from 2 to 5 times a 

week) for 6.50 years (range from 2 to 11 years).  The comparison group had never practiced 

yoga.  The comparison group was paired to be as similar as possible to the yoga group 

regarding socio-demographic variables that are known to affect cognition, that is age, 

education and participation in other forms of exercise than yoga.  An independent t-test 

showed that the two groups were comparable on all considered variables (Table 1).   

Table 1 

Participant socio-demographic variables by group 

Variable Yoga group Comparison group t-value p-value 
 

M (SD) M (SD) 
  

Age in years 35.60 (9.59) 35.10 (8.53) 0.12 0.78 

Education in years 16.80 (3.79) 16.40 (3.50) 0.25 0.88 

Exercise p.week 1.50 (1.58) 1.20 (1.55) 0.53 0.55 

Statistically significant with p value < 0.05 
Equal variance assumed 

  

     

Cognitive Assessments  

 Trail-Making test. The normality was determined using Shapiro-Wilk test and visual 

inspection of histograms and Q-Q plots.  The comparison group did not meet the assumption 

of normal distribution for the B part of the test (p < 0.05) because there were two outliers that 

took 87.12 and 92.58 seconds to finish the test (M = 67.60). However in light of how small 
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the sample sizes were, an independent t-test was chosen instead of one-way ANOVA because 

it has a stronger power when comparing means between two groups.  

Descriptive statistics showed that the yoga group was faster to finish both conditions 

(Table 2).  

Table 2 

Descriptive statistics for the Trail-Making test 

Test Group M (SD) Median Variance Min Max 

Trail A Yoga 22.44 (4.42) 23.08 19.50 15.02 28.58 

 Comp. 27.25 (4.21) 27.83 17.72 19.58 32.89 

Trail B Yoga 51.10 (7.57) 53.52 57.32 39.23 60.04 

  Comp. 67.60 (12.29) 67.60 150.95 58.06 92.58 

Levene´s test showed that there was approximately equal variance in both groups for 

both conditions and the independent t-test showed that the difference between the two groups 

on both conditions was significant (Table 3).   

Table 3 

An independent t-test for test scores on the Trail-Making test 

Test t-value p-value (2-tailed) 

Trail A -2.50 0.02 

Trail B -3.61 0.003 
 Statistically significant with p value < 0.05 
Equal variance assumed 

Verbal fluency test. All the assumptions for an independent t-test were met. Shapiro-

Wilk and a Q-Q plot however showed that both the comparison group (p = 0.053) and the 

yoga group (p = 0.072) did just barely meet the assumption of normality for the Verbal-

Animal test.  In the yoga group there were 3 participants that produced high counts of animal 

categories skewing the mean (M = 16.60) measurably over the median (Med = 15.50).  In the 

comparison group half of the participants had higher counts of animal categories and the 

other half had lower counts with no one in the middle (Mean = 15.00; Med = 15.00).  The 

variance for both groups was however approximately equal and both met the assumption of 
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normality. An independent t-test was therefore chosen instead of one-way ANOVA because 

it has a stronger statistical power when comparing means between two groups.  

Descriptive statistics showed that the yoga group produced more words in 60 seconds 

in all three conditions (Table 4).  

Table 4 

Descriptive statistics for the Verbal fluency tes 

Part Group M (SD) Median  Variance Min Max 

Verbal -S Yoga 15.40 (2.27) 15.00 5.16 11 20 

 Comp. 12.70 (2.40) 12.00 6.23 9 17 

Verbal - H Yoga 15.90 (4.20) 14.50 17.66 10 23 

 Comp. 12.00 (3.30) 11.00 10.89 7 17 

Animal Yoga 16.60 (3.53) 15.50 12.49 13 22 

  Comp. 15.00 (3.50) 15.00 12.22 10 19 

 

Levene´s test showed that there was approximately equal variance in both groups for 

all three conditions and the independent t-test showed that the difference between the two 

groups was only significant for the Verbal-S and Verbal-H tests but not on the Verbal-

Animal test (Table 5). 

Table 5 

An independent t-test for the test scores on the Verbal fluency test 

Part t-value p-value (2-tailed) 

Verbal S-letter 2.53 0.02 

Verbal H-letter 2.31 0.03 

Verbal-Animal 1.02 0.32 
Statistically significant with p value < 0.05 
Equal variance assumed 

The Stroop Word-Color test.  All the assumptions for an independent t-test were 

met.  Levene´s test showed that there was approximately equal variance in both groups in all 

conditions. Descriptive statistics showed that the yoga group was slightly faster finishing all 

conditions (Table 6) but the independent t-test showed that the difference was only 
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significant for the baseline condition (Table 7). There was no significant difference found 

between the count of errors and corrected errors between the two groups.  

Table 6 

Descriptive statistics for scores (time) in all Stroop conditions 

Condition Group M (SD) Median  Variance Min 

Baseline  Yoga 14.47 (2.21) 15.03 4.90 10.35 

 Comp. 16.48 (1.54) 16.71 2.38 13.13 

100% 
accuracy 

Yoga 19.26 (2.71) 19.71 7.36 16.08 

 Comp. 20.11 (2.33) 19.93 5.45 16.73 

70% 

accuracy 
Yoga 23.25 (3.31) 23.14 10.93 18.48 

 Comp. 24.20 (4.15) 24.56 17.24 17.55 

30% 

accuracy 
Yoga 25.84 (3.74) 25.28 13.97 20.01 

 Comp. 28.96 (5.30) 29.37 28.06 21.44 

0% accuracy Yoga 28.33 (3.75) 29.90 14.07 21.01 

  Comp. 29.17 (5.30) 29.05 28.09 21.50 

 

Table 7 

An independent t-test for test scores (time) for all Stroop conditions 

Condition t-value p-value (2-tailed) 

Baseline -2.36 0.03 

100% cond. -0.75 0.74 

70% cond. -0.57 0.18 

30% cond. -1.52 0.30 

0% cond. -0.41 0.13 
Statistically significant with p value < 0.05 
Equal variance assumed 

The Ospan test.  Shapiro-Wilk and a Q-Q plot showed that the yoga group did not 

meet the assumption for normality for how many equations out of 42 they got right, with 4 

out of 10 participants getting all 42 equations, 3 getting 41 equations, 2 getting 40 equations 

and 1 participant getting 30 equations right.  Considering the small sample sizes an 

independent t-test was chosen instead of one-way ANOVA because it has a stronger power 

when comparing means between two groups.  
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 The descriptive statistics showed that the yoga group got more equations and more 

words in the correct order right than the comparison group (Table 8).   

Table 8 

Descriptive statistics for test scores on the OSPAN test 

Variable Group M (SD) Median Variance Min  Max 

Equations /42 Yoga 40.90 (1.29) 41.00 1.66 38 42 

 Comp. 39.40 (2.07) 39.50 4.27 35 42 

Words in correct order /42 Yoga 32.40 (10.00) 34.50 100.04 14 42 

  Comp. 28.01 (7.19) 27.00 51.66 19 40 

 

Levene´s test showed that there was approximately equal variance in both groups. The 

independent t-test showed no significant difference between performances between the two 

groups on the OSPAN test (Table 9). The difference was close to significant for how many 

equations (/42) the groups got right and would likely be significant if the sample sizes were 

larger. 

Table 9 

An independent t-test for test scores on the OSPAN test 

Variable t-value p-value (2-tailed) 

Correct equations (/42) 1.95 0.067  
Word in the correct order (/42) 1.10 0.248   

Statistically significant with p value < 0.05 
Equal variance assumed 

Discussions 

The purpose of this study was to test the directional hypothesis that long-term yoga 

practitioners have improved cognitive functioning over non-practitioners, using a sample of 

healthy adult females. An independent t-test was used to compare means between the two 

groups on four different cognitive tests, the Trail-Making test, Verbal fluency test, Stroop 

Word-Color test and OSPAN test, all chosen for their high reliability and validity ((Bowie 

and Harvey, 2006; Gaudion, Geisler and Squires, 2008; Shao, Janse, Visser and Meyer, 2014; 

Miyake et.al., 2000; Strauss, Allen, Jorgensen and Cramer, 2005; Conway et.al., 2005). The 
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groups were comparable on the controlled variables, gender, age, education level and 

exercise per week other than yoga, making the comparison between the groups on the effect 

of yoga on cognition stronger. A significant difference was found in performances between 

the two groups for the Trail-Making test (Trail A-2 and Trail B-2), the phonemic part of the 

Verbal fluency test (Verbal-S and Verbal H) and in the baseline condition of the Stroop 

Word-Color test.  No significant difference was found between the two groups on the 

semantic part of the Verbal fluency test (Verbal-Animal), other conditions of the Stroop test 

or the OSPAN test.  The results from these different tests, that overlap in measuring the three 

domains of cognition, contradict each other.  The results from the Trail-Making test and the 

phonemic part of the Verbal fluency tests align with the result form the long-term 

intervention study by Hariprasad et.al (2013) in older adults. Using the Trail-Making test and 

a different version of the phonemic part of the Verbal fluency test they found that the yoga 

group improved significantly in verbal fluency, attention, WM and processing speed 

compared to the non-active control group.  They also align with the short-term intervention 

studies by Gothe, McAuley and Kramer (2014, 2017) in older adults as well as the short-term 

intervention study on young adults by Gothe, Pontifex, Hilman and McAuley (2013), which 

all measured same aspects of cognition, attention, mental flexibility, task switching and WM 

functions using different cognitive tasks. The results from the Verbal-Animal, Stroop (except 

for the baseline condition) and OSPAN tests align with results from Oken et.al. (2006) that 

found no significant difference in attention after a long-term yoga intervention in older adults 

using the Stroop test but unlike this current study however, they did not control for education 

and physical activity outside the study. Not consistent with these results are the previous 

mentioned studies, Hariaprasad et.al. (2013), that found a significant difference between 

groups in executive functioning using the Stroop test, and Gothe, Pontifex, Hilman and 

McAuley (2013), that found significant improvements in WM and inhibition control in the 
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yoga group compared to the control groups.  Additionally, Brunner, Abramovitch and 

Etherton (2017) found significant improvements in WM functions in healthy adults, though 

they lacked a control, indicating that yoga practice is beneficial for both subconstructs of the 

WM, maintenance and manipulation.  When the results are interpreted in the light of previous 

studies they suggest that yoga might be beneficial for cognition in young and middle age 

adults.   

The biggest limitation in this study was the small sample sizes, which affected the 

assumptions for an independent t-test. Originally it was planned to have 40 participants, 20 in 

each group, but due to Covid-19 and the mandated social distancing that followed it was not 

possible to acquire more than 20 participants, 10 in each group.  The small sample sizes 

decreased the power of the normality test but since the ratio between the two groups was 1:1 

the independent t-test was chosen over one-way ANOVA because it has a stronger statistical 

power when comparing the mean between two unrelated groups. The comparison group did 

not meet the assumption of normality for part B of the Trail-Making test because of two 

outliers that inflated the standard deviation.  However both skewness and kurtosis were 

between -2 and +2 which is acceptable, decreasing the probability of Type 1 error, giving the 

results further strength.  In the Verbal-Animal test the yoga group produced more animal 

categories (M = 16.60) than the comparison group (M = 15.00).  The mean count was 

however skewed over the median (Med = 15.50) because 3 participants, consisting as 30% of 

the group, had measurable higher counts of animal categories than the other participants in 

the group. Participants in the comparison group either had a lower or higher count than the 

mean with no one in the middle (M = 15.00; Med = 15.00).  A significant difference is likely 

to be found in a larger sample that has a true normal distribution of the dependent variable. A 

significant difference between the groups in the baseline condition of the Stroop test indicates 

that the yoga group had a greater reading speed. The yoga group was faster to finish all 
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conditions but no significant difference was found in the other conditions.  Since there was 

no significant difference between the groups in the counts of errors or corrected errors made a 

possible reason that the yoga group finished faster was due to the fact that their reading speed 

was greater but it could also be because of the small sample sizes.  For the OSPAN test the 

yoga group did not meet the assumption of normality for how many equations participants 

got right, with 4 out of 10 participants getting all 42 equations right, 3 getting 41 equations, 2 

getting 40 equations and 1 participant getting 38 equations, making a latter pattern 

histogram.  The data was not extremely skewed with both skewness and kurtosis being 

between -2 and +2.  The same number of observations were made for the comparison group 

which met the assumption of normality and therefore an independent t-test was valid to 

compare the means between the two groups.   

The yoga-cognition literature has known methodological limitations and there is a 

lack of evidence based on rigorous scientific approaches (Patwardan, 2016). Studies have 

been conducted on heterogeneous populations, used a wide variation of yoga style and 

dosage and a myriad of different cognitive tests to assess different aspects of cognition, 

which makes it difficult to compare results between studies.  There is a lack of clear 

definition of yoga and future research should start by providing a good standardization of 

yoga, with stability in dosage of components, that could provide a framework for yoga 

research (Patwardhan, 2016). From there it would be possible to measure the relative 

contribution of each component (posture, breathing exercises, meditation) to the positive 

effect of yoga on cognition, but no data currently exists about the comparative effectiveness 

between the yoga components. Majority of the studies so far have been cross-sectional or 

employed short-term interventions with small convenience samples and few have controlled 

for potential confounding variables (Park, Braun and Siegel, 2015), which limits the ability to 

draw conclusions.  This study is an addition to the growing number of studies that try to add 
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to the validity of yoga practice regarding cognition, by controlling for variables known to 

affect cognition, gender, age, education level and physical activity other than yoga.  
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Appendix A 

Consent form 

All the participants signed a constent form with basic informations about the study 

(Figure A).  

Figure A 

The constent form with basic information about the study 

Eyðublað fyrir upplýst samþykki 
 
Rannsókn:            Hugræn geta í tengslum við heilbrigði  

 

 

Ábyrgðarmaður rannsóknar:   Dr. Kamilla Rún Jóhannsdóttir, Sálfræðideild  

                                                      Háskólinn í Reykjavík, sími: 599-6459 

 

Rannsakandi:  Inga Birna Bjarnadóttir, nemi í sálfræði í HR.  Sími: 8349493 

 

Tilgangur þessa eyðublaðs er að tryggja að þátttakandi skilji bæði tilgang rannsóknarinnar og hvert hans hlutverk er í 

rannsókninni. Eyðublað þetta verður að veita nægar upplýsingar svo þátttakandi geti tekið upplýsta ákvörðun um 

þátttöku sína  í rannsókninni. Vinsamlegast leitið til rannsakandans ef einhverjar spurningar vakna eftir lestur þessa 

eyðublaðs. 

 

Starfsfólk rannsóknarinnar: 

Auk ábyrgðarmanns rannsóknarinnar, sem nefndur var hér að ofan, eru eftirfarandi aðilar einnig starfandi vegna 

rannsóknarinnar og má hafa samband við þær hvenær sem er ef þörf er á frekari upplýsingum varðandi þessa rannsókn:  

Inga Birna Bjarnadóttir (ingabirna@bjorng.com / ingab14@ru.is). Framkvæmd rannsóknarinnar og mælingar eru í 

höndum Ingu, nema á 3 ári í sálfræði við Háskólann í Reykjavík. 

 

Tilgangur: 

Tilgangur þessarar rannsóknar er skoða almenna hugræna getu í tengslum við heilbrigði. 

 

Verkefni: 

Í þessari rannsókn verða lögð fyrir 4 hugræn próf sem mæla vinnsluminni, hömlun, stýrifærni, athygligetu og orðaforða 

og orðagetu.   

 

Tími og staðsetning: 

Þátttaka í rannsókninni mun taka milli 15 og 20 mín. og fer fram á þeim stað sem þátttaka hentar. 

 

Möguleg áhætta eða óþægindi: 

Ekki er talið að rannsóknin feli í sér neina áhættu fyrir þátttakendur en ef þeir upplifa óþægindi af einhverjum toga eru 

þeir beðnir um að láta vita.  Þátttakandi getur hætt rannsókn hvenær sem er eftir að rannsókn er hafin.   

 

Nafnleynd/trúnaður: 

Algerrar nafnleyndar og trúnaðar er gætt varðandi hlut þátttakenda í þessari rannsókn. Þær upplýsingar sem fengnar eru í 

þessari rannsókn verður farið með sem trúnaðarmál og aðeins notað af rannsakendum sem tengjast þessari rannsókn. Öll 

gögn eru merkt með þátttakandanúmeri. 

 

Réttur til að hætta þátttöku:  

Þú hefur fullan rétt á að hætta þátttöku í þessari rannsókn hvenær sem er. 

 

 

Ég hef lesið ofantalda lýsingu á rannsókninni og staðfesti með undirskrift minni að ég skilji það sem á þessu eyðublaði 

stendur og geri mér grein fyrir skilyrðum þátttöku minnar. 

 

Nafn: ___________________________________________  Dagsetn.:__________________________________ 

 

Undirskrift: ______________________________________   

 

mailto:ingabirna@bjorng.com
mailto:ingab14@ru.is
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Appendix B 

The Trail-Making test 

The Trail-Making tests, consisting of two parts, part A and part B.  Each part started with a 

practice test and then immediately after the test itself.  Part A of the rest is shown in Figures 

B1-B2 and part B is shown in Figures B3-B4.  All tests were presented to participants on a 

printed A4 paper, in black ink.  

Figure B1. 

Trail A-1, practice test for part A 
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Figure B2 

Trail A-2, test condition for part A 
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Figure B3 

Trail B-1, the practice test for part B 
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Figure B4 

Trail B-2, test condition for part B 
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Appendix C 

The Verbal-fluency test 

The Verbal-fluency test consisted of 3 parts, Verbal-S, Verbal-H and Verbal-Animal. 

Participants were given a blank A4 paper and given oral instructions to make a list for each 

part. First they were told to write down as many unique words as possible in 60 second 

starting with the letter s.  As soon as they finished they were instructed to write down on the 

same paper as many unique words as possible in 60 seconds starting with the letter h.   

Finally they were told to write down on the same paper as many unique animal categories as 

possible in 60 seconds. An example is shown in Figure B.  

Figure C 

How participants were instructed to take the Verbal-fluency test 

S-Letter 

Produce as many unique 

words as possble in 60 

seconds starting with the 

letter s.   

H-Letter 

Produce as many unique 

words as possble in 60 

seconds starting with the 

letter h.   

 

Animal-category 

Produce as many unique 

animal categories as possble 

in 60 seconds   
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Appendix D 

The Stroop Word-Color test 

The Icelandic Stroop Word-Color test consisted of 5 conditions. All participants started with 

the baseline condition and then the other 4 were randomized using Latin square to to avoid 

confounding condition with order.  Each condition was presented on a seperate Power Point 

slide (Figures C1-C5). The color names are in Icelandic, Rauður = Red, Yellow = Gulur, 

Grænn = Green, Blár = Blue and Svartur = Black. 

Figure D1 

Baseline condition, all color words were in black ink 
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Figure D2 
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Figure D3 

70% consistency between word and color 
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Figure D4 

30% consistency between word and color 
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Figure D5 

0% consistency between word and color 
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Appendix E 

The OSPAN test 

The OSPAN test had 42 equations paired with 42 words, that is 42 items total (1 equation and 

the associated word = 1 item).  Before the test began participants received both oral and 

written instructions with 1 practice round that consisted of 2 items (Figure D1). The test itself 

started with 3 sets of 2 items, then 3 sets of 3 items, 4 sets of 3 items and finally 3 sets of 5 

items, all done consecutively in 1 round (Figure D2). Each item was presented on a seperated 

A4 paper.  The participants had to say out loud whether the equation on each page was true or 

false, read the associated word out loud or in silence, and move on to the next page.  At the 

end of each set participants had oral and written instructions to write down the associated 

words in the correct order on a blank A4 paper they received before the test began.  Each 

item was presented on a seperated A4 paper.   

Figure E1 

The practice equations and associated words presented in the OSPAN test 

Written instructions:   

This is the practice round.  The test itself will have similar problems to solve.  

Practice round: Each line was presented on a seperate A4 paper 

Er (5x4) + 1  = 22? Horn 

Er (1x3) + 1 = 1? Borð 

Please write down the words in the correct order 
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Figure E2 

The test: Each line was presented on a seperate A4 paper 

Er (7x1) + 5 = 13?  Ljós 

Er (5x2) + 4 = 14? Steinn 

Please write down the words in the correct order 

Er (4x1) + 1 = 4? Mynd 

Er (6x3) + 4 = 22? Tungl 

Please write down the words in the correct order 

Er (1x1) + 3 = 1? Tær 

Er (5x5) + 1 = 26? Fjall 

Please write down the words in the correct order 

Er (4x3) + 4 = 16? Gras 

Er (3x1) + 4 = 8? Ryk 

Er (7x2) + 1 = 15? Haus 

Please write down the words in the correct order 

Er (1x6) + 5 = 13? Skór 

Er (6x2) + 10 = 22? Blóm 

Er (5x3) + 1 = 15? Hveiti  

Please write down the words in the correct order 

Er (4x4) + 3 = 19? Gólf 

Er (7x1) +15 = 22? Blað 

Er (9x2) + 2 = 20? Buxur 

Please write down the words in the correct order 

 

 



A Comparative Study of Long-Term Yoga Practitioners and Non-Practitioners in Young 

Healthy Females 

 

39 

 

Er (5x2) + 1 = 12? Mús 

Er (3x3) + 3 = 15? Tré 

  Er (5x5) + 5 = 30?  Skápur 

Er (4x1) + 1 = 5? Rusl 

Please write down the words in the correct order 

Er (9x1) + 0 = 9? Hurð 

Er (8x2) + 2 = 17? Gler 

Er (6x1) + 5 = 11? Skjár 

Er (4x2) + 4 = 12? Bók 

Please write down the words in the correct order 

Er (5x1) + 5 = 10? Stýri 

Er (9x1) + 9 = 18? Mjólk 

Er (7x9) + 1 = 70? Stóll 

Er (6x6) + 5 = 39? Búð 

Please write down the words in the correct order 

 Er (5x3) + 9 = 24? Rúm 

Er (5x6) + 0 = 30? Bíll 

Er (9x2) + 5 = 22? Sófi 

Er (4x4) + 4 = 20? Vatn 

Er (1x1) + 1 = 1? Hús 

Please write down the words in the correct order 
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Er (8x1) + 9 = 17? Barn 

Er (3x2) + 8 = 14?  Tún 

Er (5x2) + 4 = 15? Bað 

Er (7x3) + 8 = 30? Grill 

Er (4x4) + 10 = 27? Kassi 

Please write down the words in the correct order 

Er (4x1) + 9 = 13? Stofa 

Er (3x5) + 5 = 21? Mynd 

Er (4x7) + 2 = 30? Hjól 

Er (5x8) + 3 = 43? Tjald 

Er (9x9) + 1 = 83? Blokk 

Please write down the words in the correct order 
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