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Abstract 

Background: The accuracy and precession of image orientation in spatial memory performance 

is essential for skilled personals.   

Aim: To test efficacy of yoga practice to enhance the Angle of Recalled Image Orientation 

precession performance. 

Methods and Material: The study was conducted on six Navodaya Vidhyala residential schools 

of India. Schools were divided into yoga group (YG) and non yoga group (NYG). Each group 

consists of three Navodaya schools. The participants were tested for pre-post Recall Angle of 

Image Orientation (RAIO) performance error after the 45 days of yoga intervention.  

Results: One out of three YG schools showed significant decrease in error score (p<0.05) and 

others had similar decreasing trend as compared to NYG. However, one NYG school showed 

significant increase in recall image orientation error as compared to YG (p<0.05), while other 

two NYG schools had non-significant increase in RAIO error scores. 

Conclusion: The yoga practice significantly reduces recall image orientation error in YG as 

compared to NYG. 
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Introduction: 

The phenomenon of spatial memory is an internal homogenous unitary construct 
[1].

 The ability 

to retain object’s identity and process of spatial aspect information of visual–spatial working 

memory is essential to perform routine visual task 
[2]

. This spatial motor memory task 

performance may be improved over the consistent practice trails in the typical learning process 
[3]

. However, it is observed that the decline in memory performance seem due to minimum 

stimulus exposure time, attention span, inadequate learning threshold, etc. The spatial memory 

performance, in general, is influenced by exogenous 
[4]

 and endogenous factors 
[5, 6, 7] 

to generate 

mental animation 
[8] 

.The endogenous process depends on stimulus fixation duration, fixation 

timing and transition probabilities, etc 
[9]

. These endogenous factors influence the two major 

aspects of spatial memory functions:-1) Perfection in retrieved memory content and 2) Precise 

image orientation
 [10]

 and accuracy to matched retrieved information with limited memory 

resources 
[11,12 ]

 to execute an efficient motor function like perfectly reproducible recalled drawn 

figures on paper etc.  

Therefore, for perfect retrieval functions the review of literature amply suggests that certain yoga 

asanas and conventional breathing techniques enhance memory in general; such as improved 

immediate memory through yoga practice 
[13]

. Enhanced spatial memory by left nostril breathing 
[14]

, spatial memory improvement by yogic way of breathing through particular nostril 
[15]

, 

breathing through particular nostril improves spatial memory without the lateralized effects 
[16]

. 

Besides, mere natural nostril breathing induced cerebral hemispheres functions, memory and 

cognition [
17,18]

  and also a differences in memory performances between Cyclic Meditation and 

Shavasana practice 
[19]

. The above review suggests a link between cognitive functions and 

breathing effects of relaxation techniques on over all memory performance. However, a 

significant discrepancy (P<0.001) between orientation at presentation and recall suggests that   
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for a perfect retrieval function, it depends on the geometric determinants of human spatial 

memory such as geometric determination response localization, cue location, direction from the 

cues to the corners of display area, etc., 
[20]

. The performance of spatial working memory system  

for static and mechanical component of spatial memory content requires diagrammatic reasoning 

that operates on complex spatial inferences with the limited capacity of spatial working memory 
[21]

. This may limit the recall ability of entire image details. However, earlier reports on yoga 

training enhances memory scores 
[16]

 etc., suggests to test the efficacy of yoga practice in 

enhancing accuracy of recalled image orientation as the study objective.. This is a geometric 

determinant aspect of psycho-physiological aspect of perception 
[10]

 and spatial memory 
[20]

. The 

selected geometric determinant is to match the accuracy of recalled image (angular) orientation 

with stimulus image orientation of test apparatus. The objective of verbal recall performance 

accuracy includes letter sequence of correct remembered words with respect to correct and 

incorrect spelt test words.   

Methods  

Participants 

The normal male healthy school student’s of age group range 13 to 18 years were selected for 

this study. The three states of India were chosen for the study and each states represents two 

Navodaya Vidhyalaya Schools as yoga (YG) and non yoga group (NYG) (table 1). The 

geographical location of two schools does not exceed beyond 40 kms. Hence there will not be 

any influence of confounding factor.   

The inclusion criteria include healthy school children of Navodaya Vidyalaya from the selected 

India states. The exclusion criteria include mental and physical impairments such as dyslexic, 

aphasia and severe health problems. The YG is treated as experiment group and NYG as control.  

Table 1: Details of District wise Navodaya Vidyalaya schools in Selected Indian States  

School Code 

/ Group 

Sample size Selected Indian 

states 

A-YG    103 Maharashtra  

B-NYG     74 Maharashtra 

C-YG    135 Andhra Pradesh 

D-NYG     133 Andhra Pradesh 

E-YG      38 Jammu 

 F-NYG     40 Jammu 

             A= Solapur,  B= Tulajapur,  C= Anantpur, D= Doddaballapur, E= Samba F= Udhampur  

             The selected schools are alphabetically labeled with varying district wise sample sizes.  
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Design  

The participants performed delayed recall task for Visuo-Spatial information for testing both 

spatial and verbal memory function 
[16]

 in the 1
st
 day and the last day of the yoga intervention. 

They were assessed for the overall recalled image orientation  for pre-post with and without yoga 

training (combination of physical postures, breathing exercises and meditation)  intervention for 

daily an hour twice a day for 45 days as per Kaivalydhama tradition 
[22]

 by the competent yoga 

instructor.   

Apparatus      

We used “Delayed recall task for visuo-spatial information” 
[13]

 test by power point slide for 

presenting the spatial memory task performance. The exposure time for each slide lasted for 10 

seconds. The each test includes ten items to remember.   

Stimuli and Procedure  

The visual -spatial tests were given as per the procedure adopted by earlier researchers 
[13]

. The 

verbal memory includes words of non-sense syllables with three letters e.g., REL, etc followed 

by a mathematical equations.  The spatial memory test includes simple line diagram, various 

shapes related to geometric features. The method of recording subjects’ response was performed 

by administering paper-pencil test, wherein, they were instructed to write down the recalled 

items of displayed test stimuli. They were free to reproduce as it is according to their recall 

sequence in both the tests. However, investigator deliberately did not instruct the subjects to 

cover the minute details of the image such as angle of image orientation of displayed test 

objects/drawings, which is the key variable in this study, in order to reflect the quality of recalled 

motor image. Therefore, the assessment of this variable would reveal the degree of motor 

memory performance with respect to magnitude of calibration and precession errors before and 

after yoga practices.   

Analysis   

The spatial test includes identification of recalled visual items with respect to the orientation 

angle of presented visual stimuli. The correct spatial score variable is operationally defined as 

Angle of Recalled Image Orientation (ARIO) that were separated from incorrect visually drawn 

items which is identified as Angle of Recalled Image Orientation Error (ARIOE) scores. This 

study analyzed only the (incorrect) scores of   spatial ARIOE data. The data was analyzed for 

Product Moment Correlation Coefficient to ascertain relationship between yoga practice and 

spatial ARIOE performance. The test of significance asses the performance error through the 

image orientation recall calibration error measured through the precession error (Pe) scores. The 

precession error score estimates the extent of precession error is derived as reciprocal of standard 

deviation of error scores 
[11]

. This gives underlying calibrated precision error of recalled image 

orientation angle for spatial memory. However, the varying sample size has no impact on 

attention resource, has it is not dependent on number of items recalled 
[11]

. Therefore, number of 

recalled items is independent of recalled motor calibration precession.   

Results:  

The YG showed significant magnitude change in decreasing trend of errors scores after the 45 

days of yoga practices (table 2). The non -yoga group also showed significant decreasing trend 

except school B. but magnitude change was very less as compared to YG. The school E showed 
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significant decrease (p<0.05) in error score. This could be due to variation in baseline as result of 

unequal error sample size.  

   

The between group within condition pre-pre and post-post in YG & NYG indicated increased 

post performance error in NYG as compared to YG. Particularly in comparison in two schools 

(Ananthpur - YG & Doddaballapur - NYG) showed significant increase in post performance 

error in NYG. However other schools also showed magnitude wise similar trend although not 

statistically significant. This observed enhance performance error in NYG attributes to the lack 

of yoga training. Hence, mere innate typical learning ability may not enhance accuracy and 

precession of spatial memory performance. Therefore, it infers that yoga practice may enhance 

spatial memory performance.                       
Table 2: Recall Angle of Image Orientation Performance Error Scores of RAIO- Within Group 

*P<0.05, D: Standard error of the mean, t: significance difference between mean. This table 

depicts significant differences in RAIO error scores in within group. 

 

 

 

 

 

 

Navodaya Vidyalaya  School 

regions    

          Pre Test         Post Test  

 Mean & SD               Total no. of 

errors 

Mean & SD Total no. 

of errors 
    D    “t” 

YG- A 1.461   ±0.830              65 1.322   ± 1.166      31 ±0.233 -0.596 

 NYG  -B 1.28     ±0.496     49 1.529   ± 0.856      40 ±0.159 +0.654 

YG –C 1.263   ±0.966    73 1.027   ± 1.019      46 ±0.188 -1.255 

NYG – D 1.68   ±0.799    97 1.59   ± 0.659      85 ±0.107 -0.841 

YG –E 1.18   ±0.588    21 0.657   ± 0.534      13 ±0.195 -2.68 * 

NYG –F 1.391   ±1.157     23 1.111   ± 1.250      27 ±0.340 -0.823 
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Table 3: Recall Angle of Image Orientation Performance Error Scores of RAIO- Between Group 

*P<0.05, **p<0.01, D: Standard error of the mean, t: significance difference between mean, n1 & n2 : 

total no. of subjects committing RAIO performance error. This table depicts significant 

differences in RAIO error scores in between group. 

Discussion      

The memory is a global cognitive phenomenon, but learnt and unlearnt memory responses bear a 

sharp distinction. The unlearnt memory has limited stimulus exposure; time constraint to 

integrate stimulus information, unlike learnt memory improves over consistent practice trails. 

Hence, role of yoga may improve unlearnt memory performance through complex faster retinal 

sensory information transmission by neural mismatch process using specific sensory-perceptual 

template 
[23]

. This aspect includes focused attention initiated by interconnected straite cortex 

(area17) , prestraite cortex (area 18 & 19) and cortex (area 20 & 21) of infero-temproal region 
[22, 

24, 25]
 of the  secondary visual field of the  primary visual cortex 

[26]
 of posterior parietal lobe  via 

primary geniculostraite cortex, pulvinar-tectal cortical projections systems 
[25,27, 28, 29]

 as well as 

lateral Geniculate Nucleus at primary geniculostraite visual and secondary-colliculus-pulvinar – 

Parietal pathways 
[28,30,31].

  

The image orientation  error also reduces drastically as confirmed from the Table 2 with a non-

significant decrease image orientation error in YG schools Viz; A,C (t=-0.596 & p>0.05, ; t= -

1.255 & p>0.05) and significant decrease in school E (t=-2.68* & p<0.05 level). However, all 

YG are showing significant improvement in magnitude of change. 

The above results reflect that yoga effects may generates an appropriate motor command by sub-

cortical priming function. This  suggests  better accuracy in image orientation  dependence of 

recall function as inferred from the results (table 4  is table 3) showing less performance error 

scores in post-post condition of YG as compared to NYG with reference to pre-pre condition. 

The restoration of precise image orientation through yoga effects is mostly due to the 

computation of half-bandwidth and half-amplitude sensory channel functions. This sensory 

channel computation outcome must match the attended differential bandwidth component with 

Navodaya School regions    Yoga group   Performance 

Error      Score 

   Non Yoga group   

Performance Error 

Scores  

 

 Mean         SD              n1 Mean          SD n2    D “t” 

YG-A & NYG-B (Pre-Pre)    1.461   ± 0.830   65 1.28     ±0.496 49 0.124 -1.459 

YG-A & NYG-B   (Post –Post)  1.322   ± 1.166 31 1.529   ±0.856      41 0.249 +0.831 

YG-C  & NYG-D  (Pre-Pre) 1.263   ±0.966 73 1.68   ±  0.799 97 0.138 +3.021** 

YG-C  & NYG-D (Post-Post) 1.027   ±1.019 46 1.59   ± 0.659 85 0.271 +2.077* 

YG-E & NYG-F (Pre-Pre) 1.391   ±1.157 21 1.18   ±  0.588 23 0.774 +0.272 

 YG-E & NYG-F (Post –Post)  1.111   ± 1.250 13 0.657   ± 0.534 27 0.282 +1.609 
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respect to analysis of perceived sensory size channel and modulated attended as well as checked 

channel sizes of Colliculus-Pulvinar –Parietal secondary pathways 
[21]

 . This underlying 

mechanism is mostly responsible for a better recall image orientation performance. The above 

results also suggests possible yogic effects in modulating the neural mechanism for eliciting 

precise calibrated motor memory response is mostly due to the differential bandwidth feedback 

response effect. The exact precision performance in terms of precession error score is computed 

by taking reciprocal value of its standard deviation 
[6]

 .This observed improvement in precision 

could be attributed to the neural channel modulation index (NCMI) triggered by fine tuned 

modulation of neural channel 
[5,32, 33, 34]

 .This NCMI may contribute to larger retinal receptive 

field 
[34]

 to enhance visual response through the sub cortical prime function 
[32,34,35,36,37]

  . 

Therefore, it is proposed that the observed decease in the precession error score is mostly due to 

the underlying differential bandwidth feedback response proportional to evoked sensory output 

of Colliculus –Pulvinary –Parietal cortex 
[28,,30,31]

 . This is modulated by a specific occipital 

channels oriented to exert sensory control on selective spatial information 
[32]

. 

The above proposed neurophysiological mechanism suggests that the yoga practices exert a 

complete control of sensory information flow 
[39]

 with a long lasting optimum unlearnt slow 

motor memory response 
[40]

 and also enhances attentional resource to increase speed and 

accuracy in any task response 
[41]

 . This results in resource conservation and minimum attentional 

resource utilization 
[42,43,44]

 due to yoga practices as opposed to increased  resource  allocation  

and consumption in the typical memory recall function 
[12].

  The study concludes that the yoga 

practice significantly reduce recall image orientation errors though unknown cortical functions of 

complex attention mechanism and enhance accuracy of recall motor performance.   

References  
1. Maichel MS. Verbal memory in mesial temporal lobe epilepsy: beyond material 

specificity.     Brain 2009;132:570-582.   

2. McAfoose J, Baune BT. Exploring Visual–Spatial Working Memory: A Critical Review 

of Concepts and Models. Neuropsychology review 2009;19:130-142. 

3. Schneider WT, Susan TD, Schiffrin RM. Automatic and Control Processing and 

Attention. (Eds). Parasuraman R, Davies DR. Academic Press London 1986 Chapter7, 1-

27.    

4. Previc FH, Harter MR. Electrophysiological and Behavioral indicants of selective 

attention to multi-feature gratings. Perception and Psychophysics 1982;32:465-472. 

5. Bays PM, Hussain M. Response to comment on Dynamic shifts of limited working 

memory resources in human vision. Science 2009;323:877. 

6. Hansen JC, Hillyard SA. Selective attention in multidimensional auditory stimuli: Human 

Perception and Performance. Journal of Environmental psychology 1983;9:1-19. 

7. Biard  JC, Noma E. Fundamentals of Scaling and Psychophysics. New York:Wiley; 

1978. 

8. Hegarty, M.: Mental animation: inferring motion from static diagram of mechanical 

systems. Journal of Experimental Psychology: Learning, Memory and Cognition, 1992 

(18);1084-1102. 

9. Neisser. Cognitive Psychology. New York:Appleton –CenturyCrofts; 1967  



7 

Variorum Multi-Disciplinary e-Research Journal 
Vol.,-04, Issue-II, November 2013 

ISSN 976-9714 

 

10. Jiebo Luo, David Crandall, Amit Singhal, Matthew Boutell and Robert T. Gray, Spatial 

Vision 16 (5), 429-457. 

11. Bays PM, Catalao RFG, Hussain M. The precision of Visual working memory is set by 

allocation of shared resource. Journal of Vision 2009;9:1-11. 

12. Bays PM, Hussain M. Response to comment on dynamic shifts of limited working 

memory resources in human vision. Science 2008;321:851-854. 

13. Manjunath NK, Telles S. Spatial and verbal memory test scores following yoga and fine 

arts camps for school children. Indian Journal of Physiology and Pharmocology 2004; 48: 

353-6. 

14. Joshi M, Telles S. Immediate effects of right and left nostril breathing on verbal and 

spatial scores, Indian Journal of Physiology and Pharmacology 2008;52:197-200.  

15. Naveen KV, Nagarathna R, Nagendra HR, Telles S. Yoga breathing through particular 

nostril increases spatial memory scores without lateralized effects. Psychological reports 

1997; 81: 555-561. 

16. Telles S, Raghuraj P, Maharana S, Nagendra HR. Immediate effect of three yoga 

breathing techniques on performance on a Letter-Cancellation task. Perceptual and Motor 

Skills 2007; 104: 1289-1296. 

17. Klein P, Pilon DP, Prossner S, Shannahoff- Khalsa DS. Nasal airflow asymmetries and 

human performance. Biological Psychology 1986; 23: 127-137. 

18. Jella SA, Shannahoff- Khalsa DS. The effects of unilateral forced nostril breathing on 

cognitive performance. International Journal of Neuroscience 1993; 73: 61-68.   

19. Subramanya P, Telles S. Effect of two yoga based relaxation techniques on memory 

scores and state anxiety. Bio Psycho Social Medicine 2009;3:1-5.  

20. Tom Hartley, Iris Trinklera B, Neil Burgessa B (2004). Geometric determinants of 

human spatial memory, Cognition, 94,39–75. 

21. Mary Hegarty, in Anderson, M ChengP,  and Haarslev, V (Eds.):Diagrama. 2000,pp-194-

206. Springer-Verlag Berlin Heidelberg 

22. Kuvalayananda Swami. Asanas. Lonavala, India: Kaivalyadhama S.M.Y.M. Samiti;1982. 

23. Harter R, Cheryl J. Brain mechanisms of visual selective attention. (Eds)  Parasauraman, 

Davies DR. Varieties of Attention, London:Academic Press Inc;1986. 

24. Singer W. Control of thalamic transmission by cortico-fugal and ascending reticular 

pathway in the visual system. Physiological Review 1977; 386-420.  

25. Updyke BV. The pattern of projection of cortical areas 17, 18, and 19 onto the laminae of 

the dorsal lateral geniculate nucleus in the cat. Journal of Comparative neurology 1975; 

163:377-396. 

26. Van Essen DC. Visual area of mammalian cerebral cortex. Annual Review of 

Neurosciences  1979; 2; 227-263.   

27. Holmes G. Disturbances of vision by cerebral lesions. British Journal of Ophthalmology 

1918; 2: 253-384. 

28. Rodieck RW. Visual pathways. Annual Review of Neuroscience 1979; 2: 193-225.  

29. Schneider GE. Two visual systems. Science 1969; 163: 895-902. 

30. Wilson M. Visual System. Pulvinar-exstraite cortex. Masterton RB , Handbook of 

Behavioral Neurobilogy. New York, Plenum 1978; 1: 209-247.   



8 

Variorum Multi-Disciplinary e-Research Journal 
Vol.,-04, Issue-II, November 2013 

ISSN 976-9714 

 

31. Diamond IT, Hall WC. Evolution of neocortex. Science 1969;164:251-262.  

32. Ingle D. Two visual mechanisms underlying behavior of fish. Psychologische Forschung 

1967;31:44-51. 

33. Harter MR, Guido W. Attention to pattern orientation: Negative cortical potentials, 

reaction time, and the selection process. Electroencephalography and Clinical 

Neurophysiology 1980;49:461-475.   

34. Harter MR, Aine CJ, Schroeder C. Hemispheric differences in the neural processes of 

stimulus location and type: Effects of selective attention on visual evoked potential. 

Neuropsychologia 1982;20:421-428.   

35. Harter MR, Previc FH. Size –specific information channels and selective attention: 

Visual evoked potential and behavioral measures. Electroencephalography and Clinical 

neurophysiology 1978;45:628-640.   

36. Eason RG, Oakely M, Flowers L. Central neural influences on the human retina during 

selective attention. Physiological Psychology 1983;11:18-28.     

37. Eason RG. Visual evoked potential correlates of early neural filtering during selective 

attention. Bulletin of the Psychnomic Society 1981;18:203-206. 

38. Eason RG, Harter MR, White CT. Effects of attention and arousal on visually evoked 

cortical potentials  and reaction time in man. Physiology and Behavior 1969;4:283-289. 

39. VanVoorhis S, Hillyard SA. Visual evoked potentials and selective attention to points in 

space. Perception and Psychophysics 1977;22:54-62.  

40. Kulkarni DD. Yoga and Neuropsychology. Yoga mimamsa 1997;32:27-36. 

41. Sarah E, Criscimagna-Hemminger, Shadmehr R. Consolidation Patterns of Human motor 

memory. The Journal of Neuroscience 2008;28:9610-9618. 

42. Buodo G, Sario M, Palomba D. Attentional Resources measured by reaction times High 

light differences within pleasant and unpleasant, High Arousing Stimuli, Motivation and 

Emotion 2002;6:123-138. 

43. Sarang SP, Telles S.  Changes in p300 following two yoga-based relaxation techniques. 

International Journal of NeuroScience 2006;116:1419-1430. 

44. Sarang SP, Telles S. Cyclic meditation a moving meditation reduces energy expenditure 

more than supine rest. Indian J Psychol 2007;24:17-25.    

45. Kulkarni DD. Effect of Shavasana on resource conservation and stimulus evaluation. 

Yoga mimamsa 2003;34:214 -223. 


