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Abstract 
 

 

Numerous studies give evidence of correlations between the development of neurocortical structures 

and the use which is made of them. Statistics show that boys have significantly inferior achievements in 

reading and writing and hereby in education in general, compared to girls. It has not been established 

yet whether this is Nature or Nurture. It remains to identify the underlying neurocortical reasons for this, 

together with the correlation with educational teaching methods, such as traditional written support 

compared with other methods using primarily primary somatosensorial circuits. It is my hypothesis that 

the differences in development in the male brain compared with the female brain suggest differing 

teaching methods should be employed to improve brain development. Using a self-designed string-kit, I 

intended to replace the normal theoretical explanations with visuomotorical experiences. I compared the 

achievements, motivation and time practised of male and female 6 to 9 year old cello-beginners in 

correlation with their need and use of written music support. 

It was noticed that girls were more motivated by the written support compared with boys, who seemed to 

learn better without written music. Important differences were seen when comparing the achievements 

with the amount of time spent practising: Boys showed higher achievements despite having practised 

much less. This is in contrast to their universally-accepted inferior achievements with the usual 

educational approach via written support. It suggests that for either gender the inherent different 

achievements are directly reflective of differences in their neuronal maturation. The results therefore 

support the gender specified critical-period-hypothesis, which says that boys are myelinating the primer-

motorcortex at this age, compared to girls whose pre-motorcortex is already myelinated.  

The results also raise the question whether curricular inadequacy inhibits neuronal development, 

respectively appropriate gender dependent methods would create new neuronal potential as suggested 

from the correlation between use and development. Differentiated insight in critical periods will open new 

avenues to nurture children’s brains. 
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1. Introduction 
 

The OECD Secretary-General, Angel Gurria, calls quality education “the most valuable asset for present 

and future generations” and with PISA* the OECD contributes to educational improvement comparing 

achievements and methods of more than 60 countries.1 However until very recently the actual neuronal 

process of learning remained in darkness, but now fMRI† enables scientists to observe cerebral functions 

in vivo. While responsible officials still handle educational issues as a matter of social sciences, 

biologists and neurologist begin to pour in commotional results and educational pilot-programs2, musical 

education3, as well as even moral and criminal law 4 are now discussed as a matter of natural sciences.  

On many occasions during my childhood I had experienced that educational approach can promote as 

well as impair cognitive functions considerably. In particular two experiences have marked my 

educational career decisively: When I was seven years old, I started taking cello lessons. Luckily my 

teacher accepted my total lack of interest in reading music. Despite the fact that I was unable to read 

music, two years later I was awarded the first price at “Jugend Musiziert” (appendix 1) and at the age of 

14 a music scholarship in Britain. The second experience concerned my relationship with French 

spelling. Although I grew up in France I have never been taught in this language. When having to 

absolve my GCSE’s, I spoke French fluently without ever having been concerned with writing it. This 

now appeared to be disastrous. All conventional attempts to teaching French spelling to me were failing. 

I was not able to memorize any of it until I was faced with a method - summarising the total of French 

grammar and spelling rules graphically on one page (appendix 2). One week later I passed my exam 

with distinction 

These experiences prompted me to face the challenge of venturing into this new scientific area although 

it has no teacher support yet. Because of the experiences which I have had, there are crucial questions I 

would like to answer, and the possibility of exploring the appropriateness of various educational  

 

                                                 
* Programme for International Student Assessment 
† In 2003, after three decades of research, Paul Lauterbur and Sir Peter Mansfield were awarded the Nobel Prize in 
Medicine/Physiology for their discoveries concerning functional magnetic resonance imaging. Without using ionizing radiation 
(x-rays) fMRI provides the means for painless non-invasive observation of neurological processes by measuring metabolic 
micro changes that take place in an active part of the brain. 



Sebastian Matthias Lorenz                          Extended Essay / Biology                                         N° 000 622- 040 

Schule Schloss Salem 2 

 

approaches anatomically was a good opportunity to do this. When taking up contact with relevant 

researchers (appendix 3, 4, 5, 6) I found that the latest data provides sufficient information to design and  

discuss studies on educational approach in physiological terms. After acquiring the necessary neuro-

anatomical knowledge by literature5 (appendix 7, 8) I was able to attend conferences6 as well as an 

update-seminar7 on neurodidactics providing information about the current research.   

The phenomena I had experienced promised to be highly reproducible, as I had by far not been the only 

pupil, or more precisely: not the only boy having had this experience. Statistics give evidence of a 

problem whereby male pupils struggle with written support:  “80% of all learning-disabled pupils are boys 

because of their insufficient reading ability”; and, as the OECD appointed in 2003 “the promotion of the 

boys’ reading ability to be the primary educational aim worldwide”8, it should be of significant interest to 

find out whether the educational defeat of boys is ‘Nature’ or ‘Nature’. 

Beside this general educational concern, the value of musical education in particular is supported by the 

statement made by Dr. Spitzer9 that music is the only balanced psychiatric drug known, showing via the 

limbic system and specifically the amygdale anti-depressive as well as sedative neuronal effects10. The 

resulting sociological effects are statistically supported by the latest and most important European study 

on neuro-didactical aspects of music-education by Prof. Hans Guenther Bastian, who concludes in this 

ten-year’s study carried out on entire classes of numerous schools in Germany: “Politicians wanting to 

economise money at the expense of musical education these days, will have to spend it tomorrow on 

psychiatry and rehabilitation.”11   

Neuro-educational approaches have changed my life and with regard to the above described urge for 

developmental future potential world wide I take the view that the investigation on the neuronal suitability 

of learning methods should be among our foremost commitments. Therefore, I felt that it is highly 

justifiable to investigate the neuronal requirements for musical education. Teaching cello-pupils myself, 

there was a suitable field for experimental research. The experiences made and the knowledge obtained 

by the work in hand raised to me the question whether music would have the potential of a future popular 

‘sport’. I discussed its socio-politic aspect, as well as the basic neuro-didactical requirements in a small 

script now published in French and in German (appendix 9).  
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My hypothesis is, that the neuronal ‘Nature’ of pre-pubertal male pupils necessitates a maximum use of 

their primary somatosensory motor-cortex according to the myelination of their cortical areas, and that 

therefore their educational achievement at this age is ‘Nurtured’ by the extend to which this area is used, 

which is reflected in the teaching methods used. This compares with girls, who appear to myelinate other 

areas more concerned with reading and writing, at an earlier age. 

So I ask whether there are gender dependent critical periods and if maximum use of the relevant cortical 

areas by the educational approach influences educational achievement. 
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2. Research in Literature 

 

 

My initial search for neuronal understanding of the described experiences has found first explanations in 

the Centre-Surround-Function. This suggests why the one-page grammar map might have enabled me 

to remember its content, in contrast to the grammar-book which had generated but black-outs. The 

functions of the limbic-system further explain why previous centre-surround dependent black-outs the 

book had generated may then have collapsed into panic-state.  

The critical period hypothesis (CPH) however suggests most deepening explanations for the dislike I had 

shown for reading and writing in both of the mentioned experiences. The CPH appears to be the most 

significant factor within the context of the neurodidactical questions I have; therefore it will be at the 

centre of my investigations. 

 

2.1. Centre-Surround-Function 

By the Centre-Surround-Function, a neuron, when activated, inhibits other more distant neurons 

whereas it activates close neurons. Hereby the content stored in close neurons automatically comes to 

mind whereas content of distant neurons cannot be remembered. As the way content is arranged in 

space generates a neuronal miniature copy of this arrangement on the ‘hard disc’ of our brain, the 

arrangements our eyes look at while learning decide on whether the content is stored closely in well 

organised dense neuronal maps or is distantly scattered. When turning pages. for example, the eye 

looses contact with the content of the previous page12 and the following content will therefore be stored 

randomly and eventually in more distant places. It is hereby possible that different pages of a grammar 

book do not come to mind but inhibit each other. This is well-known as ‘black-out’. As in certain 

circumstances this can generate panic, another cross-cranial inhibitory process is subsequently 

generated.  

2.2. Limbic system 

Strong emotions such as panic generate via the limbic system and the amygdale glucocorticoides, 

especially cortisol, which inhibit the intake of glucose in neurons and hereby also the intercortical 
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connectivity. This signifies impairment of neocortical functions such as memory and reasoning.  Finally a  

chronical panic-state even leads to death of neuronal cells.”13 This appears to be a certain incompatibility 

of neo-cortex and stem-brain, which phylogenetically is much older: “While our intellectual functions are 

carried in the newest and most highly developed part of the brain, our affective behaviour continues to 

be dominated by a relative crude and primitive system, the limbic system in the trunk brain, whose 

fundamental pattern has undergone but little change in the whole course of evolution from mouse to 

men.”14 It “facilitates quick execution of simple routines”, which is useful in primitive prehistoric situations 

ruled by fight or flight; but it “impairs creative association” e.g. learning15 notably required for problem-

solving in civilisations the neocortex has generated.  
 

2.3. Critical Periods 

The behavioural observations of Konrad Lorenz16 made the existence of time windows, when specific 

brain circuits are particularly receptive and need signals for their normal development, a focus of 

scientific research. Spitzer calls this “Areas go online”.17  The CPH (critical-period-hypothesis) states that 

any connection not frequently used at its myelination period will disappear and the relevant “capacities 

will not be learned for the rest of the life,” which means “use it or loose it. 18 

                                                                                                                                                                       Figure 9      Figure 10 

Only axons insulated by the myelin sheath 
are of efficient use. Although the head of a 
baby has approximately half the size of an 
adult’s head, it contains already all neuronal 
cells and almost the double amount of axons 
compared with the adult. But these axons 
are not yet myelinated, so they are not 
insulated, and therefore very slow. The 
increase of the cranial volume is due to the 
myelin sheaths. In not myelinated axons the 
electrical impulse of “action potential is 
processed with approximately a maximum of 
3m per second” whereas a thick myelin 
sheath“ raises the speed of the axon up to 
110m per second.”19 For the infant 
myelination begins with the primer visual 
cortex in the occipital lobe and the auditive 
cortex in the lateral lobe, as well as the 
areas for touch and execution of basic 
movements in the post-central-gyrus of the 
parietal lobe. Successively during childhood 
the secondary areas follow and only from 
puberty onward the “most highly developed 
cortical areas of the frontal lobe will be 
connectedfully with the rest of the brain.20                                                                                          
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As an alternative to the CPH had been proposed, that a blind born woman, who received treatment at 

the age of twelve, twenty years after her surgery was able to discern between separate objects and 

localize faces.21 But partial acquisition of functions over an extended amount of time can neither be 

compared with the perfection, nor the speed and ease when acquiring visual skills during the postnatal 

critical period of the visual cortices. This example therefore does not contradict the CPH but supports the 

theory of neuroplasticity, which suggests that the brain is adaptable: “Injure an area of the brain, and 

another area can be encouraged to take over its functions”.22 Neuroplasticity has been proved on rats23 

and on humans24 at any age.25     

It also has been established that neuronal survival, growth and improvement of synaptic connectivity 

patterns at axonal terminals depend on afferent electrical impulse activity.26 It is the action potential 

frequency, which proportionally increases areal growth, mitochondrial enzyme activity, micro vessel 

density, sodium/potassium pump activity and 2-deoxyglucose intake.27 The importance of afferent 

activity for each of these aspects has been demonstrated.28 Absence, expert or inexpert use of cognitive 

functions causes respectively atrophy,29 growth30 or deformity31 of neuronal tissue. 

 

The basic equation on the cited studies is the statement that afferent electrical impulse activity is for 

neuronal tissue as indispensable as nutrients for metabolic organs and that during critical periods the 

myelinating areas therefore express their need for nurture by driving the individual towards external 

releases for the relevant electrical circuits.  

 

It therefore has been suggested that phenomena such as attention-deficite-disorder might be no illness 

to be treated with Methylphenidate (Ritalin) but “only transcribes the fact, that a pupil is concentrating on 

something different”32  in coherence with neuro-developmental needs. As these “disorders” are mainly 

pertaining to boys it follows that boys might myelinate cortical areas in a different order than girls. As for 

boys 40% of their body is muscle fibre compared to only 24% for girls, boys have almost the double 

amount of neuronal connections concerned to myelinate and accordingly may start pre-central 
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                                                                                                                                                                                                                                                                            Figure 11 
 
 

Probable differences in the 
chronological order of critical 
periods for boys and girls: 
The cetral sulcus separates the 
frontal lobe from the occipital lobe 
between the pre-motorcortex and 
the primary somatosensory-
motorcortex. The pre-motorcortex 
at the precentral gyrus is 
concerned with refined dexterities 
like dancing, learning from 
external contingencies e.g. good 
behaviour, memory and 
execution of precise movements 
patterns such as writing, which 
appear to be appealing to girls. 
The primary somatosensory-
motorcortex at the post central 
gyrus.is concerned with muscular 
power and monitoring of the 
environment which are the 
occupations boys feel attract to.33 

                              

 
    

 

 

myelination later.34 As “80% of all learning-disabled children are boys”35 this could be due to the current 

syllabus during primary school addressing precentral areas, which for boys at that time are not available 

yet. If so than they would need a maximum activation of primero-motorcortical areas in order to not loose 

those during their critical period. Birkenbihl concludes that therefore parts of the current curricular 

programmes legally “may have to be seen as children’s mutilation.”36 It has been established that, due to 

the amount of testosterone present at specific moments during foetal development, cortical structures 

can be more or less ‘male’ or ‘female’ biased, independently of the person’s actual gender.37 This could 

explain the fact that not all boys or girls uniformly comply with the described characteristics.  

 

 

occipital lobe 

frontal lo be 
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3. Experimental research  

 

The above statements show that for boys at the one hand primary somatosensorical motor-activity 

dominates compared to girls while at the other hand they have a slow precentral electrical connectivity 

struggling with processing written support and theoretical explanations. Considering that education is 

primarily based on the latter, the most probable cause for their educational defeat would be their pre-

pubertal neuro-cortical disposition. If so, then instructions addressing mainly the primary-somatosensory 

motorcortex should allow boys to use myelinated intercortical connectivity and hereby succeed better 

than with the usual approach. According to my own experiences with acquisition of implicit dexterities by 

the cello I developed a string-kit, which neurodidactically supports the somatosensorical requirements for 

musical instruments (appendix 10). At the other hand the cited experience I had made when acquiring 

explicit knowledge of grammar, has led me to develop a neurodidactic spelling-approach introducing the 

explicit knowledge of English spelling-rules via the mirror-neurons of the somatosensory-cortex. This 

should allow activation of the somatosensory motorcortex by observation while the pupil does not need 

to move 6xphysically (appendix 11). 

 

Via a newspaper article I was able to establish cooperation with the MUSIK-Union, an educational 

organisation proposing neurodidactical approaches (appendix 12, 13). I was offered the opportunity to 

teach music beginners for a 14 day’s-testing-course applying the string-kit. I therefore decided to 

concentrate within the present study on investigations within the experimental field I had found and take 

up the grammar approach later. 
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3.1. Kinaesthetical analysis of muscular requiremen ts for string-instrument 

      practice and development of orthopaedic suppo rt 

 

The ‘string-kit’ I developed (appendix 9) transfers the necessary messages to a maximum extend via the 

primery somatosensory electrical circuits: It is an ergonomic improvement of the user-surface of string-

instruments allowing the limbs to find without comment the required positions in space by sight and 

touch (figure 13–18) and sight (figure 19–23), which are both primary sensory areas. It replaces the 

teacher’s theoretical explanations and admonitions the pre-puberty pupil in general has not sufficiently 

myelinated frontal areas for. Test and analysis of other existing devices proved lack of understanding of 

the anatomical context (Figure 12, 25, 26.) They even arrange for inexpert practise activating the wrong 

muscles. This generates malformation of the dendritic arbors and neuronal patterns concerned and can 

lead to destruction of the relevant neurons, as for example focal dystonia shows 10. 
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                                            Figure 14                                                                                                                           Figure 15                                                                                                             

 
 
     
 

   

 

   
 
 
 
 
 
 

       

The joint’s extensor 
stabilises the thumbs 
position by pushing 
against the shield. 
The extensor is 
trained instead of the 
required flexor. 
 

Principles of device N° WO0077761 from 
patents office, rebuilt and tested. The 
device forces the joint into bent position by 
pushing from the outside which proved to 
stimulate the extensor instead of the 
required flexor. 

String -kit 20 2007 004 665.0  
Finger-board adapter  
Own new invention which pushes the 
thumb from the inside into a stretched 
position  

Thereby the joint’s 
flexor is forced to 
bend by its own 
activity seeking  
the required 
contact with the 
fingerboard. 

Finger -board adapter:  
- a thumb-stretcher  
- a rail preventing the wrist from bending and the arm from dropping and maintaining     
   the necessary free, horizontal position of the arm,  
- tines between the fingers as a position-guide 
allow the concerned left side limbs to find their t ask via the sense of touch 
which belongs to the functions of the primery somat osensory motor-cortex. 
This avoids accessing physical dexterities by mainl y oral explanations 
addressing areas of the frontal lobe, which for a c hild are not yet fully matured. 
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                                         Figure 16                                                              Figure 17                                                                 Figure 18 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                      Figure 19                                                                  Figure 20                                                                 Figure 21 

 
 
 
 
 
 
 

 
                                       Figure 22                                                                                                                                                  Figure 23 

 
 
 
 
 
 
 
 
 

 
 
 

 
 

String -kit bow -adapter:  
finger-shaped moulds support the functions: 
- Index: elastic pressure. 
- middle- and ring-finger: gentle support. 
- thumb and little finger: direction-guidance.  
 
 

Fingers nestle into the moulds, finding their task via the 
primeromotor-cortical functions instead of the teac her’s 
oral explanations addressing areas of the frontal l obe 
which only myelinate after puberty. 
The more comfortable the sensation is and the more of the 
finger-surface experiences this, the more the inner vation is 
enhanced by supplementary neurons specialising on 
refined coordination of the relevant limb. The trad itional 
bow at first is painful  to a beginner’s hand and therefore 
results in a slight atrophy of the relevant innerva tion. 12 

Bulge 
pushing 
the thumb 
out  

Thumb 
trains the 
required 
flexor in 
order to 
get hold 

The bow-
adapter 
offers a 
comfortable 
‘joint-socket’  
to the little 
finger’s tip, 
which 
increases the 
innervation 
and supports 
its task of 
flexible 
direction 
guidance. 

String -kit stroke -adapter:  A ball 
rolling up and down inside a tube 
indicates the inclination of the 
forearm.  

The required sequence of  
bending the flexors from wrist to 
shoulder for the up-stroke  
and the extensors from shoulder to 
wrist for the down-stroke  
are hereby uniquely introduced by 
the primerocortical function of 
sight -on the tube-  and limb-
position in space and therefore 
fully accessible to children at any 
age. 

1 

2 

3 1 

2 

3 
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                          Figure 24                                                                                                                                        Figure 25 

Device (patent office n° DE69005120T) and 
DE3100676) introducing the required bow stroke 
direction for appropriate quality of tone by rails on the 
instrument. This does not address the anatomical 
requirements of a certain order in the use of the 
muscles concerned nor the actual position of the 
executive limbs in space. This approach can result in 
a multitude of inappropriate muscle-tensions of a 
randomly moving arm trying to force the ‘disobedient’ 
bow into the rail. Without the appropriate position of 
the arm this is a hopeless venture causing continuous 
stress. Stress again impairs frontal lobe areas 
concerned with understanding. It is likely that this 
results in many pupils considering themselves “not 
sufficiently talented”. However, for really ambitious 
natures not prepared to give up, it can actually lead to 
the death of the neurons concerned in the motor 
cortex. Musician clinics specialise on focal dystonia, 
which is due to “sustained contraction and abnormal 
posturing”. Brain imaging technology has revealed 
“that the concerned areas on the cortex become 
blurred”, preventing celibrities from exercising their 
profession.38  

 
 
 
 
 
 

3.2. Experiment: Choice between pre- and post-centr al neuronal activity for boys  

       before puberty compared to girls. 
 
 

It remains to be established whether or not the application of either intellectual or somatosensory 

instructions plays a causal role in the educational achievements of pupils until puberty. The present 

study was designed to determine whether there is a relation between gender and the success of different 

educational means.  

If the two groups drawn to either intellectual or somatosensory support are of the one or the other 

gender, we can confirm the described findings39, that gender is a marker for different neuro-cognitive 

dispositions.  

If those drawn to written support are mainly girls and those drawn to somatosensory approach are 

mainly boys and both have equally good achievements, we can confirm the described  
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assumptions40 of different gender-related neuro-cognitive needs. Therefore a bevariate correlation was 

contacted to determine whether there is a significant correlation between the choice of focussing either 

written support or the living example at the one hand and the achievements proportionally to the time 

practised at the other hand. The nurture hypothesis of educational achievements or defeats being 

reflective of gender related differences in critical periods, will be supported, if we find a correlation 

between gender, choice of support and achievement. 

It was predicted that girls primarily will focus the written music, whereas boys primarily will focus the 

teacher. As the suggested educational approach does not necessitate the use of the written music, but 

emphasizes on primery somatosensorocortical connectivity, boys should perform equally good 

compared to girls. 

3.2.1. Context 

Holiday-trial-course for musical-instrument-beginners, organized by MUSIK-Union, organisation for 

neurodidactic approach, from 28th Mai until 9th June 2007 in the Hermann-Hepper-Turnhalle at Tübingen. 

(appendix 13)  

3.2.2. Participants 
 

 

 

8 boys and 6 girls from 6 to 10 years old. without previous skills on musical instruments. In order to 

designate independently from the body’s gender, whether the neurocortical maturation is either male or 

female biased (see chap.:Critical Periods), the parents were asked to score their child’s leisure 

preferences between two categories: 1) physical activity and outdoor-activities, 2) reading and indoor-

activities, handicrafts etc. and also to indicate eventual tendencies of attention-deficit-disorder or hyper-

activity. There was one boy whose preferences proved clearly a “female” biased cortical maturation. As 

the test was addressing the neuronal structures which can be other than the gender I had to count his 

results with the female data. The test was therefore based on 7 male and 7 female brains. 
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3.2.3. Design and Procedure 

 

The participants were taught each day individually for 20 minutes. Left and right hand were separately 

trained in order to make the relevant demonstrating hand of the teacher a clear focus and avoid focus-

disorientation. The right hand was bowing the strings in a certain order and the left fingers were hitting 

the strings on the fingerboard in a certain rhythm, both separately as simple accompaniment of tunes 

played by an assistant on the piano. All pupils were taught in the same motor-cortex based approach 

minimizing oral explanation. 4 girls and 4 boys had the relevant music-sheet on the music stand while 

the other 3 boys and 3 girls had no music-sheet. The way tunes were taught did not necessitate the use 

of the sheet. It was left to each pupil whether to use it or not.  

Pupils were informed that successful participation does not require practising at home, but were allowed 

to take the instrument with them. They had to score themselves each day on a 7-step-motivation-scale 

(see figure 25). We also took note asking the parents whether they had practised or not. In order to 

identify preferences and engagement, an assistant was scoring the time the pupil’s eyes were focussing 

the teachers demonstrating hands by pressing one chronometer, and when the pupil was focussing the 

music-sheet, the assistant pressed another chronometer. The time eyes turned away from either was 

obtained by deducting the total measured of both chronometers from the total of the training time. 

Everybody was assessed the last day on the acquired motorical dexterity necessary for tone production. 

The girls and the boys  who had a music sheet were also assessed on the number of mistakes made 

when reading the tunes they had learned.  
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3.3. Data 
 

Focus scale: Only the children which were given a music sheet were scored.  

                             Variable: boys  -  girls.           Duration of each session: 20 min. 

 
total of focus in seconds    
     number of pupils     .            
     number of days                =   average minutes of focus 
         60 seconds 

 
Girls: seconds scored while focussing the sheet   Girls: seconds  scored while focussing the teacher  

              

pupils LA E.G. N.S. L.H.    LA E.G. N.S. L.H.   

Mo 623 549 747 537    532 628 437 602   

Tu 642 657 697 493    426 574 489 695   

We 596 738 736 723    235 249 427 364   

Th 698 689 758 830    185 438 438 213   

Fr 726 742 825 893    159 386 248 258   

Sa 640 857 803 640    163 269 169 279   

Mo 853 1086 874 920    57 30 112 115   

Tu 970 874 957 1004    84 84 184 169   

We 937 1056 892 746    103 86 147 164   

Th 826 987 869 785    74 106 76 244   

Sa 950 1057 827 859    64 57 23 125   

Total 8461 +9292 +8985 +8430 =35168,0 /4  2082 +2907 +2750 +3228 =10967,0 /4 

=  8792,0 /12  = 2742,0 /12 

average seconds per day =    732,6 /60  average seconds per day =   228,5 /60 

average minutes per day =      12,2   average minutes per day  =       3,8  

        other focus = 20min -( 12,2+3,8)  =       4,0  

 
 
 
Boys: seconds scored while focussing the sheet   Boys: seconds scored while focussing teacher 

              

pupils A. H. A.F. T. F. D.B.    A. H. A.F. T. F. D.B.   

Mo 112 48 157 106    1087 1143 1043 1091   

Tu 84 112 193 118    1118 1086 1007 1076   

We 51 101 368 206    1150 1102 824 989   

Th 98 142 420 216    1103 1047 776 978   

Fr 98 196 357 229    1097 997 841 963   

Sa 108 164 398 265    1092 1024 803 932   

Mo 137 295 685 381    1062 903 512 817   

Tu 179 245 761 280    1012 825 436 920   

We 176 289 773 365    1017 892 426 827   

Th 206 295 910 239    929 895 289 961   

Sa 278 362 942 542    918 834 258 653   

Total 1527 +2249 +5964 +2947 =12687,0 /4  11585 +10748 +7215 +10207 =39755,0 /4 

=  3171,8 /12  =  9938,8 /12 

average seconds per day =    264,3 /60  average seconds per day =    828,2 /60 

average minutes per day =        4,4   average minutes per day =      13,8  

        other focus = 20min -( 4,4+13,8) =          ,8  
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Motivation scale:  
 
 
All pupils were taught the same way and time not needing to read. 
Variable: with or without music-sheet. 
 
 
        total of scores      . 
        number of days             =   average motivation score  

number of pupils   

 

1= no motivation,    7 = highest motivation 

Days: Mo Tu We Th Fr Sa Mo Tu We Th Fr Sa Total  
 
 
 
Girls with music-sheet           

L.A. 5 6 6 5 6 6 4 5 6 6 6 6 67  

E.G. 7 7 7 6 7 6 5 7 6 7 7 7 79  

N.S. 7 7 6 7 7 7 6 7 7 7 7 7 82  

L.H. 4 5 6 6 6 7 5 6 6 6 6 7 70  

average motivation =    298  /12 

average motivation per day = 24,83 /4 

average motivation per pupil =   6,21  

  

 
 
            

Girls without music sheet:          

P.K. 6 6 5 4 3 4 4 2 3 4 5 6 52  

K.B. 5 4 4 3 3 3 3 3 3 3 3 4 41  

R.B. 7 7 5 3 4 3 4 3 5 4 5 6 56  

average motivation =    149 /12 

average motivation per day = 12,42 /3 

average motivation per pupil =   4,14  

 
 
 

 
 
            

Boys with music-sheet:           

A.H. 5 5 4 5 4 4 4 3 5 4 4 5 52  

A.F. 5 5 3 4 5 4 3 3 5 4 4 6 51  

T.F. 5 4 3 3 4 5 3 3 4 3 4 5 46  

D.B. 4 4 5 3 4 5 3 4 5 4 5 5 51  

average motivation =    200 /12 

average motivation per day = 16,67 /4 

average motivation per pupil =   4,17  

 

 
 
             

Boys without music-sheet:          

N.G. 7 6 6 5 5 5 4 5 5 4 5 6 63  

A.S. 6 6 5 5 4 4 3 4 5 4 5 6 57  

M.M. 7 7 6 6 5 5 4 5 5 5 6 7 68  

average motivation =    188 /12 

average motivation per day = 15,67 /3 

average motivation per pupil =   5,22  
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Practise scale:  
All pupils were offered a practise option without being asked to use it. 
Variable: with or without music-sheet. 
 
    total of days practised      . 
         number of pupils               =   average  days practised  
           

 

 

Skill scale: Motor control for sound tone productio n. 
All pupils were scored the last day on the skills acquired by a jury of 3 musicians.  
Variable: with or without music-sheet. 
 
        total of scores      . 
      number of pupils                =   average o f acquired skills  
        
1 = low performance.   2 = medium performance.   3 = high performance.  
The maximum score possible is 3 x 3 = 9 
 
 
 

   
      Ggirls with sheet      Girls without      Boys with sheet      Boys without 

Criteria: LA EG NS LH Total   PK KB RB Total   AH AF TF DB  Total   NG AS MM  Total 

sound tone 2 2 1 2   7   2 2 2   6   3 3 2 3  11   3 3 3    9 

correct position 1 2 1 1   5   2 1 2   5   2 2 1 2    7   2 2 2    6 

flexible movement 1 2 1 1   5   2 1 2   5   2 2 3 3  10   2 3 3    8 

Total scored 4 6 3 4 17/4   6 4 6 16/3   7 7 6 8 28/4   7 8 8 23/3 

average skills  =4,3    =5,3    =  7    =7,7 

 Days:  Mo Tu We Th Fr Sa Mo Tu We Th Fr Sa Total of days  
 
Girls with music-sheet  practised   

L.A.  1 1 1 1 1 2 1 1 1 1 1 12  

E.G.  1 1 1 1 1 1  1 1 1 1 10  

N.S.  1 1 1  1 2 1 1 1 1 1 11  

L.H.  1 1 1 1 1 3 1 1 1 1 1 13  

  average days practiced =       46 /4 

average days practiced per pupil =    11,5  

Girls without music sheet:   

P.K.  1  1 1 1   1 1  1 7  

K.B.   1      1   1 3  

R.B.  1 1  1  1 1   1 1 7  

average days practiced =      17 /3 

average days practiced  per pupil    =      5,6  

Boys with music-sheet:   

A.H.  1          1 2  

A.F.   1   1 2     1 5  

T.F.  1  1  1 1 1  1  1 7  

D.B.      1     1  2  

average days practiced =       16 /4 

average days practiced  per pupil    =          4  

Boys without music-sheet:  

N.G.  1 1  1 1  1 1 1 1 1 9  

A.S.  1      2   1  4  

M.M.  1 1 1  1    1 1 1 7  

average days practiced =       20 /3 

average days practiced  per pupil    =       6,6  
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Skill scale: number of notes sight-read. 
Only girls and boys having a music sheet. Variable: boys or girls. 
The total of mistakes per song was deducted from the total of the beats the song had. 
 
        total of well read beats     . 
              number of pupils              =   ave rage well read beats per pupil 
        
   
                          Girls:  Number of well read beats   Boys: Number of well read  beats   

Beats per tune LA EG NS LH Total     AH AF TF DB  Total   

And when the S.  32 24 26 17 31 98     32 19 26 29 106   

Bach                    46 37 15 19 34 105     38 13 29 35 115   

Ride                     32 24 22 13 22 81     27 11 22 29 89   

Evening S.           16 10 15 4 15 44     11 5 12 14 42   

Total  beats       126 95 78 53 102 328 /4    108 48 89 107 352 /4  

Average well read  beats                           =   82     =  88   

                                                                                                                                 

 
 

Data Evaluation Scales   

         
:                                                       Focus Focus Eyes 

Key :   Girls Boys Is the Is the turning 

 

 

 

 

 

 

teacher                         

 

music 
sheet  

 

eellsswwhheerree  

 

                                    Focus scale                                                                       Figure 26 
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                                           Motivation Scale                                                              Figure 27 
 
                                               
Key :  

Pupils 
withou t 
music 
sheet 
 

 Pupils 
with 
music 
sheet 
  .                                                                                                                                                                                                                                  

                                                                                                                                                                                   
                  

  

                                         Practice scale                                                                      Figure 28                                                                     

 

 

Number 
of days 
practiced 

 12- 

 11- 

 10- 

  9- 

  8- 

  7- 

  6- 

  5- 

  4- 

  3- 

  2- 

  1-   

  boys  and girls  with and without  written music 

 I can’t wait  
 to do it again  …………………………………………………………… 
 

 

 

 

 

 

 It’s really fun  ……………………………………………………………. 
 

 

 

 

 

 

 

 I like doing it  …………………………………………………………… 
 

 

 

 

 I want to give  
 it a chance  ………………………………………………………………. 
 

 

 

 

 

  

 I find it difficult  ………………………………………………………… 
 
 
 
 
 
 
 
 
 
 

 It is frustrating  …………………………………………………………. 
 

 

 

 

 

 

 

 I hate doing it ……………………………………………………………   

 

  

 

boys  and girls  with and without  written music 
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         Achievement scale:  Motor control for soun d production 

                                                                                                                                                                                   Figure 29 

 
                                               
Key :  
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withou t 
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sheet 
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music 
sheet 
 

 

                                        Achievement  scale:  beats read without mistake    Figure 30 
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4. Discussion  
 

                                                                                                                                                                                    Figure 31 

In coherence with their predicted 

cortical maturation, the eyes of boys 

were not attracted by the music-

sheet, but very much by the teachers 

living example. In contrast to their 

widely noted lack of concentration41 

they were engaging even more than 

girls, whose eyes turned away from 

either more often. (figure 26). Their 

choice of focus proved to be a more reliable indicator for engagement compared with the motivation 

scale, where pupils scored themselves, which might be subjected to psychological factors. The focus-

choice however represents an unconscious automatic response directly reflective of their neuronal 

needs. The immediate assimilation through imitation the applied approach proposes was attracting the 

boy’s attention for the teacher’s demonstration, refining perception of pressure, distances gliding, tapping 

etc. through touch and eye. This suggests that their primery somatosensoy motor-cortex is in 

myelination-process. The slight reduction of motivation the presence of a music sheet represented for 

boys (figure 27) might rather have psychological reasons due to the idea of their own inadequacy a 

sheet they made no use of may have generated. For the same reason boys without music-sheet may 

have felt sufficiently confident for trying-out at home again (figure 28). As they basically did not take 

much noticed of the sheet, its presence therefore did not make much difference to their motivation nor 

their achievements (figure 27, 29). Unexpectedly they even scored slightly better than girls in ‘reading’ 

the amount of the learned tunes at the end of two weeks. It is difficult to say whether this is because of 

their superior control of handling the instrument or due to knowing them by heart or simply due to 

predominantly talented male participants within this small group of test persons.  

In opposition to the boys lack of interest in the music sheet, the obviously continuous temptation the 

music-sheet represented for the girl’s engagement, during the lessons as well as for practicing at home  
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(figure 26), shows a significant gender related difference of neuronal ‘hunger’ (figure 26). The written 

music appeared to respond to the girls need providing the orientation they obviously could not find by the 

applied kinaesthetic approach. This supports the CPH of girls myelinating the premotor-cortex at this 

age. The collected data supports the initial prediction that the educational achievement of boys depends 

on the extent to which the primery somatosensory motor-cortex is implied. 
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5. Conclusion 
 

The results of the present study support the hypothesis of gender dependent critical periods 

necessitating different educational approach in order to make maximum use of the relevant cortical 

areas and hereby enhance cognitive potential. This means that boy’s lack of responsiveness to written 

educational support must be ‘Nature’, as this was pertained to all those, whose neuronal structure was 

identified as ‘male’. Their superior achievement with somatosensorico-motorcortical approach however 

suggest their average educational defeat to be ‘Nurture’, due to the incompatibility of  the current 

curricular principles with the order of their critical periods. This superior success shown in the present 

study in relation to their inferior practise (figure 28) surprisingly contrasts with the worldwide statistics of 

their limited average educational achievements and therefore emphasizes even more the need of 

neurodidactically appropriate approach. Furthermore this may indicate ways of understanding for the 

contradictory fact, that at the one hand 80% of pupils in special schools are boys but at the other hand 

the boys hold the majority of higher exams passed with distinction, whereas girls tend to rather rank 

about the middle.41 With regard to this, an observation of hierarchical levels of neuronal processing, 

where “the critical period for one stage cannot begin unless its input from a preceding stage is ready”42 

calls for longitudinal investigations aimed at understanding the functional signification and the underlying 

mechanisms of maximised somatosensorical circuit-activation for the subsequent development of the 

precentral areas and with this for the intellectual potential during adolescence.  

However, whether the implicit acquisition of motordexterities, such as demonstrated by the present 

study, enhances functions of cortical circuits at large, needs to be tested before we can bring into context 

what the observed achievements for boys might mean in terms of curricula required explicit input. 

(appendix 3)43 This is why I developed the mentioned neurodidactic approach of English spelling-rules 

(appendix10). 

 

The girl’s considerable amount of practising in contradiction with their weaker achievement contrasts 

equally surprising with the boy’s stronger achievements. This was due to inexpert habits diligently  
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trained. Their interest in written support suggests premotorcortical maturation, whereas the fact that they 

were not able, despite their high motivation, to take sufficiently in account the teacher’s example of 

professional tricks and effects shown (figure 28, 29) suggests also a lack of primary somatosensorical 

innervation and connectivity. If girls, because of their inferior amount of muscle fibres, had finished 

somatosensorical myelination earlier than boys and now, in response to the present premotorocortical 

myelination, were predominantly attracted by the music-sheet, than the girls without music-sheet should 

have performed as good as boys, as no muscular heavy labour was required. As this has not been the 

case, the question has to be raised whether either the girls somatosensorical perception potential is 

generally weaker in comparison to boys, or whether the order of the critical periods of the primary 

somatosensory motor-cortex and the premotor-cortex are to a certain extend inversed for boys and girls. 

To investigate this question, comparison with a similar study on post-pubertal pupils will be needed. 

 

As significant as certain results may appear, all together it has to be considered that the modest 

conditions of this cross-section-study do not yet allow to make relevant statements: At the one hand the 

lack of a control group, due to the pedagogical context of the host-organisation, which did not allow 

depriving some pupils of the program proposed and at the other hand the small number of test-persons 

as well as the lack of fMRI proof of the assumptions together with the fact that much of the data relies on 

interpretation or pupil-self-assessment, asks for further investigations. However the expressed ‘hunger’ 

for gender-related different ‘Nurture,’ as well as the contrary impact the same approach had on the 

achievements of boys and girls, encourage strongly to investigate notably on gender related critical 

periods in order to serve education as “the most valuable asset for present and future generations.” 1  
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Anatomy of the human brain  

Figure 1 
References:  
frontal  =  front side 
occipital  = back side 
temporal  = right or left side 
parietal  = top side 
ventral  = down side 
medial  = middle side between the  two hemispheres 

 
               

Main parts of the brain:                                                                                                                                                                      
Figure 2 

1. cerebral  cortex  (Latin ‘bark’): 
about 20 Milliards of neurons,  
seat of our cognitive, conscious processes,  
divided in two hemispheres   
linked by the corpus callosum   
folded in large mammals of which  
the upper part is called gyrus ,  
the groove is called sulcus . 

 

 
                  

Figure 3                                                                                                  Figure 4 

 Lateral view: 
The neo-cortex   
(‘new cortex’) 
is the entire outside of the 
brain, divide into four 
lobes by the main sulci. 

 

Medial view: 
The hippocampus  
(Greek ‘seahorse’ 
due to its shape),  
is phylogenetically 
the more ancient 
part. 

 
 

Figure 5  
Ventral view: 
The cerebral cortex consists of 
 
grey matter  with neuronal cell bodies  storing information, 
 
white matter  with axons  connecting neurons and different areas 
of the brain 
  
and glia (Greek ‘glue’) -cells , which are support cells 
involved in cell nutrition, tissue repair and 
myelinisation . 
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2. Cerebellum :  
100 milliards 
phylogenetically older, much 
smaller cells than the neo-
cortex, controlling motor 
structures and sensory 
perception;   
 
3. brain stem  (‘reptile 
brain’): 
Phylogenetically oldest part.  
In conjunction with the 
adjacent limbic system it 
controls the main functions 
of emotions and gland 
regulation. 

4. limbic system:  
The main parts are  
amygdale  (fear and 
reward),  
hippocampus (novelty-
detector)  
cingulate gyrus  (heart rate, 
blood pressure) 
hypothalamus  (hormone 
production and release) 
thalamus  (link with cerebral 
cortex). 

                                                                                      Figure 6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 
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