Neuromyty ve vzdélavani
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The OECD’s Brain and Learning project (2002) emphasized that many misconceptions about the

brain exist among professionals in the field of education. Though these so-called “neuromyths” are
loosely based on scientific facts, they may have adverse effects on educational practice. The present
study investigated the prevalence and predictors of neuromyths among teachers in selected regions
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Dekker et al. (2012)

* Vysledky ukazuiji, Ze v priméru ucitelé (UK a Nizozemi) véri 49%
neuromytiim (242 primary and secondary school teacher, 15 neuromytu).

« Casteéné jsou tyto myty spojené s komercionalizovanymi eduka&nimi
programy (Brain Gym, VAK learning styles).

* Priblizné 70% procent z obecnych otazek bylo spravné zodpovézeno. Ucitelé,
kteri Ctou popularni Casopisy dosahovali vyssiho skoré v obecnych
znalostech.

* Obecnéjsi znalosti vSak predikuji zvySenou miru neuromytu. Tyto zjisténi
naznacuji, ze u ucitell, ktefi jsou nadSeni uplathovanim neurovéd ve tridé,
tak je pro né velmi obtizné odlisit pseudoveédu a védecké poznatky.

* Lidé obecné véri vice vyzkumlm, kde se ukazuji obrazky mozku a
neurovédecka vysvétleni, dokonce, i kdyz jsou nespravna (Weisberg et al.,
2007; McCabe and Castel, 2008).
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Neuromyth Incorrect Correct Do not know

UK (%) NL(%) UKI(%) NL(%) UK(%) NL(%

Individuals learn better when they receive information in their preferred learning style le.g., 93 96 4 3 3 1
auditory, visual, kinesthetic),

Differences in hemispheric dominance (left brain, right brain) can help explain individual 91 826 3 4 B 1
differences amongst learners.

Short bouts of co-ordination exercises can improve integration of left and right hemispheric 88 82 0 5 12 13

brain function.

Exercises that rehearse co-ordination of motorperception skills can improve literacy skills. 78 63 3 1 19 27
Environments that are rich in stimulus improve the brains of pre-school children. 95 56 1 29 4 15
Children are less attentive after consuming sugary drinks, and/or snacks. 57 55 24 24 20 21
It has been scientifically proven that fatty acid supplements (omega-3 and omega-6) have a 69 54 12 16 20 20
positive effect on academic achievement.

There are critical periods in childhood after which certain things can no longer be learned. 33 52 53 38 14 10
We only use 10% of our brain. 48 46 26 42 26 12
Regular drinking of caffeinated drinks reduces alertness. 26 36 39 41 35 23
Children must acquire their native language before a second language is learned. [f theydo 7 36 82 61 n 3
not do so neither language will be fully acquired.

Learning problems associated with developmental differences in brain function cannotbe 16 19 69 62 15 19
remediated by education.

If pupils do not drink sufficient amounts of water (=6-8 glasses a day) their brains shrink. 29 16 46 49 26 35
Extended rehearsal of some mental processes can change the shape and structure of 6 14 69 58 26 28
some parts of the brain.

Individual learners show preferences for the mode in which they receive information (e.g., 4 13 95 82 2 5

visual, auditory, kinesthetic).



Left/Right Brain

The evidence on brain lateralisation

Meta-analyses, which combine findings across multiple studies, have shown that on the whole language is lateralised
to the left hemisphere and visual-spatial processing is lateralised to the right. Creativity also seems to be right
dominant, possibly due to a dependence in creative thinking on global processing and taking context into account

The impact of this myth on teaching

In the classroom the left brain/right brain myth has resulted in the development of the ‘whole-brain learning’ approach,
which involves trying to balance processing in the two hemispheres by including both analytical and creative aspects

in a task. In a way this is all very well, as varying teaching methods may keep students attending longer, providing
more opportunities to learn material, but the approach is not based on good science. The verdict? Definitely a neuro-
myth, even though its origins are clear.



10% of our brains

Data from imaging studies aside, the most convmcmg argument
against the 10% theory is that

our body mass but around 20¢ ¢ 2w = ==
indeed up to 60% for infants.

http://ed.ted.com/lessons/wh
use-richard-e-cytowic
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Neuroveda a procesy uceni



Komputacni neurovéda v roce 1949?

* David Hebb formuloval nasledujici pravidlo:

* ,Predpokladejme, Ze pretrvani nebo opakovani-vystrelovani (firing) aktivity ‘
(nebo stopy) ma sklon k vyvolani bunécéné zmény, ktera pfispiva k jeho
stabilité... Kdyz axon bunky A je dostatecné blizko, aby excitoval buniku B, a
opakovaneé nebo trvale se podili na vystrelovani signalu, pak rustovy proces
nebo metabolicka zména probiha v jedné nebo obou bunkach tak, ze
ucinnost A jako jedné z bunék vystrelujicich signal do B se zvySuje” (Hebb,
1949, s. 62;

* Toto pravidlo je nejcCasteji zjednoduSovano jako: ,,Neurony, ktere vysilaji
(vystreluji) signal spolecné v jeden okamzik, budou mit tendenci vysilat signal
spolecné i v budoucnosti” (Siegel, 2012b, s. 49).




* Hebbovo uceni je zalozeno na myslence, ze vahové hodnoty na
spojeni mezi dvéma neurony, které jsou soucasné ve stavu , on“,
budou narustat a naopak, tj. vahové hodnoty na spojeni mezi dvéma
neurony, které jsou soucasné ve stavu ,off“, se budou zmensSovat.
Zmeéna synaptické vahy spoje mezi dvéma neurony je imerna jejich

souhlasné aktivité, tj. soucinu jejich stavd.

s

Aw = nx

pre post



Experimentalni ovéreni

» Z pohledu na uUrovni siti neuronu je pro uceni vyznamny fenomén
Hebbova pravidla uceni, ktery byl experimentalné poprvé ovéren
Kandelem a Taucem (1965).




Synapticka facilitace

» Z pohledu na uUrovni siti neuronu je pro uceni vyznamny fenomén
Hebbova pravidla uceni, ktery byl experimentalné poprvé ovéren
Kandelem a Taucem (1965).

* Kdyz byly dva elementarni mozkové procesy aktivni soucasné nebo
bezprostredné po sobé, ma jeden z nich, kdyz se znovu objevi,
tendenci Sifit svlj vzruch do druhého. Pricemz opakovani takového
usili je pro u€eni dulezité, viz Gomulicki (1953) — jeho pojeti
synaptické facilitace, které znamena, ze neuronova spojeni vznikaji
tim snadnégji, ¢im Castéji jsou asociované prvky aktivovany spolecné.



Tri typy plasticity
 Synapticka plasticita je definovana jako schopnost synapse zmeénit
svoji synaptickou silu (synaptic strength) v zavislosti na vlastni aktivité.

e Zkusenostné nezavisla plasticita - odkazuje ke zménam v mozku,
které nejsou vysledkem vlivu vnéjsiho prostredi

» Zkusenostné-nastavajici plasticita — spojena predné s vyvojem v
détstvi, kdyz mozek pouziva vstupy z vnéjsiho prostredi v urcitém
obdobi ditéte k jeho rozvoji (koordinace oci).

» Zkusenostné zavisla plasticita - kdyz mozek pouziva vstupy z vnéjsiho

prostredi k provedeni zmeény v jeji strukture. Spojovana s procesy
uceni. Experti: Michael Merzenich, Edward Taub, William Greenough.



Uceni a plasticita

 Komutacni neurovéda: ,,Ucenim v tomto kontextu rozumime takovou zménu
vnitrniho stavu systému, kterd zefektivni schopnost pfizpisobeni se zménam
okolniho prostredi” (Volna, 2012, s. 43).

* Neuronalni teorie jazyka: ,,UcCeni neni pridani znalosti do nezménéného
systému, ale je to zména systému [neuronové sité]“ (Feldman, 2006, s. 72).

 Socialni neurovéda edukace: ,Uceni nastava skrze zménu konektivity mezi
neurony v reakci na jeho stimulaci” (z vnéjsiho Ci vnitrniho prostredi)
(Cozolino, 2013, s. 28).



Neuroplasticita

Neuroplasticita = zastfesuje synaptickou (posilovani a zeslabovani
synaptickych spoju,, synptogeneze, neurogeneze) a nesynaptikckou
plasticitu (zména neuronalni drazdivosti dendrida).

Neuroplasticita je ,schopnosti neuront a neuronalnich siti vyvaret, rust
a ménit zpusob, kterym se k sobé navzajem vztahuji v zavislosti na
reakci na zkusenost” (Cozolino, 2013, s. 159).
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Adaptacni neuroplasticita —

* Mozek clovéka je schopen pod vlivem trvalé stimulace vnéjsimi podnéty
ménit svou strukturu, zvySovat pocet synapsi, ,,zhustovat se”....

e 16 Londynskych taxikari mélo (méreno na MRI) vyznamné objemnéjsi zadni
¢ast hipokampu nez 50 muzl z kontrolni skupiny.

* Objem hipokampu Umérné narlstal s dobou po kterou taxikari povolani
provozovali.

Mullanova, Z. (2000): Taxi-driving induces plasticity in adult brain structures.
Lancet, 335. Maguireova, E. A., et al. (2000): Navigation related structural
change in the hippokampi of taxi drivers. PNAS 97(8), str. 55-66



e http://www.dailymail.co.uk/sciencetech/article-2581184/The-
dynamic-mind-Stunning-3D-glass-brain-shows-neurons-firing-real-
time.html

* https://www.youtube.com/watch?v=JismoWKknZ4
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Motorické uceni a neuroplasticita

* What kind of practice changes the brain?
* 9,600 retrievals over 4 weeks (Nudo et al., 1996)

* 12,000 repetions of skilled movement (myelin; Borich, et al 2013;
Lakhani et al., 2014)

* 31,500 repetions of a finger sequence over 35 days (Karni et al.,
1995)

* 12-14 hours X 14 days = 196 hours of use of the stroke affected arm
& hand (Taub et al., 1993; Wolf et al., 1989)



10 Principles of Experience-Dependent
Plasticity (Kleim & Jones, 2008)?

1. Use it or Lose it: Failure to drive a specific brain function can lead to
functional degradation

2. Use it & Improve it: Training that drives a specific brain function can
lead to an enhancement of that function

3. Specificity: The nature of the training experience dictates the
nature of the plasticity

4. Repetition Matters: Induction of plasticity requires repetition
5. Intensity: Induction of plasticity requires sufficient training intensity



10 Principles of Experience-Dependent
Plasticity (Kleim & Jones, 2008)?

6. Time Matters: Different forms of plasticity occur at different times
during training

7. Salience Matters: The training experience must be sufficiently
salient to produce plasticity

8. Age Matters: Training-induced plasticity occurs more readily in
younger brains

9. Transference: Plasticity in response to one training experience can
enhance the acquisition of similar behaviors

10. Interference: Plasticity in response to one experience can interfere
with the acquisition of others



Cozolino (2013, s. 232-234)

Uceni posileno prostrednictvim:

pravidelného znovunabyvani pozornosti k tématu, ktere se clovék uci (v
Intervalu 5 az 10 minut je dobré posunout svou pozornost k jinému tématu)

praxe a opakovaného pusobeni, protoZe uceni vyZaduje , posilovani spojeni
mezi jednotlivymi neurony”

»vice kanalového zpracovani” (je dulezité informaci pfedavat vice zplsoby,
napriklad skrze senzoricky, sémanticky, motoricky, vizualni ¢i emocni kanal).

»pojmového zpracovani” (to znamena, Ze material k uCeni je dulezité
rozdelovat do smysluplnych celkd, ktere vytvari moznost snazsiho
zapamatovani).

testovani hypotéz a zpéetne vazbyéuéeng’jewzaloielno na pokusu a omylu a pro
uceni je dulezité co nejdrive vyhodnotiti pripadny omyl a napravit jej).

stimulace nékterych podnétl z prostfedi (spravna akustika, dostatecné
osvétleni ve tridé,...)

* hudebniho tréninku (déti, které cvic¢i na hudebni nastroj, napriklad prokazaly

lepsi slovni pamét, atd.).



Funkce neuromodulatoru

* More specifically, we propose the following set of hypotheses to
explain the roles of the four major ascending neuromodulators
(Doya, 2000b):

* (i) Dopamine represents the global learning signal for prediction of
rewards and rein- forcement of actions.

* (ii) Serotonin controls the balance between short-term and long-term
prediction of re- ward.

* (iii) Noradrenaline controls the balance between wide exploration
and focused execution. (iv) Acetylcholine controls the balance
between memory storage and renewal



Tak trochu jiné uceni...



Epigenetika: Babicin zivot v mych genech

* Druha svétova valka, zima 1944/45: V zapadnim Nizozemsku lidé
hladovi, desetitisice jich umiraji. Némecké vojsko je odrizlo od
veskerych dodavek potravin. Mnozi z téch, kteri v té dobé prisli na
svet, dodnes trpi nasledky podvyzivy v prenatalnim obdobi.
NejCastéjsi jsou poruchy metabolismu a diabetes. Jejich tehotné
matky musely dlouhodobé vystacit s asi 2000 kilojouly denné a
neprijimaly tak v dostateCném mnozstvi zivin nezbtne ke -
spravnému rustu a vyvoji plodu. / TTNEEE A




Strach, ktery se dedi u mysi...

* V laboratofi Kerryho Resslera vlddne strach z viiné acetofenonu. Fobie z chemikalie vonici
Eo tfeSnich a mandlich je vSak rozsirena jen mezi laboratornimi mySmi. Mnohé z nich se
upodivu s acetofenonem nikdy nepotkaly. Averzi k chemikalii zdédily po rodicich, u kterych
Ressler spolecné s Brianem Diazem vypéstovali strach z acetofenonu v experimentech, jaké
podnikal uz na konci 19. stoleti rusky fyziolog Ivan Petrovic¢ Pavlov.

* Oba biologove nechavali v laboratofich Emory University v americke Atlanté Cichat mysky
acetofenon a pritom ustédrovali zvifatum slabé elektricke Soky do tlapek. Netrvalo dlouho
a mysky tuhly strachem i bez elektrosoku. Stacilo, aby ucitily vuni chemikalie.

* Vlastni pokus Resslera a Diaze zacal az ve chvili, kdy mysi s vypéstovanym strachem z
acetofenonu zplodily potomstvo. Védci si davali pozor, aby se malé mysky s touto
chemikalii nahodou nékde nepotkaly. Kdyz je konecné vystavili u¢inku acetofenonu, pecliveé
sledovali reakci zvirat. Mysi se vliné baly. Tuhly strachem, i kdyz nikdy predtim acetofenon
neucitily a nikdy v Zivoté nedostaly jediny elektricky Sok. Zdédily strach, ktery védci
vypéstovali u jejich rodicu.

* Zdroj:http://technet.idnes.cz/strach-je-dedicny-0e8-
/veda.aspx?c=A140102 141721 veda_mla



Epigenetika

* Epigenetika je v modernim slova smyslu védni podobor genetiky, jenz studuje
zmeny v genové expresi (a tedy obvykle i ve fenotypu), které nejsou zpUlisobeny
zmeénou nukleotidové sekvence DNA. Jde o vyjimku z obecného pravidla, ze
dédi¢né fenotypické zmény jsou zplUsobeny zménami v genech.

* Tento jev shrnuji odbornici pod pojmem epigenetika. Slovo ,,epi” pochazi z
rectiny a znamena ,mimo to, na povrchu®. Zakladni tezi mladého védniho oboru
je predpoklad, Ze geny reaguji na vnéjsi vlivy a jejich aktivita tak muUze byt z¢asti
trvale pozmeénéna.

* Za rozhodujici molekuly jsou povazovany takzvané metylové skupiny, které se
vazi na geny nebo je naopak opoustéji a funguji jako spoustéci ¢i deaktivujici
mechanismus. Gen s navazanou metylovou skupinou neni Cten. Zda bude ucinek
pozitivni nebo negativni, f'(e pro kazdy pripad individudlni. Nékdy mlze byt timto
zpUsobem potlac“:en(fen, tery chrani télo pred rakovinou, jindy mizZe naopak
dojit k zastinéni skodlivych gend.



Genetika

Zmeéna nastava v ramci jedné bunky.
Zmeéna je nevratna.

Nedédi se ziskané vlastnosti.
Prostfedi nema vliv.

Epigenetika

Zmeéna nastava ve skupiné bunék se stejnym receptorem pro dany atom ci iont.
Zmeéna je Casto vratna.

Dédi se ziskané vlastnosti — je to tedy dualni dédicnost a jedna se o navrat
myslenky, za kterou byl Lamarck zesmésnovan.

Prostredi ma vliv.



 Epigenetické procesy neméni sekvenci nukleotidli v DNA, ovliviuji
tedy fenotyp bez zmeény genotypu. Epigenetické modifikace jsou
podkladem fenotypové plasticity; zajistuji adaptabilitu organismu,
ovlivnuji fyzicky vzhled, metabolismus, chovani, odpovéd na stres,
dlouhovékost a vnimavost k chorobam.

* Epigenetické mechanismy predstavuji propojeni vnéjsich vlivi a zmén
fenotypu v prabéhu celého Zivota jedince, nicméné tento proces
neprobiha stale stejnou intenzitou.

 Zdroj’: http://apps.szu.cz/svi/hygiena/archiv/h2013-2-08-full.pdf



J. Neurosci., July 15, 2001, 27(14):5089-5098 5095

G u Z OW S ki et a I ) ( 2 OO 1 ) Table 2. Correlations between IEG RNA levels within a structure

Structure IEG 1 IEG 2 R, value
Hippocampus Arc zif268 0.67
Arc c-fos 0.46
zif268 c-fos 0.55
Entorhinal cortex Arc zif268 0.77
Arc c-fos 0.74
zif268 c-fos 0.64
Visual cortex Arc zif268 0.97
Arc c-fos 0.77
zif268 c-fos 0.75

The Spearman correlation coefficients are given: comparisons significant at p < 0.05
are indicated in bold font. The above values were calculated for all of the trained rats
of Figures 4 and 5 (n = 18 rats); the caged control rats were not included in the
analyses. See Results for details.

0

(a) Before learning (B) Aher learning



Muzeme ovliviiovat expresi genu béhem
Zivota?

* Psychosocial Genomics (PG) is a field of research first proposed by
Ernest L. Rossi in 2002. PG examines the modulation of gene
expression in response to psychological, social and cultural
experiences. Independent research shows that the experience of
novelty, environmental enrichment and exercise facilitates activity
and experience dependent gene expression and brain plasticity as
well as stem cell healing processes.

* Ernest L. Rossi describes the new science of Psychosocial Genomics:

* “I call this new perspective on the role of genes as active players in
psychological experience psychosocial genomics. Psychosocial
genomics focuses on the how the highly personal and subjective
states of human consciousness can modulate gene expression in the
brain and body for illness or health."



http://en.wikipedia.org/wiki/Gene_expression
http://en.wikipedia.org/wiki/Gene_expression
http://en.wikipedia.org/wiki/Neuroplasticity
http://en.wikipedia.org/wiki/Stem_cell
http://en.wikipedia.org/wiki/Gene_expression

Rossi et al., 20087

* This pilot study assessed the hypothesis that a creatively oriented
positive human experience of therapeutic hypnosis could modulate
gene expression on the molecular level. We documented changes in
the expression of 15 early response genes within one hour that
apparently initiated a further a further cascade of 77 genes 24 hours
later. This proof-of-principle pilot study now requires cross validation
with more subjects to document the validity and reliability of using
DNA microarrays to assess our therapeutic protocol, The Creative
Psychosocial Genomic Healing Experience, as a new approach for
facilitating therapeutic hypnosis, psychotherapy, rehabilitation,
meditation, and pastoral counselling.



Hypothalamus

(Rossi & Rossi, 2008, s. 14)
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