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Co to jsou
matematickeé
schopnosti?




Kolik je tady slonu?




Kde je vice?




Franta ma peéet korun.
Petr ma o dve koruny vice.
Kolik korun ma Petr?




Franta ma pet korun.
To je o dve vice, nez ma Petr.
Kolik korun ma Petr?




Umistéte na Ciselhou osu Cislo 134

115 237




Umistéte na Ciselnou osu Cislo 61
v limitu 1,25 sekundy

a4




Do které konvice se vejde vice kavy?




Jak pokracuje Ciselna rada
85,84,83,82... 7




Jak pokracuje Ciselna rada
85,84,83,82... 7

Dva bagry vykopou polovinu
orikopu za tri dny. Za jak dlouho
vykopou cely prikop tri bagry?




coOS— =2m;, x =7
2+x




X
coOS— =2m; x =7
2+x

Jaka je pravdépodobnost, ze na 3 kostkach alespon
jednou z peti hodu padne soucet 14 nebo vyssi?




X
COS— = 2m;, Xx =7
2+x

Jaka je pravdépodobnost, ze na 3 kostkach alespon
jednou z peti hodu padne soucet 14 nebo vyssi?

Sestrojte rovhoramenny trojuhelnik se zakladnou
c=2cm a odvesnami a=b=4cm.




/droje variability

Intraindividualni vs. interindividualni.
°Lokalné-homogenni konstrukty
cLokalné-heterogenni konstrukty
cLokalné-irelevantni konstrukty



Rozdilné pohledy:

Psychometrika
interindividualni variabilita

Kognitivni psychologie
zpracovani informace, intraindividualni variabilita

Kognitivné-vzdeélavaci pristup
spravneé a spatnée reseni, kulturni specifika



Psychometricky
pristup

,Psychometrics is the approximation of
latent psychological processes by
means of stochastic

analysis at both the individual and
population levels.”

Peter Molenaar

Psychometrika je véda o méreni
psychickych charakteristika (a téz
aplikovana disciplina vytvareni
psychologickych/didaktickych aj.
testa).



https://www.psychometricsociety.org/content/what-psychometrics
https://commons.wikimedia.org/w/index.php?title=File:Alfred_Binet.jpg&oldid=285171021

vV v/

Vyssi matematicke schopnosti...

... predikuji vyssi velikost prijmu, zamestnatelnost,

karierni postup, Zivotni spokojenost a radu dalsich.
° Rivera-Batiz (1992), Paglin a Rufolo (1990), Rose a Betts (2004), Parson a Bynner (2005)



https://www.jstor.org/stable/145737
https://doi.org/10.1086/298239
https://doi.org/10.1162/003465304323031076
https://www.researchgate.net/publication/245969683_Does_Numeracy_Matter_More

Faktorova indeterminace
LOVE — Left (Out) Variable Error
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Faktorova indeterminace
LOVE — Left (Out) Variable Error

Y
test 1 test 2 test 3



https://books.google.cz/books/about/Matematick%C3%A9_schopnosti.html?id=ml0qxQEACAAJ

Psychometricky pohled:
CHC teorie

i 000 Ol0C

3e UUUUUUUUUUUUUUUU
25 [ [ [ 2] =) [



https://commons.wikimedia.org/wiki/File:Carroll_three_stratum_model_of_human_Intelligence.png

TAB. 1: SEZNAM SIROKYCH A UZKYCH FAKTORU DLE CHC TEORIE, KTERE LZE OZNACIT JAKO MATEMATICKE

siroka schopnost
(stratum II)

Fluidni
inteligence (Gf)

Kvantitativni
vedomosti (Gq)

Kvantitativni
vedomosti (Gq)

Kvantitativni
védomosti (Gq)

Rychlost
zpracovani (Gs)

uzka schopnost
(stratum I)

Kvantitativni
usuzovani (RQ)

Matematické
vedomosti (KM)

Matematicky
vykonz (A3)

Ciselna
zrucnost® (N)

popis, komentar

Schopnost induktivnich a deduktivnich operaci s objekty,
zahrnujici matematické vztahy ¢i vlastnosti.

Hlubokeé a rozsahlé védomosti spojené s matematikou.

Sitka obecnych znalosti matematiky:.

Méreny matematicky vykon.

Schopnost rychlé a presné manipulace s ¢isly, a to od
jednodussiho pocitani a rozpoznavani ¢isel a mnozstvi az
po pokrocilé scitani, odcitani, nasobeni a déleni.



https://books.google.cz/books/about/Matematick%C3%A9_schopnosti.html?id=ml0qxQEACAAJ

5.
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CROSS-BATTERY CHC ANALYSIS
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https://doi.org/10.1521/scpq.20.1.66.64191

g vs. Gg/RQ: CFT vs. TIM

B5. Cisla jsou zapséna za sebou podle uré¢itého pravidla. Doplii ¢isl

9. a b c d

e
vl
E)] NN S VA Y x 18 17 15 12 8

B8. MuzZes pouzit jen cislice 2, 5 a 8. Kolik dvojcifernych cisel

d Q ®l+ l muzZes pomoci téchto ¢islic napsat? Zapis je vSechna.
=S

) B18. Do 3. B chodi 12 chlapctia 12 dévcat. Do
keramiky chodi z této tridy 15 déti, do souboru

Bl b : a - chodi z této tiidy také 15 déti. Kazdé dité chodi
aspon do jednoho krouzku. Kolik déti ze 3. B
navsStévuje oba krouzky zaroven?
CFT 20-R (Cattellav test fluidni inteligence) TIM?3—° (Test pro identifikaci nadanych zakti v matematice)


http://www.testcentrum.com/testy/cft-20-r
http://www.testy-schopnosti.cz/test-tim-matematicky

g vs. Gg/RQ: CFT vs. TIM

N = 401.
4V <y < ¥ 4 > 4y <y f ) 4y
Pozorované: r =0,643 1 : : : : : :
SEM: B = 0,867 Tooe—=—a | 2
> Odpovida A = 0,92, viz drive. ,
> (Phelps a kol., 2005)
° (po kontrole véku)

> By = 0,090
> Bepy = 0,293

o Analyza: WLSMV estimator
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TAB. 2: VZTAH KOGNITIVNICH SCHOPNOSTI (DLE CHC TEORIE) A MATEMATICKEHO VYKONU PODLE VEKU |
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FIGURE 4. Standardized regression coefficients as a function of age for Visual-Spatial Thinking (Gv) and for Working
Memory (WM ) with Math Calculation Skills (MCS) and Math Reasoning (MR).
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https://doi.org/10.1002/pits.10083
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Matematicky numerické operace

vykon







Matematicke vzdelavani

Thorndike (19223, 1922b): znalost vypoctu obsahu obdélniku nelze
transformovat do znalosti vypoctu obsahu trojuhelniku.

Schoenfeld (1988): pfrilis ndzorna vyuka zhorsuje porozuméni-.

Carbonneau a kol. (2013): metaanalyza (n=55) efektivity pomucek.
Zapamatovani, reSeni problému, transfer znalosti.

° Mira instruovani podporuje zapamatovani, snizuje transfer.

> Nejefektivnéjsi je kratkd doba pouzivani (do 14 dni), bez vlivu na transfer; dlouhd doba —negativni efekt.
> Pro transfer se efekty nelisi dle oblasti matematiky, jinak ano (vyhodné u zlomku, znalosti v algebre).

> Percepcni bohatost podporuje transfer, naopak sniZzuje zapamatovani a reseni probléma (a naopak).

o Rlzné efekty pro rGzné staré déti (zejm. zapamatovani a konkrétni stadium).


http://www.jstor.org/stable/27950382
http://www.jstor.org/stable/27950393
http://www.tandfonline.com/doi/abs/10.1207/s15326985ep2302_5
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084
https://theconversation.com/lets-ban-powerpoint-in-lectures-it-makes-students-more-stupid-and-professors-more-boring-36183

/apamatovani (Carbonneau a kol., 2013)

Instructional guidance 106.5, p < .001
High 31 4,531 0.90 [0.81, 0.99]
Low 22 2,609 0.19 [0.08, 0.29]

Mathematical topic 44.5, p < .001
Place value 3 101 0.70,, [0.37, 1.04]
Arithmetic 25 2,387 0.39, [0.29, 0.48]
Geometry 5 602 0.57,, [0.37, 0.78]
Fractions 13 2,762 0.93, [0.78, 1.08]
Algebra 9 1,288 0.84, [0.65, 1.03]

Perceptual richness 36.4, p < .001
Yes 12 1,395 0.28 [0.14, 0.41]
No 34 4,723 0.77 [0.69, 0.85]

Group vs. individual 0.02,p = .87
Individual 5 481 0.57 [0.31, 0.82]
Group 48 6,659 0.59 [0.52, 0.66]

Development status 106.8, p < .001
Preoperational 8 707 —0.09, [—0.26, 0.07]
Concrete 40 6,109 0.81, [0.73, 0.89]
Formal 5 324 0.31, [0.10, 0.52]

Instructional time 74,p=.02
=14 days 25 3,133 0.59, [0.49, 0.69]
1545 days 15 1,261 0.35, [0.21, 0.49]
=46 days 7 052 0.49_, [0.28, 0.71]



http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084

Redeni problémd
(Carbonneau a kol., 2013)

Instructional guidance 19.1, p < .001
High 5 202 1.06 [0.71, 1.42]
Low 4 275 0.04 [—1.30, 1.39]
Mathematical topic 45.1, p < .001
Place value 1 24 0.48, [—0.32, 1.29]
Arithmetic 5 246 0.02, [—0.26, 0.30]
Geometry 1 93 0.72, [0.20, 1.24]
Fractions 2 114 2.50, [1.82, 3.18]
Algebra 0
Perceptual richness 15.3, p < .001
Yes 2 100 —0.27 [—0.72, 0.18]
No 6 377 0.80 [0.52, 1.08]
Group vs. individual
Individual 0
Group 9 477 0.46 [0.23, 0.68]
Development status 22,p=.33
Preoperational 1 66 0.08 [—0.58, 0.75]
Concrete 7 318 0.45 [0.18, 0.72]
Formal 1 93 0.72 [0.20, 1.24]
Instructional time 22.7, p < .001
=14 days 6 290 0.86, [0.56, 1.16]
15-45 days 1 76 —0.62, [—1.17, —0.62]
=46 days 2 111 0.25, [—0.19, 0.69]


http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084

Transfer znalosti
(Carbonneau a kol., 2013)

Instructional guidance 6.7, p = .009
High 8 2,385 0.00 [—0.16, 0.16]
Low 5 1,068 0.27 [0.12, 0.43]
Mathematical topic 1.5,p = .83
Place value 1 12 0.33 [—0.28, 0.96]
Arithmetic 7 757 0.16 [0.00, 0.36]
Geometry 1 147 0.24 [—0.15, 0.65]
Fractions 3 1.996 0.09 [—0.14, 0.32]
Algebra 1 541 0.09 [—0.18, 0.36]
Perceptual richness 12.2, p < .001
Yes 5 1,359 0.48 [0.25, 0.62]
No 6 2,094 —0.02 [—0.23,0.17]
Group vs. Individual
Individual
Group
Developmental Status
Preoperational
Concrete 13 3,453 0.14 [0.03, 0.26]
Formal
Instructional time 3.6,p = .06
=14 days 7 1,625 0.03 [—0.13,0.21]
1545 days 6 1,828 0.22 [0.07, 0.37]
=46 days



http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084

Efektivita ucebnich pomucek
Carbonneau a kol. (2013)

Instructional guidance 6.7, p = .009
= High 8 2,385 0.00 [—0.16, 0.16]
‘% Low 5 1,068 0.27 [0.12, 0.43]
S Perceptual richness 12.2, p < .001
= Yes 3 1,359 0.48 [0.25, 0.62]
No 6 2,094 —0.02 [—0.23, 0.17]
— Instructional guidance 19.1, p < .001
S High 5 202 1.06 [0.71, 1.42]
¢+ Low 4 275 0.04 [—1.30, 1.39]
e Perceptual richness 15.3, p < .001
Yes 2 100 —0.27 [—0.72, 0.18]
No 6 377 0.80 [0.52, 1.08]
‘§ Instructional guidance 106.5, p < .001
o High 31 4,531 0.90 [0.81, 0.99]
© Low 22 2,609 0.19 [0.08, 0.29]
g Perceptual richness 36.4, p < .001
% Yes 12 1,395 0.28 [0.14, 0.41]
N No 34 4,723 0.77 [0.69, 0.85]


http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084
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Carbonneau a kol. (2013)

Instructional time
=14 days
1545 days

Group vs. individual
Individual

Group
Instructional time
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0.57
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[—0.13,0.21]
[0.07, 0.37]

[0.23, 0.68]

[0.56, 1.10]
[—1.17, —0.62]
[—0.19, 0.69]

[0.31, 0.82]
[0.52. 0.661

[0.49, 0.69]
[0.21, 0.49]
[0.28,0.71]

3.6,p = .06
22.7,p < .001
0.02,p = .87

74, p= .02


http://doi.apa.org/getdoi.cfm?doi=10.1037/a0031084

Vyvoj matematického usuzovani,
nekognitivni aspekty

Muryama a kol. (2013): longitudinalni analyza déti mezi 5.-10. trfidou.
° Inteligence vysveétlila intercept vyvojoveé krivky, nikoli sklon.

> Rychlost uceni vysvétlily motivace a kognitivni strategie, nikoliv inteligence.
Matematicka uzkostnost, matematické self-efficacy (Kubesova, 2019)
Emoce ve vyuce (moderuji matematicky vykon; McLeod, 1992).
Predpoklady se nelisi dle pohlavi Ci rasy, jiné duvody (Jacobs, 2005).

Nosek a kol. (2009): mezindrodni studie genderovych stereotypt (IAT)
a skute¢ného rozdilu ve vykonu muzu a zZen v testu TIMSS.


https://doi.org/10.1111/cdev.12036
https://is.muni.cz/th/wyqwv/Statisticka_uzkostnost.pdf
https://psycnet.apa.org/record/1992-97586-023
https://doi.org/10.1002/cd.151
https://doi.org/10.1073/pnas.0809921106
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https://doi.org/10.1073/pnas.0809921106

Jak ale lidé k reseni
matematickych uloh dospeéji?




Kognitivni procesy vedouci k reseni

Rutinni vs. nerutinni problém
o ,Kvantitativni mysleni o kvalitativnich problémech.”
> (Mayer a kol., 1992).

Mavyer (1994): Model reprezentace problému.
> Preklad.

° Integrace.

> Planovani.

> Provedeni postupu.

Strategie primého prekladu vs. tvorba modelu.


https://doi.org/10.1016/S0166-4115(08)60886-9

Hypotéza konzistentniho jazyka

Konzistentni: Petr ma o 5 korun vice nez Pavel. Pavel ma 10 korun.
Kolik korun ma Petr?

Nekonzistentni: Petr ma o 5 korun vice nez Pavel. Petr ma 10 korun.
Kolik korun ma Pavel?

Priznakovost.
o S¢itani vs. odcitani, ndsobeni zlomkem 2/3 vs. 3/2.



Typicke chyby v matematice

Racionalni omyl (Ben-Zeev, 1995; 1996): Chybna indukce pravidel.
° napf. % +% = %

Analogické usuzovani, chybny transfer informace.
> Transfer znalosti nefunguje tak jednoznacné, jak se obecné soudi.

> (Viz Thorndikovy, 1922, experimenty s obsahem geometrickych obrazcu.)

° Hejného metoda?

REASON model (Ben-Zeev, 1998) vysvétluje prave chybu v analogii a
uplatnéni jinde spravného pravidla na neadekvatni kontext.


https://doi.org/10.1207/s15516709cog1903_3
https://psycnet.apa.org/record/1997-97120-003
http://www.jstor.org/stable/27950382
http://doi.apa.org/getdoi.cfm?doi=10.1037/1089-2680.2.4.366

Jak ale ,numerace” vznika?
Jak se vyviji?






https://commons.wikimedia.org/wiki/File:Pirahas_of_Brazil.jpg

Vyvoj matematickych predstav

Thorndike (1921): Dril v aritmetice, transfer dovednosti.

Piaget (a Szeminska, 1952): konstruktivismus
°(resp. strukturalismus).

Gelman a Gallistel (1979): Pocatek modernich pristupd.

Moderni pristupy, kognitivni i nekognitivni aspekty.


http://content.apa.org/journals/edu/12/4/183
https://books.google.cz/books/about/The_Child_s_Conception_of_Number.html?id=1ET995R5VHEC
https://doi.org/10.2307/1175067

/

Posouzeni mnozstv

Domorodci kmene Piraha (Brazilie)

o Zadné jazykové kvantifikatory kromé ,jeden/vice neZ jeden “.

> Presto rozlisuji rlznd mnozstvi, pokud vSak neni nutné zapojit pamét
> Podnéty musi byt prezentovany soucasné (a nebo v tésném sledu).

> Dokazi dokonce provadét jednoduché matematické operace.

Zavery: jazyk a vyrazy pro Cisla neovlivnuji viem mnozstvi jako takovy,
ale jsou ,technologii” pro jeho transfer v Case a prostoru.
> Frank a kol. (2008), Gordon (2004), Everett (2005, 2016).

° ... Cisla mohou byt spisSe chdpdna jako vyndlez: Kognitivni technologie pro reprezentaci, uchovavani
a manipulaci s exaktnimi, kardindlnimi mnoZinami prvkd.” (Frank a kol., 2008, s. 823)



http://linkinghub.elsevier.com/retrieve/pii/S0010027708001042
http://linkinghub.elsevier.com/retrieve/pii/S0010027708001042
http://www.journals.uchicago.edu/doi/abs/10.1086/431525
http://www.ncbi.nlm.nih.gov/pubmed/26903889

Od enumerace k numeraci

Pét pravidel podle Gellmana a Galistela (1579):
1. ,one-to-one correspondence”;

o 2. poradi Cisel je neménné ;

o 3. pocitani je kardinalni;

4, pocitani je abstraktni;

5. prvky lze pocitat v libovolném poradi.

Zpravidla v 5 letech, ale chyby v doplnkovych dovednostech:
° 6. pocitani probiha vzdy z jedné strany na druhou (NE!);
7. je vzdy nutné pocitat sousedici prvky (NE!).


https://doi.org/10.2307/1175067

Od enumerace k numeraci

Saxe (1982) zkoumal tribalni

kmen Oksapmin z Papui. il B
o Prearitmeticka prace s Cisly. -
v,ve ’ 3\ /2 o= = \ oA
o \/étSina kmene negramotna. % ‘ ) o 3
B e 10 e 1 = —27
. / 19 =
/ 202\

Priklad 9+7:

Jak bude Oksapmin postupovat?

OBR. 4
Ciselny systém kmene Oksapmin. Prevzato ze Saxe a kol. (1996)



http://content.apa.org/journals/dev/18/4/583
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A. GLOBAL ENUMERATION



https://books.google.cz/books/about/Matematick%C3%A9_schopnosti.html?id=ml0qxQEACAAJ
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B. DOUBLE ENUMERATION



https://books.google.cz/books/about/Matematick%C3%A9_schopnosti.html?id=ml0qxQEACAAJ

9+7/
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C. BODY SUBSTITUTION



https://books.google.cz/books/about/Matematick%C3%A9_schopnosti.html?id=ml0qxQEACAAJ

9+7/

Shondder (10)

D. HALVED BODY PROCEDURE



https://books.google.cz/books/about/Matematick%C3%A9_schopnosti.html?id=ml0qxQEACAAJ

Od enumerace k numeraci

Osvojovani si aritmetiky probiha stejné ve vsech kulturach.
° Jen jiné tempo (Piantadosi a kol., 2014; Butterworth a kol., 2008).

Oznaceni Cisel ovliviuje zakladni aritmetické operace,
typické chyby i chapani mnozstuvi.
o S rostouci mirou ,profesionality” a abstraktnosti reprezentace se
vliv stira.
> Rozdil mezi asijskymi a euroamerickymi détmi v PISA, TIMSS atd.
nemusi byt zplisobem motivaci Ci vyukou, ale i kulturnimi rozdily
(v pozdéjsim veéku se rozdily zmensuiji).


https://doi.org/10.1111/desc.12078
http://www.pnas.org/cgi/doi/10.1073/pnas.0806045105

a) From one to ten

Vliv S
pravidel-
nosti
Ciselného
systému

T35

Chinese (spoken) shf ba
Korean Informal yul yudulb

- cighteen

achtzehn

diciotto
diez y ocho

Miller a Paredes (1956) m“mm——m—
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FIG. 44. Percentage of a group of 3-5-year-old children reaching each
number in abstract counting, by country, The difficulty U.S. children have in
mastering the teens portion of English number names is shown by their
substantial dropoff during this region.
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10

neuronova sit

Cardinal Number

FI1G. 4.5. Performance of a morphology-based neural-network model trained
to count in Chinese and English. First epoch to produce a number is shown;
to facilitate comparision with the previous figure, this is plotted on a reverse
axis. The mode! reproduces the most prominent phenomena shown in
children’s behavior: (a) similar performance before 10, a larger dropolT for

Miller a Paredes (1996) English in the teens, and a scalloped profile of difficulty at decade boundaries
for both languages in the range from 20-99.
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FIG. 49, Errors on the word/character format addition task. Errors were

coded into (a) Near misses (within 22 on both digits of answer, and correct

number of digits); (b) Expansions (in which the answer contained the wrong

number of digits). and (c) Reverses (in which the units portion of one addend

. was added to the tens portion of the other). Error profiles differed substantially
Miller a Paredes (1596) across countries and reflected the nature of the orthography used.
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TABLE 3

*xl Small d Vv I ’ INDCLUS SOLUTION FOR NUMBER-SIMILARITY JUDGMENTS: WEIGHTS FOR DIFFERENT
a OS p e | SUBSETS BY AGE GROUP
d—~ \
Kinder-  Third Sixth Elements
Subset garten Grade  Grade Adult  of Subset Interpretation
7 B 585(1) .609(1) .451(1) .391(2) 0,1,2 Small numbers
{ 2 ~ B oo i AT77(2) 479(2) .374(2) .315(3) 6,789 Large numbers
' B eoenwiemins o0 00 000 s 343 (3) .380(3) .303(4) .184(5) 234,56 Middle numbers
. 298 (4) .319(4) .187(6) .163(6) 0,1,34 Small numbers,
Even excluding 2
- SN 267 (5) .288(5) .155(7) .070(7) 4,5,6,7 Moderately
f large numbers
0dd Lo A35(6) .017(7) .337(3) .493(1) 24,8 Powers of 2
B voansin s AR 020 (7) .064(6) .228(5) .283(4) 3,579 Odd numbers,
" excluding 1
Additive constant ... 234 210 242 .269 e -
‘m Variance accounted
\ for (VAF) (%) ..... 80.4 82.2 82.0 64.0 35 78.0 (Total VAF)
\
"i_\ 6 NOTE.—Rank of weight is given in parentheses.
\I.
\
1\ b
k ! \ Poradi vyvoje stejné u americkych i Cinskych deéti.
9\ , , . , ,
\ o Malé-velké = liché-sudé

\\ (Miller & Gelman, 1983)



http://www.jstor.org/stable/1129809?origin=crossref

ProC tomu ale tak je?
Nakolik jsou matematické
koncepty logicke (a naucené),
nakolik jsou vrozene?




Kognitivni
pristup

Jaké kognitivni procesy jsou na
intraindividualni Urovni zodpovédné za

feSeni vybranych matematickych uloh?

Kognitivni véda, neuropsychologie.




Nyni se objevi zamerovaci kfiz.
Uprete na néej zrak.

Nasledné se objevi dve mnoziny
objektu.
Na které straneé je vice?







































Nyni se opéet objevi zamerovaci kriz.
Uprete na néej zrak.
Nasledné uprene sledujte kriz na

obrazcich, nesoustredte se
na objekty kolem.










(Burr a Ross, 2008)



Object tracking system (OTS), subitizing

paralelni, 40 objektU (evons, 1871).

3. trimestr téehotenstvi
(Antell a Keating, 1983; Schleger a kol., 2014)

kardinalita neimplikuje ordinalitu (Picozzi a kol., 2010)
nezavisly na senzorické modalité (izard, 2009)

malé interindividualni rozdily, nesouvisi s aritmetikou
(Ceulemans a kol., 2015)

zavislost na pozornosti (Burr a kol., 2010)


http://www.ncbi.nlm.nih.gov/pubmed/6851716
http://www.tandfonline.com/doi/abs/10.1080/87565641.2014.914212
https://doi.org/10.1016/j.jecp.2010.05.005
http://www.ncbi.nlm.nih.gov/pubmed/19520833
https://doi.org/10.1016/j.lindif.2015.03.009
https://doi.org/10.1167/10.6.20

Aproximate number system (ANS)

ANS: priblizny vjem vétsiho mnozstuvi.

OTS a ANS jsou disociované, obtizny prechod
o (Feigenson a kol., 2004).
> Diskontinuita pfri diferenciaci u kojenct (Coubart a kol., 2014)

> Disociace klesa s vékem (Feigenson a Carey, 2005), dospéli si mohou ,volit”
(Agrillo a kol., 2015).

Kulturné nezavislé — ale ANS jako soucast vizualniho systému a
pameti neprenositelny.

o Cislo jako kognitivni technologie.” (Frank a kol., 2008; Everett, 2005).
> U malych déti proto souvisi s jazykem (Brysbaert a kol., 1998).


https://doi.org/10.1016/j.tics.2004.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24267592
http://linkinghub.elsevier.com/retrieve/pii/S0010027704002082
http://journal.frontiersin.org/Article/10.3389/fpsyg.2015.01649/abstract
http://linkinghub.elsevier.com/retrieve/pii/S0010027708001042
http://www.journals.uchicago.edu/doi/abs/10.1086/431525
http://linkinghub.elsevier.com/retrieve/pii/S0010027798000067

Aproximate number system (ANS)

Napric fylogenetickym vyvojem: evolucni vyznam
o (Agrillo, Piffer, & Adriano, 2013; Taves, 1941; Kaufmann et al., 1949; Gelman & Gallistel, 1978)

Tzv. preverbalni pocetni mechanismus
> (Meck a Church, 1983).

Rozsahu numerickeé vzdalenosti
o (Haist et al., 2015; Piazza et al., 2010)

Weberuv-Fechnerlv zakon.



Aproximate number system (ANS)

ANS jako prediktor budouciho vykonu a uspéchu v matematice

o (Gilmore, McCarthy, & Spelke, 2010; Halberda et al., 2008; Purpura & Logan, 2015; Starr, Libertus, & Brannon, 2013; Soto-Calvo et al., 2015)

Zda se, ze existuje pozitivni efekt tréninku presymbolickych
numerickych dovednosti na vykon v aritmetickych testech

o (Park & Brannon, 2014; Brannon et al., 2016; Binterova & HoSpesova, 2003; Binterova et al., 2005; Samkova, 2013).
Kauzalita (reigenson, cit. dle Olmstead & Kuhlmeier, 2015)

o individualni rozdily ve funkci ANS jiz v détstvi (Libertus & Brannon, 2010)

> presnost ANS predikujici pozdéjsi matematicky vykon (mazzocco et al,, 2011

o zlepSeni formalnich mat. schopnosti trénovanim ANS (park & Brannon, 2014; Park et al., 2016)



A co z toho vseho?




Co si odnést?

Neexistuji ,,bunky na matematiku“ primerenée nezavislé na ,inteligenci.
> Matematické, verbalni a jiné usuzovani se prakticky nelisi.

> To se netyka aritmetiky a prostych ,vypoctu”.

> Nelze studovat souvislosti matematickych znalosti oddélené od intelektu.

Za rozdilem ve vykonu (,,nejde mi matematika, ale jinak jsem désné
chytry!“) mohou nekognitivni aspekty — ucitel, motivace, znalosti...

Rozdily mezi muzi a Zenami jsou velmi malé a zpusobené spise kulturné-
podminénymi genderovymi stereotypy

Matematicka uzkostnost, mat. self-efficacy je duleZitou proménnou.



Co si odnést?

Pri hodnoceni efektivity vyukovych pomucek neni treba (a nelze) se spoléhat na
intuici.

Priciny chyby mohou byt ,racionalni®.
Vliv formulace problému na jeho matematickou mentalni reprezentaci.

Znacna cast lidského ,,chapani Cisel” je vrozena a fylogeneticky sdilena.
> ANS, OTS.

Pri numerickych operaci se zapojuji ,,nizsi“ mozkové struktury.

Ill

Jsme schopni pocitat ,bez Cise
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