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JA CE BUJIE WJIN HE: UTH®OPMATHUBHA
CTYJIUJA 3A OBPABOTKA HA HECHUM-
BOJIMYKA HYMEPHUYKA MAI'HUTYJA
3A MAJIMTE HACHPOTH TI'OJIEMHUTE
BPOEBU KAJ JOEHUYNIHATA
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" Ommen 3a eKkcrepuMeHTaNHa KIMHAYKA M
3[paBCTBEHA NICHXOJIOTHja, Pa3BOjHU HAPYIIIY-
Bama, Y HUBEP3UTET BO [ €HT;

Ommen  3a aHaimm3a  Ha
YHuBep3urer Bo ['eHr;

3 Llenrap 3a 31paBcTBeHa Iproka, KaTommuxu
YHHUBEP3UTET BO JIeBeH;

* Ommen 3a eKcCIepMMEHTATHA KIMHHYKA M
3[paBCTBEHA NICUXOJIOTHja, Pa3BOjHU HAPYIIIY-
Bawka, YHUBep3uTeT Bo ['eHT u Apresenze,
YHuBep3uTeTCcKH KoJell Bo I'eHT, benruja.
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Pezume

Bo MHOry mcTpaxkyBama € TecTHpaHa IOBp3a-
HOocTa Mery oOpaboTkara Ha HyMEpPUYKUTE Mar-
HUTYJW W TIOCTUTHYBamara 10 MaTeMaThuka co
CIIPOTUBCTAaBYBabe Ha 3aKIyUOLMTE 32 MOCIIH-
I CO TEIIKOTHH BO YCBOjYBAamETO Ha MaTeMa-
THUYKUTE omepanuu. Hexon HemocnemaHocTn Mo-
JKar Jia ce o0jacHaT co ymoTpedaTa Ha HeCUMOO-
JIMYKA CTUMYJI WITH KOJIEKIIUH OJ] TOYKU BO UC-
TpaxxyBamara. [lajeHa e Xumnoresa JieKka MmocTou
00jeKTHO-TATOTEYCH CHUCTEM 3a ,,Majau" ¥ aHa-
JIOT€H MarHUTYyJIeH CUCTEM 3a ,,FOJIEMU " OPOCBH.
Bo o0Boj nmBocucTeMcku mpo¢ui, TOCTaBeH €
JMMUT Ha TOJIEMUHATa Ha 00jeKTHO-IATOTCUHH-
OT CUCTEM (TPH CTaBKH).
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Abstract

Many studies tested the association between

numerical  magnitude  processing and
mathematical achievement with conflicting
findings reported for individuals with

mathematical learning disorders. Some of the
inconsistencies might be explained by the
number of non-symbolic stimuli or dot
collections used in studies. It has been
hypothesized that there is an object-file system
for ‘small’ and an analogue magnitude system
for ‘large’ numbers. This two-system account
has been supported by the set size limit of the
object-file system (three items).
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I'panunara e meduHupana Taka MmMTO OpoeBUTE
MO/l YETUPU C€ KaTerOpU3UpaHU Kako ,,MaIu‘, a
O]l YeTUPH HArope Kako ,romemu’. Cemak, He-
JOCTacyBaarT MmoJaToIy 3a 00paboTka Ha ,,MaJH-
Te* OpoeBH, Kako U Ha ,,rpaHUIlaTa’ ToMery mMa-
aute u ronemure OpoeBu. Co oBa JaBame INpH-
noHec, 00e30eMyBajky MOAATOIN 3a pa3jINKyBa-
BeTo Ha mocTaBeHocTa 4 vs. 8 m 1 vs. 4 ox crpa-
Ha Ha JIOCHUYHAaTa, a BO JBaTa Cirydaja opojot 4
€ KOMOWHHpaH, COOABETHO, CO MallUTe U
ronemute OpoeBu. YuecHuuu Oea 25 u 26
HaBPEMEHO pojicHH 9-MeceuHn OeOuma 3a 4 vs 8
u 1 vs 4, coonBetHo. Ctumynure (TOouku) Oea
KOHTPOJIMPAHU 32 KOHTHHYHPAHWUTE Bapwjaliw.
CrnenemeTo Ha MOTIeN0T Oere KOMOWHUPAHO CO
XabuTyaluckara  mapagurma.  Pesynrarture
MOKaXkaa JeKa JOCHUYMIbaTa Oea YCIEIHH BO
pa3nmukyBameTo Ha 1 ox 4, HO HEYCHENTHO
pasnukyBaaT 4 of 8 TOUkH. 3aKIy4OLUTE CE BO
TIPIJIOT Ha TIPETTIOCTaBKaTa 3a OpojoT 4 Kako
,»Ma“ 6poj, co WITO IO 3roJieMyBaaT JIMMUTOT Ha
00jeKTHO-aTOTeYyHnOT cucteM. OBaa cTyauja ke
MOMOTHE BO  00jacHyBameTO Ha  HEKOH-
3UCTEHTHOCTa BO HCTpPaXKyBamara. YIITE IMOBe-
ke, nHpopMaIunTe ke OMIaT KOPUCHU KaKo OJ-
rOBOp Ha Mpamnlamara Ha POAUTEINTE 3a MPean3-
BUITUTE CO KOM MOJKaT J]a C€ COOYaT PaHJIMBHUTE
Jena co npobiiemMu npu 0opaboTkata Ha OpOeBH,
Kako IITO ce Jelara cO TEMKOTHH BO YyC-
BOjyBamkeTO MaTeMaTH4Iky onepanuu. [lomomHn-
TEJTHO, UCTPAXYBAamETO MOXE Ja Jane MHQOp-
Malli{ 3a CTHMYJUTE IITO MOXKaT J1a CE€ HCKO-
pucTaT 3a epUKacHO MOTTUKHYBamhe Ha BEIITH-
HHTE Ha Jenara 3a 00paboTyBambe MarHUTYIH.

Knyunu 360posu: ooenuurea, pasiuxysarve
bpoesu, mpazay Ha no2ied, HeCUMOOIUYHO, 00-
pabomka Ha Ma2HUMyOu

Boeeo

MaremaTiykaTa MACMEHOCT € OJ TOJIEMO 3Hade-
Be 32 Hamero ommrectBo. Hexon myre mmaar
MpoOJIEMH TIPH  YCBOjYBAaEETO MaTeMaTHUKH
3HACHa U UMaaT TEIIKH MPOOJIeMHU Tpu 00paboT-
KaTta Ha Opojku 1 MarHUTyu. [IporieneTo e aexa
pacmpocTpaHeTocTa Ha HapyIIyBameTO 3a yC-
BOjyBame MaTeMaTHuku onepauun (Mathema-
tical Learning Disorders [MLD]) u3HecyBa mery
2 u 16% ox momymanujata, BO 3aBHCHOCT O]
3eMjara Ha HCTPaXyBame W O] YIOTpeOeHUTe
kputepuymu (1, 2). Umajku npensun neka MLD

A Dboundary was defined, accordingly,
categorizing numbers below four as ‘small’
and from four and above as ‘large’. However,
data on ‘small’ number processing and on the
‘boundary’ between small and large numbers
are missing. In this contribution we provide
data from infants discriminating between the
number sets 4 vs. 8 and 1 vs. 4, both
containing the number four combined with a
small and a large number respectively.
Participants were 25 and 26 full term 9-

month-olds for 4 vs. 8 and 1 vs. 4
respectively. The stimuli (dots) were
controlled for continuous variables. Eye-

tracking was combined with the habituation
paradigm. The results showed that the infants
were successful in discriminating 1 from 4,
but failed to discriminate 4 from 8 dots. This
finding supports the assumption of the
number four as a ‘small’ number and enlarges
the object-file system’s limit. This study
might help to explain inconsistencies in
studies. Moreover, the information may be
useful in answering parent’s questions about
challenges that vulnerable children with
number processing problems, such as children
with mathematical learning disorders, might
encounter. In addition, the study might give
some information on the stimuli that can be
used to effectively foster children’s
magnitude processing skills.

Keywords: infants; number discrimination; eye-
tracking, non-symbolic; magnitude processing

Introduction

Mathematical literacy is important in our
society. Some individuals have problems
acquiring mathematical literacy and remain
having severe problems to process numbers
and magnitudes. The estimated prevalence of
Mathematical Learning Disorders (MLD) lies
between 2 and 16% of the population
depending on the country of the study and the
used criteria (1, 2). Given that MLD is
associated with cost to society, family and the
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€ TMOBpP3aHO CO TPOUIONM 32 OMIUTECTBOTO,
ceMejCTBaTa | 3a JIMIHOCTA, BAYKHO € TTOJI00po /1a
ce pa3bepe mpuuMHATA 32 OBOj HPOOIEM MpPHU
o0paboTyBameTo OpoeBH 3a Ja Ce pa3Bue paH
TpeTMaH ITO Ke C€ HAcOYM KOH OCHOBHHTE
NPUYHHUTEIH.

ITocTojar HEKOJIKY MoOJIeNa BO OOHIOT J1a CE OITH-
HIaT WK Jja ce 00jacHAT MEXaHW3MHTE 32 OCHOB-
HUOT KBaHTHUTET Ha TEIIKOTUH 3a 00paboTyBame
Ha aenara co MLD. Hekou ucrtpaxyBauu cMeTa-
at neka npobmemot Ha aenara co MLD e pesyn-
TaT Ha crenru(UIHO HApYIITyBame BO OCHOBHATA
Hymepuuka obpadortka (3,4). Criopen HEKOU uC-
TpaxyBama, aenara co MLD mo6aBHO ru 0Opa-
0oTyBaaT ManmuTe OpOEBH OJf HUBHWUTE BPCHHIIN
co tunmueH pasBoj (5). Cemak, HE € MOCTHTHAT
KOHCEH3YC OKOJIy OBOj IPO0OJIeM, OUICjKH APYTH-
Te WCTpaXXyBama HE TW TOAAPKYBaaT OBUE CO3-
HaHWja (6,7). Hekon HecoBmarama MOXKaT Ja ce
objacHaT CO HECHMOOIMIKUTE CTHMYJIU 3a Opo-
JOT WJIM CO TOYKECTHTE MpPUKa3H YNOTpeOeHH BO
ucTpaxyBamara. [loctaBeHa e xuroresa 3a 1moc-
TOEHE CUCTEM 3a ,,MaJIN" U CUCTEM 3a ,,LOJIEMH"
OpoeBu. Cenak, mojarouuTe 3a 00pabOTyBame
,MaJI“ Opoj  3a ,,rpaHumara‘ Mery MajuTe U To-
JeMuTe OpOeBH, C€ OCKYIHU.

BpojknuTe ce MHXEPEeHTHO MPUCYTHH BO CEKOj-
JTHEBHHOT >KUBOT JIypH U Kaj MHOTY MaJIuTe Jela.
UznoxkeHocTa Ha KBaHTHTET 3alO0YHYBa MHOTY
pano. HcrpaxyBamara 3a peBepOaTHATE JeTa
OTKpWJIE JeKa Kaj JOCHUMIbaTa ce CpeKaBaaTr J1Ba
cuctemMa 3a obOpabotka Ha OpoeBute (8-10).
[IpBHOT cucteM € 00jeKTHO-AATOTEYEH CHUCTEM,
KOJIITO JI03BOJyBa TOYHO IPETCTAaBYBAamke Ha
orpanndeH 0poj crasku (11, 12). Co oBoj cucteM
ce TpeJyiara 3a MOCTaBKUTE A0 YETHPH, JTOCHYH-
BaTa J1a MOXar Jia KOPECTIOHJMpaaT Co elIeH Ha
elIeH 3a CeKoja CTaBKa, INTO OBO3MOXYBa
npenn3Ha AUCKPUMHUHALM]A BO PAHTOT HA MaJTUTE
Opoesu. BToprot cucteM e cucTeM Ha aHaJOrHA
MarHuTyzia MTO JaBa TOHENPENU3HO, MPUOIHK-
HO TIpeTCTaByBamke Ha rorojemute OpoeBu (9).
Bo oBoj cmywaj, OpojHata IUCKpPHIMHHAITH]a
3aBUCH O]l Pa3MEpOT, IUTO 3HAYM JeKa HETOBO
KIIy9HO CBOJCTBO € pefammjata Mery mBa Opoja.
IToronemo pacrojanuie Mmely OpoeBuTe (Kako
pe3ynrar Ha 3rOJEMEHHOT pa3Mep) 3Hauu
MoJiecHa JUCKpUMHHAIMjA.  J[BOCHCTEMCKHOT
npouil € MoAAPKaH CO MOCTaByBabE JIUMHUT Ha
TOJICMHHH Kaj O00jeKTHO-JATOTEUHHOT CHCTEM
mTo (YHKIMOHMpa Kako pedepeHTHa TOoduka 3a
OTIpe/ieNlyBakbe Ha TpaHWIATa Mery OICeroTr Ha

individual person, it is important to understand
better what causes these problems in number
processing so that early treatments can be
developed and targeted at the underlying
causes.

There are several models trying to describe or
explain the mechanisms underlying quantity
processing deficits in children with MLD.
Some researchers consider the problems of
children with MLD as the result of a specific
disorder in basic numerical processing (3, 4).
According to some studies, children with MLD
are slower elaborating small numbers
compared to typical achieving peers (5).
However, there is no consensus on this
problem since other studies do not support this
finding (6, 7). Some of the inconsistencies
might be explained by the number of non-
symbolic stimuli or dot collections used in
studies. It has been hypothesized that there is a
system for ‘small’ and a system for ‘large’
numbers. However, data on ‘small’ number
processing and on the ‘boundary’ between
small and large numbers are scarce.

Numbers are inherently present in everyday
life even in very young children. The exposure
to quantities starts quite early. Studies on
preverbal children revealed that infants rely on
two systems to process numbers (8-10). The
first system is an object-file system, which
allows an exact representation of a limited
number of items (11, 12). This system
proposes that for sets of up to four, infants
have an exact one-to-one correspondence
representation of the items, allowing precise
discrimination in the small number range. The
second system is an analogue magnitude
system that enables a less precise, approximate
representation of larger numbers (9). In this
case, number discrimination is  ratio-
dependent, meaning that the relation between
two numbers is its key feature. The larger the
distance between the numbers (as a result of an
increasing ratio), the easier the discrimination.
The two-system account is supported by the
set size limit of the object-file system, which
functions as the reference point for defining
the boundary between the small and large
number range (13, 14).
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MaJu ¥ rosiemMu opoesu (13,14).

OO6paboTkaTa Ha HyMepHUYKaTa MarHUTya € Jec-
TO HCTpaKyBaHa Kaj JOCHUMIbA CO XaOuTya-
muckara mapamurma (10, 14-20). 3amauute cro-
pen oBaa mapaaurmMa ce MoTnHpaar Ha XaOuTya-
1jaTa Ha OApeieH Opoj CTaBKH BO TEKOT HA €IHA
(daza. 3a oBaa 3amada jerara Tiemaar OAPENCH
Opoj cTuMyiu (Ha IIp., IpUKa3 Ha TOYKH) c[] J10-
JleKa He ce HaBUKHAT Ha HHUB (WM HE JIOCTHTHAT
MakcuMaieH Opoj XaOHWTyalucku oOWIH, Haj-
MmHory 14). [loroa Tre ro rienaar, HAN3MEHUYHO,
HCTHOT Opoj M HOBHOT Opoj. [ducxaburyamujara
(MM MOMaJIKy TJedame) Ha CTapHoT Opoj WITH
MOJIONTO TJENarke BO HOBHOT OpOj BO TEKOT Ha
onpeneHa (aza O TECTHPABETO CE CMeTa KaKo
WHIWKAIMja 32 TUCKpUMHHAIMjA (WU BOOYYyBa-
e Ha pa3nmkara) Ha Opoesure. 1llTo ce omgmrecy-
Ba 10 00jeKTHO-AATOTEYHHOT CHCTEM, MPETXOA-
HUTE UCTPaXXyBarhba WIIyCTPHUPAaT MOCTABEH JIH-
MUT Ha TOJIEMHUHH Ha Tpu cTaBku. OBHE HCTpa-
KyBamba OICHYBaaT JieKa JOCHYMIbaTa HE MOXKAT
Jla pa3IuKyBaaT YeTUPH CTaBKH O] Malld OpOEBU
Bo pazmep 1:2, 2 vs. 4 (10). Tume, cemak, M
pa3NMUKyBaaT OHHME CTaBKH Of TOJIeMU OpOeBU
ITOCTaBEHW CO HCT pa3mep, 4 vs. 8 (10). 3aemHO
CO HEYCIIEXOT 3a Pa3IuKyBame TPU CTaBKU O]
rosemu OpoeBH Bo pasmep 1:2, 3 vs. 6 (12), ce
MPETIOYUTA JIMMUTOT Ha 00jEeKTHO-TaTOTEYHHUOT
cucTeM Ja Ouzpe Tpu 3a goeHummbata. Cropen
TOa, TOCTaBEHOCTAa Ha TPU U TIOMAJKy €
KaTeropu3upaHa BO PaMKUTE Ha ,,MaJli* OPOCBH,
Jo7ieka TIOCTaBEHOCTa INTO TO HaJMHUHYBa OBa
OrpaHUUyBame € omdareHa BO paMKHTE Ha
romemu 6poesu (10, 15). 6-meceunn OeOuma
TH pa3JIiKyBaa ToJeMuTe OpoeBH Bo pasmep 1:4,
4vs. 16 (19); 1:3, 7 vs. 21 (20) umm 1:2,4 vs. 8, 8
vs. 16, 16 wvs. 32 (10, 15, 17, 19, 21).
PazmukyBamero He Oellie BO3MOXKHO BO pa3Mep
2:3, 8 vs. 12, 16 vs. 24 (15, 18). Ucto Taka Gea
WCTpaKyBaHU M KOMOWHAIIMY O] MaJld U TOJIEMH
opoesu. Cenak, c¢[] ymTe He € MOCTUTHAT KOH-
ceHsyc. UcTtpakyBamara He /ajoa MO3UTUBHU
pE3yINITaTy 3a pa3nKyBamke Ha KOMOMHAIIMUTE OJT
opoesute 2 vs. 4 (10, 11) u 3 vs. 6 (12), Bo umnn-
IITO paMKU OpocBHUTE Oea MPETCTABECHH BO Pas-
Mep 1:2. OBoj Heycnex ce 00jacHyBa CO HEKOM-
MaTHOWITHOCTA HAa (popMaTUTE 3a MPETCTaByBAHE
Ouejkn MajiaTa TIOCTaBEHOCT (BO OBOj CITy4aj
IIBa U TpH) € MpEeTCTaBeHa oJl 00jeKTHaTa IaTo-
TeKa, a TrojeMaTra TMOCTaBEHOCT OJi aHajorHara
MarHuTyza (Bo OBOj ciiy4aj uetupu u mect). [lo-
pamy oBa, HEBO3MOXHO € Jla CE CIIopenar JBa

Numerical magnitude processing has often
been studied in infants using a habituation
paradigm (10, 14-20). Tasks according to this
paradigm rely on habituation to a number of
items during one phase. In these tasks children
see a specific number of stimuli (e.g., a
collection of dots) until they are habituated to
it (or had a maximum number of habituation
trials, mostly 14). Afterwards, they see, in
alternating order, the same number and a new
number. Dishabituation (or less looking) to the
old number or longer looking at a novel
number during a test phase are considered as
an indication of discriminating (or seeing the
difference) between the numbers. Regarding
the object-file system, previous studies
illustrated a set size limit of three items. Those
studies revealed that infants could not
discriminate four items from a small number in
a 1:2 ratio, 2 vs. 4 (10). They did, however,
discriminate those items from a large number
in a set with the same ratio, 4 vs. 8 (10).
Together with the failure of discriminating
three items from a larger number in a 1:2 ratio,
3 vs. 6 (12), the limit of the object-file system
is supposed to be three for infants. Set sizes of
three and fewer are, therefore, categorised
within the ‘small’ number range, while set
sizes exceeding this limit are situated within
the ‘large’ number range (10, 15). Large
numbers were discriminated by 6-month-olds
within a ratio of 1:4, 4 vs. 16 (19); 1:3, 7 vs.
21 (20) or 1:2, 4 vs. 8, 8 vs. 16, 16 vs. 32 (10,
15, 17, 19, 21). Discrimination was not
possible in a 2:3 ratio, 8 vs. 12, 16 vs. 24 (15,
18). Combinations including a small and a
large number were also investigated. Though,
a consensus has not been reached yet. Studies
did not find positive results for the
discrimination of the number combinations 2
vs. 4 (10, 11) and 3 vs. 6 (12), in which
numbers were presented in a 1:2 ratio. This
failure was explained by the incompatibility in
representational formats since small sets (in
this case two and three) were represented by
object files and large sets by analogue
magnitudes (in this case four and six). This
would make it impossible to compare the two
presented numbers within the different
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NpETCTaBeHn Opoja BO PaziMYHU KOMOWHAIHH.
OBaa HEKOMITATHOMITHOCT, CETak, He To 00jacHy-
Ba YCIIEIITHOTO Pa3JIMKyBamke HA MAJMTE U ToJIe-
MHUTE OPOEBH, KaKO IITO € TIOKaKaHO 3a 7-Meced-
HU JOCHYMIbA MpH TocTaBeHocTa 1 vs. 4 (12).
ABTOpHTE, 3aT04, ja MPEIUIOKHjA XUnome3ama 3a
npazom, CIOpe] Koja € TOTpeOeH MHHUMAJICH
mpar Ha TIpoMeHa 3a 1a MOXKaT JOCHYMIbaTa 1 ja
pa3uKyBaaT Majara oJf TojieMara MOCTaBEHOCT.
Crnopen oBa, JOcHUME-aTa OM MOXene Ja TH
WUTrHOpUpaaT oO0jeKTHUTE MJaTOTeKu M Ja ce
PaKoBOJAT caMoO CIIOpe] aHaJIOTHAaTa MarHUTyZAa
KOTa pa3MepoT Mery MaJIuTe U rojeMute OpoeBr
ro JIOCTHUTHYBa KPUTUYHHUOT mpar on 1:4 (wm
Moxeon aypu u 1:3).

Taka, eneH Ha4MH 3a 00jacHYBambe HA Pa3IHKyBa-
BETO Ha €/IHAa OJ] YETUPUTE CTaBKH € JIeKa KOM-
OouHanmjata 1 vs. 4 e uenocHo oOpaboTeHa of
CHCTEMOT Ha aHaJIOTHU MarHuTyau. Cemnak, JIpy-
ro 00jacHyBambe € OJIPSIyBAmHETO HA IMMHUTOT Ha
roJleMrHaTa Ha O0jeKTHO-JATOTEUYHHOT CUCTEM,
cyrepupajku jaeka 4 Moxke ma ouze ,,Mar* Opoj
o0paboTeH ox oOjekTHaTa naToTeka. Heomam-
HEITHATE UCTPAXyBamkha IMOKaKkaa YCIElIHO pa3-
JTUKyBambe BO KoMOuHanuuTe 1 vs. 3 (22) u 2 vs.
3 (16), mogapKyBajK TM KOHKPETHHUTE Kapak-
TEPUCTUKHA Ha O00jeKTHO-IAaTOTEUHHOT CHCTEM.
Cenak, OBOj CHCTEM MOXE J1a TH H30pOH camo
OpoeBurte 10 yetupu (23, 24). 3aroa Moxe aa ce
JIOBele BO Mpamamke jamd 4 e ,Mal‘ Win
,fomemM™ Opoj M HaiM OIpenyBameTo Ha Troje-
MHHAaTa MOXe Ja OWJie TTIOBUCOKO OTKOIIKY IITO Ce
npetniocrasysaio (10, 15).

LenTa Ha OBa MCTpaXyBame € Ja MCIHTA AU
OpojoT 4 e ,,Man* W ,,rosreM* 6poj co IBE IpeT-
XOJIHO UCIUTYBaHH KOMOHMHAIMU CO OpojoT 4 co
MaJld ¥ TojJeMH OpOeBH, COOIBETHO. Bo mpBHOT
eKCIIEpUMEHT, BO TEKOT Ha XaOWTyalucKara
3agaya 9-meceuHuTe OeOuma Tpeba na TH
paszmukyBaaT 4 u 8 (CO TpETIocTaBKa Jeka ce
,rogemu” OpoeBrn). OBaa KoMOWHaIMja Ha
OpoeBuTE TPETXOMHO OWia ycremHa 3a 6-Me-
ceunuTe OcOmma (18). CrmemcTBeHO, ce OUeKyBa-
1I€ 1 OBOjIIaT YUSCHULIUTE Jla MOKaxkar ycrex. Bo
BTOPHOT EKCIIEPUMEHT, Apyra Tpymna 9-mecedHu
OcOMma MMaa xabuTyalucka 3aaava 3a 1 vs. 4.
Heonamua Cordes u Brannon (12) otkpuja aeka
7-MeceunuTe OcOMH-a TIpaBaT pa3iiuKa Mel'y OBHE
Opoesu.

JlokonKy moeHYMmara yCHemrHo TH perlaT OBHe
KOMOMHAIH, Toramr OpojoT 4 MOXe Jla ce CMeTa
3a ,,rojeM* Opoj BO COTIACHOCT CO MPETXOJHUTE

combinations. This incompatibility, however,
cannot explain the successful discrimination of
the small from a large set as shown by 7-
month-olds in 1 vs. 4 (12). The authors,
therefore, proposed the threshold hypothesis
according to which a minimum threshold of
change is needed for infants to discriminate a
small from a large set. Following this account,
it might be possible for infants to ignore the
object files and solely wuse analogue
magnitudes when the ratio between a small
and a large set exceeds a critical threshold of
1:4 (or maybe even 1:3).

Therefore, one way of explaining the
discrimination of one from four items is that
the combination 1 vs. 4 is entirely processed
by the analogue magnitude system. However,
another explanation is the set size limit of the
object-file system by suggesting that four
might be a ‘small’ number processed by
object-files. Recent studies have shown
successful discrimination for the combinations
1 vs. 3 (22) and 2 vs. 3 (16), supporting the
precise-characteristic of the object-file system.
However, this system can account for number
sets up to four (23, 24). It can, therefore, be
questioned whether four is a ‘small’ or a ‘large’
number and whether the set size limit might be
larger than previously assumed (10, 15).

This study aims to investigate whether four is
either a ‘small’ or a ‘large’ number, with two
previously studied number combinations
combining the number four with a small and a
large number, respectively. In the first
experiment 9-month-olds need to discriminate
four and eight (assumed to be ‘large’ numbers)
during a habituation task. This number
combination was previously successful in 6-
month-olds (18). Consequently, participants
were expected to succeed. In the second
experiment, another group of 9-month-olds
received the 1 vs. 4 habituation task. Recently,
Cordes and Brannon (12) found that 7-month-
olds could discriminate between those
numbers.

If infants are successful in both combinations,
four can be categorized as a ‘large’ number in
line with previous studies (10). In addition, the
threshold hypothesis (12) can be confirmed. If
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uctpaxkyBama (10). [JomomHuTtenHo Moxe aa ce
OTBpIM xunomesama 3a npazom (12). Axo 3a 1
vs. 4 He ce no0We TO3UTHUBEH pe3ynTar, a ce
nobue 3a 4 vs. 8, Toram 4 e romem Opoj Oe3
MOTBPAYBamke Ha Xxunomesama 3a npazom. A
JOKOJIKY 4 MOXKe Ja ce pasnuKyBa on 1, HO He
MOJKe Jla Ce Pa3NHKyBa O/ 8, TOraml MOXKe J1a ce
00paboTyBa Kako ,,Man“ opoj.

OBa mcTpaKyBamke To pasriieyBa OBa Mpallamke
co noroneM npumepok (N = 25 mamecto N = 16)
¥ CO MOCOOABETHH MeToau oA mperxoanute (10,
17). Ilonaramy, omjtykara 3a Toa Kaje Iiieaa aere-
TO (32 Ja ce M3MEPH BPEMETO Ha IIIeAamhe) BO OBa
WCTpaXyBame ce 0a3rpa Ha CHUMAamke Ha BKOYA-
HETHOT TIOTJIE/l Ha JIETETO, HAMECTO CO CHUMArbe
Ha TMpaBeloT Ha JuueTo Ha aoeHdeTo co VCR.
OBa MOXe Ja TpHmoHece 3a momodap YBHI BO
CIIOCOOHOCTHUTE 3a Pa3INKyBamkhE Ml OpPOCBH Kaj
JIOeHUYHaTa. Bo TOMEHOT Ha IpeBeHIHjaTa, Co
OBHE TTOJIOOpEHN CO3HAHHU]a MOXKE J1a ce 00e30emm
paHa JETeKIWja Ha WHAWBUIYAJTHUTE Pa3lIUKH.
CrencTBeHo, ke MOXE Jla Ce HalpaBH pa3iivka
Mely PU3WYHHU Jiella U Jiella CO TUIUYEH Pa3Boj.
[loBeke mHpOpMaIMK 32 0BOj METO[ Ce NAaJICHU
BO TTOBP3aHHUOT JEII.

Memooonozuja

Yuecnuuyu

Bo oBa ncTpakyBame yuecTByBaa YUSCHHUITUTE O]
€IHO TOTOJIEMO JIOHTHTYAWATHO HCTPaXKyBambe.
»lema u cemejctBo® (Dutch: Kind en Gezin;
http://www kindengezin.be), BiamuHa arcHIiMja
OJITOBOpHA 332 MAaJIUTEe Jiella M CeMejcTBaTa BO
Onanapuja TM THGOPMIpPaa pOTUTEIINTE Ha JIeTia-
Ta poaenu mery maj 2008 u anpun 2009 roguna,
KOMIIITO KUBEAT BO PA3NIMYHHU JeNOBH BO DiaH-
npuja, benruja. On pomurtenyTe MTO MOMONHI]jA
cormacHocT 3a wuHopmupanoct, 10% Oea
TTOKAHETH, TI0 CIy4acH n300p, co HHPOPMATHBHO
MUCMO 32 YYECTBO BO JIOTIONHHUTENIHO MYJITH-
JMCIUTUTMHAPHO JIOHTUTYAUHATHO UCTPAXKYBAbE,
O]l KOCIITO € JIel MU OBa HCTpaxyBame. McTpa-
KyBameTo Oelle CHOpPOBEJCHO Ha KIMHHKATa
,HJlera u ceMejctBo. Pomurennre Oea Tenedon-
CKHM KOHTAaKTHPaHH 32 COCTaHOK, JOKOJKY C€ CO-
racue.

OBa wucTpaxxyBame BKIydyBa 25 moeHunma, 10
Mamku u 15 skeHcku, Ha Bo3pact onx 33 mo 38
Henermm (M = 36,32 venermn, SD = 1,55), koutito
y4ecTBYBaa BO TPBHOT eKcliepuMeHT (4 vs. 8).

1 vs. 4 is not successful but 4 vs. 8 is, then
four is likely to be a ‘large’ number without
confirming the threshold hypothesis. 1If
however, four can be discriminated from one
but not from eight, four might be processed as
a ‘small’ number.

The current study addressed this issue with a
larger sample (N = 25 instead of N = 16) and a
more accurate method than previous ones (10,
17). Furthermore, the decision of where a child
was looking (to measure looking times) in this
study was based on the recording of the
infant’s gaze by eye-tracking instead of the
recorded direction of the infant’s face by a
VCR. This might help to reach a better insight
in the ability of discriminating small numbers
in infants. Within the scope of prevention early
detection of individual differences may be
established by this Dbetter knowledge.
Consequently, it might be possible to
distinguish children at risk from typical
developing children. More information on this
method is given in the related section.

Method

Participants

Participants for this study were recruited
within the scope of a larger longitudinal study.
Child & Family (Dutch: Kind en Gezin;
http://www.kindengezin.be), a governmental
agency with responsibility for young children
and families in Flanders informed parents of
children born between May 2008 until April
2009 and living in different districts in
Flanders, Belgium. From the parents who
filled out an informed consent, 10% were
randomly invited with an informative letter to
participate in an additional multidisciplinary
longitudinal study, of which this study is one
part. The research moments took place at
clinics of Child & Family. Parents were
contacted by phone for appointments if they
consented.

The study reported here included 25 infants,
10 boys and 15 girls, aged between 33 and 38
weeks (M = 36.32 weeks, SD = 1.55) which
were assigned to the first experiment (4 vs. 8).
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Ilonatamy, Ha 26 noeHuuma (14 mamku u 12
JKEHCKH) Ha ucTa Bo3pact (M = 35,73 menenu, SD
= 1,56) um Oea majeHW 3amaud 3a BTOPHOT
excriepumedT (1 vs. 4).

JBaHaeceT NoeHUNba Oea MCKIyYeHH O]l MCTpa-
JKYBaETO TOpagu copTBEpCKa Iperika BO TEKOT
Ha TECTUPAmETO (7 = §), HEJOBOIHO COOMpame
MO/IATOLIM KAaKO Pe3yJTaT Ha BOSHEMHUPEHOCT (11 =
2) unu oTCycTBO Ha BHUMaHue (1 = 1) u mopaan
ry0oeme Ha MOJATOMTe HA KOMI[JYTEpOT IO
TecTupameTo (1 = 1).

Juzajn

Xaburyarpckara 3afada Oelle COCTaBeHa O
xabutyanuja u Qasza Ha Tectupame. JloeHun-
maTa 0ea M30paHU MO CiIy4aeH M300p 3a eleH
WIM JIBa yCJIOBa BO TEKOT Ha XaOWTyaljara.
[lonoBuHa ox noeHummara Oea XaOWUTyHpaHU
Ha TIpUKa3H Ha HajMau Opoj Touku (1 HamecTo 4
TOYKH WX 4 HaMeCTOo 8 TOYKH), IPYrHUTe Ha
HajroieM Opoj Touku (4 Hamecto 1 wmimm 8§
HaMecTo 4 TOYKM) Ha J1aJieHa TOCTaBEHOCT Ha
opoesure. Ilotoa, Bo (hazara Ha TecTHpamE,
KaKO aJTepHanrja 0ea HAIpPaBeHU IIECT TECTHU-
pama co NMpHKa3d Ha HajMal WM Ha HajToJIeM
Opoj enementu. Pemocnenor Oeme BpaMHOTe-
KEH 3a yYECHHUIHUTE, CIIPOBEIYBadyoT Ha EKC-
NEPUMEHTOT He Oellle 3all03HaeH CO yCIIOBOT 3a
KOJIITO € MPHjaBEeHO JIETETO.

Cmumynu

Crumynure Oea reHepupanu of Mamaab
(www.mathworks.com), 4 wiu 1 u 8 wiu 4 HU3U
€JIEMEHTH Of] TOUKH Ha Oeya KBajjpaTHa 3aHUHA.
ToukuTe BapupaaT BO TO3WIMjaTa HU3 HU3UTE.
Ha 60 cantumeTrpu onganedeHocT of MOTJeNoT,
Ha 15,88 x 15,06 cMm HU3a o7 cTUMYIH, CE CO3Ma-
Ba jak o7 15,07 x 14,30 cTenenu BU3yeNeH arodi.
3a cekoj ycnoB Oea MpHUKakKaHHU MIECT Pa3IUYHU
xXaOHUTyanucku TpuKasn. ToukuTe Oea IpBEHH
3alITO Ce TPYJCBME Ja TO MPHUBIICYEME U Jia TO
3ap)KIMMe BHUMaHUETO Ha JTIoeHuYnmata (25527).
Cure crumynn Oea  KOHTPOJUpAaHH 32
KOHTUHYUpaHUTe Bapujabnu (rojeMuHa Ha
CTaBKUTE W HUBHOTO MeTyceOHO pacTojaHue Ha
HUBO Ha CTaBKM M MOBP3aHHUTE MapaMeTpu 3a
TIpUIaroflyBambe Ha HUBHATA BKYITHA TOJIEMIHA U
BKYIIHO oOIaTeHara MOBpPIIMHA 3a MOCTaByBa-
Be) cropel npoueaypara Ha Dehaene, Izard u

Furthermore, 26 infants were included (14
boys and 12 girls) with the same age range (M
= 35.73 weeks, SD = 1.56) who were assigned
to the second experiment (1 vs. 4).

12 infants were excluded from the study
because of software failure during testing (n
= 8), insufficient data collecting due to
fussiness (n = 2) or inattentiveness (n = 1)
and loss of the data on the computer
afterwards (n = 1).

Design

The habituation task consisted of a habituation
and a test phase. Infants were randomly
assigned to one of two conditions during
habituation. Half of the infants were
habituated to displays with the smallest
number of dots (1 dot instead of 4 dots, or 4
dots instead of 8 dots) and the others to the
largest number of dots (4 dots instead of 1 dot,
or 8 dots instead of 4 dots) of the given
number set. Afterwards, in the test phase, six
test trials with displays containing either the
smallest or the largest numbers of elements
were shown in alternation. The order was
counterbalanced across participants and the
experimenter was blind to the condition to
which a child was assigned.

Stimuli

Stimuli were Matlab-generated (wWww.
mathworks.com) 4 or 1 and 8 or 4 element
arrays of dots in a white square background.
These dots varied in position across the
arrays. At a 60-cm viewing distance, the
15.88 x 15.06 cm stimulus arrays subtended
15.07 x 14.30 degrees visual angle. Six
different habituation displays were shown in
each condition. The dots were red for reasons
of concern to attract and sustain the attention
of the infants (25f27). All stimuli were
controlled for continuous variables (item size
and inter item distance at item level and the
related set-parameters total item size and total
occupied set area) according to the procedure

of Dehaene, Izard and Piazza (28). The nature
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Piazza (28). [IpuponaTta Ha cTUMYJIHTE ja HAMET-
HyBa Kopenaigjata Mely WHTCH3UBHHUTE BapH-
jabmu (nedwHMpaHM HA HUBO HAa CTAaBKH: roJje-
MHHA Ha CTaBKHTE ¥ HUBHOTO MeI'yCEOHO pacTo-
jaHHe) U eKCTeH3WBHUTE (NeUHUpaHU Ha HUBO
Ha MOCTaBYBAam-E: COOIBETHO, BKYITHA TOJIEMHUHA
Ha CTaBKUTE W BKYIIHO OI(areHaTa MOBpPLIMHA
3a IOCTaBYBalkE, KOWIITO CE 3roJieMyBaaT Co
OpojHOCTa).

Crumynure Oea MU3ajHUPAHU Taka INTO, HACTpa-
Ha O]l IPOMEHHUTE BO OPOjKUTE, CUTE BPEITHOCTH
Ha IIapaMEeTpUTe IIPE3CHTHPAHH BO TEKCTOT,
MCTO Taka Oea MPE3CHTHUpPAHHU NPU XaOUTyaIluja-
Ta, ¥ TaKa MOJCTHAKBO He ce HOBH (28). OBa Oc-
nie yTBPACHO CO LPTamke Ha €AEH Napamerap
(MVHTEH3MBEH WJIM EKCTEH3WBEH) on (ukcHaTa
TUCTPUOYITHja COOIBETHO CO OPOJHOCTA HA CTH-
MYJIMTE 3a XabuTyalnuja JoJieka OCTaHATUTE Ta-
paMeTpu BapHupaa co OpojHOCTA.

3a CTUMyJHTE 3a TECTHpame Oelie YImoTpeOeH
oOparen penocnen. Bo oBa ucTpaxxyBame BKYII-
HUOT OpOj CTaBKM M BKYITHaTa omdareHa IMOBp-
muHa Oca (DUKCHM BO TEKOT Ha XaOWTyaldjara
J0ZIeKa MTOBP3aHUTE MHTCH3UBHU MapaMeTpu Ba-
pupaat co OpoeBute. Kako nocnenuna, ronemu-
HaTa Ha TOYKUTE BO PaMKHUTE Ha HU3UTE Of eJic-
MEHTH Bapupalle Bo oouanTe u ¢pasure Ha 3aia-
Jara.

Anapamypa

Jenata cemar BO CKyTOT Ha HHBHHUTE POIWUTENN
nipen Tobii T60 17-uHYEH MOHHUTOP BO KOj € Brpa-
JIeH Tparay Ha norje (eye-tracker) co kopHeasHa
pedexcuja (29). OBoj ypen ynorpeOdyBa CBETIIH U
TEeMHH YOBEYKH JINKOBH 32 CIIEACH-E Ha IOTIIEIOT
u cobupa momarorm co cramka ox 60 Hz u co
tounocT of 0,5 cremenu. [{03BoJeHO € ClI000IHO
IIBWKECHbE HA TJIaBaTa BO PaMKHTE Ha KBaIpaT Ol
44 x 22 x 30 cm U Kora €JHOTO OKO MPUBPEMEHO
HE MOXe Ja ce cremd, ce ymoTpeOyBaar
MOAATOLMTE Of ApYroto oko. Bo ciywaj ma ce
n3ryOM TparaTta, BpeMETO Ha TONpaBKa BOOOH-
gaeHo ¢ 300 ms, a mompaBkaTa Ha CIEICHETO Ha
TperHyBameTo € MakcumyM 17 ms. TlogaTouure
onl ToryieioT Oea cobpanu co codTBepoT Ha T0bii
Studio Ha IPeHOCINB KOMIIjyTep CO KOPHCTEHE Ha
MIPUIIAro/lyBamkaTa Ha palycoT Ha (PUKCHUPAhE CO
Tobii Fixation Filter wa 35 mmkcemn (30).
[Nonaramy, ynotpedena e Habit X-Bepsujata 1.0,
coTBep 3a xabwryarmcka mapamurma (31) Bo
KOMOWHAIIMja €O TparadoT Ha TOINeN CO

of the stimuli imposes correlations between
intensive variables (defined at item level:

item size and inter item distance) and
extensive ones (defined at set level:
respectively, total item size and total

occupied area of the set which both increase
with numerosity).

Stimuli were designed that, aside the change
in number, all the parameter values presented
in the test have also been presented in the
habituation and thus being equally non-novel
(28). This was established by drawing one
parameter (intensive or extensive) from a
fixed
numerosity for habituation stimuli while the

distribution  regardless of  the
other parameter varied with numerosity.

For test stimuli this was reversed. In this
study total item size and total occupied area
were fixed during habituation while the
correlated intensive parameters varied with
number. As a consequence, dot sizes within
the element-arrays varied across trials and
phases of the task.

Apparatus

Children sat on their parent’s lap in front of a
Tobii T60 17-inch monitor in which a corneal-
reflection eye-tracker is embedded (29). This
device uses bright and dark pupil eye-tracking
and collects data with a rate of 60 Hz and an
accuracy of 0.5 degrees. Free head movement is
allowed within a box of 44x22x30 ¢cm and when
one of the eyes is temporarily not traceable,
data from the other eye are used. In case of
losing track, time to recovery is typical 300 ms
and blink tracking recovery is maximum 17 ms.
Gaze data were collected running Tobii Studio
software on a portable computer using the Tobii
Fixation Filter setting the fixation radius on 35
pixels (30). Furthermore, Habit X version 1.0,
habituation paradigm software (31) was used in
combination with the eye-tracker using the
external video capture media. According to this
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KOPHCTEHE HA eKCTmepHU 8udeocHumarsa. Criopen
OBOj MEINyM, CTUMYJIUTE TIpeTcTaBeHu ox Habit X
o XaOWTyalucKaTa TapaJurMa ce JOXKHBYBaaT
Kako (UIM CO CeKBEHIM HA  CTHMYJH
KOHTPOJIMPaHU OJl OBOj CO(TBEpP BO BPEMETO Ha
Tpe3eHTaIMjaTa (BUIH ja TPOIeTypaTa).

IIpoueoypa

Bo 1Bata excriepumeHTa Oellle MPUMEHETa HCTa
nporeaypa. Bo mpBHOT ekcriepuMeHT Ha HOBOPO-
JICHUUIbATa UM Oellle 3a1a/ieHa XaOUTyaIicKka 3a-
nmada co 4 vs. 8 (Bumu cnuka 1). Bo BropuoT exc-
nepuMeHT Oelie 3a/ajieHa XaOUTyalucKka 3a1ada
co 1 vs. 4 (Bumu ciukara 2).

Habituation trails

[ X (Y} L0 b
@ J
°® o | % e | % oo
0% | 0% ° ° ° %
... ... .: ° .0.. .0..0. o %
oy o Y 0®® | o . 'S °
Testtrails
. Qoo Py ...:.. oo
.o.' o LI i : d [)
) o [ ]
[ J [
° °® o o0 ° e
o o°°
o ® . 0:0. Ce o .:0. .. .c...

Cnuxka 1: Ynompebenu cmumynu 60 ucmpasicy-
sarwemo 1/ Figure 1. Stimuli used in study 1

Ha pomutenute um Gea najgeHu WHCTPYKIHHU Aa
OCTaHAT HEYTPAJIHU M BO MeryBpeMe Jia He TO
MIPYBJIEKyBaaT BHUMaHUETO Ha Jerara. 3a Ja ce
MOKa)Ke MPO30PELOT Ha MOTJIe0T Ha JAETeTO, Ha
MOYETOKOT Ha 3ajjayara Oellle HalpaBeHa Kaju-
Oparuja Ha goeHueTo. CyKIIECHBHO C€ MOjaByBa
aHVMHUpPaH OJ[BJIeKyBad Ha BHHMaHueTo (200 x
200 TIKceNnn) Ha CUTE YETHPH arild U Ha CPeIu-
HaTa Ha EKPaHOT Ha TparavyoT Ha norien. Vcmom-
TYBa4yoOT ro HaOJby/yBa TOTJENOT HAa JOSHYETO
TpeKy npeaned 6o dicuso (live viewer) na Tobii
Studio, Tpum WTO ce TMOKaXyBaaT Tpe3e-
HTHPAHUTE CTHMYJH CO IOKaXyBadoT Ha IIO-
rinenot Bo kuBo. Kora nerero ke moriieqHe BO
MPYBJIEKYBAa4OT HA BHHMaHHE, HCIUTYBa4OT Ce
npedpiia Ha clielHaTa TOYKa Ha KanuOpanuja co
NpPUTHCKamke Ha KomueTto. CaMo Mo ycrelHa Ka-
muoparwja, TOTBPACHO Off COMTBEPOT, 3aIOYHY-
Ba 3a/1a4ara co J00po mo3HaT IpTaH JuK. Cekoe

media, the stimuli presented by Habit X
following the habituation paradigm were
perceived as a movie with a sequence of stimuli
controlled by this software in presentation time
(see procedure).

Procedure

The same procedure was applied to two
experiments. In Experiment 1 infants were
presented with the 4 vs. 8 habituation task (see
Figure 1). In Experiment 2 this was the 1 vs. 4
habituation task (see Figure 2).

Habituation trails

® 4 o
o °
o
° ° .
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o. .. . . .. ° .:. O. .
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°
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* . ° ° o ®
° [ ] ° Y
[ Y ° ° [ ]
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Cnuka 2: Ynompebenu cmumynu 60 ucmpaicy-
sarvemo 2 / Figure 2. Stimuli used in study 2

Parents were instructed to remain neutral and
not to elicit the child’s attention meanwhile.
To indicate the infant’s window of looking
infant-calibration was used at the beginning
of the task. An animated attention grabber
(200 x 200 pixels) appeared successively at
the four corners and the middle of the eye-
tracker screen. The experimenter observed the
infants’ looking behaviour via the /ive viewer
in Tobii Studio which shows the presented
stimuli with gaze overlay online. When the
child looked at the attention grabber, the
experimenter moved on to the next calibration
point by key press. Only after a successful
calibration, as confirmed by the software, the
task began with a well-known cartoon-figure.
Each following trial was introduced by a
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HapemHo ciefemke Oelle MpOCIeIeHO CO 3BYK.
[ToBTOpPHO, HWCIUTYBA4OT TO HaOJbyIyBallle
MOTJICOT Ha JIOCHUYETO HA 71peaied 60 HCUBO.
JIOTIOJTHUTEITHO, OJTHECYBAETO TPH TJICIAmETO
¢ 00paboTeHO CO XaOWTYyalHCKUOT CcoQTBEp
Habit X 1.0 (30), co apxeme Ha KOMUYETO Kora
0e0eTo TIIeaa BO CTUMYJIOT U O0CI000IyBame Ha
KOIMYETO KOora TIJiefa HacTpaHa. Bpemero Ha
TJIeIalbe BO CTUMYJIOT O HajManky 0,5 ceKkyHIu
€ BaJIMJHO JTojJicka 6e0eTo moriieTHyBa HacTpaHa
2 CEeKyHAW KOHTUHYHMPAHO (WM MAaKCHUMAaJTHO
120 cexynmu). Bo TekoT Ha xabutyarjara Oea
MPE3CHTUPAHN MIECT pPAa3JIMYHA IIPUKa3H CO
MOBTOPYBALE MO CITyYacH pe/l, C& JOACKa IETETO
HE TO IPECPETHE XaOWTYaIlMCKUOT KPHUTEPUYM
(50% pemyxumja BO BpeMETO Ha TIJeNambe BO
TEKOT Ha TPH IOCJICIAOBATEIHH UCIUTYBaba, BO
OJTHOC Ha MPBHUTE TPH UCIUTYBamka) WIK J0JeKa
He ce 3aBpmar 14 WCOHWTyBama CIOPE.
cTarmapaHaTa nporemypa (3). [Toroa xako anre-
pHaIMja Ha TOCHYHMI-aTa UM Oca MpPE3eHTUPAHU
IIECT TECT-NPUKA3U 33 XaOUTYAIlUCKHOT ¥ HOBH-
0T Opoj TOYKH (KOHTpabalaHCUPAHO CO PEIOT Ha
YYECHHUITUTE).

Ananuza

Bpemerto Ha rnename Oerie nemmppupaHo 1o uc-
KIIy4qyBameTo, Bo Tobii Studio, on mopatomnure o
Tpara4doT Ha TIOTJIe]l O]l CTPaHa Ha JBajlia UCIIUTY-
Baud ILITO HE C€ 3alo3HacHH co (XaOHTyaruc-
KHOT) ycioBoT. [loapadjara Ha uaTEpec (Areas of
interest [AOIs]) ce HampaBeHH MaHYEIHO CO
SIUIICOBH/IHA allaTKa OKOJY CeKoja TO4YKa O
HM3aTa (CO MapruHu 2 cm), Koja TO OTKpHBa
BKYITHOTO Tpacwkhe Ha (PUKCHPAHUOT MOIJIEA BO
paMKuTe Ha TMojpadjaTa Ol MHTEpEeC 3a CUTE TOY-
KU BO €JJHA HU3a. bellie n3BpIleHa aHanm3a Ha 3a-
OenexaHoTO BpeMe. 3a cenyM OeOrmba, KOHCEH3Y-
cot Oeme mobap (r=0.97; p <0.001). Cure ana-
113U ce oKycupaa KOH IeMHTE 3a TIIEAAhE ITO
ce yrnoTpeOyBaa Bo (hazaTa Ha TECTUpAILE, IITO €
yecta npaktuka (10, 17, 18). Cnenejku ro Xu u
cop. (15), m3neznute pesynraru (> 2 CJI on mpo-
CEKOT 3a CeKOj ycJioB) Oea MCKIy4YeHH O aHaJIH-
3a. Bo cormacnoct co Cordes and Brannon (12),
OBa BpeMe Ha TJlefjame Oellre 3aMeHETO CO Hape/-
HOTO Haj/I0JIr0 BpEMeE 32 CUTE JOCHUHbA 33 CEKOj
ycioB. CooasetHo, 7 1 12% ox cute 3a0enexann
BpPEMUbA Ha TIIENAFE BO MPBHOT M BTOPHOT €KC-
MIEpUMEHT, Oea 3aMEHETH.

sound. Again, the experimenter observed the
infants’ looking on the [ive viewer. In
addition, looking behaviour was processed in
the habituation software, Habit X 1.0 (30) by
holding down a button when an infant was
looking at the stimuli and releasing it when
he/she looked away. A looking time at least 0,
5 sec at a stimuli was valid until the infant
looked away for 2 sec continuously (or for a
maximum of 120 sec). During habituation, six
different displays were presented in repeating
random order until the infant met the
habituation criterion (a 50% reduction in
looking time over three consecutive trials,
relative to the first three trials) or until 14
trials were completed following the standard
procedure (3). Afterwards, infants were
presented with six test displays containing the
habituated and new number of dots in
alternation (counterbalanced for order across
participants).

Analysis

Looking times were recoded offline in Tobii
Studio from the eye-tracking data by two
researchers blind to the (habituation)
condition. Areas of interest (AOIs) were
created manually with an ellipse-shaped tool
around each dot per array (with margins of 2
cm), revealing total fixation duration within
the AOIs for all dots in one array. These
times were used for analysis. Inter-rater
reliability on seven infants was good (r =
0.97; p < 0.001). All analyses focused on the
looking patterns exhibited during the test
phase, which is a common practice (10, 17,
18). Following Xu et al. (15) outlying scores
(> 2 SD from the mean for each condition)
were excluded from analysis. In accordance
with Cordes and Brannon (12) these looking
times were replaced with the next longest
looking time for all infants in each condition.
Accordingly, 7 and 12 % of all looking times
in the first and second experiment were
replaced.
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Bupejku Bpemero Ha Tiemame Oelle MCKPUBEHO
BO €KCIIEpUMEHTOT 3a | vs. 4, BpeMeTo Ha riena-
me Gere TpaHc(opMHUPaHO BO joraputMu'. Io-
HATaMOIITHUTE aHAITM3M CE€ U3BEI0a BP3 OCHOBA Ha
OBHE BPEITHOCTH.

3a nma ce n30erHe ry0eme Ha MOJKHOCTa 32 Ha0Jby-
JTyBamETO CO CIICH FUTM TOoBeke McXomu (Tiopam
TexHnuka rpemika) co AHOBA, Gemre criposen-
€Ha aHalM3a Ha JIMHEapHW MeEIIaHW MOJENH 3a
BpEMETO Ha TJIe/Iabe 3a Jla ce IPOBEPH Jau Bpe-
METO Ha IJIelarbe BO HOBHOT OPOj TOUKH € TTO0-
TO OJI BPEMETO Ha TJIearhe BO BEKE TTOCTOCYKHOT
0poj Touku (OpPOjOT Ha TOYKM HAa KOj CE HaBH-
kHaa). Mcto Taka Oea MCTIMTaHU KOH3WCTEHTHOC-
Ta Ha e(peKToT BO TecTHpame Iap, XaOuTyarmc-
KUTE YCJIOBH U TIOJIOT. 3a Ja ce 3ama3u Kopemaiu-
jata Mer'y TIOBTOPEHHTE MEpeHha Ha YUICCHHUIINTE,
Oemie crpoBeneHa HECTPYKTyUpaHa BapHjaHCa-
KOBapHjaHca.

Pezynmamu

Excnepumenrt 1: 4 vs. 8

Ha cnuka 3 e mpukaxaH rpagkoH Ha BPEeMETO
Ha TJieflamke BO CTapuoT Opoj (Ha KojmTo aena-
Ta ce HaBUKHAJE) U HOB Opoj (IIpeTcTaBeH camo
BO (hazaTra Ha TECTHpAmE CO CTapHOT Opoj) 3a
TPUTE Mapa BO TECTUPAETO.

Because looking time was skewed in the 1 vs.
4 experiment, looking times were transformed
into logarithms'. Further analyses were
conducted on these values.

To avoid loss of observations with one or
more missing outcomes (due to technical
failure) with ANOVA, a linear mixed model
analysis was conducted on the looking times
to test whether looking time at the new
number of dots was longer than looking time
at the old number of dots (the number of dots
they were habituated to). The consistency of
the effect across trial pair, habituation
condition and sex was also assessed. To
capture the correlation between repeated
measurements of a  participant, an
unstructured variance-covariance was
assumed.

Results

Experiment 1: 4 vs. 8

Figure 3 shows the bar chart for looking time at
old number (to which children were habituated
to) and a new number (only presented in the test
phase with the old number) for the three trial
pairs.

4.5

B CTap Spoj/ Old
number

35

Hos 6poj / New
number

Cpenno Bpeme Ha FJIeTAmbe (CeK.) /
Mean looking time (sec)

1 2

Tecrupame naposun / Test trial pair

Cnuka 3: Cpeoro gpeme Ha nedarve 3a 4 versus 8

Figure 3. Mean looking time for 4 versus 8

' Ceroe BpeMe Ha riie/iarbe Gellie 3roeMeHO 3a elICH 3a [ Ce N30ErHe HEMOKHOCTA 32 HaOJbyLyBatbe Ha BPEMETO Ha
rIielalke eIHAKBO Ha HyJla Kora Ke ce TpaHcgopmupa Bo soraputam [25]/ All looking times were increased with one to
avoid loss of observations with looking time equal to zero when taking the log-transform [25].
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JIMHEapHHOT MEIIaH MOJENT He MOKaKa 3HaudajHa
pazimka Mel'y BpeMeTo Ha TJefame Bo crapuot (M
=2.35, SD = 0.87) u HoBuor Opoj (M = 2.04, SD =
0.85), F(1,24) = 2.31, p =.142. HenocratokoT Ha
edekT Oelre KOH3UCTEHTEH HU3 TIAPOBHUTE BO TIPO-
L[ECOT, XaOUTYAIMCKUTE YCIOBH H IOJIOT.
Excnepumenr 2:1 vs. 4

Ha crmmkara 4 ¢ npukakad rpadyikOH 32 BPEMETO
Ha TJIeJ]athe BO CTAPHOT U BO HOBUTE OPOEBH 32 CH-
TE TpU Tapa.

The linear mixed model revealed no significant
difference between looking time at old (M =
2.35, SD = 0.87) and new numbers (M = 2.04,
SD = 0.85), F(1,24)=2.31, p=.142. The lack of
effect was consistent across trial pair,
habituation condition and sex.

Experiment 2: 1 vs. 4

Figure 4 shows the bar chart for the looking
time at old and new numbers for the three
pairs.

7

B Crap Gpoj/ Old
number
Hoeopoj / New

number

CpegnoBpeme Ha 1JIeame (ceK.) /
Mean looking time (sec)

2
Tectupame maposn/ Test trial pair

3

Cnuxa 4: Cpedro epeme Ha anedarve 3a 1 versus 4

JIuHeapHUOT MeEIIaH MOJEN MOKaXKa 3Ha4YajHO
MOJI0JT0 BpeMe Ha Tiename Bo HoBuTe (M =
1.0825, SD = 0.53) cniopeneno co crapute (M =
0.80, SD = 0.43) 6poeBu, F(1, 25)=23.57,p =
.000. Edekror Oemre KOH3UCTEHTEH HU3 TPHUTE
napa, XabUTyalnucKuTe yCIOBU U MOJOT.

Huckycuja

[enTa Ha HaIIETO UCTPAXKYBALE OEIIIC /1A TH MPO-
NIMpUME 3HacHmara INTO Ce OJHECYBaaT Ha TI0-
TEKJIOTO Ha aTMITUYHATa 00pa0oTKa Ha OpOeBUTE
CO JI0JIaBamke 3HauYajHa EBHUICHITN]a 32 00paboTka
Ha HECUMOOJMYKAa HyMEpHYKa MarHUTyAa Kaj
HOBOPOJICHUMIbA KOPUCTEJKA Mal M TojieM Opoj
TOYKH BO HI3W. OBHE 3aKIy4OIH AaBaaT WHGOP-
Mallii 3a CTHUMYJHTE IITO MOXaT Jla C€ HMCKO-
pUCTaT 3a 3a0eNeKyBarkbe HAa WHAUBHIYATHUTE
Pa3IMKKA U MOXKEOH JypHU U TIOMPEIM3HO Ja CE JIO-
1Upa COJpXKHMHATA IITO Tpeba Ja Ouje BKITyueHa
pu crieruduIHa HHTEPBEHIM]a, CO T 1a Ce 3a-
Op3aar BEIITHHUTE Ha JeTeTo 3a o0paboTka Ha

Figure 4. Mean looking time for 1 versus 4

The linear mixed model revealed a significant
larger looking time at new (M = 1.0825, SD =
0.53) compared to old (M = 0.80, SD = 0.43)
numbers, F(1, 25) = 23.57, p = .000. The effect
was consistent across trial pairs, habituation
condition and sex.

Discussion

The overall aim of this study was to extend our
knowledge regarding the origin of atypical
number processing by adding a substantial
amount of evidence on the non-symbolic
numerical magnitude processing in infants
using a small and large number of dot arrays.
These findings give some information on the
stimuli that can be used to look at individual
differences and perhaps even pinpoint more
precisely the content that should be included in
specific interventions aiming to foster
children’s magnitude processing skills in
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MarHuTy9 Kaj Jela co pu3MK 1a passujat MLD.
Waxo eaHo ox mpamamata mTo ce HOTEHIUpaaT €
Janmyu 00paboTKaTa Ha MaJId WM TOJIEMH MarHH-
Ty BO HECUMOOITMYKY (TOYKECT) hopMar e Kpy-
[MjaJTHa 32 YCIICIIHA MaTeMaTHUYKH MTOCTUTHYBa-
Ha, UCTIMTYBauUTEe JEMOHCTpHpaa Jcka OeOnmara
ce TIOTITHpaar Ha JBa CHCTEMa 3a 00padoTka Ha
HYMEpUYKH MarHutyiu. M3riema neka Tue ro
KOPHUCTAaT O00jeKTHO-IATOTEUHHOT CHCTEM 3a
o0paboTka Ha manu Opoeu (11, 23) u cucremor
Ha aHAJIOTHA MarHUTYy/a 3a royemute OpoeBu (9).
OBa HCTpaXyBamke HWMalle Iel J1a ja HCIUTa
rpaHunara Mery OICEroT Ha Malli W TOJIEMH
OpOeBHU KaKo IITO € CyrepupaHa o HOPaHEeITHUOT
CHCTEM 3a MPWIAroAyBamke Ha JIMMHUTOT Ha roje-
MHHara. 3aToa, KoMOUHanMjara Ha OpoeBuTte 1 vs.
4 and 4 vs. 8 TOBTOPHO Oellle UCTIUTaHA CO Tparad
Ha TOTJIEZIOT KAKO COOJIBETHA MEpKa 3a BPEMETO
Ha TJIelabe BO TEKOT Ha XabuTyarucKara 3azaja.
ExcnepumenTor 1 He ja mommpika MpeTrnocTaBKa-
Ta JieKa CKopo 9-MeceuHnTe O0eOumba TH pasiuKy-
Baar roiemute OpoeBu Bo pasmep 1:2. Osa e
CIIPOTHUBHO OJI HCTPAXKYBamkETO Ha XU U cOpadoT-
Hurmte (15), KoemTo mokaxa JaeKa 6-MeCeUHUTe
JOCHYMba MOXKAT [1a Pa3siMKyBaaT rojeMu Opoe-
BU BO pasmep 1:2 (2, 15, 18). Cenak, Tpeba aa ce
CIIOMHE JIeKa BO OBa HCTpaXKyBame Oelle KO-
PHCTEH TOWHAKOB METOJI, TIOPAIH IITO MOXEOH U
ce 100MeHN TOMHAKBU pe3yiaratu. IIpBo, mpume-
POKOT Ha MWCIMTAHHUIM BO OBa HCTPAKyBame
oemre noronem (N = 25) on mpeTXoIHOTO HCTpa-
xyBatbe (N = 16). Ilopamn nmomammor Opoj BO
NPETXOJJHOTO UCTPaKyBame, MOKEOU Bapujalu-
jaTa Ha MHIUBUAYyaITHUTE NeppopMaHCH He Omia
JIOBOJIHO ToiieMa. McTo Taka, IO HEKOja CITydaj-
HOCT, BO INOMaJlH HCTPaKyBama MOXeOH Ounie
BKIIyYCHH TPEAOMHHAHTHH JOCHUMEbA  INTO
MOXKaT Ja pa3iuKyBaaT, JOJIeKa BO HAIIETO HC-
TpaKyBame 0ea BKITyYeHH HMBHHM BPCHHLH IITO
HE MOXaT Jla pa3iIvKyBaar rojemu Opoesu. Ha
Kpaj ¥ MOXeOU HajBaKHO, BO OBa UCTPAKYBambe
Oeme ynorpeOeH Tparad Ha IMOIVIEHOT 3a Ja ce
1o00py TOYHOCTA HA MEpemaTa Ha BPEMETO Ha
riuename. BakBaTa MOXKHOCT 32 perucTpupame BO
JKUBO (OHJIAJH) Kaje Tiiefa JACTETO, OBO3MOXKYBa
CHUMabC Ha OJJHECYBACTO BO TEKOT Ha TIiena-
HETO BP3 OCHOBA HA MOIJVIEIOT Ha JOCHYETO, a He
BP3 OCHOBA Ha mpaperoT Ha jureTo (10).

ExcriepuMeHTOT 2 T MpoIIMpYyBa 3aKIy4YOLHUTE
Ha Cordes u Brannon (12) co 6 u 9-meceunu Oe-
OWmba 32 pa3NIUKyBake Ha €JHA O]l YCTHPHTE CTaB-
ki. Bo mperxomauTe mcTpaxysama (10), moc-

children at risk to develop MLD. Although one
of the outstanding questions is whether
processing small or larger magnitudes in non-
symbolic (dots) formats 1is crucial for
successful mathematics achievement, research
has demonstrated that infants rely on two
systems to process numerical magnitudes.
They seem to use an object-file system to
process small numbers (11, 23) and an
analogue magnitude system to deal with large
numbers (9). The current study aimed to
explore the boundary between small and large
number range as suggested by the set size limit
of the former system. Therefore, the number
combinations 1 vs. 4 and 4 vs. 8 were explored
again using eye-tracking as an accurate
measure of looking times during an
habituation task.

Experiment 1 did not support the assumption
that almost 9-month-olds discriminate large
numbers in a 1:2 ratio. This in contrast with
the study of Xu and colleagues (15) which
showed with the same number combination
that 6-months-old infants can discriminate
large numbers in a 1:2 ratio (2, 15, 18). It
should be mentioned, however, that the
method in this study was different which may
have led to the different result. First, the
current sample of infants was larger (N = 25)
than in the previous study (N = 16). Because of
the smaller sample in the earlier study it might
be possible that the variation of individual
performances was not large enough. It might
also be that, by chance, predominantly infants
who could discriminate were included in the
smaller studies, whereas, also, in our study
were included their peers who did not
discriminate between large numbers. At last
and probably more important, eye-tracking
was used to enhance the accuracy of the
looking time measures in the current study.
This online-registration of where the child
looked, enabled recording looking behaviour
on grounds of the infant’s gaze instead of the
direction of the face (10).

Experiment 2 extends the finding of Cordes
and Brannon (12) with 6-month-olds to 9-
month-olds in discriminating one from four
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TYJIMPaHO € JIeKa € TEIIKO Jla Ce KOMOMHHMpaar
Pa3NIYHA CHUCTEMH 3a TPEe3eHTHpame OpOoeBH.
Cemak, BO COTJIACHOCT CO XUnomesama 3a npazom
(12), MuHMMaNHA TIpOMEHAa Ha TParoT OBO3MO-
KyBa JIOCHUMIbATa Jia ja WrHOpupaar Ipe-
3CHTaIMjaTa HA HUBHUTE OOjCKTHH NTATOTCKH M,
HAMECTO TOa, KOPWUCTAT aHAIOTHH Ipe3eHTaINN
3a Majnu TpercraByBama. (OcraHatuTe KOMOH-
HAIIMH OJT MEIIaH! OPOEBH Ce U MIOHATAMY TEIIKH,
Ha npuMep 2 vs. 4 mopaau noManuot paszmep (10).
3aeHO CO pE3yNTaTUTE O] MPBUOT CKCIICPUMEHT,
MOXKE J1a Ce TIOCTaBH XHWIOTe3a JeKa YeTUpu e
,,MaJ“ 0poj, a He ,,roneM™, Criopes oBa, 4 vs. 8, o
Ipyra CTpaHa, CTaHyBa MajJ HAacCHpOTH TOJeM
0poj, KOJIITO € TEKOK 3a Pa3IUKyBame OMICjKU
pa3MepoT € MHOTY Majl CIIOpEIl Xunomesama 3a
npazom. KomOunarmjata 1 vs. 4, om apyra cTpa-
Ha, MPETCTaByBa IIEJIOCHO KOMIIapaldja Ha Maju
OpOEBH, KOWIITO C€ TOJIECHH 32 DPa3IUKyBame
3amTo Tpeda Ja ce aKTUBUpa caMo 00jeKTHATA Ja-
toteka. Kako mocnenuiia, oBue pe3yaraTu ce Yu-
HU JIeKa TIOPKyBaa TIOBUCOK JIMIMUT Ha TOJIEMH-
Hara (MMEHO YeTHpH) Ha 00jeKTHO-JIATOTCUHHUOT
CHCTEM 3a JJOSHYHHaTa. 3aT0a, CaMo aKo MOXKe J1a
ce TPETCTaBM Ha MPEIM3HO TOYEH HAYMH JeKa
JOCHYHMEbATa C€ UCTO TaKa CHOCOOHH COOJIBETHO
Jla pasMKyBaaT J[BE WM TPH O] YSTUPH CTaBKH,
JMMUTOT Ha 00jEKTHO-ATOTCUHHOT CUCTEM MOXKE
na oune nmocraBeH Ha yetupu. OBa ke Tpeba 1a ro
pacuncTaT MOHATaMOIIIHUTE UCTPAXKyBamba, a v Ja
ro oA00paT pa3dUpameTo 3a TOA KAKO TH Pa3iiv-
KyBaaT OpoeBuTe. MOKHUTE aHAIM3U U KalKy-
JAIUMTE CO TOJIEMHMHATA HA MPUMEPOKOT MOKAT
Ja WHAUIMpaaT oO0padOTKa Ha HECHMMOOJIMYKU
HYMEpPUYKHA MarHUTyJu CO HECUMOONWYKH 3aja-
Y U UHIUBUIYyAJHH Pa3IMKA BO IOCTHTHYBa-
Wara. YIITe TOBeKe, e YUHU JieKa € HEOITXOTHO
Ja ce Kopucrat TparadoT Ha mornen u VCR-me-
TOJIOT 3a Ja ce JOOUe Pe3yaTaT 3a BpeMeTpackHke-
TO Ha TMOTJIENIOT, 33 /1a C€ pa3jacHH Al CIPOTHB-
HUTE PE3YJITaTH OJ] UCTPAKYBameTo 1 U mopa-
HemrHata pabdoTa ce JOIDKAaT Ha IONPEIM3HU
Mepema, Ha APYTH ,,CUTHU  METOJIOJIOLIKH Pa3Jin-
KU WM CITy4ajHO.

3aKIy4oIuTe O] OBa U OJi TIOHATAMOIIHUTE HC-
TpaXKyBama MOXarT Jla OMJaT KOPUCHU TIPH J1aBa-
e OATOBOP HAa POAWTENIHTE, 32 AHTUIUITHPAHE
BO TMPEIN3BUIINTE IIITO TH HOCAT IPEBPEME PoJie-
HHTE OeOMmba WK OJIM3HAIUTE co Aere co MLD,
COOYCHU CO MPEAW3BUKOT U CAMHUTE Jla pa3BHjaT
MLD. 3Haemero neka BHUMAHHWETO W CIIOH-
TaHOTO (PoKycHpame Ha HHpOpMAalMUd Ha He-

items. In earlier studies (10), it was postulated
that it was difficult to combine the different
systems for presenting numbers. However,
according to the threshold hypothesis (12), a
minimum threshold of change enables infants
to ignore their object file representations and
use analogue representations for small sets
instead. Other mixed number combinations,
for example 2 vs. 4, remain difficult because
of the smaller ratio (10).

Together with the results of Experiment 1 it
might be hypothesized that four is a ‘small’
number instead of a ‘large’ one. Following this
account, 4 vs. 8, on the one hand, becomes a
small versus large number set which is
difficult to discriminate because the ratio is too
small according to the threshold hypothesis.
The combination 1 vs 4, on the other hand,
becomes an entirely small number comparison
which is easier to discriminate because only
object-files need to be activated. As a
consequence, these results seem to support a
higher set size limit (namely four) of the
object- file system in infants. Though, only if
it can be demonstrated in the current precise
way that infants are also able to discriminate
respectively two and three items from four
items the limit of the object-file system can be
set on four. Further exploration of these
number combinations should clear this out and
enhance the understanding of how number
discrimination works in infants. Power
analyses and sample size calculations might be
indicated to tap into non-symbolic numerical
magnitude processing using non-symbolic
tasks and  individual differences in
achievement. Moreover research using both
eye-tracking and the VCR method to score the
gaze duration seems necessary to unravel
whether the discrepant results between study 1
and earlier work are due to a more precise
measurement, other ‘minor’ methodological
differences, or chance.

Findings from these and future studies may be
useful in answering parent’s questions,
anticipating challenges that preterm born
children or siblings of children with MLD, at
risk to develop MLD themselves (33), might

88

JOURNAL OF SPECIAL EDUCATION AND REHABILITATION 2014, 15(1-2): 75-90
DOI: 10.2478/JSER-2014-0005



TICUXOJIOUIKO-ITEJAT OLLIKHU ITPETJIE]]

[l DE GRUYTER
Bl OPEN
G

CUMOOJIMYKYA HYMEPUYKHM MAarHUTYIH MOXaT Ja
Ce TeCTHpaar Kaj IOSHYNHaTa, MOXKE JIa TIOMOTHE
BO IIPEMO3HABAKETO HA PAHIMBHTE JOCHUMIHA.
JlononHuTEeNHO, MaKo ce MOTPEOHU JIOHTUTYIH-
HaJJHU UCTPa)KyBambha 3a UCIIUTYBAmkE Ha IOBP3a-
HOocTa Mery oOpaboTkata Ha MAarHUTYOU U
MaTeMaTUYKUTE MOCTUTHYBamka Kaj MHOTY Mallld
HO PaHJIMBU Jiella, THE Cce BeTyBauka 0oOpa3oBHA
MHTEPBEHIIMja IITO MOKaKyBa 3HAYAJHU e(HEKTH
3a paHUTEe MaTeMaTH4K{ OTepaly Kaj Ieuara co
pmuk 3a MLD (34, 35). 3aroa, pomurenute
MOXKaT Ja C€ COBETyBaaT Ja ja CTUMYJIUpaaT
00paboTKaTa Ha HyMEpHYKaTa MarHUTyJa TpeKy
urpy, oOMIyBajKu ce Ja M 3alUTHTAT JAelaTa co
PU3MK OJ IIOHATAMOIIHO NpOATa0ouyBame Ha
PH3UKOT, @ MOXKEOH AypH W TIOJIOLHEKEH Pa3Boj
Ha MLD.

Kongpauxm na unmepecu

ABTOpHUTE H3jaByBaaT JeKka HemaaT KOHMIUKT
Ha MHTEPECH.
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