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Abstract

The main objective of this study is to determine the influence of certain socio-
demographic factors on the relationships between motor and cognitive abilities of the
primary school students. A total of 398 primary school students from the urban and
rural environment, aged 12 to 14, were tested for motor and cognitive abilities. The
influence of relevant socio-demographic factors was examined by means of a multiple
hierarchical regression analysis. Two socio-demographic variables had a significant
influence on the motor and cognitive abilities: residential status and father’s
education. Urban students revealed better results in motor (except for rural girls) and
cognitive ability tests. Father’s education level was the second factor exerting an
additional impact on these abilities, showing higher values for the urban environment
students.

Key words: urban environment, rural environment, motor abilities,
cognitive abilities, students.

YTHULHAJ HEKUX COHUO-AEMOI'PA®CKUX ®AKTOPA
HA BE3E UBMEBY MOTOPUYKHUX U KOTHUTUBHUX
CIIOCOBHOCTH YYEHUKA OCHOBHE HIKOJIE

AmncTpakT

I'maBHM 1MJB OBOT HCTpakWBarmba OMO je 1a ce yTBPIU yTHUII] HEKUX COIHOJEMO-
rpadckux dakTopa Ha Be3e n3Melly MOTOPUYKHX M KOTHUTHBHHX CIIOCOOHOCTH yde-
HHMKa OCHOBHE 1IKoJe. YKyIHO 398 ydeHuKa OCHOBHE ILIKOJIE, y3pacTa of 12 no 14 ro-
JIMHA, TIOJBPTHYTO j€ TECTHPaby MOTOPUYKHX M KOTHUTHBHHX CHOCOOHOCTH. YTHIIA]
pENeBaHTHUX COLHOIEMOTpadCKUX BapHjabiM HCIUTAH je MPHMEHOM MYITHIUIE XH-
jepapxujcke perpecuoHe aHainuse. J[Be conmonemorpadceke Bapujadie cy umaine 3Ha-
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YajaH yTHIA] HA MOTOPHUYKE W KOTHUTHUBHE CIHOCOOHOCTH: PE3NACHIMjaIHH CTaTyC U

obpa3zoBame ona. YueHuIn ypOaHe cpeinHe Cy OCTBapIIM 00Jbe pe3ynTaTe Ha TeCTO-

BUMa MOTOPHYKHUX (M3y3€B AEBOjUMIIa pypasiHEe CPEAHHE) M KOTHUTUBHHUX CHOCOOHO-

ctu. HuBo oOpasoBama oua je 6uo aApyru (akTop Koju je 3Ha4ajHO YTHUIA0 Ha OBE

CIIocoOHOCTH, a KOjH je OM0 M3paKeHHj! KOJ| yUeHHKa ypOaHe cpeanHe.

Kibyune peun: ypbana, pypajiHa cpeanHa, MOTOPHYKE, KOTHUTUBHE CTIOCOOHOCTH,
YYSHUIIN

INTRODUCTION

The acquisition of intellectual and motor abilities occurs in similar
ways (Rosenbaum, Carlson, & Gilmore, 2001; Paz, Wise, & Vaadia, 2004).
Furthermore, as Diamond (2000) suggests, motor and cognitive development
may be fundamentally interrelated. There are studies that showed positive
correlations between the physical activity and cognitive abilities of children
(Sibley & Etnier, 2003), and several authors found a positive relationship
between the physical fitness and cognitive function in children (Hillman,
Castelli, & Buck, 2005; Buck, Hillman, & Castelli, 2008). Physical
engagement and learning outcomes in physical education are complex and
researchers have found that learning in physical education is a domain-
specific and progressive process encompassing both cognitive and affective
components (Shen & Chen, 2006). Some findings indicated that physical
exercise improvesd the cognitive abilities and academic achievement
development (Barr & Lewin, 1994; Pirie, 1995; Shephard, 1997) and
cognitive functioning (Davis et al., 2007; Clark, 2008). However, there is a
study with substantial cohort that confirmed a relationship between the
physical and intellectual abilities (Aberg et al., 2009). One of the prominent
features of the modern era is a lack of physical activities that affects
children in particular, and it would be very interesting to—reveal the
relationships between their motor and cognitive abilities in the context of
certain socio-demographic factors. Most psychologists consider inheritance,
environment, and social conditions as the key factors in the intellectual
development. In addition to these facts, many other socio-demographic
factors contribute to the fulfillment of one’s intellectual potentials. A
number of psychological research studies established that the average
score on intelligence tests increasd by around 3 IQ points per decade, as
was the case with a specifically designed culture-free test, such as Raven’s
Progressive matrices (Flynn, 1987, as cited in Biro, Novovi¢, & Tovilovi¢,
2006). The following factors were used as a plausible explanation of this
phenomenon: the complexity of everyday life, urbanization, influence of
the media, and longer education (Neisser et al., 1996).

Considering the socioeconomic differences between the urban and
rural environments, certain differences in motor and cognitive abilities of
the students from these environments, could be expected. In a number of
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studies, the authors examined motor abilities of the subjects from the
urban/rural settings and found that the motor abilities differences were
ambiguous. Some of them found the rural subjects to be superior (Tinazci &
Emiroglu, 2010), while other authors (Pefia, Tan, & Malina, 2003; Eiben,
Barabas, & Németh, 2005) proved the opposite. It is worth mentioning that
another group of authors suggested that the difference between the
urban/rural students’ motor skill level was not uniformly distributed (Tsimeas
et al., 2005). Namely, students performed seven motor skill tests and the
urban students revealed better results in two tests (vertical jump and
basketball throw), while the rural students were more successful in hand grip
test. There were no significant differences in the remaining four tests.

Admittedly, there are studies of the cognitive abilities of the
urban/rural population (Alexopoulos, 1997; Georgas, et al., 2003; Lloyd
& Hertzman, 2010), but studies including subjects’ different residential
status motor and cognitive abilities, are practically nonexistent. Recent
studies report that a socioeconomic status has a significant impact on the
motor abilities, and the authors attribute this to better conditions and
possibilities for subjects to engage in physical activities in the urban areas
(Mikalacki, Hosek-Momirovi¢, & Bala, 2006; Mati¢ & Jaksic, 2007; Matic¢
& Maksimovi¢, 2010). The relationship between motor and cognitive
abilities is particularly important for students aged 12 to 14, included in this
study, because it is a period when many psychosomatic changes occur.
Although it has been confirmed that a greater physical activity during
adolescence is very important to improve the overall development of the
youth, a problem of the inadequately developed motor abilities in children
of this age, is increasingly present (Milojevi¢ et al., 2002).

METHOD
Subjects

Student subjects in this study were boys and girls in the sixth and
seventh grade from four primary schools of the Kraljevo municipality. The
research sample (Mage = 13.5 years) consisted of two subsamples: the
urban environment students — 202, (104 boys and 98 girls) — and the rural
environment students — 196, (106 boys and 90 girls). Subjects’ residential
status and gender equity was well balanced: the urban environment — boys
26.1%, girls 24.6% or 50.7% of the total number; the rural environment —
boys 26.6%, girls 22.7% or 49.3% of the total number.

Measures

Motor ability tests (a total of 18 tests) originate from a battery of
110 motor tests (Gredelj et al., 1975; Kureli¢ et al., 1975). Three tests
were used to estimate each of the following motor abilities: precision,
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balance, coordination, speed, flexibility, and strength. These abilities are
subdivided as follows: precision tests: dart throwing (DT), ball thrown at
a horizontal target (BTH), and ball kick to a vertical target (BKV); balance
tests: balancing on one foot on a balance rail (BBR), standing on one foot on
the floor with eyes closed (SEC), and standing on a reversed balance rail
(SRR); coordination tests: agility with a stick (AWS), figure eight running
with ducking (8RD) and arm and leg drumming (ALD); speed tests: plate
tapping (PT), foot tapping (FT) and foot tapping on the wall (FTW);
flexibility tests: shoulder flexibility (SF), forward bend on the bench (FBB),
and V-sit reach (VSR). Finally, strength was tested through the standing long
jump (SLJ), flexed leg sit-ups (FLS) and flexed arm hang (FAH).

Cognitive abilities were examined by means of the test battery KOG
3 (Wolf, Momirovi¢, & Dzamonja, 1992) that comprises three cognitive
functioning tests evaluating the efficiency of the perception (test IT-1) and
the serial (test AL-4) and parallel (test S-1) processing. The test battery
KOG 3 has been standardized on a population of over 50,000 participants.
Test IT-1 evaluates the efficiency of a perceptive processing that decodes,
structures and searches input information and, interactively with other
processors, provides effects that can be interpreted as the perceptive
abilities. Test AL-4 evaluates the efficiency of the serial processing that
deals with the sequential cognitive processes, a sequential searching of the
short-term and long-term memory, and analyses of the body of information
that is transformed into a symbolic code. Test S-1 evaluates the efficiency
of the parallel processing that involves a simultaneous processing of the
numerous information streams and parallel searching of the short-term
and long-term memory.

In this study, we hypothesized a certain influence of the relevant
socio-demographic factors, namely a residential status (RS), a father’s
education level (FEL), a mother’s education level (MEL), a father’s
employment status (FES), and a mother’s employment status (MES), on
the relationships between the students’ motor and cognitive abilities.

Statistical Analysis

In a preliminary analysis, all the data were subjected to descriptive
analyses. Differences in participants’ motor and cognitive abilities were
tested by the canonical discriminant analyses. In order to investigate the
impact of the relevant socio-demographic factors on the relationships
between the students’ motor and cognitive abilities, we conducted a series
of hierarchical regression analyses.

RESULTS

Descriptive statistics for all measures of the whole sample are
presented in Table 1.
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Table 1. Descriptive statistics of motor and cognitive variables
of the whole sample

Boys Girls

Variable Urban Rural Urban Rural

M SD M SD M sSD M SD
DT 25.17 535 24.04 4.88 22.64 578 2156 4.69
BTH 18.21 508 1758 5.30 1445 5.09 14.04 4.90
BKV 1221 397 11.75 3.62 949 361 9.61 3.58
BBR 918 517 924 471 898 593 865 4.06
SEC 20.50 12.61 19.44 11.88 19.22 13.93 23.32 14.84
SRR 763 493 7.27 4.09 716 4.03 843 537
AWS 13.37 262 13.46 249 1416 3.11 13.94 352
8RD 5724 426 58.18 4.44 61.33 4.14 61.68 4.15
ALD 736 292 6.92 294 6.66 3.06 6.44 298
PT 3837 3.60 37.14 456 36.93 4.77 38.01 451
FT 30.62 340 30.25 351 2994 3.10 31.00 3.76
FTW 20.28 240 19.64 2.36 18.71 2.67 18.60 2.63
SF 88.06 14.76 85.38 16.32 77.04 1331 7855 15.29
FBB 3351 7.34 3564 6.79 4136 9.21 4198 8.22
VSR 3497 898 3744 7.13 4719 10.88 44.03 10.55
SLJ 175.08 25.04 171.19 24.87 151.72 20.80 152.68 21.47
FLS 23.42 486 2149 593 18.44 4.24 1937 4.76
FAH 28.79 18.42 30.52 18.77 14.81 12.90 18.57 13.19
IT-1 2042 5.07 17.92 456 2098 5.36 18.76 4.78
AL-4 2530 7.86 21.71 7.1 28.07 7.81 2348 7.95
S-1 17.73 583 16.84 5.32 16.79 5.21 17.44 5.39

Mean values showed that the urban environment students had higher
scores in the majority of motor tests. Although the urban boys had higher
means on 11 out of 18 tests, it must be noted that only a precision was the
ability in which they outperformed their rural peers in all three tests, which
was confirmed by the canonical discriminant analyses (p=0.00; Wilks’
Lambda=.86). The difference in cognitive tests was evident in all three
tests, where the urban environment boys had higher scores (p=0.00; Wilks’
Lambda=.92). Descriptive statistics for all measures in the girls subsample
showed that the rural environment girls had better results in 10 out of 18
motor tests. The urban environment girls were more successful in two
precision tests, two coordination tests, two flexibility tests, one speed test,
and one balance test. In cognitive ability tests, the urban environment girls
had better scores in two out of three tests (IT-1 and AL-4). The
aforementioned differences were confirmed by the canonical discriminant
analyses (p=0.00; Wilks' Lambda=.80). The urban environment girls had
better scores in two out of three cognitive ability tests (IT-1 and AL-4;
p=0.00; Wilks' Lambda=.88).



148

Significant relationships between the motor and cognitive abilities
have been confirmed in numerous studies (Momirovi¢ & Horga, 1982;
Bala, 1999; Planinsec, 2002, 2006; Davis et al., 2007; Aberg et al., 2009).
However, so far there has not been any research on the influence of the
certain socio-demographic factors on these relationships. To answer the
research question of probing the influence of the socio-demographic
factors on the relationships between motor and cognitive abilities, we
conducted three separate hierarchical regression analyses. The influence
of the independent variables on each dependent variable was examined in
two steps. In the first hierarchical regression analysis, a perceptive
processing (IT-1) was regressed on motor variables in step one and the
socio-demographic variables were entered in step two. The results of this
analysis are presented in Table 2.

Table 2. Regression analyses results for motor and socio-demographic
factors to efficiency of perceptive processing

Predictors Dependent Variable 1T-1
Bl B2 AF  AR?

Step 1 561 .17
DT 10 .08
BTH -05  -.06
BKV .02 .02
BBR 117 .09
SEC .08 .08
SRR .03 .04
AWS .08 .07
8RD .07 .08
ALD 217 16"
PT -02  -01
FT 120 a3
FTW -06  -.07
SF -02  -.04
FBB -16  -10
VSR 200 12
SLJ .09 .09
FLS 277 23"
FAH -207  -13"
Step 2 598 .22
RS -16"
FEL 13”
MEL .05
FES .00
MES .00

Note. Beta values are standardized parameter estimates: 'p<.005, ~p<.001
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As shown in Table 2, model one explained 17% of the variance in
the perceptive processing of predictors. Step two included the socio-
demographic variables and explained an additional 5% of the variance.
This model accounted for 22% of variance in the perceptive processing of
the predictors applied. Standardized regression coefficients suggest that the
flexed leg sit-ups (FLS; B2=.23, p<.001), an arm and leg drumming (ALD;
B2=.16, p<.001), a residential status (RS; B2=-.16, p<.001), the father’s
education level (FEL; B2=.13, p<.001), and flexed arm hang (FAH; B2=-
.13, p<.001) are the most significant predictors in a perceptive processing.

Table 3. Regression analyses results for motor and socio-demographic
factors to efficiency of serial processing

Predictors Dependent Variable 1T-1
Bl B2 AF AR?

Step 1 8.18 .25
DT .02 01
BTH 120 12
BKV .04 .03
BBR 127 107
SEC 00 -01
SRR .04 .04
AWS .09 .08
8RD .02 .04
ALD 327 257
PT 01 .04
FT .03 .04
FTW -03  -.03
SF 01 -02
FBB 14 227
VSR 09 -01
SLJ .09 .07
FLS 13" 07
FAH =237 14"
Step 2 959 .33
RS -17
FEL 12"
MEL .09
FES .05
MES .08

Note. Beta values are standardized parameter estimates: 'p<.005, ~p<.001

The regression model in step one (Table 3) examined the contribution
of the motor variables to the efficiency of serial processing, and it was
significant for an arm and leg drumming (ALD; B1=.32, p<.001), a flexed
arm hang (FAH; B1=-.23, p<.001), and a balancing on one foot on a balance
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rail (BBR; B1=.12, p<.001). The socio-demographic variables entered in step
two contributed to the additional 8% of explained variance in serial
processing, making it 33% of the explained variance for the final model. The
final model revealed that an arm and leg drumming (ALD; B2=.25, p<.001),
a forward bend on the bench (FBB; B2=.22, p<.001), a residential status (RS;
B2=-.17, p<.001), and a father’s education level (FEL; B2=.12, p<.001) were
all statistically significant predictors for the efficient serial processing.

The final hierarchical regression analysis for the motor and socio-
demographic variables to efficiency of parallel processing is presented in
Table 4.

Table 4. Regression analyses results for motor, socio-demographic
factors to efficiency of parallel processing

Predictors Dependent variable IT-1
Bl B2 AF  AR?

Step 1 6.32 .19
DT 03 .03
BTH 03 .02
BKV 01 .00
BBR 137 12°
SEC 03 .02
SRR 03 .04
AWS 02 .02
8RD 05 .04
ALD 347 317
PT 00 .01
FT 06 .05
FTW 01 .02
SF -08 -.09
FBB -06 -.07
VSR 03 .03
SLJ 00 -01
FLS A1 .10
FAH -07  -05
Step 2 528 .20
RS .04
FEL .07
MEL .03
FES -.05
MES .06

Note. Beta values are standardized parameter estimates: "p<.005, ~p<.001

An arm and leg drumming (ALD; B1=.34, p<.001) and balancing
on one foot on a balance rail (BBR; B1=.13, p<.001) were the only motor
variables that were entered in step one, and were found to have a significant
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contribution to the explained variance (19%) in the parallel processing.
The socio-demographic variables entered in step two were not significant
predictors to the efficiency of parallel processing.

DISCUSSION

The results of the hierarchical regression analyses, when relevant
socio-demographic variables were included (Step 2), showed that two
variables were significant predictors of the perceptive processing efficiency.
In addition to three motor variables, a residential status and a father’s
education level significantly explained an additional 5% of the variance in the
perceptive processing. A residential status was found to have a negative
relationship with a perceptive processing indicating that the urban
environment students had a more efficient perceptive processing (urban was
coded O; rural was coded 1). Likewise, all students whose fathers have a
higher education had a more efficient perceptive processing. That ratio favors
the urban students — 31.7% of the urban students’ fathers have a college or
university education as opposed to 10.7% of the rural students’ fathers. The
final hierarchical regression model of the relationships between the motor
and socio-demographic variables to the efficiency of the serial processing
revealed that, apart from the two motor variables, the residential status and
father’s education level were statistically significant predictors of the efficient
serial processing. These socio-demographic variables contributed to
additional 8% of the explained variance in perceptive processing, or 33% of
the explained variance for the final model. Almost identical values of the
standardized regression coefficients of the residential status and father’s
education level to the first regression analysis indicate that the urban
residence students whose fathers have a higher education, exhibit a more
efficient serial processing. These findings match to a certain degree those
from an earlier study (Mikalacki, HoSek-Momirovi¢ & Bala, 2006) and
indicate that the urban environment students have better preconditions
(available sport facilities, clubs, gymnasiums, etc.) to develop their motor
abilities. On the other hand, it seems that the father’s education level plays a
major role in the students’ cognitive functioning, where, once again the urban
environment children had better scores. The final hierarchical regression
testing the relationship between the motor and socio-demographic variables
to efficiency of the parallel processing showed that only two motor variables
(arm and leg drumming and balancing on one foot on a balance rail) were
significant predictors to the efficiency of parallel processing, while the socio-
demographic variables were not significant. These results are consistent with
the previous study results by Vasi¢ and Trogrli¢ (2002) who found that the
subjects’ residential status and parents’ education level were significant
predictors of the cognitive functioning. The rural environment subjects had
significantly lower scores on all cognitive efficiency estimates (perceptive,
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serial, and parallel processing). Our results clearly indicate that the
correlation between the motor and cognitive abilities is influenced by the
residential status and father’s education level. Additionally, numerous studies
confirmed that the socioeconomic status, parents’ education level and gender
could influence the development of the cognitive and motor abilities (Okely
& Booth, 2004; Gabbard, 2004; Noble, Tottenham, & Casey, 2005; Novovi¢
etal., 2009).

CONCLUSION

The presented findings show that the urban environment students
have better scores in the majority of the applied tests (except in the motor
tests for rural girls) and that the socio-demographic factors probably
contribute significantly to these differences. It is reasonable to attribute
the differences to the complexity and the quality of living in an urban
environment.

This study has several limitations. First, we did not include all the
socio-demographic factors with a possible influence on the relationships
between the motor and cognitive abilities (school equipment, availability of
the sport facilities, extracurricular activities, etc.). Second, our findings could
not be generalizable to all populations because the study was conducted in
the area of one municipality (albeit the biggest one in Serbia). Third, we used
a cross-sectional study design that limits the study to relationships, so the
directionality of the relationships cannot be inferred. The longitudinal studies
with experimental design in this area would be particularly useful. For
instance, subjects could be exposed to an experimental treatment of the
specially designed physical activities that could aid cognitive functioning.
This could help identify the abilities/activities that have the greatest influence
on the cognitive functioning. Clearly, more work is needed to additionally
explore all factors influencing the relationships between the motor and
cognitive abilities for different environments subjects. Future research that
would include more socio-demographic indicators and cover a larger area,
would be worthwhile conducting.
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YTHULHAJ HEKUX COHUO-AEMOTI'PA®CKUX ®AKTOPA
HA BE3E UBMEBY MOTOPUYKHUX U KOTHUTUBHUX
CIIOCOBHOCTHU YYEHUKA OCHOBHE HIKOJIE

AJjiekcannap Caunh?, AJjlekcanaap Mm]ojeBnhz, Hrop ByqKOBnh3
'Yuupepsurer Cunruaynym, GakynTer 3a GU3MUKY KYITypy M MCHAIIMEHT Y CIIOPTY,
beorpan
ZYHI/IBep3I/ITeT y Humry, @axynrer criopta u pusuukor Bacnurama, Huri
3YHI/IBCP3I/IT6T y bama Jlyru, @akynter Gpu3nuKkor Bacmurama 1 cropra, bama Jlyka

Cazkerak

3HauajHa MMOBE3aHOCT M3Mel)y MOTOPHUYKHMX ¥ KOTHUTHBHUX CIICOOHOCTH NOTBple-
Ha je y OpojHuM wucrpaxuBamnMa (Momuposuh & Xopra, 1982; bama, 1999;
Planingec, 2002, 2006; Davis et al., 2007; Aberg et al., 2009). ITopex Tora, yrepljero
je na ¢pu3nuKo BexkOame MMa MO3UTHBAH YTHUIIA] HA KOTHUTHBHE CLIOCOOHOCTH, IIKOJ-
cku ycnex (Barr & Lewin, 1994; Pirie, 1995; Shephard, 1997) u korHuTHBHO
¢dyakauonucame (Davis et al., 2007; Clark, 2008). Mehyrum, ayropu oBor mcrpa-
JKUBamka HUCY HAWIIUIA HA PaHUja HCTPAXKUBamka Koja Cy y 003Hp y3esa yTUIa] HEKUX
corponeMorpadckux Qakropa Ha oBe Bese. OmmTe IO3HATa KapaKTEPUCTHKA
MoJIepHOT J100a je HemocTaTak (PU3NYKe aKTUBHOCTH, IITO OCEOHO HEraTHBHO YTHYC
Ha JIelly ¥ ’bUXOB Pa3Boj, T€ je MPaBH N3a30B HUCIIUTATH ITOBE3AHOCT U3Mely IBHXOBHUX
MOTOPUYKUX M KOTHUTHBHHX CIIOCOOHOCTH Y KOHTEKCTY oapelheHnx corponemorpad-
ckux (akropa. CkopHja UCTpaKUBama KOJ HAC yKa3yjy Ja COLMOCKOHOMCKH CTaTyC
MMa 3HauyajaH yTHIAj HA MOTOPUYKE CIIOCOOHOCTH y CMHUCIY OOJBHX ycJIOBa U MO-
ryhHOCTH KOje ypOaHa cpenmHa omoryhaBa 3a aHTaKMaH Y HEKO] (H3HYKO] aKTHUB-
Hoctu (Mukanauku, Xomek-Momuposuh, & Bana, 2006; Maruh & Jakmmh, 2007;
Maruh & Makcumosuh, 2010).

Pesynratu oBor ucTpakuBama NOKa3aid Cy J1a, HOpex TP MOTOpUUKe Bapujadie,
IBe colponeMorpadceke Bapujadie (pe3suIeHIMjaTHu CTaTyc M oOpa3oBame ora)
MPEACTaB/bajy 3HA4YajHE NPEAUKTOpPE e(QUKACHOCTH NEPHENTHBHOT W CEPHjaTHOT
nponecyupama uHbpopMmanuja. Llltasumie, noOUjeHN pe3ynTaTH yKasyjy la yYCHHUIH
u3 ypbaHe cpeanHe MMajy 0oJbe pesynrare Ha BehnHU MpUMEHEHUX TeCTOBa (M3y3€eB
MOTOPUYKHX TECTOBA KOJ JEBOjUYMIIA) M Jia YHpaBo couuojaemorpadcku dakropu
BEPOBATHO /1ajy Haj3HAa4YajHUj! JONPHHOC THM pa3jiMKama.



