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KiroueBbie ciioBa: KOppesLys, KOPPEISUUOHHBIA aHAN3, paclpeaciieHue,
KO3 UIIUEHT KOpPPEJISILINH, OJIHOPOJHOCTh pacnpezeneHus, ¢axrop,
OJHO(AKTOPHBIN aHAIIN3.

OOBEeKTOM UCCIIEIOBAHUS  SABIAIOTCA PE3YNbTAaThl CHA4d  BBIMYCKHBIX
HK3aMEHOB 10 pyccKoMy s3bIKy M MareMmatuke (OI'D u EI'D) BrImyCKHUKaMM LIKOJI
TOMCKOHM 00JIacTH..

Lens paGotel —  uccienoBaHus HaOOpa [aHHBIX C MPUMEHEHUEM
Pa3JINYHBIX CTATUCTHYECKUX METOJOB JUUIS BBISBICHUS U ONHUCAHUS PA3IMYHOIO poja
3aBucuMocTer 1o pesynbrataM cpaud OI'D um EI'D mo pycckomy s3BIKY H
MaTeMaTHKE MpU pa3IndYHOM Habope PakTOpoB.

B nponecce wuccnenoBaHus MPOBOAWIMCH AaHAIU3 JIMTEPATypbl, 0030p
pPa3IUYHBIX METOJIOB CTATUCTUYECKOTO aHAIIN3A.

B pesynbrare uccnenoBaHusi ObUIM BBISBICHBI 3aBUCUMOCTH H3Yy4aeMbIX
MEPEMEHHBIX OT Pa3IMYHBIX HAOOPOB (PAKTOPOB.

Pabota umeer crneayrouyo CTpykTypy.

[lepBpili  pa3gen  ONMUCBHIBAET  MPEIMETHYIO  00JIacTh, 3HAUYUMOCTb
UCCIICIOBAaHUM B JaHHOW MpEIMETHOM 00JacTH, a TaKKe OMNMHUCHIBACT HCXOIHBIC
JaHHbIE JJIs1 aHAJIN3A.

Bropoii pa3gen MmocBAIEH ONMMCAHUIO METOJ0B CTATHCTHYECKOTO aHaju3a,
KOTOpbIe OyAyT MPUMEHEHBI B JaJIbHEWIEH padoTe.

Tpertnii pazen COAEPKUT EPBUYHBIE UCCIEA0OBAHUS UCXOAHBIX JaHHBIX.

UYerBepThlid  pa3znen  BKJIOYAET MPOBEPKY HCXOJHBIX JaHHBIX  Ha
HOPMAJIBHOCTh PacOpeleseHuss Uil  ONpENEJeHUsT IMPUMEHUMOCTH OTAEJbHBIX

MCTOOOB CTATUCTHYCCKOI'O aHaIN3a.



[TaThIil pa3aen MOCBSIIEH MPOBEACHHOMY KOPPEISIIMOHHOMY aHAJIN3y U €ro
pE3yJIbTaTaM.

[Mlectoit pasznen conepkUT WMHGOPMALMIO O pe3yJbTaTax MpPOBEACHUS
0THO(aKTOPHOTO aHAIN3a UCXOIHBIX JTaHHBIX.

B cenpmoMm paznmene NpUBOAMTCS aHAIW3 NEPCHEKTUBHOCTA M TEXHUKO-
HPKOHOMHUYECKUX TIIOKa3aTeneil, a Takke pecypcodDPeKTUBHOCTh U aKTyalbHOCTb
JAHHOTO MCCJIEI0BAHUS.

BoceMoil  pa3zmen  MOCBSALIEH — aHaiuu3y  AClEKTOB  COIMAJIbHOM
OTBETCTBEHHOCTH.

OO0nacTb NPUMEHEHHUS: UCIONb30BAHUE  PE3YJIbTATOB  CTATUCTUYECKOTO
aHaM3a JJi4 MOBBIIICHHS KayecTBa 00y4eHusl yueHUKoB ToMcKol 001acTu.

B OyagymeM miaHupyercss JalibHEWINEe HCCIAEAOBaHUE JAaHHBIX C

IMPUMCHCHHUCM PA3JINYHBIX HCCTAHAAPTHBIX MOI[GJ]Gﬁ.



OITPEAEJIEHUSA, OBO3HAYEHUSA, COKPAIILEHUSA

OI'D — OCHOBHOM roCcyAapCTBEHHBIN 3K3aMEH.

EI'D — Enunblii rocy1apCTBEHHBIN SK3aMEH.

Jlucnepcus — MaTeMaTUYECKOe OKHUIAHUE KBaApaTa OTKJIOHEHUS CIy4anlHOU
BEJINYMHBI OT €€ MATEMAaTHYECKOTO 0KUAAHUS.

KBantriib — 3HaueHWe, KOTOpPOE 3aJaHHAas ClydailHas BEJIMYMHA HE
MPEBBIMIACT ¢ (PUKCUPOBAHHON BEPOSTHOCTHIO.

Koppensunonnas wmatpunia — Matpura Kod(h(QUIIMEHTOB KOppesluuu

HECKOJIbKHUX CJ'Iy‘—IElfIHBIX BCJINYHH.

HopmaneHoe pacnpeneneHne — pacupencieHue BEPOSITHOCTEH, KOTOPOE
1 —(x-a)?
2 (9] w (V)
OIMCBIBAETCSI IJIOTHOCTBIO  f(X) = e > (W1 HENpephIBHON CllydaitHOM
o~ 2r
BEJTUYMHBI)
Panr — mnonoxxeHwe B yYHOPANOYEHHOM psAy 3HAYCHHW. 3HAYEHUS B

HEKOTOPOM  HM3MEpPEHHMU COOOHIAIOT TOJBKO IOJIOXKEHHE 3TOr0  3HAYEHUs
OTHOCHUTEJIBHO BCEX APYIMX, OJHAKO HHUYEr0 HE TOBOPUT O PACCTOSHUU MEXKIY
3HAYCHUSMH.

OneHnka - 3TO YHKCJIO, BBIUMCISIEMOE Ha OCHOBE  HaOJIOJCHHIH,
IPENOJIOKUTENBHO OJIM3KOE K OIICHUBAEMOMY IapaMeTpy.

CiydaiiHas BEJIMYMHA — BEJIMYMHA, KOTOPasl B pE3yJIbTATE UCIIBITAHUS IPUMET
OJIHO M TOJBKO OJHO BO3MOKHOE€ 3HAYCHME, 3apaHee HEU3BECTHOE U 3aBUCHILEE OT
CIIy4ailHbIX ()aKTOPOB, KOTOPBIE MPEABAPUTEIBHO HE MOTYT OBITh YUTEHBI.

CranpapTHOE OTKIIOHEHME — IOKA3aTENIb PACCEMBAHUSA 3HAYECHUN CIIy4YalHOU
BEJINYMHBI OTHOCUTENBHO €€ MaTEMATUYECKOTIO OXKUIAHHUS.

YpOoBEHb 3HAYMMOCTH — JOCTATOYHO MaJIasi BEPOATHOCTb, INPU KOTOPOH
COOBITHE MOKHO CUYUTATh MPAKTUYECKH HEBO3MOKHBIM.

I — KO3 HUIUESHT KOPPEIISIIHH.

p-level — ypoBeHb 3HAYMMOCTH.

M — pa3MEepPHOCTh MHOKECTBEHHOW PErPECCUMU.


http://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B6%D0%B8%D0%B4%D0%B0%D0%BD%D0%B8%D0%B5

Multiple R — ko3¢ durmeHT MHOKECTBEHHON KOPPEIISAIINH.

2 .
R"adj — (CKOppeKTHpOBaHbIil) KOAPGUIUEHT 1eTEPMHUHALIHN.
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BBEJAEHUE

B coBpemenHoM Mupe HWHGOPMAIMOHHBIX TEXHOJIOTHM CTaTHCTUYECKUIN
aHaJIM3 UIpaeT CYIIECTBEHHYIO pOJb KaK B TOCYAAPCTBEHHBIX, MPOMBIIIJIEHHBIX
MacmTabax, Tak ¥ B COIHMAIbHBIX. B pe3ynbrare aHamm3a BO3MOXKHO BBISIBJICHHE
pa3IMYHBIX 3aBUCHUMOCTEH OT Habopa HEKOTOPHIX (HaKTOPOB, KOJUYECTBEHHOE
OMKMCAHWE JaHHOW 3aBUCUMOCTH, OLIEHKA pAa3JIMYHbIX I[MapaMeTpPoOB, TaKUX Kak:
pacnpeneneHue JaHHBIX, MAaTeMaTHIECKOE OXHUIAHHE, TUCIICPCHUS U JIP.

Llenpi0 BBIMYCKHOW KBaTU(UKAIMOHHON pPAaOOThI SIBISIETCS HMCCIEIOBaHUE
HCXOJHOTO Habopa MaHHBIX C MPUMEHEHHWEM Pa3IUYHBIX CTATHCTHYECKUX METOJOB
JUTSL  BBISBJICHUS W ONHCAHUS PA3IUYHOTO poOJa 3aBUCHUMOCTEH pe3yiIbTaToOB
AK3aMEHOB yueHMKOB Tomckoi obmactu 3a 2013 (9 xmacc) u 3a 2015 (11 xmacc).
JlanHpie 00 »SK3aMeHax cojepKaT HMHQPOPMALMI O KOJIMYECTBE HAOpaHHBIX
YYEHHKaMHU 0aJIOB IO JIBYM JUCIUIUIMHAM: PYCCKHM SI3bIK 1 MaTEMaTHKa.

JIns aHanm3a Mcmojib3oBaiicss mporpamMmubii maker StatSoft STATISTICA,
KOTOPBIN SIBJIICTCS MOIIHBIM WHCTPYMEHTOM JIJIsi aHAJdW3a JAaHHBIX, BU3YyaIH3alldd
pe3yabTaToOB, MOATOTOBKM MPOTHO30B, HEHPOCETEBBIX BhIUKCIICHUM, data mining’a,
KOHTPOJISI yPOBHS Ka4uecTBa | JIp.

JIJist TOCTHKEeHUS 1€ ObLIM MTOCTAaBJICHBI CISAYIONINE 3a/1a4u:

® U3y4YeHHUE NMPEIMETHOMN 00JIacTH;

e BBIOOP M OCBOCHHUE HanOoJiee MPUEMIIEMBIX JIJIsi aHAJIU3a METOOB,;

® 3y4YeHHE BCIIOMOTaTEILHOTO MPOTPAMMHOTO 00ECTIeUeH NS,

® aHaAJM3 JAaHHBIX C UCTIOJH30BAaHUEM BBIOPAHHBIX CTATUCTUYCCKUX METOJIOB;

® OMUCAHUE MOJYUYCHHBIX PE3YyJIbTaTOB;

e aHaM3 pecypcodHPEKTUBHOCTH U PECYPCOCOCPEIKCHHUS;

® aHaJIn3 aCIICKTOB COI_II/IaJ'IBHOI\/'I OTBCTCTBCHHOCTH.



1 ONMUCAHHUE NPEIMETHOM OBJIACTH

Ornpenenenrue 3aKOHOMEPHOCTEW, KOTOPBIM CIIEIYIOT MAacCOBBIE CIydailHbIC
SBJICHHSI, OCHOBAHO HAa HW3YYEHUHU DPE3YJIbTATOB HAOJIOEHUN IMyTEM MPUMEHEHHUS
METOJIOB CTATUCTUYECKOTO aHaJIK3a.

IlepBas 3amaya MaTEMaTHUYECKON CTAaTUCTUKM — YyKa3aTb W OINPEIEITUTh
METOAbl cOopa M TPYNNUPOBKH CTATUCTUYECKUX CBEICHUM, IOJy4aeMbIX B
pe3ynbTaTte HaOIIOIEHUN WIN B PE3yIbTaTe SMITUPUICCKUX HCCICIOBAHUM.

Bropas 3amadya mMareMaTH4eCKOW CTAaTUCTUKU — B 3aBUCHUMOCTH OT LEJIEH
HCCJICTIOBAHMUM pa3paboTaTh METOBI JIJIS aHAIM3A CTATUCTHYECKUX JTaHHBIX |

® OI[CHKA HEHW3BECTHOM BEPOSTHOCTU KAKOTO-TUOO COOBITHA;, OIlEHKA
HEU3BECTHOW (YHKIUU paclpesesieHus]; OIleHKa MapaMeTpOB HEM3BECTHOTO BHUA
pacrpeneneHus; OLeHKa 3aBUCUMOCTH OJHOW CIIyYalHOW BEJWYMHBI OT IPYTrOW WU
HECKOJIbKUX CIyYalHBIX BEJIMYUH U JIP.;

® [pPOBEpPKA CTATUCTHYECKUX TUIIOTE3 O BUJIE HEU3BECTHOTO PACIpPEICICHUS
WIN O BEJIMYUHE MTapaMeTPOB pacrpeeiicHHs, BUI KOTOPOro u3BecTeH[1].

CoBpemeHHass MaTeMaTHYecKas CTaTUCTHKA pa3paldarbiBaeT  CHOCOOBI
OTpEJCICHUS] 4YKCJIa HEOOXOAMMBIX HCIBITAaHUM 0 Hayaiga HCCIeI0OBaHUs
(TUTaHUpOBaHUE HKCTIEPUMEHTA), B XOJI€ UCCIe0BaHUs (ITOCIe0BATEIbHBIN aHAN3)
U pemaet MHorue apyrue 3amaadu[l]. CoBpeMeHHYI0 MaTeMaTHYECKYI0 CTaTUCTHKY
ONPENIEIAIOT KaK HAayKy O IPUHSATUU PEUIEHUN B YCIOBUSX HEONPEIEIEHHOCTH.

3ajadya MaTeMaTUYECKON CTATUCTUKU COCTOUT B CO3JIaHUU METOJOB cOOpa U
00pabOTKM CTAaTUCTUYECKUX JAHHBIX JJISi TOJNYYEeHHUS] HAYYHBIX M MPAKTHUYECKHX
BBIBOJIOB][ 1 ].

Jns  ananmuza ObUIM  TIpEJOCTaBIEHBI JaHHble 1Mo ToMckod o06nacTy,

BKUTIOHaronIue B ceost pesyiabTaThl OI'D u EI'D yueHnukoB mkos.



2 METOJAbI CTATUCTUYECKOI'O AHAJIN3A

CymiecTByroT pasJInYHbIC METOBI CTaTUCTHYECKOTO aHaiusa,
IIPEIHA3HAYCHHBIC [UISl BBIABICHUS ONPEICICHHBIX 3aBUCUMOCTEHM M PEIICHMS
Pa3JIMYHBIX 33]1a4 MAaTEMATUYECKON CTATUCTUKH.

B nmanHOil pabote OyayT MCHOJB30BaThCA  ClENyIOIIME  HamOoJjee
pacIpoCTpaHEHHbIE METO/IbI CTATHCTUYECKOIO aHAJIN3A:

® KOpPEIALHUOHHBIN aHAJIN3;

e (haKTOpPHBII aHATHU3.
2.1 Onmncanue MeToa KOPPEJAUMOHHOTO AaHAJIU3A

OrpomHbIil  uHTEpec Juisi OOJNBIIOrO KOJWMYECTBA 3a4ady MPECTaBIsSET
oOHapy’>K€HHE U ONpEJEICHUE CBSA3EH MEXIy NIBYMs, Tpems U Oojiee cilydyaillHbIMU
BEJIMYMHAMU. B MHXEHEpHBIX MCCIEAOBAHUAX IOJ0OHBIE 3a/Jayd 4Yallle BCEro
CBOIATCA K OOHApYKEHHUIO CBA3M MEXAY HEKOTOPBIM  IPEAnoiaracMbIM
BO30YXKJICHHMEM M HAOIIOAAEMbIM OT HEr0 OTKIMKOM B H3y4aeMOH (QU3ndecKou
cucreme. IIpumenuTenbHO K Hamie paboThl OyJeM paccMaTpuUBaTh B3aMMOCBSI3U
MEXIYy pa3IudHbIMH  (aKTOpaMy, BIMSIONIMMH Ha KadyecTBO OOYy4YeHHs, U
pe3ynbTaTamMu 00ydeHusl (TECTUPOBAHUS).

OTHOCUTENBHYIO CHUJIy U CYIIECTBOBAHHME TAaKWX B3aMMOCBS3EH BO3MOXKHO
U3MEpUTH yepe3 KOADOUIIMEHT KOPPEIISIIHH.

OcHoBHasl 3a/1a4a KOPPEJIALMOHHOTO aHaIN3a COCTOUT B TOM, UTOOBI BBISIBUTD
CBSI3M M@Ky CIIy9allHBIMH IIEPEMEHHBIMU Y€pe3 TOUCYHYIO U UHTEPBAIBHYIO OIEHKU
pazsnTUYHBIX KOA(GOUIIMEHTOB KOPPEIISIIHIH.

Kosbpuuuent koppensiiuu Iy, ONpeleseTcs uepe3 KOpPENALMOHHBINI
MOMEHT (KkoBapuanui) K,y no ¢popmyue:

ny _ M [(X _mx)(Y _my)
OxOy OxOy . 2.1)

Py

BemnunHa Py, XapakTepusyeT CHIY B3aMMOCBA3M MEXAY CIly4alHbIMH

nepeMeHHbIMU X U Y B TEHEpPAJIbHOW COBOKYNMHOCTH. McXoas W3 CBOMCTB
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KOA(Q(PUIMEHT KOpPENAluu BHIHO, YTO OH MOXET SIBJIATHCS IOKA3aTeIeM CHJIbI
B3aHMMOCBSI3M TOJBKO €CJIM [JIBE MEPEMEHHBbIE 3aBUCHMBbl JIMHEHMHO. JlaHHBIN
KO3(phUIIMEHT paBeH HYJIO, €CJIM CIydailHble BEIWYMHBI 3aBHCUMBI HEJIMHEHHO.
Janueiii kodddumuent usmensercs B mpenenax [-1;1]. IlpenenbHple 3HAYCHUS
TOBOPST O TIOJIHOW JMHEHHOW 3aBUCUMOCTH. Yem OojbIle MO MOIYJIO JTaHHBIMN

KO3 PUIMEHT OTIMYCH OT HYJIsI, TEM CUJIbHEE TECHOTA CBs3H [2].

2.2 Onucanue MeTo/ia (PAKTOPHOI0 aHAIU3A

@DakTOpHBIA aHAJU3 MOXHO TPAKTOBATh Kak paszjiell MHOTOMEpPHOTO
CTAaTUCTUYECKOTO aHalu3a, KOTOPBIM OOBEIMHSET METO/bl OLIEHKH pa3MEpHOCTEN
MHOXECTB ~ HAOJIOJJaEMBbIX  IMEPEMEHHBIX IyTEM  HCCIEJOBAaHUS  CTPYKTYp
KOBApUALIMOHHBIX WM KOPPEISAIIMOHHBIX MATPHII.

brmarogapss manHoMy BHAY aHajiu3a MCCIENOBATENb MOXET PEIIUTh JBE
OCHOBHBIE€ 33J]ayM: KOMIAKTHO, HO TPH 3TOM BCECTOPOHHE, OIHUCATh MPEAMET
u3Mepenus. C momomipio (PakTOPHOTO aHaIM3a MOXKHO BBISBISATH (AKTOPhI, UTO
OTBEYAIOT 32 MPUCYTCTBUE CTATUCTHYECKUX JHMHEHHBIX KOPPEISLIUOHHBIX CBS3EH
MEXIYy HaOII0JAaEMbIMU IEPEMEHHBIMHU.

@DakTOpHBIA  aHaIu3 MPEACTaBIsieT CcO0O0M METOAMKY CHCTEMHOTO U
KOMILJIEKCHOTO HM3MEpPEHUs]T W M3YYEeHHsS BO3ICHCTBUSA (DAaKTOPOB HA BEIUUYUHY
pe3yibTara (pe3yIbTaTUBHOTO MMOKA3aTels).

OcHoBHbI€ 337auu (PaKTOPHOTO aHAIN3a:

I. Ot6op ¢akTopoB, ONPEAETAIONIMX HUCCIAEAYEMbIE pPEe3yJIbTaTUBHBIC
NIOKa3aTelIu.

2. Knaccudukaruss U cucrematuzanus (PakTopoB ¢ Lelbl0 obecredeHus
KOMILJIEKCHOTO M CUCTEMHOT'O MOJAX0/1a K UCCIEIOBAHUIO UX BIIMSHMS HA PE3yIbTaThl
NEATEIbHOCTH.

3.0Omnpenenenne GopMbl 3aBUCUMOCTU MEXY (PaKTOpamMu U pe3yabTaTUBHBIM
MIOKa3aTeJIeM.

4 MojaenrpoBaHUe B3aUMOCBSI3€d MEXIY Pe3ylIbTaTUBHBIMU U (PAKTOPHBIMU

IIOKAa3aTCIIsIMU.
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3 MOJArOTOBKA U IIEPBUYHBINA AHAJIN3 JAHHBIX

3.1 IloaroToBKa U MEPBUYHBIA AHAIU3 HCXOAHBIX JTAHHBIX

Hpouecc IMOATOTOBKHU NJAHHBIX K dHAJIU3Y 34dKIIIOYAJICA B YAAJICHHUH 3aMuceu ¢

HYJICBBIMU PE3yJIbTaTaMM 110 9K3aMCHAM Yy YYCHHUKOB, ITOCJIC 4YCTO 00BeM JaHHBIX

NpUHI 3HaYeHue 3632 3anucu u3 rnepBoHavanbHbIX 4861 (cM. puc. 3.1).

1 13 14 15

Myfmq c;to Kn:‘:c OI'BZEHHW OFSETUWBME OBO Knjcc EI'BZM:W:FIE;J EFBZUWEEMaTnﬂep EFBZUWEEMETEHE;] EI'BZUWTEpyETEE EFBZUWTEMEITEE KaT:Hrnp
_1frTomck  Kaperckn 95 27 16|0rKOY K 11A il 6 14 66 27 1
_2[rTomck  MAOY CC 96 27 19 MAQY CC 1A 39 6 NULL 65 27 1
_ 3[Tomckuii | MBOY Pz 9 32 15 MBOY Pz 1 il 7 17 55 33 0
_4|r.Crpexet MOY COL 9"B" 28 21 MOY COL 1A 36 6 NULL 61 27 0
_&|rTomck  MBOY CC 9B 32 27 MBOY nn 11E a1 20 NULL 87 80 1
_ 6[r.Cemepct MBOY CC 9A 30 27 MBOY CC 1A 51 11 NULL a7 55 1
_7|rTomek  MAQY run 9A 33 32|MAQY rmi 11A 44 23 NULL Il 86 1
_B|r Tomck  MAQY ru 9B 31 19| MAQY rmi 116 49 7 16 82 33 1
_ 9r.Cemepct MBOY CC 96 32 22 MBOY CC 1B 55 12 NULL 98 59 1
10|r.Cesepct MBOY Ce 9B 32 28 MBOY Ce 11A 35 9 MULL 60 45 1
11|r.Cesepct OTEOY C 9B 33 14|0rKOY K 116 28 3 9 a1 14 1
12|r Tomck  OTBOY 196 39 28 OTBOY T 116 50 16 NULL 84 72 1
A3[rTomck  MAQY CC 96 32 23/ MAQY CC11B 44 9 15 il 45 1
4|r Tomck  MAOY ru 9r 26 25 MACY rmi 117 39 9 MULL 65 45 1
5 MAQY Ko 9 32 15 MAQY Ko 1 43 5 15 70 23 0
16fr Tomck  MOY COL 95 37 25 MAQY CC11A 62 14 NULL 90 68 1
A7[rTomck  OTBOY 196 30 22/ 0rBOY T 116 54 12 NULL 95 59 1
18|r.Tomck  MOY COL 9 31 19|MBOY CC 11A 39 & NULL 65 39 1
MBOY Oc 9 40 15| MBQY Oc 11 37 6 16 62 27 0

rTomck  MAOY CC 9B 33 29 MAQY CC 116 47 12 20 76 59 1
21[r.Tomck  MAQY rur 9a 34 21 MACY rm 117 42 4 NULL 69 18 1
22|rTomck  MOY COL 9B 34 23 MACY C(11B 47 & MULL 78 23 1
23|r Tomck  MAQY CC 95 35 24 MAQY C( 116 45 & NULL 72 39 1
24[Bakuapck MKOY Ba 9 38 22 MKQY Ba 11A 48 12 NULL 79 59 0
25|Bakuapck MBOY Be 95 29 17|MBOY Bz 116 42 & NULL 69 39 0
MOY COL 9A 35 29/MBOY C(11A 34 7 18 59 33 0

Puc.3.1 Tabnuua JaHHBIX O pe3ybTaTax 3K3aMEHOB

Ha puc.3.2 npencrabieHna nquarpaMma CpeIHUX W CTaHJAPTHBIX OTKJIOHEHUU

BBIOOPOK MO PYCCKOMY S3bIKY pe3yibraroB OI'D. Takue ke auarpaMMbl ObUIH

MOCTPOEHBI JIJIsl APYTUX PE3YJIbTATOB MO CXO0KUM BBIOOPKAM.

46

Box & Whisker Plot
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[ Mean+SD
T Mean#1.96*SD

Puc. 3.2 3nadeHust BBIOOPOYHBIX CPETHUX U CTAHAAPTHBIX OTKJIOHEHUM

3a 2013 1. 10 pycCKOMY SI3BIKY
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T-test for Independent Samples (9-11-CasT-oTpeaakTt in Workbook1_9-11)
Note: Variableswere treated as independent samples

Mean Mean | t-value | df p Valid N | Valid N |Std.Dev. |Std.Dev. | F-ratio p
Group 1 vs. Group 2 Group 1| Group 2 Group 1 |Group 2| Group 1 | Group 2 |Variances |Variances
0Or52013pyc vs2013ycT/C [32,6027 32,7856! -1,2341( 601« 0,21719. 363: 238¢ 5,65538 5,575911 1,02870:/ 0,44980
0Or52013pyc vs. 2013pycCen¢| 32,6027 32,2532 1,8718! 487¢ 0,06128 363: 124¢ 5,65538 5,79037 1,04830: 0,30409
2013ycT/C vs. 2013pycCeno [ 32,7856 32,2532 2,6969¢ 363( 0,00702! 238« 124¢ 5,57591 5,79037 1,07840. 0,12407

Puc.3.3 Pe3ynbrarhl cpaBHEHHUS BBIOOPOYHBIX CPETHUX U BBIOOPOUYHBIX JUCIIEPCHIL 32

2013 r. 110 pycCKOMY SI3BIKY

O603HaueHns MPUMEHsIEMBIX Ha puc.3.3 0003HaUEHUI:

Mean Group — cpeanee apudmeTndeckoe BBIOOPKH;

t-value — 3Hauenue craructuku (pacnpenenenne CThIOJICHTA);

df — gucio creneneii cBo0o b1 pactipeneicHuss CThIOACHTA;

P — BEpOSATHOCTb TOTO, YTO ClIydaiiHas BEJIMYMHA MIPUMET 3HAUeHHE OOJbllee
gyem t-value (ABycTOpOHHUIT KpUTEPHii);

Valid N — 06beM BBIOOPKH;

Std.Dev. Group — craHgapTHOE OTKJIOHEHHE BEIOOPKH;

F-ratio VVariances — 3HadueHue OTHOIICHUH TUCTICPCHI JBYX BBIOOPOK;

P variances — BeposSTHOCTh TOTO, YTO CIy4aiHas BeJUYMHA IPUMET 3HAUYCHHUEC
oosbiiee F.

[Ipu cpaBHEHUU AMCIIEPCHI BHIOOPOK BBIIIBUTAIOTCS JBE TUIIOTE3BI: HYJIEBAs
— JIUCTIEPCUU BBIOOPOK PaBHBI, albTEpHATUBHAS — JUCIEPCUU BHIOOPOK pa3inyHbl. B
ciyqae ¢ OI'22013pyc-2013pycT/C u OI'92013pyc-2013pycCeno npuHuMaercs
HyJIeBasl TUMOTe3a O paBeHCTBe nucnepcuit (45%, 30% u 12% COOTBETCTBEHHO).
[Tposepka t-xputepuii 15 nepemerasix OI'22013pyc-2013pycT/C u OI'22013pyc-
2013pycCeno cBUIETENBCTBYET, UTO C BEpOSATHOCTH Oonee 21% u 6% (4To BBIIIE
YPOBHS 3HAUMMOCTH) TMpUHUMAETCAd HyJeBas TUIOTe3a 00 OJHOPOJHOCTU
BbIOOpOUHbIX cpennux, s OI'22013pycT/C-2013pycCeno BepHa anbTepHAaTUBHAS

T'UI10Te3a — CPCAHUC OLICHKHN 3HAYUMO Pa3JINYHBI.

12



Box & Whisker Plot
40

35
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25
20
15

10

o Mean
5 [] Mean+SD
0ra2013mar 2013maTtCeno T Mean1.96*SD
2013matT/C

Puc. 3.4 3nadeHus BHIOOPOYHBIX CPETHUX U CTAHJIAPTHBIX OTKJIOHEHUN

3a 2013 r. mo MaTeMaTuKe

T-test for Independent Samples (9-11-CasiT-otpeaakT in Workbook1_9-11)
Note: Variables were treated as independent samples

Mean Mean | t-value | df p Valid N | Valid N |Std.Dev. |Std.Dev. | F-ratio p
Group 1 vs. Group 2 Group 1| Group 2 Group 1|Group 2| Group 1 | Group 2 |Variances |Variances
Ors2013mart vs. 2013matT/C | 22,1384 22,9517 -4,6315: 601« 0,00000. 363: 238¢6,72264 6,56762 1,04776 0,21249
Ors2013mart vs. 2013matCeni| 22,1384 20,5849, 7,0371 487¢ 0,00000! 363: 124¢ 6,72264  6,74444 1,00649 0,88304
2013mat1T/C vs. 2013maTtCenc| 22,9517 20,5849 10,2191/ 363( 0,00000! 238¢ 124¢ 6,56762 6,74444  1,05457  0,27883

Puc.3.5 Pe3ynbrarhbl cpaBHEHUS! BBIOOPOYHBIX CPEAHUX U BEIOOPOUYHBIX JUCIIEPCHIL 32

2013 r. maTeMaTHKE

IIpu paccmorpeHun pe3yiaptatoB 3k3amMeHoB OI'D 3a 2013 rox mo
MaTeMaTUKE BO BCEX CIydasX MPUHUMAETCS TUIOTe3a 00 OJJHOPOIHOCTH AUCTIEPCUH,
OJIHAKO TaK)K€ BO BCEX TPEX CIydyasX OTBEPraeTcsl HyJieBas T'MIIOTE3a O PABEHCTBE

BBIOOPOYHBIX CpPEJHUX B TOJIb3y AQJIbTEPHATUBHOM — BBIOOPOYHBIE CPEAHUE

pa3INYHBL.

13



Box & Whisker Plot
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2015pycT/C

Puc. 3.6 3nauenust BLIOOPOYHBIX CPETHUX M CTAHJIAPTHBIX OTKIOHEHUM 3a

2015 1. mo pyccKOMY SI3BIKY

T-test for Independent Samples (9-11-Casar-otpeaakrt in Workbook1_9-11)
Note: Variableswere treated as independent samples

Mean | Mean | tvalue | df ‘ p valid N | valid N ‘Std.Dev. Std.Dev.| F-ratio p
Group 1 vs. Group 2 Group 1 | Group 2 Group 1 |Group 2| Group 1| Group 2 |Variances |Variances
Er32015pyclepe. vs. 2015pycT/C [41,7194. 42,8154. -5,0399: 601« 0,00000! 363: 238¢ 8,43363 7,96221 1,12191' 0,00214
Er32015pyclleps vs. 2015pycCen¢ 41,7194 39,6258/ 7,4574i 487¢ 0,00000! 363: 124¢ 8,43363: 8,90339| 1,11450! 0,01812
2015pycT/C vs. 2015pycCeno 42,8154 39,62581 11,0021 363( 0,00000! 2384 124¢ 7,96221 8,90339 1,25038, 0,00000

Puc.3.7 Pe3ynbrarhl cpaBHEHUS! BLIOOPOYHBIX CPETHUX

¥ BBIOOPOUHBIX quctiepcuit 3a 2015 r. mo pycckomy S3bIKY

PaccmoTpeB pesynbTaThl CpaBHEHHUS! BHIOOPOUYHBIX CPEIHUX U BBIOOPOYHBIX
nucrepcuii 3a 2015 1. Mo pycckomy £3bIKYy BHJIHO, YTO OTBEPTalOTCA HYJIEBBIE

TUTIOTE3bl 00 OJTHOPOTHOCTU BHIOOPOUHBIX CPETHUX U TUCTICPCUA.

14



Box & Whisker Plot
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Er32015matneps 2015maTCeno T Meant1.96*SD
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Puc.3.8 3naueHust BBIOOPOYHBIX CPETHHUX U BEIOOPOYHBIX AUCIIEPCHIA

3a 2015 r. MaTeMaTUKe

T-test for Independent Samples (9-11-Cast-oTpeaakt in Workbook1_9-11)
Note: Variables were treated as independent samples

Mean | Mean | tvalue | df ‘ p Valid N [ valid N ‘Std.Dev. Std.Dev.| F-ratio p
Group 1 vs. Group 2 Group 1| Group 2 Group 1 |Group 2| Group 1 | Group 2 |Variances |Variances
Er32015marnllepsvs. 2015matT/C | 9,4138: 10,1094 -5,5098! 601« 0,00000! 363: 238¢ 4,702351 4,92036! 1,09487| 0,01465!
Er32015matnllepsvs. 2015matCen| 9,4138: 8,0849. 8,9661! 487¢ 0,00000! 3632 124¢ 4,70235/ 3,92787: 1,43322. 0,00000!
2015maTT/C vs. 2015maTCeno 10,1094! 8,0849. 12,5868. 363( 0,00000! 238¢ 124¢& 4,92036! 3,92787. 1,56920. 0,00000!

Puc.3.9 Pe3ynbrarhl cpaBHEHUSI BHIOOPOUYHBIX CPEAHUX U BEHIOOPOUHBIX TUCTIEPCUI

3a 2015 r. MaTeMaTuke

ITo puc. 3.9 BUIHO, UTO pe3yJIbTaThl AHAJIOTUYHBI pe3yJibTaTaM Ha puc. 3.8 u

INPUHUMAKOTCA aJIbTCPHATUBHBIC T'MIIOTC3bI O PA3HOCTH I[I/ICHepCI/Iﬁ.
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3.2 IlocTpoenue peiiTUHra HIKOJ

[Ipouecc co3manuss peWTHHTra IIKOJ HAYWHAICA C IOATOTOBKU JaHHBIX.
W3HavanbHO BCe AaHHBIE HAXOUINCh B OJHOU TaOIUIE U JUIsl HIOCTPOCHUS PEUTHHTa
ydamyecs ObIITM OTCOPTUPOBAHBI MO mKojaaM. [IIkobl ¢ KOMMIecTBOM YIEHUKOB 4 H
MeHee B pacyeT He Opayuch. B utore aiis noctpoenus peidtunra 0ot oTroopansl 129
mikost. Jlanee mikoJibl OBLIM YNOPSAOUYEHBI IO cpeHeMy Oalty ee yuyeHukoB. Hike
MPUBEICHBI 15 JTy4ylIux IIKOJ MO BCEW 00JacTH MO PYCCKOMY SI3BIKY U MaTeMaTHKE

cpeau 9 kimaccoB (2013r) u 11 knaccos (2015r1).

Tabnuua 3.1 Jlyumme mKoJibl o pycCKOMY sI3bIKY (00J1aCTh)

Pycc.s3 2013 1. 9 kiace Pycc.a3 2015 1. 11 xnacc

MAOY Mamunosckag COIII Tomckoro
HOY rumnuasusa Tomb
palioHa

MAOY Manunosckas COLL Tomckoro paiiona MAOY Cubupckuii nunei

MBOY Ilynosckas COIL (9xa-pyc.s3) MAOY rumnuazust Ne 55
MBOY "Yepuopeuenckas COII" Tomckoro

MAOQY rumnasus Ne 24
paiioHa
MOY COLI Ne2 r.Acuno Tomckoii obactu. MAOY "COII Ne 80"
MAOY rumnasus NeS5 ropoga Tomcka MBOY Ilapa6enbckas COLI

OI'bOY  Tomckuit  (U3UKO-TEXHUYECKOTO
MBOY Cnacckass COII Tomckoro paitona

e
OI'bOY TOTJH MAOY COIII Ne 65
MBOY Cesepckasi ruMHa3us MBOVY AxkameMuueckuil TuIeit

MOY nuueit Ne§ umenn H. H. PykaBumnukosa MBOY Cesepckuii nuiieit

MBOY Kypaekckass COLI Tomckoro paiioHa MAOY I'ymanuTapHbIi IULIEH

MBOY Cesepckuii nurieii (9xi-pyc.s3) HOY rumnuasus Tomb

MBOY Camycbckuit nuuei MBOY Pycckas kinaccuueckas rumHasust Ne 2
MAOY Cubupckuit nuneii r. Tomcka MBOY Cesepckas rumMHaszus

MBOY COIII Ne 83 MBOY KoxeBaukosckas COLLI Ne 1

16



Ta6muna 3.2 Jlydmive mKoJbl o MaTeMaTtuke (00J1acTh)

Maremaruka 2013 r. 9 xacc

Marematuka 2015 r. 11 kiacce

MAQOY Manunosckas COII Tomckoro paitona

OI'bOY  Tomckuii  (U3UKO-TEXHUYECKOTO

JIunen

MBOY COIII Ne 80

MAOY rumuasug Ne 55

OI'bOY TOTJI

MAOQY Cnacckas COIL Tomckoro paiiona

MBOY Cnacckas COII Tomckoro paitona

MAOY "COMI Ne 80"

MAOY rumnazust Ne55 ropoaa Tomcka

MBOY COIII Ne 49

MBOY Cesepckuii juiieit

MBOY AxaneMudecKuil TuIei

HOY rumuaszug Tomsb

MBOY Cesepckuii uiieit

MBOY Cesepckast ruMHa3us

MAOY Mamunosckags COII Towmckoro

paiioHa
MAOY COHLI Ne 35 r. Tomcka MAOY rumnuazus Ne 29
MOY nuueit Ne8 umenn H. H. PykaBuiinnkosa MAOY COMIJI

MAOY  CeBepckuil  (pu3HKO-MaTeMaTHUYECKHUM

JIALIEN

HOY rumuaszusg Tomsb

MAOQY TI'ymanuTtapHslii 1unen

MBOY Koxepaukosckag COI Ne 1

MBOVY Axagemuueckuii Jnnen

MBOY COIII Ne 51

MAOY rumaaszusg Ne29

MBOY Hlerapckass COII Ne 1

MBOYVY COII Ne 49

MBOY Kypnekckas COLL Tomckoro paiioHa

HNcxonss W3 TPUBENECHHBIX BBINIE PE3YJIBTATOB,

BCTPCYAKOIINXCS BO BCECX YETHIPEX CIIHMCKaX.

MO>KHO BBIJICIUTH S5 KO,

MAOQOY Mamnunosckas COII Tomckoro

paitona, OI'bOY Tomckuii pusuko-texauueckuit nuueir, MBOY Ceepckuii nurei,

HOY rumuasus Tomp 1 MAOY rumuasus Ne5S5.

Taxxe mo100HbIE PEUTUHTH OBLIA COCTaBJICHBI JJIs1 KON Tomcka/CeBepcka

U CEJIbCKHUX IIIKOJ OOJIACTH.

Tab6numa 3.3 Jlyumue mKkoiibl mo pycckomy s3biky (Tomck/CeBepck)

Pycc.a3 2013 r. 9 knacc

Pycc.a3 2015 r. 11 knace

HOY rumuaszug Tomsb

MAQOY Cubupckuii aurei
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MAOY rumnasus Ne55 ropoga Tomcka MAOY rumnazus Ne 55
OI'bOY TOTIJI MAOQY rumnuazus Ne 24
MBOY Cesepckas ruMHa3ust MAOY "COLI Ne 80"
MOY nuueit Ne§ umenu H. H. Pykasuminukosa | OI'bOY TOTII

MBOY Cesepckuii auiei MAOY COI Ne 65

MBOY CamycbCkuii unen

MBOY AxkaneMudyecKUi JTULIEH

MAOY Cubupckuii muneii r. Tomcka

MBOY Cesepckuii nuiieit

MBOYVY COIII Ne 83

MAOY I'ymanutapHsiii Tunen

MAOY COLII Ne 37

HOY rumuasusa Tomb

Tabnuna 3.4 JIyumue mkossl mo matematuke (Tomck/CeBepck)

Maremaruka 2013 r. 9 kiacc

Matemaruka 2015 r. 11 xnace

MBQOY COLL Ne 80

Oreoy ToTnN

OreQy ToTN

MAOQY rumnHasusa Ne 55

MAOQY rumnasnst Ne55 ropoga Tomcka

MAQY "COLL Ne 80"

MBOY CeBepckuin nuuen

MBOY COLL Ne 49

HOY rumHasusa Tomb

MBOY AkagemMuyeckuin nuuen

MBOY CeBepckast ruMHasus MBOY CeBepckuin nuuemn
MAOQY COLU Ne 35 r. Tomcka MAQY rumnasus Ne 29
MOY nuuen Ne8 umenun H. H. PykaBuwHukoBa MAQY CoMIJ1

MAQY CoMI1

HOY rumHasus Tomb

MAOQY l'ymaHuTapHbIN Nvuen

MBOY COLL Ne 51

HCXO}IH u3 IMPHUBCACHHLIX

pe3ynbTaToB,

BBIACIIAIOTCA 4 IIKOJIBI,

BCTpevaronmecs: Bo Beex uerbipex crnuckax: MAOY rumuasus Ne55 ropoga Tomcka,

OI'bOY Tomckuit ¢uszuko-rexunueckuit nuieit, MbOY Cesepckuit nuueit, HOY

ruMHa3us ToMb.

Ta6muma 3.5 Jlydiye mKoJIbl 0 PyCCKOMY SI3bIKY (CEIbCKHE)

Pycc.a3 2013 r. 9 kimacc

Pycc.a3 2015 . 11 knace

MAQOY Manunosckast COIII Tomckoro paitona

MAOQOY Mamuuosckas COLI

MBOY Ilynosckas COILI

MBOY Ilapa6ensckas COLI

MBOY "Yepnopeuenckas COLL"

MBOY Koxesaukosckags COI Ne 1

MOY COLI Neo2 r.Acuno Tomckoi odtactu

MBOY COHLI Ne 7 r. Konmarieso

MBOY Cnacckasa COIII Tomckoro paiioHa

MBOY 3onansuerckas COI

MBOY Kypnekckas COLL Tomckoro paiiona

MBOY benospckas COLI Ne 1

MBOY Kwucnosckas COIII

MAOY rumuaszug Ne 2 r. AcuHO
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MBOY Ierapckas COLI Nel

MAOY Momyanosckas COLI Ne 2

MAOY Koxeuukosckas COLI Ne2

MBOY Ilynosckas COIL KpuomenHckoro p.

MAOY Cepreesckast COILI IlepBomaiickoro p.

MBOY Ilap6urckas COIL bakuapckoro p.

Tabnuua 3.6 Jlydiue mIkoJibl o MaTeMaTUKe (CeTbCKHUE)

Marematuka 2013 r. 9 kimacc

Marematuka 2015 r. 11 kiacce

MAQOY Manunosckas COII Tomckoro paitona

MAOQY Cnacckas COIL Tomckoro paiiona

MBOY Cnacckas COILI Tomckoro paitona

MAQOY Manuunosckas COII Tomckoro p.

MBOY Ilerapckas COLI Nel MBOY KoxeBurkorckass COLI Ne 1
MBOY "Konomunorpusckass COII" MBOY Hlerapckas COIL Ne 1

MBOY  "Hemwoobunckas COHI" Tomckoro | MBOY  Kypnekckas COLI Tomckoro
paiioHa paiioHa

MBOY IlapaGenbckasi THMHA3Hs
MAQY COLI Nel ¢ AnekcaHApOBCKOE
MBOY KoxeBuukobckas COLL Nel
MAQY COLI Ne 7

MBOY COIII Ne 7 KonnameBo

MBOY IlapaGenbckasi THMHA3US

MBOY 3onansuenckas COILL Tomckoro p.
MBOY Momnuanosckas COII Ne 1
MAOQOY COIL Ne 2 r. KonmnamieBo

MBOY Paccserosckass COII Tomckoro p.

HUcxonss W3 NOpPUBENEHHBIX pPE3ylbTAaTOB, MOXHO BBIICIUTh 2 IIKOJIBI,
BCTpevaronmecs: Bo Beex detbipex cnuckax: MAOY Manunosckas COILL Tomckoro

paiiona, MbOY KoxeaukoBckas COI Nel.

3.3 'pynnupoBanue JaHHBIX MO (PaKTOPYy CMeHbI MecTa OOy4YeHMS M HX

AHaAJIN3

JUisi mpoBefeHUs MEPBUYHOrO aHaM3a U OAHO(PAKTOPHOIO aHaiau3a Oblia
poBeJieHa padboTa C JaHHBIMU Ha BBISIBJICHUE YYEHUKOB CMEHHUBIINX M COXPAHUBIINX
MeCTO y4eObl TOoCJie AEBATOrO Kiacca, B pe3yJbTare 4ero ObUIM TMOJYYEHBI [IBE
BbI0OpKH ¢ 3046 u 535 naOmonenusamu. KoinyecTBo yUeHUKOB COXPAaHUBLIUX MECTO
y4eObI rociie AeBATOro kiacca paBHo 3046, a cMeHHBIIHX — 535.

Hwxe npencrariena tabnuiia, coaeprkaiias HHGOpPMAIUMIO O cpeHeM Oae
0 TMpEAMETY YUYEHUKOB, COXPAHUBIIMX U CMEHUBUIMX MECTO Y4eObl, a Takxke

IMPOOCHTHYIO COCTABJIAIOIIYIO OTOTO Oaj1a OT MaKCUMAaJILHOM OILICHKH.
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Tabnuna 3.7 Cpeanue 6aisl 0 KaTerOpusM

9 kmace (2013 1.)

Kareropus Pycc.a3. Maremaruka
O6ee xoi-Bo(3581) 32,62(77.67%) 22,37(58,87%)
CoxpanuBiire MecTo yuaeoni(3046) 32,54(77,47%) 22,1(58,16%)
N3menugiime mecto yueobi(535) 33,06(78,71%) 23,89(62,87)
11 xmacc (2015 1.)

Kareropus Pycc.13. Marematuka
Oo6miee koi-Bo(3581) 41,75(74,55%) 9,43(31,43%)
CoxpanuBiire mecto yueoni(3046) 41,61(74,3%) 9,06(30,2%)
W3menuBIme Mecto yueobi(535) 42,53(75,95%) 11,56(38,53%)

B ckoOkax yka3aH HpOLEHT cpeaHero Oamia OT MakCMMallbHOro Oaiia 3a

9K3aMeH. MakcuMaiabHbIE OaljIbl

II0 JK3aMCHaM B JOCBsJATOM

KJIaccCe

2013 r.

cocTaBISAIOT 42 1 38 OaJIOB MO PYCCKOMY SI3BIKY U MaTE€MaTHUKE COOTBETCTBEHHO, a

II0 3K3aMCHaM B OAMHHAAILIATOM KJIaCCC 2015 r. mo PYCCKOMY SA3BIKY U MATCMATHKC

56 u 30 6aJIOB COOTBETCTBEHHO.
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4 TIPOBEPKA JAHHBIX HA HOPMAJIBHOCTb PACHPEJAEJIEHUSA
4.1 TIlpoBepka MCXOAHBIX JAHHBIX HA HOPMAJIBHOCTH pacipeneIeHus
IIpy mpoBepke MCXOAHBIX JAHHBIX Ha HOPMAJbHOCTb PACIpPECICHHUS
IOPOBEPSIOTCS KaxAas TepeMEeHHas Ha MPHUHAJICKHOCTh €€ HaONIoIeHUuN K
HOpPMaJbHOMY  pacmpeleleHuio.  BwiaBuratrorcss — HyneBas — TUIOTE3a O
NPUHAJIEKHOCTU NIEPEMEHHONM K HOPMAJIBHOMY PaclpeesIeHNI0 U allbTepHATUBHAs
— MEepEMEHHas HE OTHOCUTCA K HOPMaJIbHOMY paclpeAesieHHuI0. Pe3yabTaThl TECTOB

npejcTaBiieHbl Ha puc. 4.1 — 4.4,

All Groups
Histogram of OIr'32013pyc

9-11-Caar-otpenakt in Workbook1_9-11 15v*3632¢c

0ra2013pyc = 3632*2,3333*normal(x; 32,6027; 5,6554)
800

700

600

500

400

300 /

200

No of obs

100 %/
0

walaYaVaVal 11 667 16 2222 21 000N 20 CER7 20 3333 35’0000 39’6667
0ra2013pyc: D =0,0836; p < 0,0100; Lilliefors:p < 0,01; 32,6667 37,3333 42,0000
N =3632; Mean = 32,6027, StdDv = 5,6554; Max = 42; Min = 7,
SW-W = 0,9612; p = 0.0000

Frequency table: Or52013pyc (9-11-Casat-otTpenakTt in Workbook1 _¢

K-S d=,08362, p<,01 ; Lillieforsp<,01

Shapiro-Wilk W=,96122, p=0,0000

Count |Cumulative | Percent [Cumul %| % of all [Cumulative %
Category Count of Valid | of Valid | Cases of All
0,000000<x<=5,00000 0 0 0,0000( 0,000( 0,0000t¢ 0,000(
5,000000<x<=10,0000 4 4 0,1101: 0,110: 0,1101: 0,110:
10,00000<x<=15,0000 17 21 0,4680t( 0,578. 0,4680! 0,578:
15,00000<x<=20,0000 92 113 2,5330¢ 3,111 2,5330: 3,111:
20,00000<x<=25,0000[ 304 417 8,3700¢ 11,481: 8,3700: 11,481
25,00000<x<=30,0000 73t 1152 20,2367/ 31,718: 20,2367: 31,718:
30,00000<x<=35,0000 121: 236¢< 33,3700 65,088: 33,3700 65,088:
35,00000<x<=40,0000( 110¢ 347( 30,4515 95,539( 30,4515. 95,5391
40,00000<x<=45,0000 162 3632 4,4603! 100,000" 4,4603! 100,000!
Missing 0 3632 0,0000t 0,0000! 100,000!

Puc. 4.1 Pe3ynpTarsl IpoOBEpPKH TaHHBIX IO pyCCKOMY sI3bIKY 3a 2013 T.
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All Groups
Histogram of Or32013mat

9-11-Cast-oTpenakTt in Workbook1_9-11 15v*3632¢c

0Ora2013mar = 3632*2,5333*normal(x; 22,1385; 6,7226)
800

700

600

500 /

400

7

200

No of obs

100

o LE At

[aWaYaYaVal ENce7 10 12292 1E 2000 20 26687 20 3333 30’4000 35’4667
Ora2013mat: D =0,0546; p <0,0100; Lillieforsp < 0,01; 27,8667 32,9333 38,0000
N =3632; Mean = 22,1385; StdDv = 6,7226; Max = 38; Min = 0;
SW-W = 0,9873; p = 0.0000

Frequency table: Or'22013mat (9-11-Caar-otpegakt in Workbook1_¢

K-S d=,05457, p<,01 ; Lilliefors p<,01

Shapiro-Wilk W=,98733, p=,00000

Count |Cumulative | Percent [Cumul %| % of all |[Cumulative %
Category Count of Valid | of Valid | Cases of All
-5,00000<x<=0,00000¢ 37 37 1,0187. 1,018 1,0187. 1,018"
0,000000<x<=5,00000 5 42 0,1376° 1,156« 0,1376° 1,156¢
5,000000<x<=10,0000 90 132 2,4779 3,634¢ 2,4779 3,634«
10,00000<x<=15,0000 37z 504 10,2422' 13,876° 10,2422 13,876°
15,00000<x<=20,0000| 103: 153¢ 28,41411 42,290° 28,4141 42,290
20,00000<x<=25,0000| 1011 2547 27,8359 70,1267 27,8359 70,126°
25,00000<x<=30,0000 66¢ 321¢ 18,4196! 88,546. 18,4196! 88,546
30,00000<x<=35,0000 344 356( 9,4713"| 98,017¢ 9,4713 98,017¢
35,00000<x<=40,0000 72 363z 1,9823¢ 100,000! 1,9823! 100,000!
Missing 0 363z 0,0000( 0,0000( 100,000!

Variable: Or32013mar, Distribution: Normal (9-11-Cast-otpenakt in Workbook1_9-11)
Chi-Square = 108.29143, df = 6 (adjusted) , p = 0.00000

Upper Observed |Cumulative | Percent |Cumul. %  Expected |Cumulative | Percent |Cumul. %|Observed-
Boundary |Frequency | Observed |Observed |Observed |Frequency | Expected |Expected |Expected | Expected
<=0.0000C 37 37 11,0187, 1,018’ 1,79¢ 1,79¢ 0,0495.  0,049: 35,20:
5.00000 5 42 0,1376"  1,156¢ 17,79¢ 19,59¢ 0,4900! 0,539¢  -12,79¢
10.00000 90 132 2,4779° 3,634« 109,301 128,89! 3,0093!  3,548¢  -19,30(
15.00000 37z 504 10,2422° 13,876 394,65 523,55 10,8660 14,415(  -22,65¢
20.00000 103z 153€ 28,4141 42,290 839,18 1362,73 23,1053 37,520: 192,81-
25.00000 1011 2547 27,8359 70,126 1051,88  2414,62. 28,9615 66,481  -40,88¢
30.00000 66¢ 321¢ 18,4196 88,546.  777,46! 3192,09 21,4060 87,888( -108,46
35.00000 344 356( 19,4713 98,0171 338,701  3530,79 9,3256. 97,213 5,29¢
40.00000 72 363: 1,9823( 100,000 86,88(  3617,67 2,3920° 99,605  -14,88(
< Infinity 0 363z 0,0000t 100,000 14,32: 3632,000 0,3943( 100,000! -14,32:

Puc. 4.2 Pe3ynprarsl IpOBEPKH TAHHBIX IO MaTeMaTtuke 3a 2013 r.



All Groups
Histogram of EI32015pycleps

9-11-Cast-oTpenakTt in Workbook1_9-11 15v*3632¢c
Er32015pycheps = 3632*3,2*normal(x; 41,7194; 8,4336)

600

500 / /.

400
300

/

\

No of obs

N\

NI
I

100 %/

Er92015pycheps: D =0,0862; p < 0,0100; Lillieforsp <0,01; |09 432 464 496 52.8 56.0
N =3632; Mean = 41,7194; StdDv = 8,4336; Max = 56; Min = 8;
SW-W =0,9619; p = 0.0000

Frequency table: EI52015pyclleps (9-11-Cagar-otpegakt in Workbook1_¢

K-S d=,08620, p<,01 ; Lilliefors p<,01

Shapiro-Wilk W=,96186, p=0,0000

Count |Cumulative | Percent |Cumul %| % of all [Cumulative %
Category Count of Valid | of Valid | Cases of All
0,000000<x<=10,0000 4 4 0,1101: 0,110: 0,1101: 0,110:
10,00000<x<=20,0000 33 37 0,9085¢ 1,018 0,9085! 1,018
20,00000<x<=30,0000{ 37C 407 10,1872 11,205¢ 10,1872 11,205!¢
30,00000<x<=40,0000( 1061 146¢ 29,2125 40,418! 29,2125 40,418!
40,00000<x<=50,0000| 159¢ 306¢ 43,9427:| 84,361: 43,9427 84,361:
50,00000<x<=60,0000] 56¢& 3632 15,6387 100,0001 15,6387 100,000
Missing 0 363z 0,0000! 0,0000( 100,000

Puc. 4.3 Pe3ynpTaTsl IpOBEPKH TaHHBIX IO pPyCCKOMY S3bIKY 3a 2015 .

All Groups
Histogram of EF'32015maTnlleps

9-11-Cast-oTpeaakTt in Workbook1_9-11 15v*3632c

Er22015marnleps = 3632*2*normal(x; 9,4138; 4,7024)
800

700

600

500

400
300
200 %

100 /

Er52015marnleps: D =0,1221; p < 0,0100; Lillieforsp < 0,01; bo 22 24 26 28 30
N =3632; Mean = 9,4138; StdDv = 4,7024; Max = 30; Min = 0;
SW-W = 0,9457; p = 0.0000

No of obs

M0
DDA

N\
N\




Variable: EF32015wmaTtnlMeps, Distribution: Normal (9-11-CasiT-otpegakT in Workbookl_9-11)
Chi-Square = 598.11895, df = 11 (adjusted) , p = 0.00000
Upper Observed |Cumulative | Percent |Cumul. % | Expected |Cumulative | Percent |Cumul. %|Observed-
Boundary |Frequency | Observed |Observed |Observed |Frequency | Expected |Expected |Expected | Expected
<=-2.0000C 0 0 0,0000t¢ 0,000( 27,627! 27,62¢ 0,7606 0,760° -27,62¢
0.00000 4 4 0,1101: 0,110: 54,621: 82,24¢ 1,5038! 2,264t -50,62:
2.00000 86 90 2,3678. 2,478( 126,378 208,62° 3,4795! 5,744: -40,37¢
4.00000 34€ 43€ 9,5264: 12,004 244,661 453,28! 6,7362" 12,480- 101,33!
6.00000 64¢ 108t 17,8689, 29,873! 396,326 849,61! 10,9120 23,392! 252,67.
8.00000 72¢ 181¢ 20,0715 49,944 537,212 1386,82: 14,7910 38,183! 191,78
10.00000 56¢€ 238( 15,5837 65,528( 609,327 1996,15 16,7766, 54,960: -43,32¢
12.00000 41¢ 279¢ 11,5088 77,037. 578,322 2574,471 15,9229 70,883. -160,32.
14.00000 307 310% 8,4526: 85,490. 459,306 3033,78. 12,6461 83,529: -152,30!
16.00000 23¢ 333¢  6,4152( 91,905. 305,241 3339,02 8,4042; 91,933! -72,24:
18.00000 11¢ 345: 3,1663( 95,071 169,740 3508,761 4,67341 96,6071 -54,74(
20.00000 83 353¢  2,2852. 97,356t 78,979. 3587,74, 2,1745. 98,781! 4,021
22.00000 46 358¢ 12665, 08623 30,747 3618,49 0.8465. 00628 15,25;
Frequency table: EF32015maTnlMeps (9-11-Caat-oTpenakt in Workbookl ¢
K-S d=,12207, p<,01 ; Lilliefors p<,01
Shapiro-Wilk W=,94572, p=0,0000
Count |Cumulative | Percent [Cumul %| % of all |Cumulative %
Category Count of Valid | of Valid | Cases of All
-5,00000<x<=0,00000¢( 4 4 0,1101. 0,110: 0,1101: 0,110:
0,000000<x<=5,00000 744 74€ 20,4845 20,594° 20,4845: 20,594°
5,000000<x<=10,0000( 163: 238( 44,9339. 65,5281 44,9339: 65,528t
10,00000<x<=15,0000 854 323¢ 23,5132, 89,041! 23,5132, 89,041
15,00000<x<=20,0000 30z 353¢ 8,3149{ 97,356¢{ 8,3149! 97,356
20,00000<x<=25,0000 77 361: 2,1200: 99,476! 2,1200: 99,476
25,00000<x<=30,0000 19 363z 0,5231:! 100,000 0,5231: 100,000:!
Missing 0 363z 0,0000! 0,0000( 100,000!

Puc. 4.4 Pe3ynprarsl IpOBEpPKH NaHHBIX IO MaTeMaTtuke 3a 2015 r.

IIpu paccMOTpEeHHMH PE3YNIBTATOB ITPOBEPKU MCXOAHBIX JAHHBIX BUIHO, YTO B
KOKJIOM H3 pacCMaTrpuBacMbIX CJIy4aeB HyJIeBas THUIIOTE3a O IPUHAMICKHOCTH
BBIOOPKH K ['aycCOBOMY paclpelesieHHI0 MOKET OBbITh MPHUHSATA C BEPOSTHOCTHIO
MHOr0 MeHble, 4yeM 5%(ypoBeHb 3HAUMMOCTH), U3 4YEro CjieAyeT HH OJHA U3
NEepEMEHHBIX (PE3yJIbTATOB 3K3aMEHOB) HE pacIpeielieHa 0 HOPpMaJIbHOMY 3aKOHY U

COOTBCTCTBCHHO IIPUHUMACTCS aJIbTCPHATUBHAA 'MIIOTC34A.

4.2 TlpoBepka [AaHHBIX Ha NPHUHAMJIEKHOCTb K OJHOH TreHepaJbHOM

COBOKYITHOCTH

['unoTe3bl 06 OAHOPOJHOCTH BBIOOPOK — 3TO TUIIOTE3BI O TOM, YTO U3Y4aeMble
BBIOOPKM TIPUHAAJICKAT OJHOW M TOW e TeHEpalbHOM COBOKYMHOCTH. B maHHOMU
paboTte BHIOOpKaMU SBIIAIOTCS PE3YNIbTATHl 3K3aMEHOB yueHUKOB Tomcka/CeBepcka u
Tomckoit 0651acTH MO IBYM UCHIUTUIMHAM (PYCCKUU SI3BIK U MaTEMaTHKa) 3a 9 Kitacc
2013 r. u3a 11 xmacc 2015 1.

4.2.1 Tect Konmmoroposa-CMmupHoBa

B kputepuit KonmoropoBa-CmMupHOBa HCHOJNB3YETCA Ta XK€ HJES, YTO

ucrione3yercss B kpurepuii KonmoropoBa. Opnako B kputepuun Komnmoroposa
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sMOupuyecKass (YHKIUS paclpefesieHus CpPaBHUBAETCS C TEOPETUYECKOM, a B
kputepun Konmoropoa-CMmupHOBa HIET CpaBHEHUE ABYX SMIUPUYECKUN QyHKINU
pacrpeneseHusl.

Crarucrtuka kputepus Konmoroposa-CMHpHOBa UMEET BU/L:

n,n
M= |22 max|F, (X) - F, (%)
n,+n, ’ ( 4.1)
rae Fn1 (X) 51 |:n2 (X) — DOMIHUpHYECKHE (PYHKIHUH pachpenesieHus,

IIOCTPOEHHBIE 10 ABYM BBIOOpKaM C oobemamu Ny u N, .

st tecta Konmoroposa-CmupaoBa (ganee KC) OblT KCIIONb30BaTh MOAYJIh
Statistics-Nonparametrics u npomeaypa sroro moxyinss Comparing two independent
samples (groups). ig aHanmmW3a WCXOJIHBIC JaHHBIC pa3OMBAIMCH IO (aKTOPy
MPUHAIIICKHOCTH MKOABI K Tomcky/CeBepcky WM OOJIACTHBIM HE TOPOJCKUM
mkoisiaMm. B wurore B KonmuectBe 2384 4YENOBEK KOJWYECTBO  yYalIUXCA

HacuuThIBaeTcs B mkoiax Tomcka/CeBepcka, a 1248 — B 00JaCTHBIX HE TOPOJICKUX

HIIKOJI.
Kolmogorov-Smirnov Test (9-11-CaaT-oTpegakt in Workbook1_9-11)
By variable Kateropuu
Marked tests are significant at p <,05000
Max Neg Max Pos p-level | Mean Mean |Std.Dev. |Std.Dev. | Valid N | Valid N
variable Differnc Differnc Group 1| Group 2 | Group 1 | Group 2 |Group 1 |Group 2
0Or52013pyc| -0,00087 0,04678  p <.1C 32,7856! 32,2532 5,575911 5,79037 238¢ 124¢

Puc.4.5 Tect KC niis pe3ynbTatoB 1o pycckomy si3bIKy 3a 9 kiacc 2013r

Kolmogorov-Smirnov Test (9-11-Caat-otpegakTt in Workbookl1_9-11)

By variable Kateropumu

Marked tests are significant at p <,05000

Max Neg |Max Pos| p-level | Mean Mean |Std.Dev. |Std.Dev. | Valid N | Valid N
variable Differnc | Differnc Group 1| Group 2 | Group 1 | Group 2 |Group 1 |Group 2
0rs2013ma1 0,0C| 0,14381. p <.001 22,9517/ 20,5849. 6,56762! 6,74444 238¢ 124¢

Puc.4.6 Tect KC nnst pe3ynbraroB 1mo matemaTtuke 3a 9 kimacc 2013r

Kolmogorov-Smimov Test (9-11-Caat-otpeaakT in Workbook1_9-11)

By variable Kateropuu

Marked tests are significant at p <,05000

Max Neg |Max Pos | p-level | Mean Mean |[Std.Dev. [Std.Dev. | Valid N | Valid N
variable Differnc | Differnc Group 1 | Group 2 | Group 1 | Group 2 |Group 1 |Group 2
Er32015pycllepe 0,0C 0,14545| p <.001 42,8154/ 39,6258/ 7,96221/ 8,90339! 238¢ 124¢

Puc.4.7 Tect KC myist pe3ynbTaToB 10 pycckomy si3biky 3a 11 kimacc 20151
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Kolmogorov-Smirnov Test (9-11-Caat-oTpegakT in Workbookl_9-11)

By variable Kateropuu

Marked tests are significant at p <,05000

Max Neg |Max Pos | p-level | Mean Mean |Std.Dev. |Std.Dev. | Valid N | Valid N
variable Differnc | Differnc Group 1| Group 2 | Group 1 | Group 2 |Group 1 [Group 2
Er52015marnllepe 0,0C 0,17662/ p <.001 10,1094 8,08493!| 4,92036| 3,92787: 238¢ 124¢

Puc.4.8 Tect KC nns pe3ynbraroB no matematuke 3a 11 kmacc 20151

Hna tecta KC ucnonp3oBamuch BBIOOPKH U3 PE3YJIbTATOB IK3aMEHOB IIO
npeaMmetam s mkoiabHUKOB ToMcka/Cesepceka (1) u cenbekux mkoii(0). Kak BugHO
u3 pe3yabTatoB TecT KC moka3bIBaeT, YTO TOJNBKO B Cllydae dK3aMeHa 3a 9 kiacc mo
PYCCKOMY SI3BIKY €CTh BEPOSTHOCTH OJTHOPOTHOCTH BHIOOPOK.

4.2.2 Tectr ManHa-YutHu

U-kputepuit Manna —  Yutau (aurn. Mann —  Whitney  U-test) —
CTATUCTUYECKUN KpUTEPUH, KOTOPHIA UCIIOIB3YEMCS MPHU OIEHKE PA3THUUNA MEX]TY
JIBYMSI HE3aBUCUMBIMHU BBIOOPKAaMHU 10 YPOBHIO KAKOTO-THO0 MPU3HAKa, ©3MEPEHHOTO

KormdecTBeHHO[2]. CTaTUCTHKA KPUTEPHUS BBITJISIAT CIICTYIOIIUM 00pa3oMm:

1 n m
i-1  j-1

rae W — cratuctuku Buiikokcona, mpeiHa3HaueHHAs! JUTsl TPOBEPKHU ITOM kKe
rumnoTte3sl Hy,.
Jlnsa recta Manna-Yutau (manee MY) ObLT HCHOIB30BaTh MOy b Statistics-

Nonparametrics u mporenypa sroro moxyis Comparing two independent samples

(groups).

Mann-Whitney U Test (9-11-Caar-otpeaakTt in Workbook1_9-11)

By variable Kateropuu

Marked tests are significant at p <,05000

Rank Sum |Rank Sum U z p-level z p-level |Valid N | Valid N
variable Group 1 | Group 2 adjusted Group 1 |Group 2
Orv2013pyc| 440663 219089 141151. 2,53569: 0,01122: 2,53968 0,01109! 238/ 124¢

Puc.4.9 Tect MY st pe3ynbTaToB 1O pycckomy sI3bIKY 3a 9 kimacc 2013r

Mann-Whitney U Test (9-11-Caat-otpegakT in Workbook1_9-11)

By variable Kateropuu

Marked tests are significant at p <,05000

Rank Sum [Rank Sum 0] z p-level Z p-level |Valid N | Valid N
variable Group 1 | Group 2 adjusted Group 1 |Group 2
Orv2013maill 460908  198844! 120906' 9,28102( 0,00000" 9,29190. 0,00000! 238/ 124¢
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Puc.4.10 Tect MY ans pe3ynpTaToB 1o maremartuke 3a 9 kinacc 2013r

Mann-Whitney U Test (9-11-Casat-otpegakT in Workbook1_9-11)

By variable Kateropuu

Marked tests are significant at p <,05000

Rank Sum [Rank Sum U z p-level z p-level | Valid N | Valid N
variable Group 1 | Group 2 adjusted Group 1 |Group 2
Er52015pycllepe| 463838 195914. 117976: 10,2573/ 0,00000" 10,2643! 0,00000! 238¢ 124¢

Puc.4.11 Tect MY 115 pe3yabTaToB IO pyccKoMy s13bIKy 3a 11 kiace 20151

Mann-Whitney U Test (9-11-CasT-oTpenakTt in Workbookl_9-11)

By variable Kateropumn

Marked tests are significant at p <,05000

Rank Sum |Rank Sum U z p-level z p-level | Valid N | Valid N
variable Group 1 | Group 2 adjusted Group 1 |Group 2
Er52015mwarnllepe] 468582 191170 113232. 11,8381 0,0C 11,8700! 0,0C 238¢ 124¢

Puc.4.12 Tect MY nans pe3ynbTaTtoB mmo marematuke 3a 11 kmacc 2015t

Tect MY otBepraet runore3y o0 0JJHOPOJAHOCTH BHIOOPOK B KaXIOM U3
MPEACTABICHHBIX pe3ysbTaToB. Ecin paccMmorpers pesyabTarel 3a 2013 rox mo
PYCCKOMY SI3bIKY MOKHO 3aMETUTh, YTO BEPOSTHOCTb MPUHAJJICKHOCTH BBIOOPOK K
€IUHOM BBIILIE, YEM B JIPYTHX CIIy4asiX, HO BCE K€ 3HAUUTEIIbHO MEHBIIE YPOBHS
3HAYMMOCTH.

4.2.3 Tect Yanpaa-Bonbdosuia

[Ipu tecre Yanpaa-BonbshoBuiia 3HaueHus: 00eUX TPYIIN BHICTPAUBAIOTCS 110
MPUCYKAAEMbIM MM paHraMm B €IMHYIO MOCJEA0BaTeNbHOCTh. Jlajiee mpoucxoaut
MOACYET YKCiIa CMEH IPYNIOBOTO MPU3HAKA, KOTOPBIM MOMOXKET HAWTHU KOJMYECTBO
HENPEPBIBHBIX IMOCJIEA0BATEILHOCTENU. [IpH MOSBIECHUM OJMHAKOBBIX 3HAYCHUU
(paHTOBBIX CBSA30K) BBIACISIOTCS 3HAUYCHHUSI MAaKCUMAJIbHOTO U MUHUMAJIBHOTO YHCIIa
BO3MOKHBIX HEIMPEPBIBHBIX MOcIea0BaTelbHOCTEN. 110 KOIMUecTBY HENpepbhIBHBIX
MOCJIEA0OBATEIbHOCTE  HAaXOOUTCS BEPOSITHOCTH owmuOku p. B ciayuae c
MEPEMEHHBIMU C MAJECHBKUM YHUCJIOM KaTETOPUU TECT CTAHOBUTCS HE MPUTOJHBIM,
T.K. CHJIbHO PAacTET KOJUYECTBO OJJMHAKOBBIX 3HAYECHUH, T.€. PAHTOBBIX CBSI30K.

Jlns tecta Yanbaa-Bonwsdouna (mamee YB) Obul ncmonb3oBaTh MOIYJb
Statistics-Nonparametrics u mporeaypa sroro moayias Comparing two independent

samples (groups).

27



Wald-Wolfowitz Runs Test (9-11-Casat-otpegakTt in Workbookl1_9-11)
By variable KaTteropuu
Marked tests are significant at p <,05000

Valid N | Valid N | Mean Mean z p-level | Z adjstd | p-level |No. of |No. of
Variable Group 1|Group 2| Group 1 | Group 2 Runs | ties
0rs2013pyc 238¢ 124¢ 32,7856 32,2532 -0,71166' 0,47667' 0,69327. 0,48813. 162( 1607

Puc.4.13 Tect YB ayis pe3ynbTaToB M0 pycckoMmy si3bIKy 3a 9 kiacc 2013r

Wald-Wolfowitz Runs Test (9-11-Casr-oTpeaakt in Workbook1_9-11)
By variable Kateropun
Marked tests are significant at p <,05000

Valid N | Valid N | Mean Mean z p-level | Z adjstd | p-level |No. of [No. of
Variable Group 1 |Group 2| Group 1 | Group 2 Runs | ties
0ro2013mat 238¢ 124¢ 22,9517 20,5849, -0,85883: 0,39043: 0,84043. 0,40066: 161¢ 1601
Puc.4.14 Tect YB niis pe3ynbraroB o MmareMatuke 3a 9 kimacc 2013r

Wald-Wolfowitz Runs Test (9-11-Cadar-otpeaakT in Workbook1_9-11)

By variable Kateropuu

Marked tests are significant at p <,05000

Valid N | Valid N | Mean Mean Z p-level | Z adjstd | p-level |No. of |No. of
Variable Group 1 |Group 2| Group 1 | Group 2 Runs | ties
Er32015pycllepe 238¢ 124¢ 42,8154. 39,6258 -3,3606. 0,00077: 3,34222 0,00083 154¢ 153]

Puc.4.15 Tect YB a5 pe3ynbTaToB 10 pycCKOMY s13bIKY 3a 11 kimacc 2015t

Wald-Wolfowitz Runs Test (9-11-Casr-otpeaakT in Workbook1_9-11)
By variable KaTteropun
Marked tests are significant at p <,05000

Valid N | Valid N | Mean Mean z p-level |Z adjstd | p-level |No. of |No. of
Variable Group 1 |Group 2| Group 1 | Group 2 Runs | ties
Erd2015martnilepe 238¢ 124¢ 10,1094 8,08493/ -2,8823: 0,00394: 2,86393' 0,00418. 15671 155¢

Puc.4.16 Tect YB nns pesynbratoB o MmatemaTuke 3a 11 kmace 2015t

B pesynpratax Tecta VYanbna-BonbhoBuna rumoresa 00 OJHOPOAHOCTH

pUHUMAETCS AJ1s 0aJUIOB MO PYCCKOMY SI3bIKY M MateMaTuku 3a 2013 roz ¢ BhICOKOH

BeposiTHoCcThiO(puc. 4.13 u puc. 4.14).

Categorized Histogram
Variable: Or32013pyc

KaTeropuu: 1 Or32013pyc = 2384*5*normal(x; 32,7857; 5,5759)
KaTeropuu: 0 Or32013pyc = 1248*5*normal(x; 32,2532; 5,7904)

No of obs

D

N e E‘%‘\\

\

A T

300 1/ ‘ ‘?%
. 7
100 /Zﬁ% ) ‘% %

Kateropuu: 1

0ra2013pyc

Kateropuu: 0

800

Categorized Histogram
Variable: Or32013mar

Kateropuu: 1 Or32013mat = 2384*5*normal(x; 22,9518; 6,5676)
Kateropuu: 0 Or32013mat = 1248*5*normal(x; 20,5849; 6,7444)

No of obs

KaTeropuu: 1

0raz2013mat

Kateropuu: 0
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Categorized Histogram
Variable: EF32015pyceps

Categorized Histogram
Variable: EFr32015matnleps

2384*5*normal(x; 10,1095; 4,9204)

Kateropuu: 1 EFr32015maTnMepe
Kateropuu: 0 Er32015matnleps

2384*5*normal(x; 42,8154; 7,9622)
1248*5*normal(x; 39,6258; 8,9034)

Kateropuu: 1 EF32015pycleps
Kateropuu: 0 Er32015pycheps

1248*5*normal(x; 8,0849; 3,9279)
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Kateropuu: 0

Kateropuu: 1

Kateropuu: 0

Kateropuu: 1

Erd2015matnepe

Er32015pycheps

Puc.4.17 I'uctorpaMMsbl pe3yJIbTaTOB MPOBEPKH HA OJJHOPOAHOCTD

Ha pucynke 4.17 npeacTtaBieHbl TUCTOTPaMMBbI POBEPKU HA HOPMATTBHOCTh

BBI60pOK, IIPOBCPCHHBIX BHIIMIC HA OJHOPOAHOCTDL PACIIPCACIICHUA.
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5 KOPPEJIAALIMOHHBIN AHAJIN3
KoppensaunoHHbli  aHamn3a BBI3BIBAET  KOJOCCAIBHBIM  MHTEpEC, T.K.
IPEIOCTABIIAET BO3MOKHOCTh OOHAPYKUTh B3aUMHBIE CBSI3U MEX]y CIydallHbIMU
BeqnurHaMu. K mpumepy, MOKHO BBIIBUTH HAJW4HUE CBA3U MEXIY YBEINYCHHEM
IPOJAX AJKOIOJBHOM IPOAYKIMM M YBEIMYEHHEM JOPOKHO-TPAHCIIOPTHBIX

MPOUCIIECTBUM, MEXAY JOKAIMEH YUpEeXKICHUS U €ero paboTOCIIOCOOHOCTBIO U T.1I.

Y
12 12
10 - o* 10 o
8 ,0’ 8 ..l
6 - o? 0 "
4 o 4 Ey
)| 2
0 :
0 ‘ ! 0,00 2,00 4,00%
0,00 2,00 4,00
a) b)
Y
Y 12
12 . :
10 bk °
[ ] [ ]
8 5 8 - 5
6 . . . .
[ |
4 | u
2 an" ¢ u .
0 T X 2 2
0,00 2,00 4,00 0 ‘ ‘ : : : : X
0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50
c) d)

Puc. 5.1. Paznuynble cTenIeHH KOPPEIISAIIMU: @) — TOYHAs JIMHEHHAS KOPPEIISIIS;
b) — ymepeHnHas auHelHas KOPpEsIus; C) — HeTMHEHHAS KOPPEIISIIHS;

d) — oTcyTCTBHE KOppETAIUH.
5.1 Koa¢ppunuent koppeassuuu [lupcona

JI71 OLlEHKM HaIM4us WIK OTCYTCTBUS JIMHEWHOM CBSI3U MEXKAY CIIYYalHBIMU
BEJIMUMHAMHU  paccuuThiBaeTcsl KodpduuueHnt koppensiauu [lupcona. Taxxe
koddummenT [lupcona oveHH XOPOIIO OMPEACNSIECT CUITy ITOW CBSI3U, TOITOMY OH

TAK)K€ HOCUT Ha3BaHue KOIPpPuumeHT suneinHon koppeyasiuuu [lupcona.
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Kosddumuent xoppensiiuin MOXKHO OIICHHTh TO BBIOOPOYHBIM JTaHHBIM

CJIETYIOITUM 00pa3oM:

Sx
T=Pyy = ﬁ (5.1)

rpe Xxuy cnyqaﬁHHe BCINYUHBI.

Correlations (9-11-Casat-oTpeaakT in Workbook1_9-11)
Marked correlations are significant at p < ,05000
N=3632 (Casewise deletion of missing data)
Variable OI'32013pyc|OI'32013ma1|EF32015pycI'IepE|EF32015maTnI'IepE
0Ors2013pyc 1,000( ,478( ,606¢ ,4357
p= -- p=0,0( p=0,0( p=0,0(
Oora2013mar ,478( 1,000( ,537¢ ,641°
p=0,0( = p=0,0( p=0,0(
Er32015pyclleps ,606¢ ,537¢ 1,000( ,563(
p=0,0( p=0,0( p= --- p=0,0(
Er52015matnlepe , 4357 ,64 1< ,563( 1,000(
p=0,0( p=0,0( p=0,0( p= --

Puc.5.2 JIuneitHbl KOPPETSIHMOHHBIN aHAIN3 TaHHBIX

I10 IIIKOJIaM 00JIacTH

Correlations (9-11-Caat-otpegakT in Workbookl_9

Marked correlations are significant at p <,05000

N=2384 (Casewise deletion of missing data)

variable 013 pycT/C|[2013maTT/(/2015pycT/C(|2015mMaTT/C
2013%ycT/C 1,000¢( ,505¢ ,633¢ ,4531
p= - p=0,0( p=0,0( p=0,0(
2013matT/C ,505¢ 1,000¢ ,543¢ ,6611
p=0,0( p= - p=0,0( p=0,0(
2015pycT/C ,633: ,543¢ 1,000¢( ,548%
p=0,0( p=0,0( p= - p=0,0(
2015maTT/C ,4531 ,6611 ,548% 1,000¢
p=0,0( p=0,0( p=0,0( p= ---

Puc.5.3 JIuHeiHbIi KOPPENSIIIMOHHBIN aHAIU3 TaHHBIX

o mkoiam Tomcka/CeBepcka

Correlations (9-11-CaaTt-otpegakT in Workbookl_9-11)
Marked correlations are significant at p <,05000
N=1248 (Casewise deletion of missing data)
Variable 2013pchenc|2013maTCenc|2015pchenc|2015maTCenc
2013pycCeno 1,000( 4288 ,570¢€ ,407¢€
p= - p=0,0( p=0,0( p=0,0(
2013maTtCena ,428: 1,000¢( 4917 ,568¢
p=0,0( p= - p=0,0( p=0,0(
2015pycCeno ,570¢ 4917 1,000¢( ,564:
p=0,0( p=0,0( p= - p=0,0(
2015maTtCena ,407¢€ ,568¢ ,564: 1,000¢
p=0,0( p=0,0( p=0,0( p= ---

Puc.5.4 JIuHelHbIi KOPPEISIIIMOHHBIN aHAIN3 JaHHBIX 10 CEJIBCKUM IIKOJIaM
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KK Mupcona (Hellepeweswwe3046)
YpoBeHE aHauumocTk p <, 05000
M=3046
Or32013pyc | Or32013mar | EF32015pycile | EF32015marnll
pE EpE
Or32013pyc 1,0000 4684 6105 4443
=-- p=0.00 p=0.00 p=0.00
Or32013mar 4854 1,0000 JhhE2 6825
p=0.00 p= — p=0.00 p=0.00
Era2015pycileps 6105 bhE2 1,0000 5691
p=0.00 p=0.00 p=— p=0.00
Er32015marnlleps Ad43 6825 BEN 1,0000
p=0.00 p=0.00 p=0.00 = —

Puc. 5.5 JIuneiHplil KOPPEISLMOHHBIN aHAIN3 JAHHBIX

PE3YyIbTATOB K3aMEHOB YUCHUKOB COXPAHUBIIHNX MECTO YUEOBI

KK Mupcona (Mepewegwwnes3s)
YpoeeHe aHaunmocTy p <, 05000
N=535
Or32013pyc | Or32013mar | EM32015pycie | EF32015marn(l
pE EpE

03201 3pyc 1,0000 5692 BTT0 A474
p= — p=0.00 p=0.00 p=0.00
0r32013mar 5692 1,0000 6052 7018
p=0.00 p= — p=0.00 p=0.00
Er32015pyciepe ST70 6052 1,0000 5888
p=0.00 p=0.00 p=— p=0.00
Er32015marnllepe A474 7018 J5B88 1,0000
p=0.00 p=0.00 p=0.00 = —

Puc. 5.6 JIuneitnpiil KOppENISIIIMOHHBIN aHAIN3 TAHHBIX

PE3YJIbTATOB 39K3aMCHOB YUCHHKOB CMCHUBIIUX MECTO yqe6H

5.2 Koappunuent xoppeasuuu Kennenna

Koaddumment panrosoii koppensiiun Kenganna Beraucisgercs no ¢Gopmysie:

(5.2)

4K

t=1- nn-1)’

rae K — craructuka Kenngamia.

Kendall Tau Correlations (9-11-Casar-oTpegakr in Workbook1_9-1|

MD pairwise deleted

Marked correlations are significant at p <,05000
Variable 0Ora2013pyc 0rd32013wma1l Erd92015pychepe| EFr32015matnept
0rae2013pyc 1,00000t¢ 0,36310 0,45192: 0,33461
Ors2013mar 0,36310 1,00000! 0,41656! 0,51320
Er32015pyclleps 0,45192! 0,41656! 1,00000! 0,44016!
Er22015martnllepe 0,33461. 0,51320 0,44016! 1,00000¢

Puc.5.7 PanroBerit koppessiiiuoHHbIN aHanu3 Kenaenna 1aHHbIx

10 IKOJIaM 00J1acTH




Kendall Tau Correlations (9-11-Caqar-otpegakrtin '

MD pairwise deleted

Marked correlations are significant at p <,05000

Variable 2013pycT/(|2013maTT/(|2015pycT/( 2015matT/(C
2013pycT/C 1,00000 0,37951 0,47404 0,35358
2013maTtT/C 0,37951 1,00000 0,41438: 0,52206.
2015pycT/C 0,47404 0,41438 1,00000 0,42824
2015matT/C 0,35358 0,52206. 0,42824 1,00000!

Puc.5.8 Panroserit koppensimoHHbIid aHanu3 Kenaenna 1aHabIx

no mkojiaM Tomcka/CeBepcka

Kendall Tau Correlations (9-11-CaaT-oTpeaakT in Workboc
MD pairwise deleted
Marked correlations are significant at p <,05000

Variable 2013pycCenc|2013maTCenc|2015pycCenc|2015maTtCenc
2013pycCeno 1,00000¢ 0,33043: 0,41178! 0,29788
2013maTCeno 0,33043; 1,00000¢ 0,392211 0,46513
2015pycCeno 0,41178 0,392211 1,00000:¢ 0,42816
2015maTtCena 0,29788 0,46513! 0,42816 1,00000:

Puc.5.9 Panrossiit koppemsiimonnsiii anann3 Kermenina 1aHHbIX

I10 CCJIBCKHUM HIKOJIaM

KK Tay Kenganna (Hellepewegwne3046)
YpoeeHb 3HauumocT p <, 05000

Or32013pyc | Or32013mar | EMF32015pycele | EM32015marnl]

pE EpE
Or32013pyc 1,000000 0,358469 0,454944 0,333226
Orr32013mar 0,358469 1,000000 0.414145 0.516114
Er32015pycleps 0,454944 0.414145 1,000000 0,434346
Er32015marnllepe 0.333226 0.516114 0.434346 1,000000

Puc.5.10 PanroBsiit koppensnuoHHbIN aHam3 Kenaenia qaHHbIx

pe3yJbTaTOB K3aMEHOB YYEHUKOB COXPAHUBIINX MECTO YUEOBI

KK Tay Kenpanna (Mepewegunes3s)

YpoBeHb aHauumocTh p <, 05000

Or32013pyc | Or32013mar | EMr32015pycle | EF32015marnll

pE EpE

Or32013pyc 1,000000 0.409754 0427663 0.347256
Or32013mar 0,409754 1,000000 0,456462 0,548927
Er32015pyclleps 0,427663 0,456462 1,000000 0,466493
Elr32015marnlleps 0,347256 0.548927 0.,466493 1,000000

Puc.5.11 PanroBsiit koppensiimoHHbIN aHanmn3 Kengenia qanHbIx

PE3YJIbTATOB 9K3aMCHOB YUCHHKOB CMCHUBIINX MECTO yT—Ie6BI

5.3 Koappunuent koppeassuun Cnmpmena

Koaddumment panroroit koppensiiun CriupmMeHa HaX0IUTCs 1o GopMyIie:
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_ 62?:1(7'1' - Si)z
n3—n

p=1

TIIe 7; ¥ S; - PaHTH 1-TO 00beKTa 10 IepeMeHHbIM X U Y;

N — KOJMYECTBO TMap HAOJIIOICHU.

(5.4)

MD pairwise deleted
Marked correlations are significant at p <,05000

Spearman Rank Order Correlations (9-11-Casr-otpeaakT in Workbook1_ ¢

<

Variable 0r32013pyc| Ore2013ma1l EFr32015pychepe EF32015matnlept
0Ora2013pyc 1,00000 0,50177 0,61143 0,46041
Ors2013mar 0,50177. 1,00000 0,57540 0,67644.
Er32015pyclleps 0,61143 0,57540 1,00000! 0,59793
Er32015matniepe|  0,46041 0,67644. 0,59793 1,00000

Puc.5.12 PanroBsiii KOppensanuoHHbIN aHan3 CriupMeHa JaHHBIX

Puc.5.13 Panrossiit koppensiiiioHHbId aHau3 CriipMeHa JaHHBIX

IO IIIKOJIaM 00J1acTH

MD pairwise deleted

Spearman RankOrder Correlations (9-11-CaaTt-oTp

Marked correlations are significant at p <,05000

Variable  [2013pycT/¢/2013mMaTT/C((2015pycT/C(/2015maTT/C

2013pycT/C 1,00000¢ 0,52296! 0,63889
2013maTtT/C 0,52296! 1,00000¢ 0,57250:
2015pycT/C 0,63889 0,57250 1,00000¢
2015matT/C 0,48612. 0,68896 0,58403.

0,48612:
0,68896!
0,58403.
1,00000!

no mkonam Tomcka/CeBepcka

MD pairwise deleted

Spearman Rank Order Correlations (9-11-CasaT-oTpeaakT i

Marked correlations are significant at p <,05000

Variable 201 3pchenc| 201 3maTCenc| 201 5pchenc| 2015maTCenc
2013pycCeno 1,00000! 0,45762 0,56037 0,40869
2013maTtCena 0,45762 1,000001 0,54303 0,61190
2015pycCeno 0,56037: 0,54303! 1,00000 0,58156
2015maTtCeno 0,40869: 0,61190: 0,58156 1,00000;

Puc.5.14 PanroBsliit KoppessiiiuoHHbIN aHann3 CriipMeHa JaHHBIX

ITO0 CCJIBCKHUM IIKOJIaM

KK Cnupmena (Hellepewenune3046)
YpoBeHe aHauumocTk p <, 05000

Or32013pyc | Or32013mar | EM32015pycile | EF32015marnfl

pE EpE
Or32013pyc 1,000000 0.,495438 0.615108 0.457040
Or32013mar 0,495438 1,000000 0572157 0,680781
Er32015pycieps 0,615108 0572157 1,000000 0,588677
Er32015marnllepe 0,457050 0,680781 0588677 1,000000
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Prc.5.15 PaHroBbiii KOppeALHOHHbIN aHan3 CriupMeHa JaHHBIX

PE3YJIbTATOB 9K3aMCHOB YUCHHUKOB COXPaHUBIINX MCCTO y‘-Ie6bI

KK Cnupmena (Mepewegwines3s)
YpoBeHb 3HauumocTk p <, 05000

Or32013pyc | Or32013mar | EF32015pycie | EM32015marnll

pE epe
Or32013pyc 1,000000 0.562159 0.678405 0478999
Or32013mar 0,562159 1,000000 0,628463 0,722513
Er32015pyclleps 0,578405 0,628469 1,000000 0,636075

Er32015marnlleps 0,478999 0,722513 0,636075 1,000000

Puc.5.16 Panrossiii KoppensiuoHHbIN aHann3 CriupMeHa JaHHBIX

PE3YyJIbTATOB 3K3aMCHOB YUCHHUKOB CMCHHUBIIIUX MCCTO y‘—Ie6BI

[Ipoananu3upoBaB pe3ysibTaThl KOPPEISALUMOHHOIO aHAIN3a O BCEM CIIydasiM
OBLJIO 3aMEYEeHO, YTO MTOMUMO €CTECTBEHHOM 3aBUCHMOCTH MEXIY Pe3yJIbTaTaMU I10
OJIHOMY MPEAMETY TaK)Ke KOPPEIUPYIOT PE3YyJIbTaThl IK3aMEHOB MO PYCCKOMY SI3BIKY
3a 2015 rog ¢ maremarukoi 3a 2015 ron u pe3ynbraThl 10 MatemaTtuke 3a 2013 roa
C pesyibTaTaMu MO pycckomy s3biky 3a 2015 ron. Taxxke Obul mpoBeneH
KOPPEJISIMOHHBIN aHAIN3 TaHHBIX TI0 YYCHUKAM CMEHUBIIUX U COXPAHUBIIUX MECTO
y4eObl TOCJI€ JIEBSATOTO KJacca, KOTOPBIM MOKa3an Oosiee CHIbHYIO KOPPEISILHUIO
Cpel YYEHUKOB, CMEHUBIIIMX MECTO Y4eObl KpOME ClIy4asi C PyCCKUM SI3bIKOM B YoM
u llom knaccax: 37ech YpPOBEHb KOPPEIMPOBAHHOCTH HMke. Mcxonas w3 AaHHOTO
aHajau3a, MOYXHO MPEANOJ0XHUTh, YTO YyYalllMecs, XOPOILIO 3HAIOUIUE MATEMATHKY,

YCIEHIHEE HAMUIIYT 3K3aMEH U IO PYCCKOMY SA3BIKY.
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6 OJHO®AKTOPHBIA AHAJIN3

3amauaMu  OAHO(AKTOPHOTO aHaNIM3a SIBISIIOTCS 3aJaud  MCCIIEJOBAHMS
3aBHCHUMOCTH TIpU OAHOM (hakTOpe, KOTOPHIN BIHMSET HAa KOHCUHBIA PE3yNbTaT U OH
MPUHUMAET TOJIBKO KOHEYHOE YHCIIO YPOBHEH.

dakTopoM uiu GaKkTOpaMy HA3bIBAIOT TO, YTO MO HAIIEMy MHEHHIO JOJKHO
OKa3bIBaTh BIMSHUE HA KOHCUHBINA PE3yJIbTaT.

YpoBens (akropa miam crmocod oOpabOTKM — 3TO KOHKPETHAs peaan3arius
dakrtopa (HampuUMep, OMNpPENeIEHHBIH IIKONBHBIA Y4EeOHHMK, WM BBIOpaHHOE
JaekapcTBo)[2].

OTKITHK - 3HAYCHUE U3MEPSIEMOTO MpHU3HaKa (T.C. BEIMUYWHA PE3YJIbTATA).

6.1 PanroBblii 01HO(AKTOPHBIH aHAIN3

BolaBuraeM HyneByto runoresy H, o mpuxamiexHocTn oTKINKOB (6aJL10B)

K OJJHOMY M TOMY JK€ paclpeielieHHto. 1o ecTb BIUSHHE (PaKTOpa CMEHbI WIH
COXpaHEHUsI MecTa y4eObl He CYHIIECTBEHHO. JIJ1sl IpOBEPKH JAHHBIX TMIOTE3 JaHHbIE
ObUIM OTCOPTHPOBAHbl Ha YYEHHWKOB CMEHMBILIHMX IIKOJY IoOcie 90ro kimacca U Ha
YYEHHKOB HE CMEHUBIIUX IMIKOJy. KOJIMYecTBO CMEHUBIIKX KOy Y4eHUKOB 535(1),
He cMmenuBImx — 3046(0).

Kpurepuii Kpackena-¥Yomnuca

PanHrosebin JA Kpackena-Yonnuca; Olro2013py
MNoyn. (HesaBuc.) nepemeHHasa: KaTterllolNepexc

Kp.Kpackena-Yonnuca: H (1, N= 3581) =4,690
Kop CymMmma | CpegHunm

Oro2013pyc N PaHros Paur

o (0] 304¢ 540769 1775,34:

1 1 53E 100587 1880,14.

Puc. 6.1 PesynwsraTsl Tecta Kpackena-Yomuica

17151 pycckoro si3bika 2013 1. 9 kimaccesl

Paunroebin A Kpackena-Yonnuca; Oro2013me
Nyn. (HesaBunc.) nepemeHHasna: KaTterllollepexc

Kp.Kpackena-Yonnuca: H (1, N= 3581) =35,47
Kopa Cymma | CpegHun

Ors2013man N PaHros PaHr

o 0] 304¢€¢ 532419 1747,92:

1 1 53E 108938 2036,22

Puc. 6.2 PesynwsraTsl Tecta Kpackena-Yomuca
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i Matematuku 2013 1. 9 kiacesl

Panroebin A Kpackena-Yonnuca; EINrS20-
MNoyn. (HesaBunc.) nepemeHHas: KaTterllolle

Kp.Kpackena-Yonnuca: H (1, N= 3581) =7
Ko CymMmma | CpegHumnm
EIr52015pyc.as. N PaHros PaHr
o o 304¢€¢ 539569 | 1771,40:.
1 1 53E 101787 1902,57.

Puc. 6.3 PesynbraThl Tecta Kpackena-Yomuca

115t pycckoro si3eika 2015 1. 11 kmacebt

Panroeein OA Kpackena-Yonnuca; EIM92(
Npyn. (HesaBuc.) nepemeHHas: KaTterlloll

Kp.Kpackena-Yonnuca: H (1, N= 3581) =
Ko Cymma | CpegHunin
ErS2015martem N PaHroB Paur
(0] (0] 304¢ 529131 1737,13.
1 1 53E 112226 2097,68.

Puc. 6.4 PesynwsraThl Tecta Kpackena-Yomuca
g matemMatuku 2015 r. 11 xmaccel

B npuBeneHHbIX pe3yibTaTax NPUHSATHI CICAYIONINE 0003HAYCHUS:

Koz — yHUKanbHbBINA KOJT TPYIIIIbL;
H — cratuctuka Kpackena-¥Yomuca;
P — BEPOSITHOCTH NPUHATUS TUITOTE3bI Hy.

AHanu3upysl CpeiHHe paHrd, KOTOpbIEe MPEACTaBIEHbl Ha pUcyHKax 5.1-5.4
MO>KHO TOBOPHUTH O BJIMSHUU YpOBHs (hakTOpa Ha UTOTOBBIE Oaiibl. 13 pe3ynbratoB
BUJHO, YTO MNEpEelIeAIIne B JPYIyK0 IIKOJNY YYEHUKH TOKA3bIBAIM JIy4IIUe
pe3yabTaThl €Ile 10 Mepexoja B APYTYIO IIKOJy, a Mo pe3ysibraTtaM 3k3aMmeHoB 2015
I. BUJIHO, YTO PAa3HULIA B YPOBHE 3HAHWU YYEHHMKOB CTaja TOJIbKO CyllecTBeHHee. 13
TOTO MOYKHO CYIUTh, YTO M3MEHEHHE MecTa y4eObl HE TOJbKO HE OKa3bIBAET
OTPULIATEIBHOrO BIIMSHUS HA YpPOBEHb 3HAHUN YYEHUKA, HO CIOCOOCTBYET HX
YIYUYLICHUIO.

B cratuctuke Kpackena — VYomnmca BBIYMCISIETCS CyMMa KBaJpaTOB
pa3HOCTEN CpeHUX PAHTOB B TPYIINE M CPEAHETO paHra Mo Bceil BeiOopke. Torma,
py BepHOCTH Tunote3bl Hy - u BiugHHE (aKTOpa HECYIIECTBEHHO, TO 3HAUCHHE
CTaTUCTUKU Majlo. B ciydae ¢ pycckum s3pikoMm H = 7.335 u HyseBas rumoresa

MOKET ObITh TpuHsTa ¢ BepoaTHocThio P = 0.0068. A B cimydae ¢ MareMaTWKOM
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H = 55.642 u HysneBas TUIIOTE3a MOXKET OBITh MpUHATA ¢ BepossTHOCTHIO P = 0.0001.
Tak Kak Mbl 337aJId YPOBEHb 3HAUUMOCTH, paBHbId a = 0.05, To HyJneBas runoresa

JOJIXKHA OBITH OTBCPrHyTa B 000oux ClIydasiax B IIOJIb3Y aJIBTepHaTI/IBHOﬁ runore3sl H 1

O CYyILIECTBEHHOM BIUSHUU (aKTOPA.

MenuaHHbIN TECT (KPUTEPHiN)

MepguvaHHbIN TecT, o6, mMmeamnaHa
Npyn. (HezaBuc.) nepemMeHHasa: KaTe
Xun-kBagpat = 5,429065 cc

1 p =

Or2013pyc

o) |

1 |

Bcero

<= MepgwvaHbl: HaGnAaO.
o>Knagae Mbile
Haobn.-o>xuna

1601,00:!
1576,16:
24,83

252,000!
276,837!

-24.,837!

1853,00:!

> MepguaHbl: HabGno A
oXXmaae mble

Haobn.-o>xuna

1445,00!
1469,83°
-24,83

283,000!
258,162!

24,837

1728,00:!

CyMma: Habnono

3046,00!

535,000!

3581,00!

Puc. 6.5 Pe3ynpTaThl METHMaHHOTO TECTA

1151 pycckoro a3bika 2013 r. 9 knaccsl

MeagmnaHHbIM TecT, o6L, MeagmnaHa
Npyn. (He3aBuc.) nepemeHHasn: KaTe
Xun-kBagpat = 33,77293 cc

1 p =

Ors2013mar

o |

1 |

Bcero

<= MepguvaHbl: HaGnoAa.
oXKngae Mble
Haobn.-o>xuna

1706,00:!
1644.21.
61,78¢

227,000
288,789.
-61,789:-

1933,00:!

> MepguvaHbl: HaGno g
o>Kmaae Mble

Haobn.-o>xunna

1340,00:!
1401,78:
-61,78¢

308,000:!
246,210
61,789:-

1648,00:!

CymMmma: Haobnwno

3046,00!

535,000

3581,00!

Puc. 6.6 Pe3ynpTaThl METHMaHHOTO TECTa

i MatemaTtuku 2013 1. 9 kiacesl

MeagnaHHbIM TecT, o6, MmegmnadHa

Npyn. (HesaBuc.) nepemeHHas: KaTe

Xun-kBagpat = 9,345870 cc

1 p =

ErS2015pyclleps

o) |

1

Bcero

<= MepagunaHbl: HaAaGnNnAO.
oXKmnaae Mble
Hab6n.-o>xuna

1613,00:
1580,41
32,58¢

245,000
277,584
-32,584!

1858,00:!

> MepagunaHbl: HabGnmw O
o>kKmaae Mbile

Hab6n.-o>xunag

1433,00:
1465,58.
-32,58¢

290,000:!
257,415
32,584!

1723,00:

CymMmma: Habnwo

3046,00!

535,000!

3581,00!

Puc. 6.7 Pe3ynbTarhl MeIMaHHOTO TECTA

115t pycckoro s3bika 2015 1. 11 knmacebt




MegnaHHbIM TecT, o6LW, mMmegunaHa =

MNpoyn. (HesaBuc.) nepemMmeHHasn: KaTe
Xun-kBagpat = 39,41953 cc =1 p =
Er92015martem 0 | 1 | Bcero

<= MegunaHbl: HabGnoA,. 1848,00 247,000 2095,00!

oxnagaewmblel 1 782,00 312,992;

Hao6n.-o>xunag 65,99. -65,992.

> MeagnaHbl: HaGnwoa 1198,00 288,000:!

oxXnmaoaemble|l 1263,99. 222,007

Hab6n.-o>xxunag -65,99: 65,992.;

Cymma: Habnwogl 3046,000 535,000:!

1486,00!

3581,00!

Puc. 6.8 Pe3ynpTaThl MEAMAHHOTO TECTA
g maremMatuku 2015 r. 11 xnaccel

Panru B rpynmnax He NpeBBINIABIIMX MEAWAaHy MPUBEICHBI B BEPXHEU 4acTH
TaOnuipl. B HuxHEW YacTu TaOJMIBI — aHAJIOTUYHBIE 3HAYCHMS, MPEBBICUBIINE
3HAYEHUE MEIUAHBI.

B cioyuyae ¢ PycCKUM SA3BIKOM KOIMYECTBEHHAs OLEHKA CTATUCTHKU Y2 =
9.346 cBUAETENBCTBYET O TOM, YTO HYyJE€Bas TUIIOTE3a MOXKET OBbITh IMPUHATA C
BepoSITHOCThIO P = 0.0022, 4TO HWXKE YPOBHS 3HAYMMOCTH, CJEHOBATEIIBHO,
npuUHUMaeTcsl runore3a H;. A mpu paccMOTpeHUH pe3yJbTaTOB IO MaTEeMaTHKe
x% =39.42 rOBOPUT O TOM, YTO HyJeBas THIOTE3a MOKET ObITh HPHHATA C
BeposiTHOCTBIO P = (0.00001, yTo Takke HMXKE YpPOBHS 3HAYMMOCTH, CJICAOBATEIIBHO,
npuHUMaeM runoresy H;.

Kpurepnit Manna-Yutau

Jist xputepuss ManHa-YuTHu (opmynupyeM HyJeBylo rumnotesy H, 00
OJTHOPOJTHOCTH UCXOJIHBIX BBIOOPOK, COOTBETCTBEHHO TUIIOTe3a H; yTBEpXKIaeT, 4yTo
BBIOOPKHU HE OAHOPOHBI, T. €. BIUSHUE (haKTOpa CYIIECTBEHHO.

Ta6numa 6.1 Pe3ynpraTel TecTa ManHa-YUTHH

U kputepuint MaHHa-YuUTHU
Mepem. OTMeY€eHHbIe KpuTepumn 3HauYMMbl Ha ypoBHe p <,05000
Cym.paHr | Cym.panr |U Z p-ypoB. | Z ckopp. |p-ypoB. N
MNpynna 1 | Mpynna 2
Er52015pyc.a3. 5395695 |1017876 |755114,0 (-2,70640 [0,006802 [-2,70826 |0,006764 |3046-
535
Er52015matem 5291311 |1122261 |650729,5 (-7,43924 [0,000000 [-7,45936 |0,000000 |3046-
535
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U — cratuctuka ManHa-YUTHU 17151 MaJIbIX BEIOOPOK;

Z — HOpMalbHas aNmpoOKCUMAIUs CTaTUCTUKKM MaHHa-YuTHU [uis  OONbIIuX
BBIOOPOK;

P YpOB. — BEPOATHOCTh NPHUHATHUS TUIOTE3bI H;

Z CcKOpp — CKOPpPEKTHpOBaHHAs HOpMajbHas ammpoKcUMalusi CTaTUCTUKa MaHH-
YuTHuU.

Ucxonss w3 Ttoro, uro B obOoux ciaydasx (mpeamerax) cratuctuka U
JIOCTATOYHO BEJIMKA U HyJEeBas TUIIOTE3a MOXET OBbITh MPUHSATA C BEPOSITHOCTAMHU
p=0,006802 wu p=0,000001, uyTro TOpPa3mO MEHBIIE YPOBHS 3HAYMMOCTH, MBI
NPUHUMAETCS albTEPHATUBHAS THIIOTE3A - BIUSHUE (DAKTOpA 3HAUUTETBHOE.

Taxoke 1 mpoBepKU TMIIOTE3bl ObLIa MCKYCCTBEHHO CJ€IaHa BBHIOOpKaA U3
YYEHHKOB, COXPaHUBIIMX MECTO yueObl B KomuecTBO 485 Habmonenuii. KonuuectBo
CMEHHUBIIHX IIKOIY Y4eHUKOB 535(1), He cmenuBmmx — 485(0).

Kpurepnit Kpackena-Yoinuca

Panroebin A Kpackena-Yonnuca; Olro2013py
MNpyn. (HezaBunc.) nepemeHHasa: Katerllollepexc

Kp.Kpackena-Yonnuca: H (1, N= 1020) =3,041
Ko CymmMa CpegHunm
Ors2013pyc N PaHros paHr
o o 48t 255772, 527,364
1 1 53E 264938, 495,211

Puc. 6.9 PesynwsraTel Tecta Kpackena-Yomuca

2013 1. 1o pycCKOMY SI3BIKY

Panroeein A Kpackena-Yonnuca; Oro2013me
Npyn. (He3aBnc.) nepemeHHasn: KaTterllollepexc

Kp.Kpackena-Yonnuca: H (1, N= 1020) =,0031
Kon Cymma | CpegHun
Ors2013man N PaHroe PaHr
o o 48t 247331, 509,960:
1 1 53E 273379, 510,988

Puc. 6.10 Pesynbrars! Tecta Kpackena-Yomnuca

2013 r. 110 MareMaTuke

PaHroebin A Kpackena-Yonnuca; EN9S20-
Npyn. (He3aBunc.) nepemMmeHHas: KaTterllolle

Kp.Kpackena-Yonnuca: H (1, N= 1020) =2
Kon CymMmma CpeaHumn
EIr52015pyc N PaHros Panr
0] 0] 48t 255623, 527,058
1 1 53E 265086, 495,488
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Puc. 6.11 Pe3synbratel Tecta Kpackena-¥Yommmca

2015 r. 1o pycCcKOMY SI3BIKY

PaHrosebin A Kpackena-Yonnuca; EN92(
Npyn. (HesaBunc.) nepemeHHasa: KaTterlloll

Kp.Kpackena-Yonnuca: H (1, N= 1020) =
Kong Cymma | CpegHun
ErS2015martem N PaHros Panr
0] o 48t 236118, 486,841;
1 1 53E 284592, 531,947

Puc. 6.12 Pesynbratel Tecta Kpackena-¥Yommmca
2015 r. mo MaTemaTHKe

W3 pe3ynbTraToB BUAHO, 4YTO HaMBBICHIME Oaibl OOECIEUUBAIOTCA IPH
U3MEHEHUM MecTa yd4eObl, a XyAllHe — NpH COXpaHeHHH Mecta ydeObl. Takoe
pacxokJeHue C MPEeAbLAYIINM aHaJu30M OObsCHSETCS OOJblIed pa3HULEHl B
KOJINYeCTBE HAOIIOEHUH B BRIOOPKAX.

Ecnu BepHa runoreza Hy U BausHUE (aKTOpa HE3HAYUTENBHO, TO 3HAUCHUE
CTaTUCTUKM MajeHbkoe. B ciywae ¢ pycckum s3plkom H = 2.927 u Hyneas
TUMOTE3a MOXXET ObITh mpuHsATa ¢ BepostHocThio P = 0.0871. A B ciywae c
matematukoi H = 5.987 wu wyneBas rumore3a MOXET OBITh TPUHATA C
BeposATHOCTBIO P = 0.0144. Tak kak 3aJaHHBII HAMU ypOBEHb 3HAYMMOCTH PAaBEH
0.05, To MOKHO czeNaTh BBIBOJ: B CIy4yae C PYCCKHM SI3bIKOM BIIMSIHUE (DakTOpa He
3HAYMMO M NPUHHMAEM HYJIEBYIO THIIOTE3Y, a B CJIydae ¢ MaTeMaTUKOW MPUHUMAEM
aIbTEPHATUBHYIO TUIIOTE3Y — BIMAHKUE (PAKTOpa 3HAUUMO.

MenuanHbiil TecT (KpUTEPHiL)

MegunaHHBbIM TecT, o6LW, meamaHa =
Npyn. (He3aBuc.) nepemeHHasn: KaTe
Xun-kBagpat = 2,201149 cc =1 p =
OIr™2013pyc 0 | 1 | Bcero
<= MepguaHbl: Ha6nwa. | 244,000 294,000 538,00
oXnmagaemble| 255,813 282,186.
Ha6n.-oxxua| -11,813° 11,813
> MeagunaHbl: Habno g 241,000 241,000 482,001
oXxXmagaemble| 229,186 252,813
Haobn.-oxuna| 11,8137 -11,813°
CymmMma: Habnwal 485,000/ 535,000 1020,00:!

Puc. 6.13 Pe3ynbTaThl MEITMAaHHOTO TECTA

2013 r. 1o pycCKOMY SI3BIKY
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MeaounaHHbIM TecT, o6, MeaunaHa =
Npyn. (He3aBuc.) nepemMeHHasa: KaTe
Xun-kBagpaTt = ,1136459 cc =1 p =
Oors2013mar o | 1 | Bcero
<= MeagumnaHbl: Habnwg. | 268,000/ 290,000/ 558,00
oxxxnmaaemblel 265,323 292,676!
Ha6n.-o>xuna 2,676¢ -2,676¢
> MepagunaHbl: HaGnoq 217,000 245,000:! 462,00t
oXXnmaaemble| 219,676 242,323!
Habn.-o>Xxnag -2,676¢ 2,676¢
CymMmma: Habnwa| 485,000/ 535,000/ 1020,00:

Puc. 6.14 Pe3ynbraTsl METUAaHHOTO TECTA

2013 r. mo MaTeMaTHKe

MeagvaHHbIN TecT, oOW, MeagunaHa =
Npyn. (He3aBuc.) nepemeHHasn: KaTe
Xun-kBagpat = , 7538534 cc =1 p =
EIr52015pyc o | 1 | Bcero
<= MepguaHbl: Ha6nwa. | 257,000 298,000 555,00¢
oXnaaemble| 263,897 291,102
Hab6n.-o>xunag -6,897: 6,897:
> MeagunaHbl: Habno g 228,000 237,000t 465,001
oxXnmagaemble| 221,102 243,897
Habn.-o>xunag 6,897 -6,897:
Cymma: Habnoal 485,000 535,000/ 1020,00:!

Puc. 6.15 Pe3ynbrarsl MeIuaHHOTO TECTa

2015 1. mo pyccKOMYy SI3BIKY

MeagvnaHHbIN TecT, oOLW, MeagunaHa =
Npyn. (HesaBuc.) nepemeHHas: KaTe
Xun-kBagpat = 4,635544 cc =1 p =
Er52015martem o | 1 | Bcero
<= MepgunaHbl: HaGnwoa. | 281,000 274,000 555,00
oXxXmagaemble| 263,897 291,102
Haobn.-oxuna| 17,102¢ -17,102!¢
> MepguaHbl: Ha6na 204,000/ 261,000! 465,00t
oxXnmaaemble| 221,102 243,897
Hao6n.-oxua| -17,102¢ 17,102
Cymma: Habnwal 485,000 535,000 1020,00:!

Puc. 6.16 Pe3ynbrarsl MeIuaHHOTO TECTa

2015 r. mo maTeMaTtuke
B cnyudae ¢ pycckum sizpikoMm y = 0.754 u HyneBasi THIOTE3a MOXET OBITh
NpUHATA C BEpOATHOCThIO P = 0.3853, 4TO 3HAYMUTENBHO MPEBBIIIAET YPOBEHBb
3HAYMMOCTH, CJIeJIOBAaTEJIbHO, MpUHUMAaeTcs rumore3a Hyp. A mpu paccMoTpeHUU
pe3yJIbTaTOB MO MaTeMaTuku Y = 4.636 U HyJeBasi TUIIOTE3a MOXKET ObITh MPUHSTA C
BeposATHOCThIO P = 0.0313, yTOo MeHblIE YPOBHS 3HAYMMOCTH, CIEIOBATEIbHO, U
npuHUMaeTcs runoresza Hs.

Kpurepuit Manna-Yutuau
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['mmote3st Hy m H; aHanorwmdHel Tem, YTO BBIABUTAIUCH B Ciydae C
BbIOOpKamu B 3046 u 535 Habmo1eHn .

Ta6numa 6.2 Pe3ynpraTel TecTa ManHa-YUTHH

U kputepuin MaHHa-YnTHn
Mepem. OTMeuYeHHble KpUTEPMM 3HAYMMBbI Ha YpoBHe p <,05000
Cym.paHr |Cym.paHvr |U Z p-ypoB. |Z p-ypoB. |N
Npynna 1 |Ipynna 2 cKopp.
Er32015pyc.a3. 265086,5 |255623,5 |121706,5 |-1,70912 |0,087430 |-1,71062 |0,087152 |535-
485
Er32015matem 284592,0 |236118,0 |118263,0 [2,44200 |0,014607 |2,44667 |0,014419 |535-
485
U — cratuctuka Manna-YutHu JJIA MaJIbIX BI)I60pOK;
Z — HOpMalbHas amnmpoKCUMalusi CTAaTUCTUKKM MaHHa-YUTHU s 0O0JIBIIINX

BBIOOPOK;

P YpOB. — BEPOATHOCTh NPUHATHSA TUIIOTE3bI H;

Z cKopp — CKOPpPEKTHpOBaHHAs HOpMajbHas anmpoKCUMalusi CTaTUCTUKAa MaHH-
YutHu.

AHanmu3upyst pe3yJbTarel O PycCKOMy s3bIKy 3a 2015 1. MOXHO chenath
BBIBOJI, UTO M3MEHEHHE OTKJIMKOB HE3HAYMMO W JBE€ BBIOOPKH MOKHO IPHU3HATH
OIHOPOAHBIMH. A MO pe3ynapraram no Marematuke 3a 2015 r. 11 kmaccel Mbl
OTBEpraéM HYJIEBYI0 THUIIOTE3y B IMOJb3Yy aJIbTEPHATHBHOM, T.K. BEPOSITHOCTH
npuHATHs HyJieBoi runoressl 0.0146, 4TO MEHbIIIE YPOBHS 3HAUUMOCTH.

6.2 JucnepcuoHHBI 01HOGAKTOPHBIH aHAIN3

Tak kak npenBapuTEIbHBIN PAHTOBBIM 0JHO(AKTOPHBIN aHAIU3 MOATBEPAMII
TUIOTE3y O CYIIECTBEHHOCTH BIMSHUS (DakTopa B ciiydae ¢ Beibopkamu B 3046 u 535
HaOJIO/ICHU, MOMpoOyeM OIIEHUTh O5TO BIUSHUE KOJUYECTBEHHO B paMKax
JTUCIIEPCUOHHOTO aHalvu3a. BblgBUraeM M mpoBepsieM HyJeByr rumnoresy Hp —

BIUsIHUE (DaKTOpa HA pacTpe/ieieHHe TaHHbIX HEe 3HAUUTEIBHO.

Ta6nuna 6.3 Pe3ynbTaThl IUCIEPCUOHHOTO aHATU3a

lNepemeHHas [ncnepcuoHHbIN aHanms
OTmeyeHbl adhdekTbl,3Ha4YMMble Ha ypoB. p < ,05000
Cym.kBag| Cr.cB. | Cp.kBag. | Cym.kBag | Ct.cB. | Cp.kBag. F p
achbdekt | adhdpekT | adpcpekT | owmbKM | oWwMBKM | OwMBKM
Er52015pyc.a3. 380,221 1 380,221 | 253438,6 | 3579 |[70,81268 | 5,3694 | 0,0205
49
Er52015matem | 2832,512 1 2832,512 | 75970,4 3579 |[21,22671| 133,44 | 0,0001
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Cym.xBanx a3 dext — cymma KBaapaTtoB (PaKkTopoB;
Cr.cB.aPdext — yncio creneneit cB000AbI PpakTopa;
Cp.xBan.addexr — cpequuit kBajapar ¢pakTopa;
CyM.kBa1.0IIMOKM — CyMMa KBaJpaToB

CT.CB.OIIMOKH — YKCIIO cTereHi cBo0o bl paBHas N — k;
Cp.kBaj.0MmHMOKH — OLIEHKA JTUCTICPCUU

F — 3sHauenue cratuctuku duiepa;

P — BEpOSITHOCTh MPUHSATHUS TUITOTE3BI Hy.

Cratuctuka @wuiiepa B ciaydae C PYCCKUM s3bIkOM paBHa F=5.3694 wu
OTJIMYAETCS OT €OuHHIBI ¢ BeposTHOCThIO P=0.0205. B ciywae ¢ marematukoun
F=133.44 He3HAuMTENBbHO OTIAMYAETCA OT eauHUIbI ¢ BeposTHOCThIO P=0.0000001.
Wcxons U3 TaHHBIX Pe3yJbTaTOB OTBEPTracM HYJIEBYIO THIIOTE3y B O0OMX CIydasx B
MOJIb3Yy abTEPHATUBHOMN — BIUAHKUE (PAKTOpPa CYIIECTBEHHO.

Tabnuna 6.4 Biusiaue ypoBHs (hakTopa Ha OTKIMKU

WroroBas Tabnuma cpeqHux
N=3581 (Her npormycKkoRB B 3aBUC. IEPEM. )
Kareropust | 2015 pyc.sa3. | Hosepur. | Hoseput. | 2015 pyc.s3. 2015 pyc.s3. 2015 pyc.a3
Cpennee -95,000% | +95,000% N Cymma Cr.oTKIL
0 41,61490 41,31676 | 41,91305 3046 126759,0 8,392140
1 42,52897 41,80331 | 43,25464 535 22753,0 8,544365
Bcero 41,75147 41,47559 | 42,02734 3581 149512,0 8,420161
WroroBas Tabnuma cpeaHux
N=3581 (Het mpoIrycKoB B 3aBHC. IIEPEM.)
Kareropust | 2015 pyc.sa3. | 2015 pyc.s3. | 2015 pyc.s3. | 2015 pyc.siz. | 2015 pyc.s3. | 2015 pyc.s3.
Hucniepcust Munnmym | Makcumym 25% Mennana 75%
0 70,42801 10,00000 56,00000 36,00000 43,00000 48,00000
1 73,00618 9,00000 56,00000 37,00000 44,00000 49,00000
Bcero 70,89911 9,00000 56,00000 36,00000 43,00000 49,00000
WtoroBas Tabnuma cpeaHux
N=3581 (Het mpoIrycKoB B 3aBHC. IIEPEM.)
Kareropust | 2015 matem | Josepur.- | Hoseput. | 2015 maTem 2015 matem 2015 matem
Cpennee 95,000% | +95,000% N Cymma Cr.0TKIL
0 9,06402 8,91363 | 9,21440 3046 27609,00 4,232974
1 11,55888 11,02111 | 12,09664 535 6184,00 6,331938
Bcero 9,43675 9,28303 | 9,59047 3581 33793,00 4,691694
Hrororas TabynIa CPEIHUX
N=3581 (Het mpoIryCKoB B 3aBHC. IIEPEM.)
Kareropus | 2015 matem | 2015 matem | 2015 marem | 2015 marem | 2015 marem | 2015 marem
Hucnepcust Munnmym | Makcumym 25% Mennana 75%
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Wroropas Tabiuia cpeTHuX
N=3581 (Her mpoIryCKoB B 3aBHC. IIEPEM.)
Kareropus | 2015 pyc.sa3. | Hosepur. | Hoseput. | 2015 pyc.s3. 2015 pyc.s3. 2015 pyc.a3
Cpennee -95,000% | +95,000% N Cymma Ct.0TKIL
0 17,91807 1,000000 28,00000 6,000000 8,00000 12,00000
1 40,09344 1,000000 30,00000 6,000000 10,00000 16,00000
Bcero 22,01199 1,000000 30,00000 6,000000 9,00000 12,00000

Teneps mpoBeneM ananu3 ¢ Beioopkamu B 485(0) u 535(1) nabmroneHui.

Tabnuna 6.5 Pe3ynapTaTsl AUCTIEPCHOHHOTO aHATN3a

lNepemeHHas [ncnepcuoHHbIN aHanms
OtmeyeHbl achdhekTbl,3Ha4YMMbIe Ha ypoB. p < ,05000
Cym.kBag | Cr.cB. | Cp.kBag. | Cym.xkBag | Crt.ce. | Cp.kBaj. F p
apdpekt | acpdpekt | adbdekT owmnbkm | owmnbkn | owmnbKn
Er52015pyc.a3. | 361,8607 1 361,8607 | 65518,72 1018 | 64,36024 | 5,62243 | 0,0179
17
Er32015matem | 573,2467 1 573,2467 | 30702,28 1018 | 30,15941 | 19,00722 | 0,0000
14

Cratuctuka ®uinepa B ciaydae ¢ PyCCKHUM si3bIKOM paBHa F=5.6224 wu
OTJINYAETCSI OT €QUHULBI ¢ BeposTHOCThIO P=0.017917. B ciaydae ¢ MaremaTuKOu
F=19.01 m ornmuaercs oT emuHUILI ¢ BeposTHOcThIO P=0.000014. Ucxonms w3
JAHHBIX PE3yJbTATOB OTBEPracéM HYJEBYIO THIIOTE3y B OOOMX CIydasx B IOJIb3Y
aIbTEPHATUBHON — BIMsIHUE (haKTOpa CYIIECTBEHHO.

Tabnuna 6.6 Biusaue ypoBHs (pakTopa Ha OTKIUKU

Hrororas Tabiuia CpeaHux
N=3581 (Het nmpomnyckoB B 3aBHC. TEPEM.)

Kareropus | 2015 pyc.s3. | Hoseput. | Hosepur. | 2015 pyc.43. 2015 pyc.s3. 2015 pyc.s3
Cpennee -95,000% | +95,000% N Cymma Cr.0TKIL
0 43,72165 43,06105 | 44,38225 485 21205,00 7,404129
1 42,52897 41,80331 | 43,25464 535 22753,00 8,544365
Bcero 43,09608 42,60205 | 43,59011 1020 43958,00 8,040659
Hroropas TabiuIa CpeHuX
N=3581 (Het mpoIrycKoB B 3aBHC. IIEPEM.)
Kareropust | 2015 pyc.s3. | 2015 pyc.s3. | 2015 pyc.s3. | 2015 pyc.s3. | 2015 pyc.a3. | 2015 pyc.s3.
Hucnepcus Munnmym | Makcumym 25% Menauana 75%
0 54,82112 18,00000 56,00000 39,00000 45,00000 ,00000
1 73,00618 9,00000 56,00000 37,00000 44,00000 49,00000
Bcero 64,65219 9,00000 56,00000 38,00000 45,00000 49,00000
Hrororas TabinIia CpEIHUX
N=3581 (Her nporyckoB B 3aBUC. IIEPEM. )
Kareropus | 2015 matem | Hosepur. | Hoseput. | 2015 matem 2015 maTem 2015 matem
Cpennee -95,000% | +95,000% N Cymma Cr.0TKIL
0 10,05773 9,66680 |10,44867 485 4878,00 4,381682
1 11,55888 |11,02111|12,09664 535 6184,00 6,331938
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Wroropas Tabiuia cpeTHuX

N=3581 (Her npormycKoB B 3aBUC. IIEPEM. )

Kareropus | 2015 pyc.sa3. | Hoseput. | Hosepur. | 2015 pyc.43. 2015 pyc.s3. 2015 pyc.s3
Cpennee -95,000% | +95,000% N CymmMma CT.0TKIL
Bceero 10,84510 |[10,50471|11,18549 1020 11062,00 5,540070
HroroBast TabauIa cpeaqHux
N=3581 (Her npormycKkoB B 3aBUC. IEPEM. )
Kareropus | 2015 marem | 2015 marem | 2015 marem | 2015 matem | 2015 matem 2015 matem
Hucnepcus Munumym | Makcumym 25% Mennana 5%
0 19,19914 1,000000 25,00000 7,000000 10,00000 13,00000
1 40,09344 1,000000 30,00000 6,000000 10,00000 16,00000
Bceero 30,69237 1,000000 30,00000 7,000000 10,00000 14,00000

Kak BHUAHO U3 IMPCACTABICHHBIX AAJICC AUAIPAMM PACCCAHUA, pa3HUIIa MCKIAY
pe3yiibTaTaM YYCHHKOB CMCHHUBIINX W COXPAHHUBIIUX MCCTO y‘I€6I>I CYIICCTBCHHA B

CJIy4ae C MaTeMaTHUKOM.

[Ounarpamma paccesHus

33,4

33,2

32,6

32,2 o CpepHee
0: 2013 pyc.sa. [1 CpenHeexCr.owu
1: 2013 pyc.sa. T Cpenreex1,96*Crt.ow

Puc. 6.17 3naueHust BHIOOPOUHBIX CPEIHUX U CTAHIAPTHON OIMUOKH
3a 2013 r. o pycCcKOMYy SI3BIKY
Ha puc.6.17 BugHO, 4TO pe3yiabTaThl 3K3aMEHOB 10 PYCCKOMY S3BIKY MEXIY

I'pyIimaMm 3a I[GBﬂTBIﬁ KJIaCC OTJIMYAIOTCA HC3HAYHUMO.
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Ouarpamma paccesHus
24,6

24,4

24,2
24,0
23,8
23,6
23,4
23,2
23,0
22,8
22,6
22,4
22,2

22,0

21,8

21,6 o CpepgHee
0: 2013 matem [ CpeaHeezCr.oww.
1:2013 maTem T Cpeneex1,96*Cr.ow.

Puc. 6.18 3HaueHust BBIOOPOUYHBIX CPETHUX U CTAHIAPTHOM OIITHOKH
3a 2013 r. mo maremaTuke
Ha puc.6.18 BuaHO, 4TO pe3ynbTaThl HK3aMEHOB IO MaTEMAaTHUKE MEXIy

TpyIIIaMU 3a JIEBSTHIN KJIACC 3HAYMMO OTINYAIOTCA.

[Onarpamma paccesHus
43,4

43,0

42,8

42,6

42,2

42,0

41,8

41,4

41,2 o CpepHee
0: 2015 pyc.s3. [1 CpeaneexCr.ow
1:2015 pyc.s3. T Cpeaneex1,96*Cr.ow

Puc. 6.19 3naueHust BHIOOPOUHBIX CPEAHUX U CTAHIAPTHON OIUOKH
32 2015 r. mo pycckoMy SI3BIKY
Ha puc.6.19 BuaHO, 4TO pe3yabTaThl 9K3aMEHOB M0 PYCCKOMY SI3BIKY MEXIY

rpyuniamu 3a OI[I/IHHaI[I_IaTIJﬁ KJIaCC OTIIMYAIOTCA HC3HAYUMO.
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12,5

11,5

11,0

10,5

10,0

9,5

9,0

8,5

Puc. 6.20 3HaueHust BBIOOPOYHBIX CPETHUX U CTAHIAPTHOM OIITHOKH

[narpamma paccesHus

Ex

0: 2015 maTem

1: 2015 matem

o CpegHee
[ CpeaHeezCr.ow
T Cpeaneex1,96*Cr.oww.

3a 2015 r. mo MmaTeMaTuke

Ha puc.6.20 BugHO, 4TO pe3yibTaThl HK3aMEHOB MO MAaTEMAaTHUKE MEXKIY

rpyIamMu 3a OJUHHAIIATHIA KJIaCC 3HAYUMO OTIMYAIOTCA.
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3AKJIIOYEHUE

B pesynbrare BBINONHEHUS BBITYCKHOW KBaTU(UKALUOHHOW pabOThl ObLIO
MPOBEJICHO HcclenoBanus 3aBucumoctel ormeHok OI'D u EID(2013 u 2015r
COOTBETCTBEHHO) MO PYCCKOMY SI3bIKY W MaTe€MaTHKe OT (pakTopa COXpaHEHUS WA
CMEHbl MecTa OOy4YeHHMs Y4YeHUKaMH Mocie 90ro Kjacca, a TakKe Ha HaJIU4due
KOPPEJSIUU MEXKYy PE3yJIbTaTaMH 3K3aMEHOB.

[TonydeHbl TOYEUHBIE W MHTEPBAJbHBIC OIICHKM KadecTBa OOY4YCHHUS B
IIKOJIaX, YTO MO3BOJIMJIO OCTPOUTh PEUTUHT WIKOJI sl pa3inuHbix MO. Metonamu
MPOBEPKU HEMapaMETPUUECKUX THUIOTE3 MCCIEAOBaHbl PACHPEACIICHUSI OILEHOK
yuamuxcs (OI'D u EI'D) o pycckoMy si3bIKy U MatemaTuke. {151 BBISIBIICHUS CBS3U
MEXK]ly pa3IMYHbIMU OLIEHKaMH MCIOJIb30BaJIach Koppensuusa [lupcoHa u paHrosbie
koppessiunu (Kennamna u Cnupmena).

B nponecce Beimonnenus BKP Obutn perniensl cienyronme 3aaaqu:

® U3y4YeHHUE MPEIMETHOM 001acTy;

® aHAINW3 PA3IUYHBIX CTATUCTHYECKUX METOAOB, BBIOOp HaumOoiiee

MOAXOSAIINX JJIsI UCCIIE0BAHUS U UX OCBOCHUS,

® U3Yy4YCHHUE U OCBOCHUE BCIIOMOTATEIbHOTO MPOTPAMMHOTO 00€CIIeUeHUS;

® KOPPEJISILMOHHBIN aHAJIN3;

e 0/IHO(DAKTOPHBII aHAIIN3;

e aHau3 pecypcodrHPEeKTUBHOCTU U PeCypcocOepeKeHN s,

® aHAJIU3 aCMEKTOB COI[MAIbHON OTBETCTBEHHOCTH.

KoppensiunoHHblii aHanu3 [gal BO3MOXHOCTb YCTAHOBUTH CBSI3b MEXIY
nepeMeHHbIMU. [IpoaHanu3upoBaB pe3ysbTaThl KOPPEIAIMOHHOTO aHajau3a ObLIOo
BBISIBJICHO, YTO MIOMUMO €CTECTBEHHOM CBs3b Mexay pesyibratamu OI'D u EI'D no
OJIHOMY TMpEIMETy HMMEET MECTO CBA3b MEkIy pesynbratamu EI'D mo pycckomy
a3bIKy 1 EI'D 1o maremaTuke, a Takke Mexay pesyipraramu OI'D o maTteMaTuke u
EI'D nmo pycckomy si3bIky. M3 maHHBIX HAONIONCHWA MOXKHO CHENaTh BBIBOJI, UYTO
y4Jaliuecs, XOpoIlo 3HAKIIUMe MaTeMaTHKY, YCIHENIHee HAMUINYT SK3aMeH U 0
pycckoMy si3bIKy. Takke OBLT TMPOBEACH KOPPEISLUMOHHBIA aHalu3 MEXIy
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YUCHHUKaMH, COXpAaHMBIIMMU U CMCHUBIIMMHU MCCTO yqe6bl IoCJC ACBATOI'O KJIacca.
AHaJII/I3 JaHHBIX T'PYIIIT ITOKa3aJl 60nee CHJIbHYIO CBs3b CPCAU YYCHUKOB, CMCHHUBIINX
MeCTO y4eObl Mocje JEBITOro Kiacca, KpoMe ciydas koppensiuu mexay OI'D mo
pycckoMy si3biky U EI'D 1o pycckomy s3BIKY: 3/1eCh YPOBEHb KOPPEIUPOBAHHOCTH
HIMXKE.

B X0oac IpOBCIACHUC OI[HO(b&KTOpHOI‘O aHaim3a ObLIO BBIABJIICHO, YTO
NU3MCHCHUEC MCECTa y‘-Ie6BI IIOCJIC JCBATOIO KJlaCCa HE OKa3bIBACT OTPHULATCIBHOTO
addekra Ha pe3yabTaThl SK3aMEHOB. A TPH MPOBEACHUN OJHO(AKTOPHOTO aHajn3a
HaJ] ICKYCCTBEHHOH BBIOOPKOI OBIJIO BBISBIICHO, YTO BIUSHHUE (PAaKTOpa CYIIECTBEHHO
Ha Pe3yJIbTaThl HK3aMEHOB N0 MaTEMaTUKE, B TO BpeMs Kak 3(PPeKT Ha pe3ynbTaThl
9K3aMCHOB II0 PYCCKOMY A3BIKY HC3HAYUTCIICH.

[manupyeTcs NPOJOJLKUTH  HUCCIECIOBAHWE HA OCHOBE  IMOJYYEHHBIX
pe3yJIbTaTOB C JaHHBIMM 3Kk3aMeHOB OI'D u EI'D 3a npyrue roasi.

[lo pesynpTaTaM WuCCENIOBaHUNA OMYOJIMKOBAaHbI TE3UCHI Jokiana |[7],
MaTCpHraJibl HCCIICTOBAHUSA pCﬁTI/IHFa IOKOJ JJIA Pa3JIMYHBIX THUIIOB MO n IMOCTPOCHUC
OMHO(AKTOPHBIX MOJENeH MNPHHATHI K myOnukamuud [8] W J0JIOKEHBl Ha
xoHpepennuu «Information Technologies in science, management, social sphere and

mediciney.
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INTRODUCTION

In today’s world of information technologies statistical analysis plays an
important role at the level of industry, state and society as a whole. The analysis may
let us identify different dependences on the set of some factors, a quantitative
description of such dependences, evaluation of various parameters such a data
distribution, expectation, variance and others.

The goal of final qualifying work is research of the input set of data using
different statistical techniques for detection and description of different kinds of
dependences of the Tomsk region pupil’s exam results for 2013(9"™ grade) and
2015(11"™ grade). Exams data contains information about number of gained points by
pupils in two disciplines: Russian language and Mathematics.

To achieve this goal following tasks were confirmed:

e Studying subject area;

e Selection and learning of the most reasonable methods for the analysis;

e Learning supporting software;

e Data analysis with selected statistical methods;

e A description of obtained results;

e Resource efficiency and saving analysis;

e Social responsibility aspects analysis.
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1 SUBJECT AREA DESCRIPTION
Establishment of laws, to which are random mass phenomena obeyed, is

based on the studying methods of experimental data (observation results) statistical
analysis.

The mathematical statistics first problem is to specify picking and grouping
methods for statistical data, which were received as a result of observations or
specially set up experiments.

The mathematical statistics second problem is to develop statistical data
analysis methods depending on the purpose of research. These include:

e Evaluation of unknown probability of event; evaluation of unknown
distribution function; evaluation of distribution parameters, which form is unknown;
evaluation of random variable depending on one or more random variables etc.;

e Statistical hypothesis verification about an unknown distribution form or

distribution parameters value, which form is unknown.

Modern mathematical statistic develops necessary tests number determining
methods before starting a research (experiment plan), during the research (sequential
analysis) and solves many other problems. Modern mathematical statistics if defines

as a decision-making science under uncertainty.

The mathematical statistics problem is to create picking and processing
statistical activities to obtain scientific and practical conclusions.
Data about Tomsk region pupil’s exam results on BSE and UFE examinations

was provided for analysis.
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2 STATISTICAL ANALYSIS METHODS
There are different methods of statistical analysis designated to identify

specific dependencies and solve various mathematical statistics problems.

In this work employs the most prevalent statistical analysis methods:

e Correlation analysis

e Factor analysis

2.1 Correlation analysis method description

For a wide class of problems there is an exceptional interest in detecting
relation between two or more random variables. The engineering research of such
problems usually reduces to finding links between some estimated excitation and

observed yield of physical system being studied.

The existence of such relations and their comparative force can be measured
by the correlation coefficient.

The main problem of correlation analysis is detection of relation between
random variables through pointed and interval evaluation of different correlation
coefficient’s(paired, multiple, partial).

Correlation coefficient My determines through correlation

moment(covariance) K,, by the formula:

The p,y value characterizes relation tightness between random variable X and
Y in the population. From the correlation coefficient’s properties is known that it is
significative of relation’s tightness only at linear dependence between two variables.
For linearly independent variables, it equals null (zero). This coefficient varies in
range [-1; 1]. Utmost values indicate entire linear dependence. The higher difference

of this coefficient’s modulus, the greater tightness of the relation.

2.2 Factor analysis method description
All economical enterprise business phenomena and processes are in relations

and interdependence. They are interconnected, other indirectly. Hence an important
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methodological problem in economic analysis is studying and measuring factor’s

influence on researched economic indicators values.

Factor analysis can be regarded as a branch of multivariate statistical analysis
which combining observed dimension evaluation method by researching the
covariance’s structure and correlation matrices.

This type of analysis allow to researcher to solve two main problems: describe
compact object of measurement and at the same time thoroughly. Factor analysis
makes possible to detect factors, which are responsible for the presence of linear
statistical correlations relations between observed variables.

Factor analysis is a complex and systematic method of studying and
measuring factor’s influence on resultative significant value.

The main objectives of the factor analysis:

1.  Selection of the factors that determine studied resultative values.

2. Factor’s classification and systematization in order to ensure complex
and systematic method for researching their influence on activity results.

3. Determination of dependence between factors and resultative values.

4. Interrelation modeling between resultative and factorial values.
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6 UNIVARIABLE ANALYSIS

The univariable analysis problem

One of the simplest situation in the researching of dependences is when it is
possible to specify only one factor influencing on final result and this factor can take
only finite number of values (levels). Such problems which are called problems of
univariable analysis are often encountered in practice. A typical example of
univariable analysis problems is comparison of results achieved by several different
action methods which are aimed to achieve the same goal, for example, several
school books or medicines.

The factor (or factors) is what we believe should influence the final result. In
the examples above the factors are the conceptions of “school books” or “medicine”.

Factor level or treatment method is a concrete realization of a factor (for
example certain school book or selected medication).

Measured charachteristic's values are often called the yield. ( that is the value
of the result).

To compare effects of factor(s) on the result a certain statistics is required.
Typically, it is collected in the following way: each of the K number processing
methods are applied several times (not necessary the same number of times) to the
test object and then record obtained yields. The result of these tests are K number of
samples of different sizes. Depending on the number of influencing factors (in our
case one factor) one says that the data is reduced to a table with one, two or more
inputs.

6.1 Rank univariable analysis

If nothing is known about distribution of the unknown then use quantitative

observation Xij for testing hypothesis H, becomes difficult. In these cases, it is

easier to base findings on relationship “more-less” between observations, because
they are independent of the type of distribution. All information contained in those
ranks that number of Xij receives in sorting of the entire summation (direction of
streamlining min—max or max—min not necessary).
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Let us propose a null hypothesis H, — yields (marks) belong to the same

distribution. That is, the factor’s influence (change of school after ninth grade) is not
essential. For testing this hypothesis, the data were sorted into pupils who changed
school after the ninth grade and the pupils who did not change school. Number of
pupils who changed school is 535 (sample “1”’) and there are 3046 of those who did
not change school (sample “0”).

Kruskal-Wallis test

Fouskal-Wallis ANOVA by Ranks; BSE2013mus
Independent {grouping) variable
Kruskal-Wallis test: H(1, N=3381)=4.600367 p=0303

Cod Sum of Mean
BSE2013rus oas N Ranks Rank
0 0 3046 | 5407695 1775,343
1 1 535 1005877 1880,143
Fig. A.1 Results of Kruskal-Wallis test for Russian language
2013y 9" grades
Foruskal-Wallis ANOVA by Ranks; BSE2014math
Independen {grouping) variable
Kruskal Wallis test: H(1, N=3581)=35.47012 p=,00001
Cod Sum of Mean
BSE2014math oas N Ranks Rank
0 0 3046 | 5324190 1747928
1 1 535 1089382 2036,227
Fig. A.2 Results of Kruskal-Wallis test for Mathematics
2013y 9" grades
Kruskal-Wallis ANOVA by Ranks;:UFE2015mus
Independen (grouping) variable
Kruskal-Wallis test: H(1, N=3581)=7,334785 p=0068
Cod Sum of Mean
UFE2015mus ode N Ranks Rank
0 0 3046 5395695 1771,403
1 1 535 | 1017876 1902 572

Fig. A.3 Results of Kruskal-Wallis test for Russian language

2015y 11" grades

Kruskal-Wallis ANOVA by Ranks:UFE2015math
Independen (grouping) variable
Kruskal-Wallis test: H{1, N=3381)=55.64238 p=.00001

Cod Sum of Mean
UFE2015math ode N Ranks Rank
0 0 3046 5291311 1737.134
1 1 535 | 1122261 2097.683

Fig. A.4 Results of Kruskal-Wallis test for Mathematics,
2015, 11" grades
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In the adduced results following designations are used:
Code — unique group code;
H — Kruskall-Wallis statistics;
P —probability of accepting Ho hypothesis.

Analyzing mean ranks shown in the resulting report one can be talk about
influence of factor level on the final marks. From the results it is evident that pupils
who changed school got better results before changing school, and according to
results of examination in 2015y it is seen that the difference in the knowledge’s level
of pupils became more significant. From this it could be accepted that changing place
of studying does not negatively impact on the pupil’s knowledge level, even more, it
contributes to their improvement.

Recall that in the Kruskal-Wallis test the sum of mean ranks difference’s
squares in group and mean rank across all sample are calculated. Then, if H
hypothesis is true and factor’s influence is insignificant the statistical value is small.
In case of Russian language H=7.335 and the null hypothesis can be accepted with
probability p=0.0068. In the case of Mathematics H=55.642 and null hypothesis can
be accepted with probability p=0.0001.

Since given significance level (p-level) is bigger than a = 0.05, the null
hypothesis should be rejected in both cases in favor of alternative hypothesis H1 —
factor’s influence is significant.

The median test

Median Test, Orverall Median=33.00 BEE2013ms
Independent {srouping) variable: CategoryForTrasf
Chi-Square=3422063 df=4 p=0193
BSE2013ms 0 | 1 | Bcero
<=Median: obzerved 1601,000 252.0000 1853,000
expected 1676,163 276,8375
obs.-exp. 24 837 -24 8375
> Mledian: observed 1445000 2863,0000 1728,000
expected 1469 837 2581625
obs -exp. -24 837 24,8375
Total: obzerved 3046,000 535,0000 3581,000

Fig. A.5 Results of Median Test for Russian language
2013y 9" grades

60



Median Test, Overall Median=22 00 BSE2013math
Independent (grouping) vanable: CategoryForTrasf
Chi-Square= 3377283 df=1 p=00

Total: observed

BSE2013math 0 | 1 |  Bcero
<=Median: observed 1706.000 227,0000 1933.000
expected 1644211 288,75894
obs.-exp. £1.789 -61.7894
> Median: observed 1340,000 308,0000 1643,000
expected 1401.789 246,2106
obs -exp. 51,789 61,7894

3046,000 5350000 3581.000

Fig. A.6 Results of Median Test for Mathematics

2013y 9" grades
Median Test, Overall Median= 43 00 UFE2013rus
Independent {srouping) vanable: CategoryForTrasf
Chi-Square="0 34587 df=1 p=10022
UFE2015tus 0 | 1 | Beero
<=Median: observed 1613,000 245,0000 1858,000
expected 1580,416 277.,5845
obs —exp. 32 584 -32 5845
> Median: observed 1433,000 290,0000 1723,000
expected 1465,584 257 4155
obs.-exp. -32.584 32,5845
Total: observed 3046000 535.,0000 3581,000
Fig. A.7 Results of Median Test for Russian language
2015y 11" grades
Median Test, Overall hMedian=200 UFE2013math
Independent {zrouping) varable: CategoryForTrasf
Chi-Square= 3241933 df=1 p=00
UFE2015math 0 | 1 | Beero
<=Median: observed 1848.000 247,0000 2095000
expected 1782,008 3129922
obs.—exp. 65992 -66.9922
> Median: observed 1138.000 288,0000 1486,000
expected 1263,992 2220073
obs.-exp. -65_992 65,9922
Total: observed 3046.000 535.0000 3561.,000

Fig. A.8 Results of Median Test for Mathematics

2015y 11" grades

In the upper part of the table number of ranks in groups are given which were

less or equal to the median. At the bottom part of the table — similar values which

were greater than the median value.
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In the case of Russian language quantitative evaluation of statistics y? =
9.346 indicates that the null hypothesis can be accepted with probability p=0,0022
which is less than significance level(p-level), therefore, the alternative hypothesis
should be accepted. Results for Mathematics y? = 39.42 indicate that the null
hypothesis can be accepted with probability p=0.00001 which is less than
significance level (p-level), therefore, the alternative hypothesis should be accepted.

Mann-Whitney test

For Mann-Whitney test it is necessary to formulate null hypothesis HO —
initial two samples are homogeneous, accordingly hypothesis H1 asserts (states) that
the samples are not homogeneous, 1i.¢., the factor’s influence is significant.

Table A.1 Mann-Whitney Test results

Mann-Whitney U Test (Accuracy)
Variable By variable CategoryForTrasf
Marked tests are significant at p<.05000
Rank Sum | Rank Sum U z p-lvalue | Z adj p-lvalue | N
Group 1 Group 2
UFE2015rus 5395695 1017876 | 755114,0 |-2,70640 |0,006802 |-2,70826 |0,006764 |3046-
535
UFE2015math | 5291311 1122261 650729,5 |-7,43924 |0,000000 |-7,45936 |0,000000 [3046-
535
Legend:

U — Mann-Whitney statistics;
Z — normal approximation of Mann-Whitney statistics for large samples;
p — probability of Hq hypothesis acceptance;

Zadjusted — adjusted normal approximation of Mann-Whitney statistics.
Assuming that in both cases (subjects) U statistics is large enough and null
hypothesis can be accepted with probabilities p=0,006802 and p=0,000001which is
much less than significance level (p-level) we accept alternative hypothesis — factor’s
influence is significant.
In addition, to test the hypothesis an artificial sample was made from pupils
who kept their study place, it amounted to 485 observations. The number of pupils

who changed school 535(1), who did not — 485(0).
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Kruskall-Wallis test

Kruskal-Wallis ANOVA by Ranks: BSE2013rus
Independen (grouping) variable
Kruskal-Wallis test: H(1. N=3381)=3,041647 p=0812

Cod Sum of Mean
BSE2013rus i N Ranks Rank
0 0 485 | 255772.0 527.3649
1 1 635 | 264938.0 495 2112

Fig. A.9 Results of Kruskal-Wallis test for Russian language
2013y 9" grades

Kruskal-Wallis ANOVA by Ranks: BSE2013math
Independen (grouping) variable
Kruskal-Wallis test: H(1, N=3581)=_.0031047 p=29356

Sum of Mean
BSE2013math Code N Ranks Rank
0 0 485 | 247331,0 509,9608
1 1 535 | 273379,0 510,9888

Fig. A.10 Results of Kruskal-Wallis test for Mathematics
2013y 9" grades

Kruskal-Wallis ANOVA by Ranks: UFE2015rus
Independen (grouping) variable
Kruskal-Wallis test: H(1, N=3381)=2.926594 p=,0871

Sum of Mean
UFE2015rus Code N Ranks Rank
0 0 485 2556235 5270588
1 1 535 | 265086.5 495 4888

Fig. A.11 Results of Kruskal-Wallis test for Russian language

2015y 11" grades

Kruskal-Wallis ANOVA by Ranks: UFE2015math
Independen (grouping) variable
Kruskal-Wallis test: H(1, N=3381)=3,986708 p=0144

Sum of Mean
UFE2015math Code N Ranks Rank
0 0 485 2361180 486,8412
1 1 535 2845920 531,9477
Fig. A.12 Results of Kruskal-Wallis test for Mathematics
2015y 11" grades

The results show that the highest scores are attained in case of changing place
of studying and the worst — in case of keeping the same place of studying. This
discrepancy with previous analysis is explained by big difference in the number of

observations in samples.
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If Ho hypothesis is true and factor’s influence is insignificant, the statistical

the alternative hypothesis — factor’s influence is significant.

Median test
Median Test, Overall Median=34 00; BSE2013ms
Independent (grouping) variable: CategoryForTrans
Chi-Square=2 201149 df=1 p=101379
BSE2013mus 0 | 1 | Bcero
<=Median: observed 244 0000 204,0000 538,000
expected 2558137 282,1863
obs_-exp. -11,8137 11,8137
> Median: observed 241 0000 241 0000 482 000
expected 229 1863 2528137
obs.-exp. 11,8137 -11.8137
Total: observed 435, 0000 535, 0000 10:20,000

Fig. A.13 Results of Median Test for Russian language

2013y 9" grades
Median Test, Overall Median=34.00; ESE2013math
Independent {grouping) varnable: CategoryForTrans
Chi-Square=.1136432 df=1 p=T360
BSE2013math 0 | 1 | Bcero
<=Median: observed 268,0000 290,0000 558,000
expected 2653235 292 6765
obs -exp. 2 6765 -2 6765
> Median: observed 217,0000 2450000 462,000
expected 219 6765 242 3235
obs.-exp. -2 67E5 2 6765
Total: observed 485 0000 5350000 1020000

Fig. A.14 Results of Median Test for Mathematics

2013y 9" grades
Median Test, Overall Median=34 00:UFE2015ms
Independent (grouping) variable: CategoryForTrans
Chi-Square=,7338334 df=1 p=73833
UFE2015ms 0 1 | Brero
<=Mhedian: observed 257 0000 258 0000 555 000
expected 263,8071 201 1029
obs_-exp. -5,8971 6 8971
= Median: observed 223,0000 237,0000 455,000
expected 21,1029 243 8971
obs.-exp. 5,8571 -5,8571
Total: observed 425, 0000 535,0000 1020,000

Fig. A.15 Results of Median Test for Russian language

value is small. In case of Russian language H=2,927 and null hypothesis can be
accepted with probability p=0,0871. In the case of Mathematics H=5,987 and null
hypothesis can be accepted with probability p=0.0144. Since the given significance
level (p-level) is bigger than a = 0.05, then it can be concluded: in case of Russian

language, factor’s influence is insignificant, and in case of Mathematics we accept
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2015y 11" grades

Median Test, Overall Median=34.00;UFE2015math
Independent {zrouping) variable: CategoryForTrans
Chi-Square=
UFE2013math 0 1 | Bcero
<=Median: observed 281,0000 274,0000 555,000
expected 263,8971 251,1028
obs ~exp. 17,1029 -17, 1029
> Median: observed 204,0000 261,0000 465,000
expected 21,1029 243 BOT1
obs_-exp. -17,1029 17,1029
Total: observed 435, 0000 5350000 1020,000

Fig. A.16 Results of Median Test for Mathematics

2015y 11" grades

In the case of Russian language quantitative evaluation of statistics y? =

0.754 indicates that the null hypothesis can be accepted with probability p=0,3853

that is much bigger than significance level (p-level), therefore, null hypothesis Hy is

accepted. At considering results for Mathematics y? = 4.636 indicates that the null

hypothesis can be accepted with probability p=0.0313 that less than significance

level(p-level), therefore, alternative hypothesis H; is accepted.

Mann-Whitney test

Let us formulate null hypothesis HO for Mann-Whitney test— initial two

samples are homogeneous, accordingly hypothesis H1 asserts(states) that the samples

are not homogeneous, i.e., the factor’s influence is significant.
Table A.2 Mann-Whitney Test results

Mann-Whitney U Test (Accuracy)
Variable By variable CategoryForTrasf
Marked tests are significant at p<.05000
Rank Sum | Rank Sum U Z p-lvalue | Z adj p-lvalue N
Group 1 Group 2
UFE2015rus 265086,5 |255623,5 |121706,5 |-1,70912 |0,087430 |-1,71062 |0,087152 |535-
485
UFE2015math |284592,0 |236118,0 |118263,0 |2,44200 |0,014607 |2,44667 |0,014419 |535-
485
Legend:

U — Mann-Whitney statistics;

Z — normal approximation of Mann-Whitney statistics for large samples;

p — probability of Hy hypothesis acceptance;
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Zadjusted — adjusted normal approximation of Mann-Whitney statistics.

Analysis of the results for the Russian language for 2015 leads to conclusions
that the change of yields is insignificant and two samples can be accepted as
homogeneous. And according to results in Mathematics for 11" grades of 2015 the
null hypothesis is rejected in favor of its alternative, because null hypothesis
acceptance probability is 0,0146, which is less than significance level (p-level).

6.2 One-way ANOVA test

In most cases an additive model is acceptable for data description. It assumes

that Xj; yield’s value can be represented as sum of factor’s contribution (influence)

and random value which is independent from factors contribution. In other words,

each X;; observation is the sum in form of:

X;=a;+g;; J1=L...,k; 1=1...,n

i (A.1)

Here a;,a,,...,a, — are unknown non-random values that are results of
relevant handling; €;; — independent identically distributed random values, which

reflect internal variability inherent to observations.

If in the model in question is known that values ; ~ N (0, c?), it lets us to

use stronger methods in univariable analysis model both for testing hypothesis and
for parameters evaluating. The combination of this methods is called one-way
ANOVA test.

This name is associated with the fact that analysis of the model is based on

the comparison of two dispersions evaluationsc”. One of them functions regardless

of trueness of the hypothesis H,:a, =a, =...=a,. Another evaluation essentially uses

this assumption, it affords close to o? result only if the hypothesis is true. From
comparison of these two evaluations it can be concluded that null hypothesis should
be rejected if dispersions are considerably (significantly) different.

Since pre-rank univariable analysis confirmed hypothesis about significant

factor’s influence in case with samples in 3046 and 535 observations, we will try to
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evaluate this influence quantitatively in ANOVA test frameworks. Check null

hypothesis — factor’s influence on data distribution is insignificant.

Table A.3 Results of ANOVA test(Analysis of Variance).

Analysis of Variances(ANOVA test)
Variable Marked effects are significant at. p <,05000
SS df MS SS df MS F p
Effect Effect Effect Error Error Error
UFE2015rus | 380,221 1 (380,221 253438,6 |3579 70,81268 |5,3694 0,02054
9
UFE2015math |2832,512 1 12832,512 75970,4 | 3579 21,22671 |133,4409 |0,00000
0
Legend:

SS(Sum of squares) effect — factor’s sum of squares;
df effect — factor’s number degrees of freedom;
MS(mean square) effect — factor’s mean squares;

SS error — sum of squares;

df error — number of degrees of freedom equal N-k;
MS error — variance evaluation;

F — value of Fisher statistics;

P — probability of acceptance for null hypothesis(Hy).

In case of Russian language the Fisher statistics is F=5,3694 which is

insignificantly different from one with probability p=0,0205. In case of mathematics
F=133,44 insignificantly different from one with probability p=0,0000001. On the

assumption of this results, we reject null hypothesis in both cases in favor of its

alternative— factor’s influence is significant.

Table A.4 Factor’s level impact on yield.

Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)

Group | UFE2015ru | Confidenc | Confidenc | UFE2015r | UFE2015rus UFE2015rus
S e e us Sum Std.Dev.
Means - +95,0 N
95,000% 00%
0 [41,61490 |41,31676 |41,91305 3046 |126759,0 8,392140
1 |42,52897 |41,80331 |43,25464 535 22753,0 8,544365
All grps 41,75147 41,47559 [42,02734 3581 |149512,0 8,420161

Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
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Group UFE201 UFE201 UFE20 UFE20 UFE201 UFE201
5rus 5rus 15rus 15rus 5rus 5rus
Variance Minimu Maxim 25% Median 75%
m um
0 [70,42801 10,00000 56,00000 |36,00000 43,00000 48,00000
1 |73,00618 9,00000 56,00000 |37,00000 44,00000 49,00000
All grps 70,89911 9,00000 56,00000 |36,00000 43,00000 49,00000
Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
Group UFE20 Confi Confid UFE20 UFE2015m UFE2015m
15mat dence ence 15ma ath ath
Means - +95,0 N Sum Std.Dev.
95,000% 00%
0 [9,06402 8,91363 [9,21440 3046 |27609,00 4,232974
1 11,55888 |11,02111 |12,09664 535 |6184,00 6,331938
All grps 9,43675 9,28303 [9,59047 3581 |33793,00 4,691694
Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
Group | UFE2015ma | UFE2015ma | UFE2015m | UFE2015m | UFE2015mat | UFE2015mat
th th at at h h
Variance Minimu Maxim 25% Median 75%
m um
0 17,9180 1,00000 28,000 6,00000 | 8,00000 12,00000
7 0 00 0
1 |40,09344 1,000000 30,00000 |6,000000 10,00000 16,00000
All grps 22,01199 1,000000 30,00000 |6,000000 9,00000 12,00000

Now let us analyze the samples of 485(0) and 535(1) observations and try to

evaluate that influence quantitatively within the framework of variance analysis.

Let us check null hypothesis — factor influence on data distribution is

insignificant.
Table A.5 Results of ANOVA test(Analysis of Variance).
Analysis of Variances(ANOVA test)
Variable Marked effects are significant at. p <,05000
SS df MS SS df MS F p
Effect Ef Effe Error Err Error
fect ct or
UFE2015rus | 361,8607 1 1361,8607 | 65518,72 | 1018 64,36024 [5,62243 |0,01791
UFE2015math | 573,2467 1 |573,2467 | 30702,28 | 1018 30,15941 [19,00722 | 0,00001

In case of Russian language the Fisher statistics is F=5,6224 which is
insignificantly different from one with probability p=0,017917. In case of
mathematics F=19,01 is insignificantly different from one with probability
p=0,000014. On the assumption of this results we reject null hypothesis in both cases
in favor of its alternative— factor’s influence is significant.

Table 5.6 Factor’s level impact on yield.
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Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
Group UFE20 Confi Confid | UFE2015r | UFE2015rus UFE2015rus
15rus dence ence us Sum Std.Dev.
Means - +95,0 N
95,000% 00%
0 |43,72165 |43,06105 |44,38225 485 |21205,00 7,404129
1 142,52897 [41,80331 |43,25464 535 |[22753,00 8,544365
All grps  [43,09608 |42,60205 |43,59011 1020 |43958,00 8,040659
Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
Group UFE201 UFE201 UFE20 UFE20 UFE201 UFE201
orus orus 15rus 15rus orus orus
Variance Minimu Maxim 25% Median 75%
m um
0 |54,82112 18,00000 56,00000 |39,00000 |45,00000 ,00000
1 |73,00618 9,00000 56,00000 |37,00000 |44,00000 49,00000
All grps  [64,65219 9,00000 56,00000 |38,00000 |45,00000 49,00000
Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
Group UFE20 Confi Confid UFE20 UFE2015m UFE2015m
15mat dence ence 15ma ath ath
Means - +95,0 N Sum Std.Dev.
95,000% 00%
0 |[10,05773 |9,66680 |10,44867 |485 4878,00 4,381682
1 ]11,55888 [11,02111 |12,09664 |535 6184,00 6,331938
All grps 10,84510 |10,50471 |11,18549 |1020 11062,00 5,540070
Breakdown Table of Descriptive Statistics
N=3581 (No missing data in dep.var.list)
Group UFE201 UFE201 UFE20 UFE20 UFE201 UFE201
5math 5math 15mat 15mat 5math 5math
Variance Minimu Maxim 25% Median 75%
m um
0 [19,19914 [1,000000 25,00000 |7,000000 |10,00000 13,00000
1 140,09344 |1,000000 30,00000 |6,000000 |10,00000 16,00000
All grps  [30,69237 |1,000000 30,00000 |7,000000 |10,00000 14,00000

As seen from scatterplots below difference between pupils who changed

school after 9" grade and who did not is significant in case of mathematics.
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Fig. A.17 Values of sample means and standard error

for 2013y, Russian language

Figure A.17 shows that exam results for Russian language for 9" grades differ

insignificantly.
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Fig. 5.18 Values of sample means and standard error

for 2013y on mathematics

Figure A.18 shows that exam results for mathematics for 9™ grades differ

significantly.
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Fig. A.19 Values of sample means and standard error
for 2015y on Russian language
Figure A.19 shows that exam results for Russian language for 11" grades

differ insignificantly.
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Fig. A.20 Values of sample means and standard error
for 2015y on mathematics
Figure A.20 shows that exam results for mathematics for 11" grades differ

significantly.
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