Python, o6paboTka Ha paHHn 1 HBO no maTtemaTtuka 3a 7 knac

UpesaTa

[a nanonassam gaHHuTe ot HBO no matemaTuka 3a 7-mMu Kknac.

MpepnonoxeHus
1. yquVILlI/ITe OT MarnkuTe HacerneHun mecta umar no-cnabu pe3yntaTtu OT y4eHuuuTe OT ronemMmTe HacernieHn Mmecrta.
2. Pesyntatute ot 2020 rogmnHa ca no-cnabu ot 2019 rogmHa.

U3non3aBaH codTyep
1. Anaconda 3

2. Jupyter Notebook

daHHuTe

[aHHnTe ca npegocTaBeHun OT LjeHmbp 3a oyeHsieaHe 8 npedyyunuuyHomo u yqunuuwiHomo obpasosaHue keM MOH.

http://copuo.bg/page.php?c=24&d=19

3a Jupyter Notebook
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In [1]:

smatplotlib inline

In [2]:

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

import pickle

from scipy.stats import ttest ind
from py functions import plot total points, comparison_statistics

N3cnepBaHe Ha paHHuTe oT HBO no martemaTtuka 7 knac 2019
r.

1. NaHHu 2019

[aHHnTe ca npegocTaBeHun OT LjeHmbp 3a oyeHsieaHe 8 npedyyunuuyHomo u yqyunuuwiHomo obpasosaHue keM MOH [1].

1.1. MoaroToBKa Ha AaHHUTEe

1.1.1. NpouutaHe U nouncTBaHe

In [3]:

exam data = pd.read excel("data/MAT 7 2019.xlsx", usecols = "A:J")

MpoBepka, 4anv NpaBunHO ca 3epeaeHu.

In [4]:

exam data.head ()

Oout[4]:
DUKTUBEH Kop Ha O6uwo Totkm Toukm
Mon A Yuunuuwe O6nacrt Hac. MsacTto Usnut w 3aKpUTH OTKPUTU
Homep yuunuiye TOYKM
BbNpocu BbNpocu
VIl CY "KyamaH MaTematuka
0 201441 XK 100070 Wankapes" Bnaroesrpag [P.BITATOEBIPAL HBO 25.5 25 0.5
VIl CY "KyamaH MaTematuka
1 201442 XK 100070 Wankapes" Bnaroesrpan [P.BITATOEBIPAL HBO 17.0 17 0.0
VIl CY "KyamaH MaTematuka
2 201443 M 100070 Wankapes" Bnaroesrpag P.BJTATOEBIPAL HBO 16.0 16 0.0
VIl CY "KyamaH MaTematuka
3 201444 M 100070 Wankapes" Bnaroesrpag P.BITATOEBIPAL HBO 13.5 11 25
VIl CY "KyamaH MaTematuka
4 201445 X 100070 Wankapes" Bnaroesrpag P.BJTATOEBIPAL HBO 21.0 18 3.0
In [5]:

exam data.shape

Out[5]:

(55444, 10)



It works: (55444, 10) are the expected numbers.

Only the math exam results are expected to be in the table. A check is carried out anyway.

In [6]:

exam data ["MzmouT"] .unique ()

Out[6]:

array ([ 'MaremaTuka HBO'], dtype=object)

"®ukTBeH Homep" 1 "U3nuT" He ca HYM HeOBXoaMMY U MOXEM Aa ' NMpeMaxHeM.

In [7]:
exam data = exam data.drop (["ouxTMBeHn nomep", "Msmmt"], axis = 1)
In [8]:
exam data.head ()
Out[8]:
Mon Kop Ha Yannnuwe O6nact Hac. Msicto O6wo Touku 3aKkpuTn Touku oTKpUTU
yuunuie TOUKU BbNpocu Bbnpocu
0 X 100070 VILCY "Kyaman £ oesrpan  TP.BNAFOEBMPAL 255 25 0.5
LLlankapes
10K 100070 VIECY "Kyaman £ oesrpan  TP.BIAFOEBIPAL 17.0 17 0.0
LWankapes
2 M 100070 VILCY "Kysman £ oeprpan  TP.BMAFOEBMPAL 16.0 16 0.0
LWankapes
3 M 100070 VICY"Kyaman g vearpan  TP.BNATOEBIPAL 135 11 25
LWankapes
4 XK 100070 VILCY "KysMan g eprman  TP.EMAFOEBIPAL 21.0 18 3.0
LWlankapes
MpenmeHyBaHe Ha KONOHUTE B MalimbHOBCKU CMUTl.
In [9]:
exam data.columns = ["sex", "school number", "school name", "district", "place",
"total points", "points_ closed questions", "points open questions"
]
In [107]:

exam data.head ()

Out[10]:

sex school_number school_name district place total_points points_closed_questions points_open_questions

0 X 100070 V! CLK Kysmaw g o roesrpan P.ENATOEBIPAL 255 25 05
ankapes

10X 100070 V! CLG/ Kysmaw ¢ o roesrpan P.ENATOEBIPAL 17.0 17 0.0
ankapes
VIl CY "KyamaH

2 M 100070 lancapar BNaTOEaMan IP.BNATOEBIPAL 16.0 16 0.0
VII CY "KyamaH

3 M 100070 lancapegr BNaTOEaan IP.BNATOEBIPAL 13.5 11 25

4 X 100070 VW CY 'Kysman o esrpan [P.ENATOEBIPAL 21.0 18 3.0

LLankapes"



npaBMM npoBepKa 3a nunceallin AaHHW.

In [11]:

exam_data.isna () .any() .any()

Out[1l1l]:

True

Bwkaoame, ye nma takmea.

In [12]:

exam data.isna () .any ()

Out[1l2]:

sex
school number

school name

district

place

total points

points closed questions
points open questions
dtype: bool

False
False
False
False

True
False
False
False

Heka ga rv norneaHem no-oténumso.

In [13]:

exam data.loc[exam data.place.isna()]

Out[13]:

sex school_number school_name district place total_points points_closed_questions points_open_questions

4971 XK 200711 CY "ViBaH Ba3zos" Byprac  NaN 21.50 17 4.50

7027 XK 400091 QY "Cs.Kn.Oxpuackn" Bapra NaN 42.00 28 14.00

7028 XK 400091 QY "Cs.Kn.Oxpuackn" Bapra NaN 37.75 29 8.75

12205 M 500603 CY "XpucTo Botes* BugnH  NaN 20.00 20 0.00

12370 XK 602084 OV "Bacun JleBckun" Bpaua NaN 12.00 1 1.00

13568 XK 603058 CY "XpucTto Botes" Bpaua NaN 34.00 21 13.00

13570 X 603058 CY "XpucTto Botes" Bpaua NaN 30.50 17 13.50

19340 X 1209005 CY "[. MapuHoB" MoHTaHa  NaN 15.00 15 0.00

19680 XK 1201200 CY "O-p N. bepon" MonTaHa  NaN 15.75 14 1.75

19707 X 1209005 CY "[. MapvHoB" MoHTaHa  NaN 16.00 16 0.00

31568 XK 1806108 OY "Anexo Pyce NaN 9.00 9 0.00
KoHcTaHTMHOB

33360 M 2000402 CY"Heodut Punckun" CnueeH  NaN 5.00 5 0.00

34706 M 2000132 Oy'CaKmumert oo b NaN 47.25 47 0.25
Oxpwuackn" bnateu

35002 M 2100920 CY'Onumnuickn o nan NaN 14.50 14 0.50
Hagexam

36362 M 2306517 SR CEe Codus- (N 25.00 15 10.00

MeToaui obnact
48108 X 2400105 CY "Xpucro Crapa  \an 13.00 13 0.00
CMUPHEHCKN 3aropa

51126 X 2500103 II(I: 2 un' P.', Toprosuwe  NaN 39.00 39 0.00
NlaBenKoB!

51142 X 2500103 Oy I . Tuprosume  NaN 36.00 36 0.00
NlaBenkoB!

51329 M 2611005 QY "Xoucto Botes " XackoBo  NaN 36.00 33 3.00



sex school_number school nam district place total_points points_closed_questions points_open_questions
_| cy " g ﬁ%mng$ p _p: p _ _q p _open_q

028435 R 2004004 OXPUICKN" AACKOBO NaN 'T.0U T UUU

BCbLLHOCT MECTOXUTENCTBOTO Ha Te3n yyeHuum. Ho 3a ToBa nscnegsaHe 1o Moxe Aa Gbae 3aMeHeHo C HaceneHoTo MSACTO, KbAeTo
ce Hamupa yuyunuiieTo. Heka nonbAHUMM nunceallaTa nHopmMaums.

LI.|,e ObaaT nsBneyeHn HOMepaTa Ha yyunnuuiata n CbOTBETHUTE HAceneHn mecTta.

In [14]:
school number place = exam data.loc[exam data.place.isna () == False] [["school number", "place"]]
In [15]:

school number place.shape

Out[15]:

(55424, 2)

MNoagrotesime PEeYHUK C HoOMepaTa Ha yuymnnuuiata 1 CbOTBETHUTE HacerneHn MecTa.

In [16]:

dict school place = pd.Series(school number place.place.values, index = school number place.school
number) .to _dict ()

Oor OpuUrnHanHua Cnmnceuk e 6'b,D,e Cb34aAeH HOB CMNUCHBK C HaceneHnTe Mmecrta U nmncealinTe daHHu we 6'b,CI,aT 3aMbJIHEHU CBC
CbOTBETHOTO HaceneHo MACTO OT peYHUKa.

In [17]:
new places_ list = []
i=0
for index, row in exam data.iterrows():
if row.isna () .any() :
for key,val in dict school place.items():
if key == row.school number:
new places_ list.append(val)
i+=1
else:
new places list.append(row.place)
print (i)
20

Heka na aKTyanusmpame KonoHata Cc HaceneHuTte Mmecta.

In [18]:

exam data["places updated"] = new places list

exam data = exam data.drop (["place"], axis = 1)

exam data = exam data.rename (columns={"places updated": "place"})

[NpoBepka 3a nuncealLy AaHHU.

In [19]:

exam data.isnull() .any() .any()

Oout[1l9]:

False



[NpoBepka Ha TunNoBeTe AaHHMW.

In [20]:

exam data.dtypes

Out[20]:

sex object
school number int64
school name object
district object
total points float64
points closed questions int64
points_open questions float64
place object

dtype: object

1.1.2. NoaroToBKa Ha HOBa KOJIOHa 3a ronemMm rpagose.

Mop ronsim rpag Wwe pasbupame rpagoBeTe, KOUTO UMAT NOBEYE XUTenNu oT Hal-mankusa obnacTteH rpaga. HeobxoammuTe gaHHu ca
B3eTn oT [2]. MHdopMauusTa e npeasapuTenHo obpaboTeHa n cbxpaHeHa BbB haln, KOMTO cera AUPEKTHO Le U3non3same.

In [21]:

large cities = []

with open ('data/output/large cities expanded.txt', 'rb') as f:
large cities = pickle.load (f)

large cities

Out[21]:

['TP.BJIATOEBTPAL',
'"TP.BYPTAC',
'"TP.BAPHA',
'"T'P.BEJIMKO THPHOBO',
'"TP.TOPHA OPSIXOBMIA',
"TP.BUIVH',
"TP.BPAIA',
"TP.TABPOBO',
'"TP.IOBPMY ',
'"T'P.KBPIXAIIN',
'"TP.KIOCTEHINT',
"TP.IYIHNIA',
"TP.JIOBEU',
"TP.MOHTAHA',
'"TP.IABAPIXUK ',
'"TP.INEPHUK',
'"TP.IJIEBEH',
'"TP.IJIOBINB',
'"TP.ACEHOBTPAL',
"TP.PASTPAL',
'"TP.PYCE',
"T'P.CUJIACTPA',
'"TP.CJMBEH',
"TP.CMOJIAH',
"TP.COOUA",
"TP.CTAPA 3ATOPA',
"T'P.KABAHJIBK ',
'"TP.TLPTOBMIE',
"TP.XACKOBO',

'"TP. IVMMUTPOBIT'PAL',
"TP.IIYMEH',
"TP.AMBOJI' ]

MposepsiBame kou ca roniemMuTe rpagose u fobaesiMe HoBa KosoHa large_city kbm Tabnuuara, B kosito nuwe 0 3a mansk rpag u 1
3a ronam rpag.

In [22]:

large city boolean = exam data["place"].isin(large cities)



exam data["large city"] = large city boolean.astype (int)

In [23]:

exam data.sample(10)

Out[23]:
sex school_number school_name district total_points points_closed_questions points_open_questions place
7280 XK 400034 Ly Bapha 71.25 45 26.25 [P.BAPHA
Mwunes!
OcHoBHO
16882 XK 909705 yunnuwe " Kbpaxanu 29.00 28 1.00 C.KOMYHUTA
Bacwun JleBcku
5179 M 200213 ~ OY "Bacun Byprac 66.75 41 25.75 IP.BYPIAC
Anpunos
QY "Akag.
51009 XK 2520501 ; fakn Tbproeulie 29.25 27 2.25 'P.OMYPTAI
WoppaaHos"
36556 K 2308924 ~ OY Xpucto - Cogua- 11.00 11 0.00  P.CAMOKOB
MakcymoB! obnact
20699 X 1307267 O Thoben . apmiunk 28.00 24 400 P.NA3APIKUK
Kapasenos
VI QY Ctapa Crapa P.CTAPA
50218 XK 2403219 3aropa 3aropa 81.25 38 43.25 3ATOPA
31131 M 1802004  CY "Mawaiior Pyce 24.00 24 0.00 rP.BANA
Bornos
. oy C.TPU
13412 M 602045 Cs.cB.Kvpun Bpaua 11.00 11 0.00 K
NAOEHLM
n Metoauin
CY "Cs.
53163 M 2700062 Mauncun LymeH 16.75 12 4.75 C.CTAHAHLM
XuneHpapcku"
J | o

1.1.3. MogoroToBka Ha HOBA KOJIOHA 3a MaTeMaTU4YeCKU TMMHa3nu

Llle npeTbpcum KonoHata school_name 3a "MI™. LLle cb3aagem Hosa KornoHa math_school, cbabpxala 1 3a matematuyecka

rumHasus n 0 3a octaHanure.

In [24]:

math schools boolean

In [25]:

exam data.sample(10)

exam data.school name.str.contains ("MI'",
exam _data["math school"] = math schools boolean.astype(int)

case

= True )

Out[25]:

sex school_number school_name district total_points points_closed_questions points_open_questions place

7510 X 400018 OY "Mawavior Bapwa 23.50 20 3.50 [P.BAPHA
Bonos!

31464 M 1806209 CY "Bacun Pyce 24.50 22 250 rP.PYCE
JleBcku

52021 X 2601010, OV 'CBE™M kom0 8.25 8 025  IP.XACKOBO
MBaH Punckun
OoY"Xp.

21491 M 1304930 " Mazapaxmk 30.00 21 9.00 TP.MA3APIKNK
CMUPHEHCKN
OVY "Cs.cB.

832 X 104017 Knpun n Bnaroesrpaa 47.25 38 9.25 C.PYIMUTE
MeToaun"
CYXHU

6578 XK 400047 "KoHcTaHTuH BapHa 48.00 32 16.00 'P.BAPHA

Mnernancuin"



v aounn

sex school_number school_(r\l\a/r'r'}? district total_points points_closed_questions points_open_questions place

34407 ™ 2000775 . Crvisen T6.00 6 0.00 TP.CITVIBEH
KoHcTaHTnHOB

25626 XK 1602502 Y )é‘:)"feg,’, Mnosave 55.75 27 28.75 TP.PAKOBCKM

15490 XK 800009 Aoy Vel Lo6puy 32.00 25 7.00 rP.OOBPUY
cnapyx

51627 XK 2601004 OY "Tiobex Xackoso 18.50 14 450  TP.XACKOBO
Kapasenos

A I i

Taka nogroTBeHWTE OaHHM Lie 3anasvm B scv chann.

In [26]:

exam data.to csv(r'data/output/math exam 2019.csv', index = False)

2. AHann3 Ha gaHHuTe
Heka oa nornegHem kopenauvoHHaTa Tabnuua 3a AaHHUTe.

In [27]:

exam data.corr ()

out[27]:
school_number total_points points_closed_questions points_open_questions large_city math_school
school_number 1.000000 0.024921 0.019711 0.026494  0.149122 0.007470
total_points 0.024921 1.000000 0.926880 0.947685 0.297514 0.290826
points_closed_questions 0.019711 0.926880 1.000000 0.758574  0.217082 0.219015
points_open_questions 0.026494 0.947685 0.758574 1.000000 0.331850 0.318572
large_city 0.149122 0.297514 0.217082 0.331850  1.000000 0.107262
math_school 0.007470 0.290826 0.219015 0.318572  0.107262 1.000000

OvyakBaHO BMxgame cunHa no3vTnBHa kKopenauus mexay total_points 1 points_closed_questions, mexay total_points n
points_open_questions, n points_closed_questions 1 points_open_questions. Vima cnaba nosutveHa kopenauusi mexay
large_city n points_open_questions, kakto u mexay large_city u total_points. Mexxay math_school u points_open_questions,
math_school n points_closed_questions n math_school u total_points kopenauunTe cbLio ca cnabo no3ntueHU. T.e. HIMa
HULLIO HeoYaKBaHo.

Heka oa nornegHem craTtucTukara.

In [28]:

plt.boxplot (exam data.total points)

plt.xticks([1], [""1)
plt.ylabel ("O6mwo Touky npesz 2019")

plt.show ()

100

O6wo Toukn npes 2019
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In [29]:

print ("O6mo Touxy min: {}".format (exam data.total points.min()))
"O6mwo Touxky max: {}".format (exam data.total points.max()))
"OBmwo TOUKM mean: {:.2f}".format(exam_data.total_points.mean()))
print ("O6mo Toukm median: {}".format (exam data.total points.median()))

print
print

(
(
(
(

O6mo Touky min: 0.0
Obmo Touxky max: 100.0
Obmo Touxky mean: 33.61
Obmo Touxky median: 27.0

Heka na nornegHem UAnNocTHOTO pasnpepernHne Ha ToOYKUTe.

In [307]:

plot total points (exam data.total points, color = "r")

PaznpeneneHne Ha BCHYKH TOYKH

Bpon yvawm

40 60
06D TOYKK

MHTepeCHI/I Ca pegynratute C Han-MHOro To4kn. Heka na rm nornegHem no-ot6nu3o.

In [31]:

best exams = exam data[exam data.total points >= 95]

In [32]:

best exams

Out[32]:

sex school_number school_name district total_points points_closed_questions points_open_questions plac
1 OY "Ca.

510 X 104104 KnumeHT Bnaroesrpag 96.25 45 51.25 P.CAHOAHCK
Oxpuackn"

901 M 109055 CY XPUCTO o oesrpan 96.75 47 49.75 C.KOYA
CMUpPHEHCKK

946 XK 109055 . CY XpuCTO o cemrpan 98.00 47 51.00 C.KOYA
CMUpPHEHCKU
MM "Akag.

1231 XK 100200 Ceprenn bnaroesrpaa 98.50 47 51.50 T'P.BJIATOEBIPA
Koponbos"

1543 XK 105201 & ';904""1 Bnaroeerpaz 95.75 47 48.75 P.BAHCK
WNCKN

55061 K 2811516 MI "Atanac Avbon 95.50 44 51.50 P.AMEO
Papes

55070 K 2811516 |IMI "Atanac Ambon 97.00 44 53.00 rP.AMEBO

Panes"



sex school_number Sﬁm;zlkname district total_points points_closed_questions

name points_open_questions plac
55072—XK 2811516 m AmGoTT 96-06 4T 4900 FPAMBO
Papes
55141 XK 2811516 | IMI "Atanac Ambon 99.00 47 52.00 rP.AMBO
Papes
55156 XK 2811516 | IMI "Atanac Ambon 97.00 47 50.00 rP.AMBO
Papges
596 rows x 10 columns
< | »l
In [33]:
plot total points (best exams.total points, bins number = 10, color = "r")
PasnpeneneHle Ha BCHYKK TOYKKH
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Heka Aa norregHeM KOIKo OT Te3n Aeua ca OT MaTeMaTU4YeCKn rmMHa3nn.
In [34]:
len (best exams[best exams.math school == 1])
out[34]:
295
2.1. CpaBHeHMe Ha Marku U roneMm HaceneHu mecra
2.1.1. CpaeHeHue Ha MaJsiku u 2osieMu HaceJileHU Mecma ¢ eCU4YKU y4yunuuwa
In [35]:
exam data small places = exam data["total points"] [exam data.large city == 0]
exam data large places = exam data["total points"][exam data.large city ==
In [36]:

comparison statistics([exam data small places, exam data large places],
) + len(exam data large places), ["Manku Haceyenum mecta", "I'onemm Haceyenm mecta"])

len(exam data small places


https://plotly.com/

Mmame 6000 noBeye yyeHuLM OT ronemu rpagose, ydactesanu B HBO no matematuka npe3 2019 r. O4akBaHO TexHUTe pesynTtaTi ca
no-gobpu No BCMYKM NokasaTenu.

Ho Heka Ja nornegHem u pasnpegeneHusaTa.

In [37]:

plot total points (exam data small places, title = "B mankuTe HacejeHu mecra", color = "r")

PaznpeneneHue Ha BCHYKH TOYKH B MANIKHUTE HACENeHW MecTa
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40 60 100
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In [38]:

plot total points(exam data large places, title = "B rojemmrTe Hacenenm mecra", color = "r")

PBJI'IPGAEJ'IEIIHE Ha BCHYKW TOYKH B roneMMTe HaceneHw MecTa
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In [39]:
plot total points(exam data small places, label name = "Mankm rpamose", show legend = True,
show figure = False, alpha level = 0.3, color = "b")
plot total points(exam data large places, label name = "Tonemum rpanose", show legend = True,
show figure False, alpha level = 0.3, color = "r")

plt.show ()

PaznpeneneHne Ha BCHYKH TOYKH

1750 “ | | !‘lnl[l rpagoee



I onemMun rpagoee

Bpon yvawm

[=]

06D TOYKK

OvyakBaHoO pasnpefenHusaTa ca pa3fninyHu, HO Heka Aa NpoBepuM Tasum xunoTesa u ¢ t-test.

2.1.1.1. lod2zomoeka 3a mecmeaHe Ha xuriome3a MaJsiKu CrpsIMO 20J1IeMU HacesleHU Mecma

HedurHupame cnegHute xmnotesu:

o H, : ToukuTe Ha ydeHMLMTE HE 3aBMCAT OT HaceneHoTo MsacTo. exam_data_small_places n exam_data_large_places ca ot
€[HO 1 CbLLO pasnpeaeneHue.
o H,; : exam_data_small_places n exam_data_large_places ca oT aBe pasnuiHu pasnpegeneHus.

Tbil KaTo M3NON3BaMe BCUUKN AaHHM, n3bupame foseputentHo Hneo o = 1%. T.e. npu p < o Hy cneasa aa 6bae opxebpneHa.
In [40]:
test result = ttest ind(exam data small places, exam data large places)

test result

Out[40]:

Ttest indResult (statistic=-73.37566274090423, pvalue=0.0)

Asvo H|) moxe fa 6bae oTxBbprieHa.

2.1.2. CpaBHeHMe Ha MarnkKu 1 rorieMm HacesrieHu MecTa, Ho 6e3
MaTeMaTuyeCKUuTe rmMHasuu

In [41]:

regular schools points = exam data.total points[exam data.math school == 0]

In [42]:

plot total points(regular schools points, title = "za obuxHOBeHM yummmma", color = "r")

PBJHPGAEMEHHE Ha BCMYKH TOYKH 3a 0DMKHOBEHM yyunuiia
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In [43]:

regular schools small places = exam data.total points|[(exam data.large city == 0) &
(exam data.math school == 0)]
regular schools large places = exam data.total points|[(exam data.large city == 1) &

(exam data.math school == 0)]

In [53]:
plot total points (regular schools small places, title = "3a OOMKHOBEHM yumiMiula B MaJIKM HaCeJIeHM Me
cra", color = "r")

Pa:npenenenne Ha BCHYKHW TOYKH 3a 0OMKHOBEHM Y4HnHllia B MankKM HaceneHH MecTa
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In [54]:

plot total points(regular schools large places, title = "3a oOMKHOBEHM yumiMuma B T'OJIeMM HaCeJIEHM M
ecra", color = "r")

PaznpeneneHne Ha BCHYKH TOUYKH 2a oDMKHOBEHM YH4HNHLLA B roNeMd HaceneHH MecTa
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In [46]:
plot total points (regular schools small places, label name = "Mankmum rpanmoee", show legend = True, s
how figure = False, alpha level = 0.3, color = "b")
plot total points(regular schools large places, label name = "T'onemm rpamose", show legend = True,
show figure = False, alpha level = 0.3, color = "r")
plt.show ()
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In [47]:

comparison_statistics([regular schools small places,
regular schools large places], len(regular schools small places) + len(regular schools large places
), ["Mankm HacemeHm MecTa'", "Tomemm HacejyeHu mecTa"])

PasnukaTa octaBa Bce oLle ronsma.

[a Buaoum, KakBo HM Nokasea t-test.

2.1.2.1. Perform Hypothesis Testing small vs. Large Places

HedurHupame cnegHnte xmnotesu:

e Hj : ToukuTe Ha yueHNLMTE HE 3aBUCAT OT HAceneHoTo MACTO. regular_schools_small_places u
regular_schools_large_places ca oT eaHo v CbLLO pa3npegeneHue.
e H : regular_schools_small_places 1 regular_schools_large_places ca oT aBe pa3nuuHu pasnpeaeneHus.

Tbi1 kaTo U3Non3Bame BCHUYKM JaHHW, 3bupame goseputenHo HuBo o = 1%. T.e. npu p < o Hy cnepea na 6bae opxebprena.
In [48]:

test result = ttest ind(regular schools small places, regular schools large places)

test result

Out[48]:

Ttest indResult (statistic=-68.28046258566107, pvalue=0.0)

H, moxe pa 6bae oTxsbprieHa.

2.2. Math Schools

Heka oa nornegHem matematuyeckuTe rMMHasum no-oténu3o.


https://plotly.com/

I[ldL[l_SUIlUULS_pOLIlLS = (:‘Xdl[l_udL,d. LOLdL_pULIlLS Le)ﬁdl[l_udl.d .I[ldLIl_t}()IlUUL == 1]
In [50]:

len (math schools points)

Out [50] :

1259

In [517]:

plot total points(math schools points, title = "for Math Schools", color = "r")

Pasznpenenenne Ha BcM4KM ToukM for Math Schools
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2.2.1. Math Schools vs. Regular Schools
E,D,HO CpaBHeHMe Ha pe3yntatuTte Ha MateMaTuyecknTe rMMHasnm n gpyrute yqymnuiia.

In [52]:

comparison statistics([regular schools points, math schools points], exam data.shape(0],
["OBukHOBeHM yumnmma'", "MaTeMaTuuyecku I'uMHazumu"])

In [ ]:


https://plotly.com/

In [1]:

smatplotlib inline

In [2]:

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

import pickle

from scipy.stats import ttest ind
from py functions import plot total points, comparison_statistics

3. NaHHu 2020

3.1. MopgroroBka Ha AaHHHUTE

3.1.1. MpouuTtaHe N NouncTBaHe Ha AaHHUTE

In [3]:
exam data = pd.read excel ("data/MAT 7 2020.xlsx", usecols "A:J")
In [4]:
exam data.shape
Out[4]:
(56767, 10)
In [5]:
exam data ["MzouT"] .unique ()
Out[5]:
array ([ 'MaTremaTruxa HBO 7'], dtype=object)
In [6]:
exam data = exam data.drop (["®uxTMeeH HOMep", "M3mmr"], axis = 1)
In [7]:
exam data.head ()
Out[7]:
MNon Koa Ha Yaunnwe O6nacT HaceneHo O6wo Touku 3aKpuUTH TouYkM OTKPUTH
yuunuie MACTO TOYKHU BBbNpocu BBbNpocU
0 X 2219049 SOV ERie T Codbusi 68.75 44 24.75
Xyapec' rpag
1 M 2219049 49 0Y"bermro  Codpws- Codpus 40.00 33 7.00
Xyapec' rpag
2 X 2219049 SOV e G Codbusi 52.25 30 2225
Xyapec' rpag
3 X 2219049 49 0¥ "bermro  Codpus- Codpus 58.00 38 20.00

Xyapec" rpag



49 OY "beHuto Codpus-

4 M 2K0AA 0 Hadendwa @326 Touku 3akpufit Touku oTPUINA
nEzb] yuunnuiye Hh o i MACTO TOUKM BbNpocu BbNpoCcU
In [8]:
exam data.columns = ["sex", "school number", "school name", "district", "place",
"total points", "points closed questions", "points open questions"
]
In [9]:
exam data.isna () .any() .any ()
Out[9]:
False
In [107]:

exam data.dtypes

Out[10]:

sex object
school number int64
school name object
district object
place object
total points float64
points closed questions int64
points_open questions float64

dtype: object

3.1.2. MogroToBka Ha HOBa KOJIOHA 3a ronsam rpag

In [117:

large cities = []

with open ('data/output/large cities.txt', 'rb') as f:
large cities = pickle.load (f)

large cities

Out[1l1l]:

[ 'BnaroeBrpan’,
'Byprac',
'BapHa',
'Benmko TBpHOBO',
'TopHa Opsaxosuua',
'BuouH',
'Bpaua’',
'Tabporo',
'Nobpuu ',
'Kppmxamm',
'KiocTrenouin',
'Oynumua',
'JloBeu',
'MouTana',
'Tlazapmxuk ',
'TlepHux’',
'llneBeH',
'Tlnoous ',
'AcenoBrpan',
'Pazrpan’',
'Pyce',
'Cunuctpa’',
'CnuBeHn',
'CmoJian’',
'Cobusa’',

'Crapa 3aropa',
'KazaHiwk',



'Teprosuue ',
'XackoBo',
' InvuTpoBrpan’,

'Mymen"',

'AmbGoa' ]
In [12]:
large city boolean = exam data["place"].isin(large cities)
exam data["large city"] = large city boolean.astype (int)

3.1.3. MoaroToBKka Ha HOBA KOJIOHA 3a MaTeMaTu4yecka rMMHasus

In [15]:

exam_data.school_name.unique()

Out[15]:

array(['49 OY "Benumro Xyapec"', 'l6. OY "P. XwmuHzmbpor"', '102 OYV', ...,
'Oy "I-p. Iervp Bepor"', 'BCY Bparucnasa',
'BCY "I-p II.Bepor" Ilpara'], dtype=object)

In [16]:

math schools boolean = exam data.school name.str.contains("MI'", case = True )
exam data["math school"] = math schools boolean.astype (int)

In [17]:

exam data.to csv(r'data/output/math exam 2020.csv', index = False)

3.2. AHanu3 Ha gaHHuTe

In [18]:

exam data.corr ()

Out[18]:
school_number total_points points_closed_questions points_open_questions large_city math_school
school_number 1.000000 0.038454 0.037068 0.036059  0.147706 0.018120
total_points 0.038454 1.000000 0.949426 0.951899  0.312465 0.276521
points_closed_questions 0.037068 0.949426 1.000000 0.807548  0.245547 0.224698
points_open_gquestions 0.036059 0.951899 0.807548 1.000000 0.347318 0.300144
large_city 0.147706 0.312465 0.245547 0.347318  1.000000 0.114826
math_school 0.018120 0.276521 0.224698 0.300144  0.114826 1.000000

OvakBaHO BMxgame cunHa no3uTnBHa Kopenauusa mexay total_points 1 points_closed_questions, mexay total_points n
points_open_questions, n points_closed_questions 1 points_open_questions. Vima cnaba no3utueHa kopenauusi mexay
large_city 1 points_open_questions, kakto n mexay large_city u total_points. Mexay math_school n points_open_questions,
math_school n points_closed_questions n math_school n total_points kopenauunte cbLuo ca cnabo no3ntmeHu. T.e. HIMa
HU1LLO HeoYaKBaHo.

In [19]:
plt.boxplot (exam data.total points)

plt.xticks ([1], [""])
plt.ylabel ("Total points 2020"

plt.show ()



Total points 2020

1

In [21]:

print ("O6mo Touxm min: {}".format (exam data.total points.min()))

(
print ("O6mo Toukm max: {}".format(exam data.total points.max()))
print ("O6mo Toukm mean: {:.2f}".format (exam data.total points.mean()))
print ("O6mo Toukm median: {}".format (exam data.total points.median()))
OBmo Touxky min: 0.0
Odmo Touxky max: 100.0
Obmo Touky mean: 36.33
Obmo Touxky median: 30.0
In [22]:
plot total points (exam data.total points, color = "r")
Paznpegenenne Ha BCHYKH TOYKH
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In [23]:
best exams
In [24]:
best exams
Oout[24]:

sex school_number

20 40 60 80 100
0DwWwo TouKKn

= exam data[exam data.total points >= 95]

school_name district place total_points points_closed_questions

points_open_questions

large_city
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o244 wi ZIVLZIV | MNYRNIVIVIERN N wvoypnH Y .UvU 47 tolVAVIV] 1
sex school_number school_name distith place total_points points_closed_questions points_open_questions large_city
325 M 2902701  HYKKNUUEK C°‘:‘;":; Codpus 96.25 47 49.25 1
CVY "MeTko P.
55227 M 800017 Crasenops H0BPM  Hobpuy 96.00 50 46.00 1
55542 M 800019 ”MFBV'Ba'T, Jobpuy  [o6puy 95.00 50 45.00 1
a30B
CVY "MeTko P.
55609 K 800017 Cranenopt H0BPMY  Hobpuy 96.50 47 49.50 1
CVY "MeTko P.
55632 K 800017 Cranencops H0BPM  [obpuy 95.75 50 45.75 1
55937 X 800082 CyKCTe‘*’a'.*. No6pny  KasapHa 99.50 50 49.50 0
apamxa
1087 rows x 10 columns
Rl ‘ i

Mpe3 2020 uma okorno 500 yyeHvka noeeye ¢ BUCOK Bpoi Toukn. M ToBa e uHTepeceH pesynrtat!

In [25]:

plot total points (best exams.total points, bins number = 10, color = "r")

PasnpeneneHve Ha BCHYKKA TOYKH
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Heka ga norneaHem Konko oT Tesun Aeua ca oT MatemaTuyecky rmMmHasum.

In [26]:

len (best exams[best exams.math school == 1])

Out[26]:

433

OTHOBO OKOMO NONOBUHATa OT y4yeHunumTe C BUCOK pe3dynTaTt ca OT MaTeMaTU4YeCKN TMMHa3nn.



In [1]:

smatplotlib inline

In [2]:

import numpy as np
import pandas as pd
import matplotlib.pyplot as plt

import pickle

from scipy.stats import ttest ind
from py functions import plot total points, comparison_statistics

4. CpaBHeHue Ha HBO 2019 ¢ HBO 2020

4.1. 3apexaaHe Ha AaHHUTe

In [3]:

exam data 2020 = pd.read csv("data/output/math exam 2020.csv")

In [4]:
exam data 2020.head ()

Out[4]:

school_number school_name district place total_points points_closed_questions points_open_questions sex_boolean large_ci

49 Oy

0 2219049 "BeHuTo CO?"’Z“ Codbusi 68.75 44 24.75 1
Xyapec" ban
490V (o

1 2219049 "BeHunTo rpa Codpusi 40.00 33 7.00 0
Xyapec" pan
490V (s

2 2219049 "BeHunTo s Codust 52.25 30 22.25 1
Xyapec" pas
490V (o

3 2219049 "BeHunTo rpa Codust 58.00 38 20.00 1
Xyapec" pas
490V (o

4 2219049 "BeHunTo s Codous 62.50 41 21.50 0
Xyapec" pas

In [5]:

exam data 2019 = pd.read csv("data/output/math exam 2019.csv")

In [6]:

exam data 2019.head ()

Out[6]:
sex school_number school_name district total_points points_closed_questions points_open_questions place I
VII CY
0 X 100070 "KysmaH bBnaroesrpag 255 25 0.5 TP.BJIATOEBIPA[
Lankapes"
VIl CY

1 XK 100070 "KyamaH bBnaroesrpag 17.0 17 0.0 TP.BNNATOEBIrrPAL



sex school_number scﬂ'uaf'_"ﬁgﬁ% district total_points points_closed_questions points_open_questions place I

VIl CY

2 M 100070 "KyamaH bBnaroesrpag 16.0 16 0.0 TP.BIIAFOEBIPA[L
Lankapes"

Vil CY

3 M 100070 "KyamaH bBnaroesrpag 13.5 11 2.5 TP.BIIATOEBIPAL
LLankapes"

Vil CY

4 XK 100070 "KyamaH bBnaroesrpag 21.0 18 3.0 TP.BIIAFOEBIPAL
LWankapes"

4.2 AHanvus3 Ha gaHHuTe

In [7]:

comparison statistics([exam data 2019.total points, exam data 2020.total points], exam data 2019.s
hape [0] + exam data 2020.shape[0] , ["2019", "2020"])

In [9]:

f, (axl, ax2) = plt.subplots(l, 2, sharey=True)

axl.boxplot (exam data 2019.total points)
axl.set title ("Touxm obBmo 2019")

ax2.boxplot (exam data 2020.total points)

ax2.set title ("Touxku obmo 2020")
plt.show ()

Touku obwo 2019 Touku obwo 2020

100



https://plotly.com/

Hetunnynute ganHu npes 2019. MNpes 2020 noseyve y4eHULM ca NONYy4UNM MakcumarneH 6pon ToUKK.

In [10]:

plot total points (exam data 2019.total points, label name

= False, alpha level = 0.3, color = "b")

plot total points (exam data 2020.total points, label name

"won

= False, alpha level = 0.3, color = "r")

plt.show ()
Paznpepnenenne Ha BCHYKH TOUYKH
3000 2019
2020
2500 +
§ 2000
]
=
s 1500
]
-3
I
1000 4
500
'0‘ T T T T T T
0 20 40 60 80 100

06D TOYKK

v12019u’

"2020",

show_legend

show_legend

True, show figure

True, show figure

[Oeete pasnpenenHus ca 6nusku. Mopagn COVID kpusaTta, a3 ovakBax Nno-HUcka CTOMHOCT Ha MeavaHaTanpes 2020. B Tasu Bpb3ka
Hamupam pesyntaTtute npe3 2020 3a usHeHaggalm. iHTepeceH e n 6poaT Ha yyeHuuuTe ¢ makcumarneH 6pon Toukn npes 2020.

N3TOYHMNLM

[1] http://copuo.bg/page.php?c=24&d=19

[2] https://www.nsi.bg/bg/content/2981/%D0%BD %D0%B0%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5-
%D0%BF%D0%BE-%D0%B3%D1%80%D0%B0%D0%B4%D0%BE%D0%B2%D0%B5-%D0%B8-%D0%BF %D0%BE%D0%BB

N3Boan

Bbnaropgaps 3a BHUMaHueTo!
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