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Abstract

This study presents an applied case study in Knowledge Discovery
using data mining techniques. In order to discover significant patterns in the
students’ academic data at King Khalid University from 1434 AH to 1437
AH. And find out general indicators on academic performance to support
decision makers to set the educational policies at the university.

This research applied the CRIP DM methodology, which is a popular
data mining application on the sample data. R package was used for
performing the statistical analysis of academic indicators, and the Apriori
Algorithm in Weka mining tool was also used.

This study demonstrates that there is a set of Patterns that can give
key indicators, such as the constancy of some grades for students in some of
the semesters, an increase in grades up to certain semesters as well as a
decrease in others, in addition to the variance analysis of students’ grades.
Moreover, patterns discovery in students’ grades in some semesters.

Furthermore, this study came out with a set of recommendations that would
contribute to the quality and success of the educational process, and
importantly is the need for developing an integrated digital data warehouse
that will be the core for future researches.

Keywords: Data Mining, Apriori Algorithm, King Khalid University.
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Input: database D, Mini Support € , Mini Confidence &
Ouipur: Rt All association rules

Method:

1- L1 = large l-itemsets;

2- for(k=2; L1 = @, k++) do begin

3- Ck =apriori-gen(Ly1); //'generate new candidates firom Li;
4- for all transactions T € D do begin

5- Ct=subset(CyT); //candidates contained in T.

6- for all candidates C € Crdo

7- Count(C)=Count(C)+1; // increase support count of C by 1

8- end
9- Li={C € C; | Count(C) = € X |D|}
10- end

11- ,=Ug Lk
12 Ri=GenerateRules(Ly, € )

[6]hmasdl CLAGH JSA cha Aalsdl) Jas b guaasy (2) JSil
Akl Uyl -7

Data Description ULyl ciay/1
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Association Rules Ll s 4.4 /3
O s P |

(2) &) Jsaadl 8 LS OOl el Input sl o
- WEKA #aliyny PlA e apriori dw))lsa (Guli :Processing dalladdl o
sl JG S Adda Ad e liES) :Output s A4l o

O aud CMAN 3(2) Ad) Jsaa

Gualdl) Gl s | ) Gl s | G Jeadl) i | B Jail) i | ) Sl

A 1] 1.4] A 2 2.8 A 2 2.8 A 1 1.4 A 3 4.2

A+ 1| 1.4)A+ 1 1.4 A+ 1 1.4 ] A+ 1 1.4 | A+ 2] 2.8

B| 221306 B| 20| 27.8| B| 20| 27.8 B| 21| 29.2| B| 24| 33.3

B+ | 11| 15.3] B+ 9| 12.5|B+| 11| 153 | B+| 14| 19.4] B+| 16| 22.2

C| 12167 C| 13| 181 C| 11| 153} C| 12| 16.7| C 91 12.5

C+| 21129.2]C+| 23] 31.9|C+| 22| 30.6| C+| 17| 23.6 | C+| 13| 18.1

D+ 21 2.8]| D+ 1 1.4 | D+ 4 5.6 | D+ 3 4.2 | D+ 4 5.6
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Size of set of large itemsets L(2): 38
Size of set of large itemsets L({3): 18
Size of set of large itemsets L({4): 3
Beat rules found:

1. Deg2=E Degd=B 11 ==> Deg3=BE 11 <conf: (1)> lift:(3.68) lew:(0.11) [7] comw:(7.94)
2. Deg2=B Degd=B 10 ==> Deg3=B 10 <conf:(l)» lift:(3.8) lev:(0.1l) [7] conv:(7.22)
Degd=E+ 9§ ==> DegS=BE+ 9 <conf:(1)> lift: (6.55) lewv:(0.11) [7] conv:({7.8&3)
Degl=BE+ Deg3=B 9 ==> Deg4=B 9 <conf:(l)> lift:(3.8) lev:(0.09) [&] conwv:(6.3)
Degl=E+ Degd=BE 9 ==> DegS=BE % <conf:(l)> 1ifc:(3.27) lev:(0.09) [&] comw:(6.25)
Deg3=C Degd=C 9 ==> Degi=C 9 <conf:(1l)> lift:(5.54) lev: (0.1} [7] conwv:(7.38)
Deg2=E Degd=B DegS5=B 9 ==> Deg3=B 9 <conf:{1)> lift: {3.6) lev:(0.09) [&] conv:(6.5)
g. Deg2=C Degd=C & ==> Deg3=C & <conf:(1l)> lift: (6.55) lev:(0.08) [&] conw: (6.78)
9. Deg2=C Degd=C & ==> Degi=C & <conf:(l)» lift:(5.54) lev:(0.08) [&] conwv:(6.56)
10. Degl=E Deg3=B 7 ==> Deg2=R 7 <conf:{1l)> lift: (3.43) lev:(0.07) [4] ccnw: (4.96)

P R

Apriori 4154 cila i g (3) ad Jsid)

bl Jeailly ) bl Juadll 3B s e lshas 3 (DUl aes
S bl Jeadl) 8 il i e slas cCullil

B oty I bl Jeadll B+ i e s ol (DUl apes
comlall uhll Jumill 4B i e lslaas ol ashall Jaadl) ashall Joadl)

bl Jaadlly B uhall Jeadl) 3B i e Jdas (pdll (DUl e
B byl Jamdl) 8 i) i e Islas ¢ ualally oyl

bl Jaadlly B uhall Jeadll 3B i e Jlias (pdll (DUal) e
comalall ) Jumill 8 pail) i e |shoas il

oeii e Thas (ol bl Jeaill 3 B+ 06 e Jhas (3 (DU paes

comlall bl Jaadl) bl

bl Juailly B uhall Jadll 3 C a6 e Jhas 0l (DUl gues

Dl bl Jeadl) 8 sl i e Tglias (G

General trend and outlier values: 4 khiall adlly Ul KN alad) olasy)

S ol &Y Ol el dangie o ) oSV 130 Aladl olasy) o 3
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» aggregate (Degree~Level, aummary, data= law)
Level Degree.Min. Degree.lst Qu. Degree.Median Degree.Mean Degree.3rd Qu. Degree.Max.

11 Term 2.000
2 2 Term 1.670
3 3 Term 1.820
4 4 Term 1.720
5 5 Term 1.720
¥

3

[ LT LI L R ]

098
.352
.030
050
077

3.585
3.500
3.450
3.400
3.480

3.583
3.448
3.425
3.417
3.483

(2 e ) Aiie g ne

4,100 4.88
3.868 4,830
3.905 4.850
3.840 4.860
3.882 4.880

O and OO Alany) Gunlial) gy 1(4) 8, 2
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- WEKA #aliyn Pla o apriori 4u)ld (guls :Processing dalladll o
(6)ad) IS A L duise ddjee calii) :Output s il o
Aphay) Gleslaall alai and DA 1(3) &) Jsaa

Gualdl) Juall) i Y Gl ol | AN Juadl) s | S Guall) i | Y Jeadl) s
B 2|1 67| B 2 6.7 B 1 3.3] B 2 6.7 B 51 16.7
B+ 2| 6.7 B+ 2 6.7 | B+ 3| 10.0| B+ 2 6.7 | B+ 3| 10.0
C 10| 33.3| C 71 23.3 C 8] 26.7| C 7| 23.3 C 81| 26.7
C+ 3110.0| C+ 41 13.3| C+ 6| 20.0| C+ 6| 20.0 | C+ 51 16.7
D 6200 D 5| 16.7 D 31 100 D 2 6.7 | D+ 91 30.0
D+ 71 23.3| D+ 10 | 33.3| D+ 9 30.0] D+ | 11| 36.7
Associator output
) F]
-
S5ize of set of large itemsets L{3): 9
Size of set of large itemsets L{4): 1
Best rules found:
1. degl=D+ degd=D+ & ==> deg2=D+ & <oconf: (l)> 1ifr:(2.73) lewv:{0.13) [3] conwv:(3.8)
2. degd=D 5 ==> deg5=D 5 <oconf:(l)> 1lift: (5) lew:{0.13) [4] conwv:(4)
3. deg2=D+ degS=[+ 5 ==> degd=D+ 5 <conf: (1)» 1ift: {3) lew: (0.11) [3] comnw:(3.33)
4. degd=C+ 4 == deg2=C+ 4 <conf:{l)>» lift:(5) lew:({0.11l) [3] conv:(3.2)
5. degd=C+ 4 ==> degi=C+ 4 <oconf: (1l)> lift:(5) lewv:(0.11l) [3] conv:(3.2)
6. degl=C degd=D+ 4 ==> degi=D+ 4 <conf:(l)>» 1ifr: (3.33) lev:(0.09) [2] conv:(2.8)
7. degl=D+ deg3=D[+ 4 ==> deg2=D+ 4 <oonf: (l)> 1ift:(2.73) lewv:{0.08) [2] conwv:({2.53
8. degl=D+ degS=D+ 4 ==> deg2=D+ 4 <confs: (1)>» 1ift: {2.73) lew:(0.08) [2] conwv:{2.53
9. degl=D+ degS=[+ 4 ==> degd=D+ 4 <oonf: (1)» 1ift: (3) lew:{0.09) [2] conv:({2.&7)
10. deg3=C+ degd=C+ 4 ==> deg2=C+ 4 <oconf: (1)» 1lift: (5) lewv:({0.11) [3] conv:(3.2)

&
{.1

|

- Ll

APrIor dua) lsa Gla ia s 1(6) &) JRA)
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by S ahall Juadll & sl i e

o e o )l uhal) Juadll 8 D a6 e Thas 0l (Ol gues 4
coselal) ) Jeadl) & sl

shan ¢ ualally G uhyall Joaill 8 D+ i e Jhas opdll Ul ppen .5
bl bl Juadll & sl i e

o e sloas ()l uhal) Juadll 8 CH+ a6 e has 00l (O pues .6
Lty SN ) Jeadl) &l
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General trend and outlier values: 43 iall adilly CBal) iy alad) olasy)

LS ciglay) Claglaall alai and (DUl dglanyl Gunliall sy maag (5)ad) JA
GOl ¢ al dasgia o ¢ anlSY) e)BU aledl SN o (6 —6)a8, JSaN B ek
Adphie Glly el WS cqualad) bl Joadll ) (pips (it ali¥ia anlSY)
Aare allls Jas dsns iny Las ¢pualally ) bl Joadl) 3 jils0 JS5 6 (53L3)

(4.25 o SSI) AEd) (e 38 85 pdine

> aggregate (Degree~Term, summary, data= mis)

Term Degree.Min. Degree.lst Qu. Degree.Median Degree.Mean Degree.3rd Qu. Degree.Max.
11 Term 2.080 2.440 2.825 2.976 3.480 4.440
2 2 Term 1.630 2.343 2.680 2.785 3.178 4,170
3 3 Term 1.530 2.372 2.745 2.798 3.170 4,300
4 4 Term 1.530 2.285 2.515 2.666 2.988 4,320
5 5 Term 1.530 2.258 2.540 2.642 2.955 4,430

Ay Cilaglaall kit and el Lglan) Guplia) 1(7) a3y JS2
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40

35

20

1

Y il slaall alai and CDUa sy 1(8)ad; S

Term

2 Term

3 Term

4 Term

S Term

A g SV 8 il (8 guul) auid -3

(4) &3 Jsaall 8 LS GOl ) pads :input il o

- WEKA #aliyn PA o apriori dw))ld (Gul :Processing dalladl o

5 SSY) Blally Gapl) mnd cD20 1(4) 5 s

sl Juadll s eV Juaill jas | Y Joadll jas | S Jeadl) s I Jeaill s
B| 2| 35| B 1| 1.8} B| 2| 35| B| 2| 35| A| 1| 1.8
B+ 1| 1.8]B+ 1| 1.8){B+| 1| 1.8|B+| 2| 35| B| 3| 5.3
C| 12|21.1| C| 13| 22.8] C| 14| 246| C| 13| 22.8| B+| 1| 1.8
C+ 41 7.0] C+ 4 7.0 C+ 3 5.3] C+ 4 7.0 C| 16| 28.1
D| 17]29.8| D 17| 29.8| D| 13| 22.8| D| 12| 21.1| C+ 8| 14.0
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D+| 21| 36.8|D+| 21| 36.8|D+| 24| 42.1 | D+| 24| 42.1| D| 15| 26.3
D+| 13| 22.8
chuJ‘LLuaﬂ\_ﬁiﬁ LyQLuJ\LL‘aﬂ‘_HJﬁ
B 3 5.3 B 3 5.3
B+ 1 1.8 | B+ 1 1.8
C 9| 158 C| 11| 19.3
C+ 4 7.0 C+ 4 7.0
D| 18| 31.6| D| 16| 28.1
D+| 22| 38.6| D+| 22| 38.6
Associator output
S5ize of set of large itemsets L{l): & &
-
Size of set of large itemsets L{2): 10
Size of set of large itemsets L{3): 3
Best rules found:
1. degd=D+ dege=D+ 18 ==> degS=D+ 18 <conf: (1)>» lift:{2.71) lewv:({0.2) [1ll] conwv:{ll.37)
2. deg3i=D+ dege=D+ 17 ==> degb=D+ 17 <conf: (1)>» lift: {2.71) lewv:({0.19) [1l0] conw: {10.74)
3. degi=D+ 21 ==> degé&=D+ 20 <conf: (0.95)> lift: (2.47) lev:(0.21) [1ll] conwv: (&6.45)
4. degd=D+ degS=D+ 19 ==> degé=D+ 1E <conf: (0.95)> 1ift: (2.45) lewv:{0.19) [10] conwv:(5.E83)
5. deg3=D+ deg5=D+ 18 ==> degb=D+ 17 <conf: {(0.94)> 1ift: (2.45) lew: (0.18) [10] conwv:({5.53)
6. dege=D+ deg7=D+ 18 ==> deg5=D+ 17 <conf: (0.94)> 1ifc: (2.568) lew: (0.18) [10] conwv:(5.868)
7. degb=D+ degT=D+ 18 ==> degt=D+ 17 <conf: (0.94)> 1ift: (2.45) lewv: (0.18) [10] comw: (5.53)
2. dege=D+ 22 ==> degb=D+ 20 <conf: (0.91)> lift: (2.47) lewv:{0.21) [11l] comv: (4.63)
9., degi=D+ 21 ==> degi=D+ 19 <conf: (0.9)> lift:{2.46) lev:(0.2) [1ll] comnwv: (4.42)
10. degd=D+ 21 ==> degi=D+ 19 <conf: (0.9)> lifc:({2.46) lewv: (0.2) [11l] conwv: (4.42)
¥
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General trend and outlier values: 43 iall adlly CDUal) eIy alad) olasy)
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> aggregate (Degree~Lewvel, summary, data= shop)
Level Degree.Min. Degree.lst u. Degree.Median Degree.Mean Degree.3rd u. Degree.Max.
1 1 Term 1.000 2.335 2.630 2.892 3.135 4.500
2 2 Term 1.000 2.280 2.480 2.811 2.855 4.430
3 3 Term 1.280 2.225 2.430 2.557 2.880 4.350
4 4 Term 1.290 2.1a60 2.370 2.49%9 2.755 4.350
5 5 Term 1.700 2.1a0 2.250 2.515 2.750 4.360
& & Term 1.700 2.105 2.350 2.515 2.710 4.400
T 7 Term 1.840 2.100 2.1830 2.524 2.7865 4.3390
>
- - .o - ~ . e - N . 2 %
.A_U\J}/\ a_al.a)u\ (—Ja.\ g L_iM @ALAA}“ %M\ s (10)(;3) dS.u.J\
L)
- — [ <
= [=1 =1 L=3 = =
—_—  _| H <
=T E < = <
[ = = L=3 [
wa | H H
[ | i
o T
[T
o |
= _| H ; ;
L] | H H
[T ) | !
= | o o
T T T T T T T
1 Term 2 Term 3 Term 4 Term 5 Term 5 Term 7 Term

24



gy lasbeall alas and DU Ailiany) Gunlial) gy 1(11) &8, JSal)

rhpualaall pnid4

(5) oy dsaall 4 LS DUl iy sInput il o
- WEKA #aliyny PA e apriori du)la (Gul :Processing dalladll o
(12) a8) IS 8 LS dadda e alis) :Output il il o
Laulad) ad DA 1(5) a8y Jsan

e Juadl) Al Juadl) pai | B Jeadl) s I Jeaidll s
A 3] 33| A 3] 33| A 6] 67| A| 2| 22
A+ 1| 1.1] A+ 1| 1.1] A+ 1| L1 A+| 2| 22
B 7| 7.8] B| 15| 16.7| B| 18| 20.0| B| 26| 28.9
B+| 16| 17.8| B+ | 12| 13.3|B+| 12| 13.3| B+ | 12| 13.3
C| 22| 244 C| 19| 21.1) C| 14| 156| C| 12| 13.3
C+| 22| 24.4| C+| 24| 26.7|C+| 24| 26.7|C+| 20| 22.2
D 2| 22| D 5| 56| D 6| 67| D| 9| 10.0
D+| 17| 18.9| D+| 11| 12.2| D+ 9| 100 D+| 7| 7.8

bl Juail) 0 bl Juaill i | o) Jail) 085 | aalall Jsail)
A 3] 33| A 3] 33| A 21 22| A| 3] 33
A+ 1| 1.1]| A+ 1| 1.1]A+ 1| L1|A+| 1] 1.1
B| 12| 133| B| 11| 12.2| B| 12| 13.3| B| 9| 10.0
B+ 9| 10.0| B+| 10| 11.1|B+| 12| 13.3| B+ | 14| 15.6
C 31| 34.4 C| 30| 333 C| 23| 256| C| 18| 20.0
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C+ 16| 17.8) C+| 17| 189 |C+| 19| 21.1 | C+| 24| 26.7

D+ 14| 156 D+| 16| 17.8| D+ | 19| 21.1 | D+ | 19| 21.1

Associator output

Size of set of large itemsets L{l): 16
Size of set of large itemsets L{2): 10
Size of set of large itemsets L({3): 2

Best rules found:

Deg7=C 30 ==> Deg8=C 30 <conf: (1)> lift:(2.9) lew: (0.22) [19] conwv:(l9.67)

1.

2. Degé=C DegB=C 22 ==» DegT=C 22 <conf: {1)> 1lift: (3) lewv:{0.168) [1l4] conv: {14.867)
3. Degé=C Deg7=C 22 ==> Degg=C 22 <conf: {1)>» 1lift: (2.9) lewv:(0.16) [14] conw:(14.42)
4. Degée=D+ 19 ==> DegS5=D+ 19 <conf: (1)> lift:(4.74) lewv:(0.17) [1l4] conwv: (l4.99)

5. DegS=D+ 19 ==> Degé=D+ 19 <conf: (1)> lift:(4.74) lev:(0.17) [1l4] conw:(l4.99)

6. Degs5=C 18 ==> Degé=C 18 <conf: {1})> lift:{3.91) lewv:(0.15) [13] conw: (13.4)

7. Deg4=C Deg8=C 18 ==> Deg7=C 18 <conf: {1)>» 1lift: (3) lewv:(0.13) [12] conv:{12)

8. Deg4=C Deg7=C 18 ==> Deg8=C 1z <conf: {(1)> lifc: (2.9) lewv: (0.13) [1ll1l] conw: (ll.8)
9. Degg8=C 31 ==> Deg7=C 30 <conf: (0.97)> 1lift:(2.9) lev:{0.22) [19] conwv:(10.33)

10. Degé=C 23 ==>» Deg7=C 22 <conf: {(0.96)> 1lift: (2.87) lewv:({0.168) [14] conwv:(7.87)
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aggregate (Degree~Lewvel, summary, data= acc)

Lewvel Degree.Min., Degree.lst Qu. Degree.Median Degree.Mean Degree.3rd Qu. Degree.Max.
1 Term 1.500 2.840 3.430 3.314 3.880 4,810
2 Term 1.8630 2.820 3.390 3.320 3.950 4,770
3 Term 1.&30 2.840 3.120 3.230 3.850 4,750
4 Term 2.040 2.880 3.100 3.244 3.940 4,810
5 Texrm 2.070 2.582 3.040 3.182 3.785 4,840
& Term 2.020 2.830 2.980 3.120 3.850 4,780
7 Texrm 1.830 2.800 2.940 3.104 3.5%80 4,810
8 Term 1.820 2.830 2.970 3.105 3.550 4,810
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A 2 4.3 A 2 43| A 1 22| B 4 8.7
B 9 19.6 B 8 17.4 B 8 17.4 | B+ 7 15.2
B+ 3 6.5 B+ 4 8.7| B+ 4 8.7 C 11 23.9
C 7 15.2 C 6 13.0 C 8 17.4 | C+ 13 28.3
C+ 11 23.9 C+ 12 26.1 | C+ 10 21.7 D 2 4.3
D+ 14 30.4 D 4 8.7 D 2 4.3 D+ 9 19.6
D+ 10 21.7 | D+ 13 28.3

Sl Joadl) 05 bl Joadll i Gl Joadll s Cuelall Jeadll 0
A 5 10.9 A 5 10.9 A 3 6.5 A 4 8.7
B 10| 21.7 B 10| 21.7| B 10| 217| B 10| 217
B+ 6 13.0 B+ 5 10.9 | B+ 3 6.5 B+ 2 4.3
C 6 13.0 C 6 13.0 C 9 19.6 C 10 21.7
C+ 9 19.6 C+ 7 15.2 | C+ 7 15.2 | C+ 7 15.2
D+ 10 21.7 D+ 13 28.3 | D+ 14 30.4 D+ 13 28.3
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Associator output

Size of set of large itemsets L({l}: 9

Size of set of large itemsets L{2): 9

Size of set of large itemsets L{3): 3

Best rules found:

deg7=D+ 13 ==> degé=D+
deg4=C+ 11 ==> deg3i=C+
deg2=D+ degé=D+ 11 ==>
deg2=D+ degi=D+ 11 ==>
degd=D+ degio=D+ 11 ==>
deg5=D+ deg7=D+ 11 ==>
degé=D+ 14 ==> degT=D+

=1 & o= W M

8. deg2=D+ 13 ==> degd=D+
9. degS=D+ 13 ==> degd=D+
10. degS=D+ 13 ==> deg&=D+

13 <conf:
11 <coni:
degS=D+ 11
dege=D+ 11
degb=D+ 11
degé=D+ 11
13 «<cont:
12 <conf:
12 <conf:
1z <coni:

{1)> 1if
{1)» 1if

<coni:
<conf:
<conf:
<conf:
{0.93)>
{0.92)>
(0.92) >
{0.92)>

t: (3.
t:{3.

1>
(1>
(1>
(1)

lifc:
lifc:
lifc:
lifc:

29) lewv:{0.2) [9] conwv:({9.04)
83) lewv:{0.18) [8] conv:(E8.13)

1i
1i
1i
1i

apriori 4wl Glajia

fr: (3.54) lev:(0.17) [7] conv:
fe:(3.29) lev:(0.17) [7] conwv:
ft: (3.54) lev:(0.17) [7] conwv:
fr:{3.29) lev:{(0.17) [7] conv:
(3.

29) lev:({0.2) [9] conv:(5.02)

.03) lewv:({0.17) [&8] conwv:(4.52)
.03) lew: (0.17) [&8] conwv:(4.52)
.03) lew:(0.17) [&] conv:(4.52)

:(15) 8, J<al

'y
-
(7.89)
{7.65)
(7.89)
(7.65)
v

Glajda el

oy e Vghan 38 (bl uhall Juadll 3 D+ i e Johaas Guall O S .1
conald) syl Jacdll &yl
oy e Tshas 98 (bl uhall Jeadll 8 C+ i e Jslias (pdl) (B S .2
LD sl Jacdll &yl
Ihas 38 ¢ ualally SBH _uhall Joadll 8 D+ i e lshas o3l (DUl (K .3
comld) hall Joadll & ) uis e
Ihas 38 ¢ bl ol Jaadl) 8 D+ @ o lohas cpdll GO e %93 .4
sl bl Juadl) 3 sl s e
Ihas 38 ¢ S uhal) Juadll & D+ 0 e lshas opdl) (DUl (e %92 .5
bl b)) Jeadll & il iy e
Ihas 38 ¢ualall whall Juadll 3 D+ i e Jshas Gdll (DU 0 %92 .6
comld) bl Jeadll & il e e

29
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aggregate (Degree~Level, =summary, data= hr)

Level Degree.Min. Degree.lst Qu. Degree.Median Degree.Mean Degree.3rd Qu. Degree.Max.
1 Term 1.860 2.500 3.015 3.013 3.415 4,380
2 Term 1.880 2.280 2.980 2.993 3.550 4,530
3 Term 1.750 2.363 3.080 3.089 3.800 4,530
4 Term 2.010 2.382 3.085 3.096 3.855 4,540
5 Term 2.150 2.482 3.080 3.150 3.742 4,600
& Term 2.110 2.3E5 3.055 3.130 3.738 4.580
7 Term 2.010 2.482 3.275 3.266 3.910 4,630
g8 Term 2.020 2.5E5 3.350 3.318 3.920 4,630
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B 18| 31.6 A 1 1.8] B| 14| 246| A 1 1.8
B+ 8 14.0 B 19 33.3| B+ 7 12.3 B 18 31.6
C 9| 158| B+ 70 123] C 8| 14.0| B+ 1 8.8
C+ 8 14.0 C 4 7.0 C+ 12 21.1 C 1 12.3
D 1 1.8 C+ 10 17.5 D 3 53| C+ 9 15.8
D+ 13| 228 D 1 1.8] D+| 13| 22.8| D| 10| 175
D+| 15| 263 D+ 71 123

Gelil) Joadl] s ) Qe bl Jeadll a5 Osalal) Joadll 0

B 16 | 28.1 B| 14| 246| B| 14| 246| B| 16| 28.1
B+ 70 12.3]| B+ 71 123 B+ 6| 10.5| B+ 8| 14.0
C 12 21.1 Cc 11 19.3 C 12 21.1 C 11 19.3
C+ 12 21.1 C+ 13 22.8 | C+ 11 19.3| C+ 8 14.0
D 1 1.8 D 2 35| D 1 1.8 D 3 5.3
D+ 9 15.8 D+ 10 17.5 | D+ 13 22.8 | D+ 11 19.3
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Associator output
Size of set of large itemsets L{2): 13
Size of set of large itemsets L{3): &
Size of set of large itemsets L{4): 1

Best rules found:

1. deg7=B 14 ==> degf=B 14 <conf: (1)» lift: (3.63) lev:{0.17) [10] conwv:{10.14)

2. degi=D+ 13 ==> deg3=D+ 13 <conf: (1)> lift: {3.87) lewv:(0.17) [9] conv:(9.&4)

3. deg3=B deg5=B 13 ==> deg4=B 13 <conf: (1)> lift:{3.22) lewv:(0.15) [E8] conv:(8.97)
4, degf=BE degS8=BE 13 ==» deg7=B 13 <conf: (1)>» lift:({4.14) lewv:(0.17) [9] conv:(3.848)
5. deg6=B deg7=B 13 ==> degi8=B 13 <conf: (1)> lift: {3.63) lewv:(0.18) [9] conv:(9.41)
6. degi=R degi8=B 12 ==> degb=B 12 <conf: (1)> 1lift: {3.63) lew:({0.15) [&8] comv: (E.869)
7. deg5=B deg7=B 12 ==3> degf=B 12 <conf: {1)>» lift:({4.14) lew:{0.1&) [9] comnv:(93.1)
8. degS5=B degé=E 12 ==> deg7=B 12 <conf: (1)>» lift:{4.14) lew:{0.1&) [9] conwv:(9.1)
9. deg5=BE degé=B 12 ==> degi=B 12 <conf: (1)> lift: {3.63) lewv:(0.15) [8] conv:(5.69)
10. deg5=B deg7=B 12 ==> degi=B 12 <conf: (1)>» lift: {3.63) lewv:(0.15) [&8] conv:(5.69)
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General trend and outlier values 43 iall sl alad) olasy)
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aggregate (Degree~Lewvel, summary, data= bus)

Level Degree.Min. Degree.lst Qu. Degree.Median Degree.Mean Degree.3rd Qu. Degree.Max.
1 1 Term 1.500 2.130 3.250 3.054 3.750 4.5890
2 2 Term 1.720 2.380 3.240 3.098 3.680 4.450
3 3 Term 1.860 2.430 3.430 3.230 3.840 4.540
4 4 Term 1.860 2.570 3.240 3.207 3.730 4.400
5 5 Term 1.820 2.550 3.340 3.174 3.8860 4.420
6 & Term 1.3930 2.540 3.250 3.148 3.740 4.410
T 7 Term 1.870 2.540 3.280 3.170 3.750 4.430
& & Term 1.840 2.880 3.330 3.20%9 3.760 4.430
>
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