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Problem statement

e To what extent can achievement in 15t year Maths/Physics be used to

understand students' performance in their 2" year Math/Physics modules?

1 = Success > 55

» Focus on Success = ,
2 =Atrisk | 45<WTW2..<55

I 1 = Failure <45

e Which 15t year modules explain 2" year success?

e Any other student information?
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Mathematics: Data and variables

Five 2nd year modules 1 = Success | > 55

WTW211, WTW218, WTW220, WTW221 and WTW248 2 = Atrisk | 45 < WTW2..<55
Period 1= Failure | <45
2014 - 2016

Only first attempt marks are used

1% year modules Additional information
WTW114, WTW126 and WTW128 e Grade 12 Maths mark
. e Gender
Period _ _
e Language of instruction
2011 - 2015
.‘;é_. NURSRERITRI Y& PRETENIA
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Physics: Data and variables

Two 2nd year modules 1 = Success | >55

PHY253 and PHY263 2 = At risk 45 < WTW2.. <55
Period 1= Failure |<45

2014 - 2016

Only first attempt marks are used

1% year modules Additional information
PHY114, PHY124, WTW114, WTW126 and WTW128 * Grade 12 Maths mark
Period e Grade 12 Physical Science mark
e Gender
2011 - 2015 e Language of instruction
i IIII';l:ll.lll'.lilll IIJ -"E.!'l.l: :
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Statistical techniques

1) CHAID > Data segmentation > Dendogram (tree)

2) Logistic regression models

3) Cross-tabulations



PHY 255

PHY 255 1st rech0

1 = Success

> 55

_______________________ 2 = At risk 45 < WTW2.. <55
: Node 0 : 1 = Failure <45
| Category % n|
r—————- 1 E M Success 56.7 72 E
| M Success | ‘| ¥ Risk 30.7 39 |;
| mRisk | [ Fail 12.6_ 16
| Fall | | Total  100.0 127 |
PHY 124 first
Adj. P-value=0.000, Chi-
square=66.432, df=6
|
<= 62.0 (62.0, 68.0] > 68.0
1
|
Node 1 Node 2 Node 3
Category % n Category % n Category % n
B Success 28.6 12 Il Success 71.4 | 15| (M Success 93.2' 41
¥ Risk 59.5 25 ¥ Risk 28.6 6 ¥ Risk 2.3 1
[ Fail 11.9 5 Fail 0.0 0 Fail 4.5 2
Total 33.1 42 Total 16.5 21 Total 34.6 44
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PHY 263

| ® Success !

: Risk

IlSuccess 26.1 21

PHY263 1st rec50

Category % n

1 Risk

38.7 46
35.3 42

100.0 119

B Fail
Total

----------- il =1

PHY124 first
Adj. P-value=0.000, Chi-

square=64.338, df=4

1 = Success > 55
| 2 = At risk 45 < WTW2.. <55
1 = Failure <45

<= §5.0; <missing> (55.0, 68.0] > 6|3.0
Node 1 Node 2 Node 3
Category % n Category % n Category % n
B Success 27 1 B Success 53 2 28
_Eisu.L'ﬂ Risk 60.5 23 Risk 27.3 12
N Fail 67.6 J25 = Fail 34.2 13 B Fail 9.1 4
Total 311 37 Total 319 38 Total 37.0 44
| =
PHY114 first
Adj. P-value=0.020, Chi-
square=13.206, df=2
|
<= (%4.0 > 64.0; <missing>
Node 4 Node 5
Category % n Category n
H Success 182 2 [ B Success 78.8) 26
Risk 63.6 7 Risk 15.2 5
¥ Fail 18.2 2 ¥ Fail 2
Total 9.2 11 Total 27.7 33




Physics: Data and variables

PHY 255 ) PHY 124

PHY 263 ) PHY 124




WTW 2 1 1 WTW211_1st_rec 1 =Success | >55

: Node 0 : 2 = At risk 45 < WTW2..£55
'l Catego Yo n |
ros--=- : = Success 3.5 303 .
: H Success : TRt s 6.6 oI 1 = Failure <45
| WAtrisk | Failure  19.7 172
| W Fallure | | Total  100.0 875 |:
__________ I ==
WTW114 first
Adj. P-value=0.000, Chi-
square=431.608, df=10
!
] ' ! ' ! |
<= §5.0; <missin}> (55.0, 64.0] (64.0, 69.0] (69.0, 76.0] (76.0, 80.0] > 80.0
| ! ! ! |
Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
Category % n Category % n Category % n Category % n Category % n Category % n
B Success 7.7 14 M Success 16.9 28 EEI.EC_ES_S j 304 28 I u Successl 47.5 84 [ u Succes; 77.8 63 [ u Succesg 93.8 166
B At risk 42.3 77 _-_.At_rEk_ 56.0 93 B At risk 55.4 51 J- At risk 40.1 71 = At risk 21.0 17 At risk 6.2 11
Failure | 50.0 91 ! Failure 271 45 Failure 14.1 13 Failure 124 22 Failure 1.2 1 Failure 0.0 o
Total 20.8 182 Total 19.0 166 Total 10.5 92 Total 20.2 177 Total 9.3 81 Total 20.2 177
| = | = | =
WTW126 _first Sex WTW1 2'3_first
Adj. P-value=0.000, Chi- Adj. P-value=0.010, Chi-square=9. Adj. P-value=0.000, Chi-
square=35.457, df=4 305, df=2 square=26.017, df=1
| | |
| | | | | | |
<= §7.0 (57.0, 74.0]; <missing> >74.0 M F <= 80.0 > 80.0
| | ' | | | |
Node 7 Node 8 Node 10 Node 11 Node 12 Node 13
Category % n | % n Category % n Category % n Category % n Catego % n
B Surcece 25,0 9| (M Success; 44.4 44 [ | Succesg 64.3 27 [ u Succes; 92.3 36 c u Succes; 80.0 44 [ u Succesj 100.0 122
-At_ris_k_1 38.9 14 | At risk 47.5 47 | ™ At risk 23.8 10 N At risk 33.3 14 N At risk 7.7 3 5 At risk 20.0 11 At risk 0.0 0
Failure ) 36.1 13 Failure 8.1 8 Failure 2.4 1 Failure 2.4 1 Failure 0.0 0 Failure 0.0 0 Failure 0.0 0
Total 4.1 36 Total 11.3 99 Total 4.8 42 Total 4.8 42 Total 4.5 39 Total 6.3 55 Total 13.9 122
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WTW 2 1 1 WTW211_1st_rec

1 = Success | >55

snip | 0

5 Node 0 ! 2=Atrisk | 45<WTW2..<55
' Category % nl
F-—=---- . (M Success 43.8 383 | 1= Failure | <45
| @ Success : : ns - !
| ™ Atrisk | |~ Failure  19.7 172}
| Failure | Total  100.0 875
Sl s r—'r\
WTW114_first
Adj. P-value=0.000, Chi-
square=431.608, df=10 )
|
<= 55.0; <|missing> (55.0, 64.0] (64.0, 69.0] (69.0, 76.0]
|
Node 1 Node 2 Node 3 Node 4
Category % n Category % n Category % n Category % n
M Success 7.7 14| |MSuccess 16.9 28| (W Success 30.4 28 Success 47.5 | 84 Level 1
W Atrisk 42.3 77| |MAtrisk 56.0 93| (MAtrisk 55.4 51 S Atrisk 401 (71
Failure 50.0] 91| |{ Failure_ _27.1" 45 Failure 14.1 13 Failure 12.4 22
Total 20.8 182 Total 19.0 166 Total 10.5 92 Total 20.2 177
=
WTW126_first Level 2
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WTW 218

[ERY
1

Success > 55

2 = At risk 45 < WTW2.. <55

WTW218_1st_rec

i Node 0 :
5:““9"” x__af 1= Failure |<45
r-———-—-- 1 E B Success 43.2 387 |
| W Success | [ Atrisk  35.3 316 |
, [ Atrisk | ™ Failure  21.5 192
| W Failure | | Total  100.0 8895 |
_________________ T D =
WTW128 first
Adj. P-value=0.000, Ghi-
square=430.927, df=12
[ T T T
| | | [
<= §5.0; <missing3 (55.0, 60.0] (60.0, 68.0] (68.0, 75.0] (75.0, 79.0] (79.0, 86.0]
! ! ! ! I |
Node 1 Node 2 Node 3 Node 4 Node & Node 6
Category % n Category % n Category % n ry Catego % h % h
M Success 7.8 15| |MSuccess 16.3 15| |WSurcecs 27.0 50 B Success 51.2 83 # 68.7 57 E Successl 88.8 87
At risk 39.4 76 At risk 45.7 42 At risk 53.5 99 At risk 41.4 67 At ris| 26.5 22 At risk 10.2 10 .
B Failure 52.8 102 ‘. Failure 38.0 35 1 Failure 19.5 36 = raiure 74 12 B Failure 48 4 B Failure 1.0 1 B Failure 24 2
Total 21.6 193 | Total 10.3 92 Total 20.7 185 Total 18.1 162 Total 9.3 83 Total 10.9 98 Total 9.2 82
! = I = ! = ! =
WTW114 first WTW126_first WTW126_first WTW114 first )
Adj. P-value=0.002, Chi- Adj. P-value=0.000, Ghi- Adj. P-value=0.000, Ghi- Adj. P-value=0.000, Ghi-
square=15.694, df=2 square=25.741, df=2 square=27.137, df=2 square=21.213, df=2
I
! | I i [ | |
<= 60.0 > 60.0 <= 68.0; <m ssing> > 68.0 <= 64.0; <missing> > 64.0 <=72.0 > 72.0; <m ssing>
! | | | | !
Node 8 Node 9 Node 10 Node 11 Node 12 Node 13 Node 14 Node 15
Category % n Category % n Category % n Catego Y% n Category % n Caleﬂ- Y% n Category % n Category % n
¥ Success 41 6 ¥ Success 18.8 9 M Succacs  18.8 27 E ;;;;:;3 56.1 23 N Success 28.2 20 Successi 69.2 63 ¥ Success 34.8 8 ( B Success l 81.7 49
At risk 36.6 53 At risk 47.9 23 At risk 56.9 82 At risk 41.5 17 At risk 62.0 44 At risk 25.3 23 At risk 47.8 11 At risk 18.3 11
B Failure 59.2 86 B Failure 33.3 16 B Failure 24.3 35 B Failure 24 1 B Failure 9.9 7 B Failure 55 5 = raiure 17.4 4 B Failure 0.0 O
Total 16.2 145 Total 5.4 48 Total 16.1 144 Total 4.6 41 Total 7.9 7T Total 10.2 91 Total 2.6 23 Total 6.7 60
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WTW 220 —_—

Node 0
Category % n 1

- l. Success  44.7 332
' g Success |

Success | >55 I

. , - 2 = At risk 45 < WTW2.. <55
Atrisk | g Falre 265 197
| uFalue 1 Tod 1000 78 .
| . —
oo — 1 = Failure <45
WTW2LL first
Adj. P-value=0.000, Chi-
square=457.374, df=10
|
I
T T | I
<=490 (49.0, LS.O] (55.0, LB.O] (58.0, g3.0] > 6!.0 <missing>
| | 1 | 1
| | | | | |
Node 1 Node 2 Node 3 Node 4 Node 5 Node 6
Category % n Category % n Category % n Category % n Category % n \&ngry % n
g Success 7.9 10 g Success 200 45 g Success  47.7 31 g Success  58.9 43 g Success  92.6 201 1§ Succe 54 2
Atrisk 302 38 Atrisk 46.7 105 Atrisk 369 24 Atrisk 972 Atrisk 6.9 15 Atrisk 81 3
[. 619 78 g Falure 333 75 g Falure 154 10 § Failure 14 1 § Failure 05 1 g Falure 863\ 32
17.0 126 Total 30.3 225 Total 8.7 65 Total 98 73 Total 292 217 Total 50 3N
] ] I - I I | | |
MMath WTW218_first WTW218_first WTW128_first WTW218 first
Adj. P-value=0.004, Chi-square=29. Adj. P-value=0.000, Chi-square=25. Adj. P-value=0.044, Chi-square=11. Adj. P-value=0.006, Chi-square=14. Adj. P-value=0.003, Chi-square=17.
748, df=6 124, df=2 905, df=2 619, df=2 427, df=2
| L | L | | | i | | | | , | l
<=69. 0, 74, 0, 85. > 85, <=56.0; <missing> > 56, <=56.0; <missing: > 56. <=6, >76. <=60.0; <missing> > 60.
69.0 69.0, 74.0 74.0,85.0 SLO 56.0; <missi S\LO 56.0; <missi 5&0 460 Y\LO 60.0; <missi 60.0
| | | | | | | | |
1 | 1
Node 7 Node 8 Node 9 Node 10 Node 11 Node 12 Node 13 Node 14 Node 15 Node 16 Node 17 Node 18

Category % n Category % n Category % n Category % n Category % n Category % n Category % n Category % n

n
g Success 00 Of [mSuccess 0.0 O] |mSuccess 6.0 3| |mSuccess 318 7
Atrisk 344 11 At risk 91 2 [ S 380 19 Atrisk 273 6
9

[.Failure! 656 21 [—m anre ) 9.9 20 | f|m Faiwre | 56.0 28 [—m anre ) 40.9

E 43 3 | G=tom=—? 30 2 o) 30 2

Category % n Category % n Category % n Categorz %

0
g Success 149 24 g Success 328 21 g Success 290 9 l.Success 64.7 22 m Success 426 20 g Success 885 23 |Success| 765 2 [.Success 9.6 175

1S 422 68 | At risk 578 31 | Atrisk 419 13 [ R4 U Atrisk 5.3 26 15 3 206 7 § 44 8
g Failue § 429 69 | |mralure 94 6| mrawe 290 9| |mFailre 29 1| |grawe 21 1| |m Failure 00 O0f [mFailure 29 1| |mFailure 00 0

=T 21.7 161 Total 8.6 64 Total 42 31 Total 46 34 Total 6.3 47 Total 35 2 Total 46 34 Total 246 183

r—

=T 67 50
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WTW 221

WTW221_1st_rec

Node 0
Category % n
_____ - L Success 31.5 169
I . Success | " AT TSR 3T 9 I/T
| m Atrisk | m Failure 36.6 196
I 1 = Success > 55 I : m Failure J' Total 100 .0 536
2= Atrisk |45 <WTW2..<55 WIW11 frst
Adj. P-value=0.000, Chi
. square=297.925, df=6
I 1 = Failure <45 I ’ |
| | I [ ]
<= 50.0; <r'nissing> (50.0, ég.O] (59.0, é9.0] >69.0
% l l i
Node 1 Node 2 Node 3 Node 4
Category % n Category % n Category % n Category % n
Success 7.6 14 Success  14.2 20 Success  38.9 42 90.3 93
m Atrisk 26.6 49 | Atrisk 43.3 61 | m Atrisk 50.9 55 | Atris 5.8 6
m Failure 65.8 121 m Failure 42 .6 60 m Failure 102 11 m Failure 3.9 4
™ Total 34.3 184 | Total 26.3 141 Total 20.1 108 Total 19.2 103
[ — [ -

WTW128_first

Adj. P-value=0.039, Chi-square=12.

WTW128_first
Adj. P-value=0.005, Chi-square=16.

175, df=2 351, df=2
| |
| |
1 1
> 64).0 <=69.0; <migsing> > 6&.0
| I
1 1
Node 5 Node 6 Node 7 Node 8
Category % n Category % n Category % n Category % n
Success 6.5 9 Success 11.1 5 Success 10.8 9 Success 19.0 11
At risk 209 29 W Atrisk 44 .4 20 m Atrisk 325 27 B Atrisk 58.6 34
l [ Failurel 72.7 101 m Failure 44 .4 20 m Failure 56.6 47 m Failure 22.4 13
— N
Total 25.9 139 Total 8.4 45 Total 15.5 83 Total 10.8 58
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WTW 248

WTW248_1st_rec 1 =Success | >55
5'"""",.,';;;'0' """" 5 2 = At risk 45 < WTW2.. <55
: o nl ' :
: ! IlE Failure <45
r————--- 1 || Success 32.5 76|
| W Success | | " Atrisk  35.9 84
, WAtrisk | ™ Failure  31.6 74|
| © Failure | [ Total  100.0 234 |
.......................... Ii-
WTW218 first
Adj. P-value=0.000, Chi-
square=84.323, df=10
| | | | | |
<=42.0 (42.0, 50.0] (50.0, 58.0]; <missing> (58.0, 62.0] (62.0, 71.0] >71.0
| | | | | |
Node 1 Node 2 Node 3 Node 4 Node & Node 6
_Category % n Category % n Category % n Category % n Category % n Category % n
| Success! 40.9 9 Success 9.0 7 Success 29.4 20 Success 22.7 b Succes 61.9 13 Success| 95.7 22
M Atrisk) 18.2 4| |UAtrisk| 46.2 36 B At risk 35.3 24 Il At risk 68.2 15| |N Atrisk 23.8 § Atrisk 0.0 0
M Failure) 40.9 9| |¥Failure;y 44.9 35| |®fFailure; 35.3 24| |® Failure 91 2| |®Failure 14.3 2| |™ Failure 43 1
Total 9.4 (22 Total 33.3 78 Total 29.1 68 Total 9.4 22 Total 9.0 21 Total 9.8 23
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Mathematics: Data and variables

WTW 211 ‘ WTW 114
WTW 218 ) WTW 128
WTW 220 ‘ WTW 211
WTW 221 ) WTW 211
WTW 248 ) WTW 218
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(Very) brief regression lesson
Simple regression: Y = by + b1 X
Multiple regression: Y = by + b1 X1 + b, Xo+ ... + by X},

Logistic regression: ln(&) = by + b1 X1+ b, Xo+.... + by X},

p = P(Success) i.e. = Odds of a success

1-p



Mathematics: multinomial logistic regression

WTW128_first

Dependent WTW211 1st rec
variable
n=875

Predictors n=735
Sex 0.021
Language 0.074
Mmath 0.097
WTW114_first LR
WTW126_first <0.001

<0.0001

WTW220 1st rec

n=743

WTW211_first

WTW?218_first
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Descriptive statistics

WTW126 128
1 Safe 2 Not
M
Minimum
Maximum
[ Miean
Std.
Deviation
WTW24B first M 131 181
Minimum 14 11
Maximum 03 92
Mean 52.06 48 89
Std. 14 538 12.312
Deviation
WTW 126-128 (1 = Safe (WTW 126 >260) & (WTW 126 = 60)
Categories 2 = Not safe |Rest
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Crosstabulations | 1=Success |>55

2= At risk 45 < WTW2.. <55

I 1 = Failure <45

WTW220_1st_rec * WTW126_128 Crosstabulation
WTwWize 128
(" 1safe ) 2 Not Total
WTW220 1st rec 1 Success Count 441 120 561
% within 70.3% 25.5% 51.1%
WTW126 128
2 At risk Count 138 162 300
% within 22.0% 34 4%, 27.3%
WTW126 128
3 Failure Count 48 185 237
% within 7.7% 40.1% 21.68%
WTWI126 128
Total Count 627 471 1058
% within 10:0.0% 100.0% 100.0%
WTWiz26 128 \_ Y,
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Crosstabulations

I 1 = Success > 55

2 = At risk 45 < WTW2.. <55

I 1 = Failure <45

WTW248 1st rec* WTWI126 128 HW
WTw126 128
(" 1zafe ) 2 Not Total
WTW248 1st rec 1 Success Count 71 51 122
%0 within 53.8% 26.8% 37.9%
WTW126 128
2 At risk Count 43 72 115
% within 32.68% 37.9% 35.7%
WTW126 128
3 Failure Count 18 &7 85
% within 13.6% 35.3% 26.4%
WTW126 128
Total Count 132 120 322
%0 within 100.0%% 100.0%% 100.0%%
WTwW126_128 \ y,
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PHY 255: multinomial logistic regression

Likelihood Ratio Tests

Model Fitting
Criteria Likelihood Ratio Tests
-2 Log
Likelinood of
Reduced
Effart Model Chi-Square df =1}
Intercept g5.9537 000 0
MMath 87.652 1.695 2 A28
MPhysSCi 891.763 5.810 2 055
PHY114_first 89158 3.205 2 201
PHY124 first 105.084 19131 2 000
WTW114 _first 87.538 1.585 2 453
Sex g86.348 345 2 821

The chi-square statistic is the difference in-2 log-likelihoods
between the final model and a reduced model. The reduced
madel is formed by omitting an effect from the final model. The
null hypothesis is that all parameters of that effect are 0.

a. This reduced model is equivalent to the final model
because omitting the effect does notincrease the
degrees of freedom.
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PhYSiCS: Parameter Estimates

PHY255 1st recs0® B Std. Error Wald df =i0. Exp(B)

Fisk Intercept 16.503 4107 16.1449 1 000
MMath -.006 080 017 1 846 S84
MPhysSci - 111 050 48977 1 026 8445
PHY114_first 068 050 1.851 1 74 1.070
PHY124_first -.1490 054 12114 1 001 827
WTW114_first -.008 047 032 1 858 452
[Sex=0] -.403 742 285 1 587 668
[Sex=1] 0" 0

Fail Intercept 9605 5869 2678 1 02
MMath - 106 085 1.540 1 215 849
MPhysScei -.080 085 714 1 346 H23
PHY114_first A27 049 1.646 1 2200 1.136
PHY124 first -.188 A02 3.423 1 064 828
WTW114_first A00 080 1.244 1 265 1.105
[Sex=0] -.665 1.316 178 1 G673 A74
[Sex=1] 0" 0

a. The reference category is: SUCCESS.

b. This parameteris setto zero hecause itis redundant.
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