
APPEND::X G1

COH.l?AR.!SONOF STANDARD 10 STUDENTS RESULTS FOR THE REACTIVITY AND
RATE AND EQUILIBRIUM QUESTIONNAIRE

students t-test:

Std 10 responses to std 8 & 10 questionnaires

for the same students

Ttest procedure

Variable: Mark

Std N Mean std nev std Err{'lr

----~--~--------------------"---------------------------------------Eight
Ten

62
82

1.68292683
1.76829268

1.21592366
1.2986.1066

0.13427631
0.14340756

varianoes T OF Frob> abs.T
Unequal
Equal

-0.4345
-0.434!:i

161.3
162.0

0.6645
0.6645

For HO: Variances are equal, F' = 1.14 DF • (81,81)
l?rob>F' '" 0.5551
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School: School no.6, std 10
Queotion 6

Answer
A
13
C
o

*E

Frequency
<1
5
2
9
5

poroent
16.0
20.0
8.0

36.0
20.0

Sahool: School no.n, Std 10
QUestion 7

Answer
A
B

*0
D
E

Frequency
4
3
9
4
5

Peroent
16.0
l2.0
36.0
16.0
20.0



Sohool: school no.6, Std 10
QUestion 1

Anowet'
A
a
c
D

*E

Frequency
8
.3
:3
5
6

l?e:rcent
32.0
12.0
12.0~o.o
24.0

School: School no.6, std 10
Question 2

Anower
.1\
a

*0
o
E
X

:Frequoney
1
G
6
10
1
1

Perdent
4.0

24.0
24.0
40.0
4.0
4.0

Sehool: school no.6, std lO
Quootion 3

Anowor
A
13
o
*0
E

:Frequenoy
.3
7
4
8
3

Percent
12.0
28.0
16.0
32.0
12.0

School: Sohool no.S, Std 10
Question 11

Anowot' F:roCjucmcy Poreer.t
A 3 12.0
B 1 4.0
C 9 36.0
D 2 8.0

'liE 10 40.0

Sohool: School no.6/ Stcl 10
Quootion 5

Answor
A
a
D
~.

Fl:equenoy
12
1
8
4

Peroont
48.0
4.0

32.0
16.0



schooll school no.S, std 10
Question 3

Anew!:)l:' llrequoncy Peroent
A 1 2.3
9 Q 20.5
C b 13.6
*0 9 20.5
E 19 43.2

school: Sohool no.S, std 10
Question II

A,lOwor
A
B
C
o

*E
X

Frequency
13
7
12
2
9
1

Sohool. school no.S, Std 10
Qllootion 5

Peroent
29.5
15.9
27.3
11.5

20.S
2.3

Answer Frequency Poroont
A 19 43.2
B 4 9.1

*c 4 9.1
0 4 9.1
III 13 29.5

School: School no.S, std 10
gUeotiotl 6

Anowor Frequency
1\ 15
El 6
C 5
o 14

WE 4
school: School no.S, St~

QuaC:l'~ion7

Porcent
34.1
13.(;
1J..4
31.8
9.1

lO

AnowOl' Frequoncy Poroont
11 7 lS.!l
B 5 11.4

'Ire 22 50.0
0 8 18.2
E 2 4.5



Schooll School no.4, std 10
Question 5

Answor
A
a

*e
o
El

FreCjueney
21
4

11
5

Peroent.
48.S
9.3
4.7

2S.S
11.6

sahool: Sohool 1'10.4, std 10
Queotion C

Answor Frequenoy peroent
A 10 23.3
Il 3 7.0
c 4 9.3
D 16 37.2

*E 9 20.9
X 1 2.3

School I school 1'10.4,Std 10
Quootioll 7

Anowor Frequency peroent
A a la.6
13 .21 48.8

*e 8 19.6
0 4 9.3
E 2 4.7

schooll Sohool 1'10.5,std 10
QUootion 1

Answer
A
B
C
l)

~'E

Froquency
lG
e
G
3
ri

Per-cent
311. 4
18.2
13.6G.a
25.0

School: School 1'10.5, std 10
QUQstion 2

AMwor
A
!3

~'C
o
E

Froquoncy
2
16
12
11
:3

Pel:cent
4.5

311. 4
27.3
25.06.a



School: school no.3, std 10
Question 7

AnsWer
A
B

*0
D
E:

Frequenoy
12
9
9
J.
1

Percent
.37.5
28.1
28.1
3.1
.3.1

school; School no.4, Std 10
Question 1

Answer
A
B
c
D

*E

Frequency
17
5
4
4
13

Percent
39.5
l1.G
9.3
9.3

3('.2

School: school no.4, std 10
Quaotion 2

Anowor
A
a
~·c
D
E

FJ:'oquency
2
14
13
10
4

Peroent
4.7

32.6
30.2
23.3
9.3

Schooll school no.4, std 10
Quootion 3

Answor Frequency Percont
A 2 4.7
a 13 30.2
C S 11.6
*0 15 34.9
E 8 18.6

School: school no.4, Std 10
Quootion 4

AnSWer
A
B
c
D

*E
X

Frequoncy
13
4
11
1
13
1

P01'cont
30.2
9.3

25.6
2.3

30.2
2.3



School; School no.3, Stu 10
Question 2

Answer Frequency Percent
A 3 9.4
B 11 34.4

*0 11 34.4
0 6 18.8
E 1 3.1

School: school no.3, std 10
Question 3

Answer Frequency Percent
A 2 6.3
13 6 18.8
C 2 6.3

'!I'D 12 37.5
E 10 31.3

School: school no.3, std 10
Question 4

Answer ~"requency Percent
A 10 31.3
B 5 15.6
C 1 3.1
D 7 21.9

*1:: 9 28.1

School: School no.3, Std 10
Question 5

Answer Frequency Percent
A 6 18.8
B 7 ai .s
*0 2 6.3
0 11 34.4
r:: 6 18.8

School: School no.3, std 10
Question 6

Answer Frequenoy Percent
A 7 21.9
l3 6 3.8.8
C 6 18.8
D 7 21.9

*'E 6 18.8



School: school no.2, std 10
Question 4

AnsWer Frequency Percent
A 17 32.7
B 11 21.2
e 10 19.2
D 1 1.9

*E 13 25.0

School: school no.2, std 10
Questio!1 5

Answer Frequency Percent
A 9 17.3
l3 a 15.4

lie 4 7.7
0 22 42.3
E 9 17.3

School: School no.2, std 10
Ques'tion 6

Answer Fl"equency Percent
A ].3 25.0
B 7 13.5
e 3 5.8
D 20 36.5

*E 9 17.3

scbool: School no.2, Std 10
Question 7

Answer lrt'equency Percent
A 9 17.3
B 11 21.2

*e 23 44.2
D 6 11. 5
E 3 5.8

sohool: School no.3, stcl 10
QUestion 1

Answer Frequency Percent
A 16 50.0
B 4 12.5
c 5 15.6
D 5 15.6

liE 2 6.3



school: school no.l, std 10
Question 6

Anl3wer F'requency Percent
A 13 33.3
B 1 2.6
C 10 25.6
D 2 5.1

*E 10 25.6
X 3 7.7

school: School no.1, Std 10
Question 7

Answer F'requency Percent
A 2 5.1
B 22 56.4

*c 8 20.5
D 4 10.3
E 3 7.7

sohool: School 110.2, std 10
Question 1

Answer Frequency Percent
A 23 44.2
B 3 5.S
c 5 9.6
D 12 23.1

*E 9 17.3

SchooL: Sch':lolno.2, Std 10
QUestion :2

Answer F'l"eqliency Percent
A 6 11.5
B 25 48.1

*c 10 19.2
D 11 21.2

School: School no.2, Std 10
Question 3

Answer Frequency Percent
A 5 9.6
B 18 34.6
C 12 23.1

*D 13 25.0
E 3 5.8
X 1 1.9



std. 10 questionnaire

std 10's responses per school.

School: school no.l, std 10
Question 1

An'Swer F'requency Percent
A 4 10.3
D 13 33.3
D 5 12. r

*E 17 43.6

ichool: school no.1, std 10
Question 2

Answer
A
B

*c
D
E

Frequency
15
10
1
5
a

Percent
38.5
25.6
2.6

12.8
20.5

School: School no.1, std 10
Question 3

Answer Frequency Percent
A 1 2.6
B 17 43.6
C 4 10.3

*0 13 33.3
E 4 10.3

School: school no.1, std 10
Qt.estioll4

Answer Frequency Percent
A 10 25.6
B 1 2.6
C 5 12 .8
D 1 2.6

*E 22 56.4
School: School no.1, std 10

Question 5

Answer Frequenoy Percent
A 16 41.0
B 1 2.6

*c 1 2.6
D 8 20.5
E 13 33.3

"



std 10 l-eS)?Onses,to std 8 questionnaire: All schools
Question 4

Answer :f'ret.jIJencyPercent
*A 94 40.0
B 40 17.0
c 27 11.5
0 42 17.9
E 31 13.2
X 1 0.4

Question 5

Answer Frequency Percent
A 61 26.0
B 13 5.5
c 27 11.5
0 102 43.4

*E 30 12.8
X 2 0.9

QUestion 6

Answer Frequency Percent
A 1'7 7.2
B 27 11.5
c 105 44.7

*0 42 17.9
E 43 18.3
X 1 0.4

Question 7

Answer Frequency percent
A 26 11.1
B lOS 45.1

*c 42 17.9
0 30 12.8
E 30 12.8
X 1 0.4

std 10 responses to std B questionnaire: All schools
Question 8

Answer l3'requency Percent
A 20 8.5
B 79 33.6
c 23 9.8
0 89 37.9

*E 23 9.8
X 1 0.4

"



T
0

E E E E E E E E T S
I I J: J: J: I I IMMMMMMMME c
G G G G G ~ G Gee CCc CCC I H

0 H H H H H H H H Q Q Q Q Q Q Q Q G 0 S
B T T T T T T '1' '1' 8 8 0 8 8 8 8 8 H 0 T
S 1 :2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 T L D

133 ABD1'I D C B B 0 1 0 1 0 0 0 0 2 School no.2 8
134 ABDADDCD 0 1 0 l. 0 1 1 0 4 school no.2 8
135 1'1 BeE D C 1'1 P 0 1 0 0 0 0 0 0 1 School no.2 8
136 1'1 B E 1'1 0 B B B 0 1 1 1 0 0 0 0 3 School no.2 8
137 1'1 B C EbB 1'1 0 0 1 0 0 o 0 0 0 1 school no.2 8
138 E E BOX B B 0 0 0 u 0 0 0 0 0 C School no.2 a
139 1'1 Bee 1'1 B B D 0 1 0 0 0 0 0 0 1 school no.2 8
140 1'1 B c 1'1 D C 1'1 0 0 1 0 1 0 0 0 0 2 school no.2 8
141 1'1 C A 1'1 C C D D 0 0 0 1 0 oJ 0 0 1 school no.2 a
142 ABOOD eBB 0 1 0 0 0 0 0 0 1 school no.2 a
143 1'1 BCD C P C D 0 1 0 0 0 1 1 0 3 School 110.2 8
144 ABO 1'1 CDC D 0 1 0 1 0 1 1 0 4 school no.2 a
145 AECE1'IC B 1'1 0 0 0 0 0 0 0 0 0 School no.2 B
146 1'1 B C C 1'1 1'1 C D 0 1 0 0 0 0 1 0 2 school no.2 a
147 1'1 b 0 1'1 DeB B 0 0 0 1 0 0 0 0 1 schoo:l.no.2 8
146 1'1 0 1'1 C E E B B 0 0 0 0 1 0 0 0 1 School 110.2 a
149 A 1'1 C 1: o C 1'1 D 0 0 0 0 0 0 0 Q 0 School no.2 8
150 1'1 1'1 C < 1'1 C A 1'1 0 0 0 0 0 0 0 0 0 School no.2 8
151 0 B C 1'1 1'1 B B B 1 1 0 1 0 0 0 0 3 SchoOl no.2 a
152 E B C 1'1 D B B B 0 1 0 1 0 0 0 0 2 school no.2 8
153 1'1 B E X 1'1 D B D 0 1 1 0 0 1 0 0 3 school no.2 8
154 D B E C 0 1'1 b D 1 1 1 0 0 0 0 0 3 school no.2 8
155 CAe B B B D E 0 0 0 0 0 0 0 1 1 school no.2 a
156 DEE E 1'1 E C 1'1 1 0 1 0 0 0 1 0 3 school no.2 B
157 D B C E D 1'1 C D 1 1 0 0 0 0 1 0 ::I school no.2 8
158 E 1'1 C B D B B 1'1 0 0 0 0 0 0 l) 0 0 school no.2 e
159 E E 0 E E D COO 0 0 0 1 1 1 0 3 schoc:-lno.2 3
160 E 1'1 C 1'1 D C B D 0 0 0 1 0 0 0 0 1 School no.2 8
161 CElC,l\EDCD 0 1 0 1 1 1 1 0 5 school no.2 8
162 o 1'1 C 1'1 1'1 B E A 1 0 0 1 0 0 0 0 2 School no.2 8
163 B B C BOD B B 0 1 0 0 0 1 0 0 2 school no.2 8
164 o BEe E 0 C 0 1 1 1 0 1 1 1 0 G school no.2 8
165 C 1'1 E 1'1 1) C C 1'1 0 0 1 , ::> 0 1 0 3 School no.2 e...
166 D B 0 E A 0 C B 1 1 0 0 0 1 1 0 4 school no.2 8
167 E E E E o 0 C 0 0 0 1 0 0 1 1 0 3 school no.2 8
168 E BED o C E 0 0 1 1 0 0 0 0 0 :2 School no.2 B
169 o Ii! C C D D C A 1 0 0 c 0 1 1 0 '3 School no.2 a
170 E E bED 1'1 C B 0 0 0 0 0 0 1 0 1 School no.2 s
171 E B E A CDC 0 0 1 1 1 0 1 1 0 5 School '10.2 8
172 eBB E 0 D 1'1 0 0 1 0 0 0 1 0 0 2 School no.2 8
173 DEC Bee B 0 1 0 0 0 0 0 0 0 1 school no.2 a
174 o B E A 0 EBB 1 1 1 1 0 0 0 Q 4 School no.2 8
175 o B C X 1'1 1\B B 1 1 0 0 0 0 0 0 2 School no.2 8
176 P1\CCAABB 1 0 0 0 0 0 0 0 1 School no.2 e
177 E B IIB 1'1 C B 0 0 1 0 0 0 0 0 0 1 School no.2 a
178 1'1 1'1 CCII C 1'1 1'1 0 0 0 0 0 0 0 0 0 SchoC'l no.2 8
179 D D C 1'1 DBa D 1 0 0 1 0 0 0 0 2 School no.2 8



T
0

E E E E E E E E T S
I I I l: I I I IMMMMMMMME C
G G G G G G G Gee CCC CCC I H

0 H H H H H H H H Q Q Q Q Q Q Q Q G 0 S
:e T T T T T T T T 8 8 8 8 8 8 8 a H 0 T
S 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 T L 0

88 ABC 0 eBB 130 1 0 0 0 0 0 0 1 school no.4 8
89 DEC C caE A 1 0 0 0 0 0 0 0 1 School no.4 8
90 E :e C A Ace B 0 1 0 1 0 0 1 0 3 School no.4 e
91 ABC BEe 0 A 0 1 0 0 1 0 0 0 2 School no.4 e
92 o B '3 r.: 0 B B C 1 1 1 0 0 0 0 0 3 Schoi'l no.4 8
93 E 0 f: B ABC 0 0 0 0 0 0 0 1 0 1 school no.4 8
94 A B B (:ECAD 0 1 0 0 1 0 0 0 2 School no.4 8
95 ]I. E C l30 CAE 0 0 0 0 0 0 0 1 1 School no.4 e
96 A B )3 C 0 E E C 0 1 0 0 0 0 0 0 1 School no.4 8
97 A ElCAD ceo 0 1 0 1 0 0 1 0 3 School no.4 8
98 A l3DAD C B E 0 1 0 1 0 0 0 1 3 school no.4 a
99 E B OED B A B 0 1 0 0 0 0 0 0 1 school no.4 8

100 A 13C A ACE 0 0 1 0 1 0 0 0 0 2 SlJil<Jolno.4 0
101 A B o A E 0 !3 0 0 1 0 1 1 1 0 0 4 School no.4 8
102 ABO A DeE A 0 1 0 1 0 0 0 0 2 school nc,'l.46
103 E A C E Ace E 0 0 0 0 0 0 1 1 2 School no.4 a
104 A A C C 0 E A B 0 0 0 0 0 0 0 0 0 School 110.4 8
105 D A E CAe l3 D 1 0 1 0 0 0 0 0 2 School 110.4 e
106 A 130 CDC E A 0 1 0 0 0 0 0 0 1 School no.4 8
107 A A DAD C B A 0 0 0 1 0 0 0 0 1 school no.4 8
106 A 13CAD C B D 0 1 0 1 0 0 0 0 2 School no.4 B
109 A Ace A C BOO 0 0 0 0 0 0 0 0 School no.4 8
110 A B A l\ 0 C B B 0 1 0 1 0 0 0 0 2 School no.4 8
111 ABC A D C B D 0 1 0 1 0 0 0 0 2 School no.4 8
112 ABC A 0 C B 0 0 1 0 1 0 0 0 0 2 school no.4 8
113 l\. B C DeE B 0 1 0 0 0 0 0 0 1 school no.4 8
114 A A CAD CAB 0 0 0 1 0 0 0 0 1 school no.4 8
115 ABC A eBB 0 1 0 0 0 0 0 0 1 school no.4 8
116 ABC B A C B a 0 1 0 0 0 0 0 0 1 school no.4. 8
117 A B DAD A D B 0 1 0 1 0 0 0 0 :a school no.1) 8
118 A A C A A eBB 0 0 0 1 0 0 0 0 1 school no.4 8
119 A B D A E eBB 0 1 0 ;t. 1 0 0 0 3 school no.4 8
120 A A C B E P C D 0 0 0 0 1 1 1 0 3 School no.4 a
121 A B D J.\ D B C D 0 1 0 1 0 0 1 0 3 sohool no.4 a
122 D Ace B EBB 1 0 0 0 0 0 0 0 1 Sohool no.4 8
12~ A A A E A BAD 0 0 0 0 0 0 0 0 0 Sohool no.2 a
124 J.\ F. A B ABE 0 0 0 0 0 0 0 0 0 0 School no.2 8
125 D DAB A B D E 1 0 0 0 0 0 0 1 2 sohool. no.2 8
126 J.\ E CAD DCA 0 0 0 1 0 1 1 0 3 School no.2 a
127 ADD B 0 C 11l B 0 0 0 0 0 0 0 0 0 School no." 8
128 ABC C D B B D 0 1 0 0 0 0 0 u 1 School no.2 8
129 A D C C A A B 0 0 0 0 0 0 0 0 0 0 school no.2 8
130 A [)C D DEC D 0 0 0 0 0 0 1 0 1 school no.2 e
131 AnD D A 13E 0 0 1 0 0 0 0 0 0 1 Sohoot no.2 8
132 A la D E D B B E 0 1 0 o 0 0 0 1 2 School no.2 8

, I

"



T
0

E E E E E E E E T S
I I I I I r :t IMMMMMMMME C

G G G G G G G G CCC CCC CCI H
0 H H H H H H H H Q Q Q Q Q Q Q Q G 0 S
B T T T T T T T T 6 6 6 a 6 8 e 6 H 0 T
S 1 2 3 4 S 6 7 8 1 :2 3 4 S 6 7 8 '1' L D

43 ABC CAB C B 0 1 0 0 0 0 1 0 2 School no.S 8
44 A B C B A B C D 0 1 0 0 0 0 1 0 :2 School no.S 8
4S E D C E A B C B 0 0 0 0 0 0 1 0 1 School no.S 8
46 ABC B D B C D 0 1 0 0 0 0 1 0 2 School no.S 8
47 E l3A E A 0 C C 0 1 0 0 0 1 1 0 3 School no.S 8
48 E DeE A '13 C 0 0 0 0 0 0 0 1 0 1 School no.S 8
49 E B DAD D C D 0 1 0 1 0 1 1 0 4 School no.S 8
50 E B cAD B X D a 1 0 1 0 0 Q 0 2 school no.5 a
51 ABC D A 0 E B 0 1 0 0 0 1 0 0 :2 School no.S e
52 A E C CAB C A 0 0 0 0 0 0 1 0 1 school no.S e
53 ABC ADD B E 0 1 0 1 0 1 0 1 4 School no.5 a
54 A A C ,1\ E C a D 0 0 0 1 1 0 0 0 :2 School no.S e
55 E B CAD caE 0 1 0 1 0 0 0 1 3 School no.S B
56 E B CAD C B E 0 1 0 1 0 0 0 .1 .:1 .school no.5 a
57 E l3CAD C 13E 0 1 0 1 0 0 0 1 3 School no.S 8
58 A l3 t:: A D C l? E 0 1 1 1 0 0 0 1 4 School no.S a
59 ABC CJ E B E D 0 1 0 0 1 0 0 0 2 School no.S a
60 ABC ADD 13E 0 1 0 1 0 1 0 1 4 School no.S B
61 A l3cAD C B E 0 1 0 1 0 0 0 1 3 school no.S a
62 A 13CAD B 13 E 0 1 0 1 0 0 0 1 3 School no.S a
63 A B A CDC 13E 0 1 0 0 0 0 0 1 2 school no.S a
64 ABC B DeB D 0 1 0 0 0 0 0 0 1 Sc::hoolno.S a
6S A B A A D B B E 0 1 0 1 0 0 0 1 3 School no.S 8
66 ABC DEC l3E 0 1 0 0 1 0 0 1 3 School no.S e
6'7A B CAD D l3E 0 1 0 1 0 1 0 1 II school no.S 6
68 E B CAD C B E 0 1 0 1 0 0 0 1 3 schcc) no.5 a
69 ABC ADD C E 0 1 0 1 0 1 1 1 5 scbool no.S e
70 E B CAD C 13 E 0 1 0 1 0 0 0 1 3 School no.S e
7lEBCAAC B A 0 1 0 1 0 0 0 0 a School no.S B
72 A A 0 E o D l3 D 0 0 0 0 0 1 0 0 1 :;;choolno.S 8
73 ABE A 0 C B E 0 1 1 1 0 0 0 1 4 School no.5 a
74 ADD A ACE E Q 0 0 1 0 0 0 1 2 school '.10.5 6
75 A C A A A B A B 0 0 0 1 0 0 0 0 1 School no.4 S
76 ADD A A B A B 0 0 0 1 0 0 0 0 1 school no.4 6
77 A A CDC E C a 0 0 0 0 0 0 1 0 1 Soh;')'"1 no.t! 8
78 AADDACAE 0 0 0 0 0 0 0 1 1 School no.4 8
79 ABC D D E 13A 0 1 0 0 0 0 0 0 1 St:ohoolno.4 a
80 13B A C D B C A 0 1 0 0 0 0 1 0 2 School 1\0.4 8
61 A A ABE C E D 0 0 0 0 1 0 0 0 1 School no.4 6
82 A A C B ACE D 0 0 0 0 0 0 0 0 0 School flo.4 8
83 A Ace C B 0 B 0 0 0 0 0 0 0 0 0 School no.4 8
84 C B Ii.! B A l3 13 F- 0 1 1 0 0 0 0 1 3 School no.4 6
8S BOB CAe E c 0 0 0 0 0 0 0 0 0 School no.4 8
66 E A A a B BCD 0 0 0 0 0 0 1 0 1 Scheol no.4 6
67 A A 0 B B B A 0 0 0 0 0 0 0 0 0 SchtH:llno.4 8



A'Pl?ENDIX :u

IND!VIDUlIL STUDENT RESPONSES TO TaE REACTIVITY AND nATE AND
EQU!~IBRIUM QUESTIONNAIRES

Number of eorrect responses std 8 Cjuestionnaire: std i.l & 10
T
0

E E E E E E E E T S
I :£ I I I I I I MMHMMMMM E C
G G G G G G G G C C C C C C C C I H

0 Ii Ii H Ii a Ii Ii 1-1 Q Q Q Q Q Q Q Q G o S
B T T T T T T T '1' 8 8 8 a 8 8 8 a H 0 T
S 1 2 3 4 S Ei 7 a 1 2 3 4 5 Ei 7 I:l T L D

1 A B C C D D E E 0 1 0 0 0 1 0 1 3 school. no.S 8
2 A 1:1 C C B D 13 A 0 1 0 0 0 1 (I 0 2 school no.S 8
3 A s B A A C El E 0 1 0 1 0 0 0 1 3 School no.S B
4 A B CAe c o E 0 i 0 1 0 0 0 1 3 sohool no.S 8
5 A B o A D C C D 0 1 0 1 0 0 1 0 3 school no.S B
6 A B 0 B 0 B C D 0 1 0 0 0 0 1 0 2 school no.S 8
7 ABO a D D C D 0 1 0 0 0 1 1 0 3 School no.S B
a A B CAE C C E 0 1 0 1 1 0 1 1 S school no.S B
9 A B CAE D C E 0 1 0 1 1 1 1 1 ti school no.S B

10 A a E E D D B D 0 1 1 0 0 1 0 0 3 Soh,'ol no.S 8
11 A B C A E E C D 0 1 0 1 1 0 1 0 4 Soho.:>lno.:' 8
12 A B CAe E El Co 0 1 0 1 0 0 0 0 2 School no.S B
13 A a E A 0 E 13 0 0 1 1 1 0 0 0 0 3 School no.S 8
14 A 13 CAr> o E A 0 1 0 1 0 1 0 0 3 school no.S 8
1S A A CAD 0 " D 0 0 0 1 0 1 1 0 3 sohool 110.S 8
le A B CAD B r~ E 0 1 0 1 0 0 0 1 3 school no.S B
17 A Ei C C B C 1.0 E 0 1 0 0 0 0 0 1 2 School no.S 8
18 A B 0 B 0 E B D 0 1 0 0 0 0 0 0 1 School no.S B
19 A B c D E B X E 0 1 0 0 1 Q 0 1 3 School no.S 8
20 A 13 C A A C o A 0 1 Q :1. 0 0 0 0 2 School no.S B
21 A 13 C A A 0 C 1:1 0 1 0 1 0 1 1 1 5 school no.S 8
22 A B DAAA130 0 1 0 1 0 0 0 0 2 Sohool nc:>.5 B
23 mAC B A l3 D D 0 0 Q 0 0 Q 0 0 0 School no.5 8
24 AACAAE B B 0 0 0 1 0 0 0 0 1 school no.S 8
25 A 13 CAE C D B 0 1 0 1 1 0 0 0 3 sehee), no.5 8
26 A B C A C B B 0 0 1 Q 1 0 0 Q 0 2 school no.S 8
27 A B C B D C B E 0 1 0 0 0 0 0 1 2 school no.S 0
28 A B C 13 E D C E 0 1 0 0 1 1 1 1 5 School no.5 8
:l9 A B E All D c E 0 1 1 1 0 1 1 1 6 School no.S B
30 A 13 C C A A A E 0 1 0 0 0 Q 0 1 2 school no.S 8
31 A C PAil 11 A E 0 0 0 1 0 0 0 1 2 school no.S 8
32 IIECAAD c E 0 0 0 1 0 1 1 1 <I school no.S 8
~3 A E CAE D C E 0 0 :J 1 1 1 1 1 S School no.S 8
34 tl l3 C A A 0 13 C 1 1 0 1 0 1 0 0 11 school no.S a
35 D 13 ellA E l3 D 1 1 0 1 u 0 0 0 3 school no.S e
36 A A C A c: D B C 0 0 0 1 0 1 0 0 2 school no.S a
37 A A C 11 X 0 a D 0 0 0 1 0 1 0 0 2 school M.S a
38 o 11 A C C D D C 1 0 0 0 0 1 0 0 2 sch~~ol no.S 8
39 A 11 C A C 13 C A 0 0 0 1 0 0 1 0 2 school no.S 8
40 11 0 C A A E E E 0 0 0 1 0 0 0 1 2 School 1)0.5 e
41 A 0 E 13 c 13 X E 0 Q 1 0 0 0 0 1 2 School no.5 8
42 A B C D E D C C 0 1 0 0 1 1 1 0 4 Sehool no.S 8
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STD lO M'rE AND EQt1ILIBR!UM QUESTIONNAIRE

Analysis Variab~e I Totten

School~School no.l

N Menn~ ~ ~_~_~ ~ ~ ~N __ ~_

a 4.000000039 1.8461538
--------~----------"-------~----------------~~-----------~-
SchoolcSchool no.~

N Mean______________ ~ M ~ ~ " _

o 5.000000052 1.5576923
~----~---~-~-------~----------~----------------------------
SohoolCSohool no.3

N Mean
o 4.000000032 1.5937500

------~---------~------------q-----------------------------
sohool=Sohool no.4

N Mean
5.000000043 1.6976744

SchoolcSohool no.S

N Menn
-~-------------~~---------~---------~----~-------------,._--o 5.000000044 1.6136364

schoolcSohool no.6

N Meal)

25 1.7600000 o 6.0000000

std Dev Hinimum
1.3286016

std Dev Minimum
1.0921011

std Dev Minimum
1.0115263

std Dev Minimum
1.2823977

std Dov Minim~lm
1.1455963

stclDev Minimum
1.3000000

Maximum

Haximum

Maximum

Mnld.mum
o

Max;Lmum

Maximum



COh.l?I.RISON OF bIF}"ERENT SCHOOL RESULTS FOR STD 10 RATE AJ:m
EQUILIBRIUM QUBSTIONNAIRE

General Linear Models procedure

T teste (LSD) for variable: Totten

Note: 'l'histest controls the type I compa:rioonwise arl.·orrate not
the exper,imentwiso el.·rorrate.

AlphB~ 0.05 confidence= 0.95 dfe 229 HSE= 1.422202
critical Value of T~ 1.P703B

compal;'isons significant at the O.OS level are indicatecl by , ***" •

School
comparison

School no.l - school no.6
School no.1 - School no.4
School no.1 - school no.5
School no.1 - Sehool no.3
school no.1 - school no.2

school no, 6 •. School no. 1
School no.6 - School no.4
school no.6 - sohool no.5
School no.6 - school no.3
scheol no.6 - Sch~ol no.2

School no.4 - school no.1
School no.4 - school no.6
school no.4 - School no.5
School no.4 - School no.3
School 00.4 - School no.2

School no.S - School no.1
School no.S - school no.6
School no.5 - School no.4
School no.5 - School no.3
school no.5 - school 00.2

School no.3 - School no.l
School no.3 - school no.6
School no.3 - School no.4
School no.3 - school no.5
School no.3 - school no.2

School no.2 - SohoQl no.l
School 00.2 - School no.&
Sohool 00.2 - ~chool no.4
School no.2 - School no.5
School no.2 - School no.3

Lower
Confidence

Limit

~0.5159
·.0.3711
"0.2643
-0.3081
-0.2093

"0.68B2
-0.5287
-0.4422
-0.4610
-0.3696

-0.6681
-0.65'33
-0.4198
-0.4447
-0.3444

-0.7493
-0.7349
..0.5879
~0.5260
-0.4254

-0.8129
-0.7935
-0.6525
-0.5656
..0.4919

-0.7862
-0.7742
-0.6243
-0.537:3
-0.5640

Differenc~ Upper
Between confidenco
Meano Limit

0.0862
0.1495
0.2325
0.2524
0.2885

-0.OB62
0.0623
0.1464
0.1662
0.2023

..0.1485
-0.0623
0.0840
0.1039
0.1400

-0.2325
-0.14&4
-0.OB40
0.0199
0.0559

-0.2524
-0.1662
-0.1039
-0.0199
0.0.'361

-0.2665
-0.2023
-0.1400
-0.05551
-0.03&1

0.6e82
0.6&81
0.7493
0.B129
0.1862

0.5159
0.6533
0.7349
0.7935
0.'1742

0.3711
0.5287
0.5679
0.&525
0.6243

0.2843
0.4422
0.4198
0.5658
0.5373

0.30Ell
0.4610
0.4447
0.5260
0.5640

0.2093
0.3696
0.3444
0.4254
0.4919



l\P)?ENDIX131

COMPARISON OF DIFFERENT SCHOOL RESULTS FOR STD 10 RATE AND
EQUILIBRIUM QUESTIONNAIRE

General linear models procedure
class leve~ information

Class Levels Values

School 6 School no.1,school no.2,School no.3,School no.4
School no.5,School no.S

Number of observations in data oet Q 235

COMPARISON CiF DIFFERENT SCHOOL RESULTS c'OR STO 10 QUESTIONNAIRE

General I,inear Models Procedure

Oep~ndent Variable: Totten

Sum c-f Mean
SoUrce Dr Squares Square F ValuE: Pr > F

Model 5 2.4264565 0.4852913 0.34 0.8B75

Error 229 325.584181B 1.4222017

Corrected Total .:34 32B.1106383

R-Square C.V. Root MSE Totten Nean

0.007395 71.492B1 1.1926 1.6681

Source DF Ty[')eI SS Mean Square F Value Pr > r

School 5 2.4264565 0.4B52913 0.34 0.8875

Source OF Type III SS Mean Square F Value l?r> F

School 5 2.4264565 0.4852913 0.34 0.8875

. r
"
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student:; t-test

STD 10 RESPONSES TO STD 8 & 10 REACTIVITY AND RATE AND EQUILIBRIUM
QUESTIONNAIRE FOR THE SAME STUDENTS

Paired Differ~nces

Analysis Variabl~ : Diff

N Mean std Error T Prob>]T]

82 0.0853659 0.2083771 0.4096700 0.6831

"



COMPARISON OF DIFFERENT SCHOOL RESULTS FOR STD 8 REACTIVITY
QUESTIONNAIRE-STD 8 AND STD 10 STUDENTS

Plot Of Totten*Toteight. tegend: A = lOBS, B = 2 OBS, etc.

'rotten I
I

5 +
I
I
I
I
I
I

4 + G
I
I
I
I
I
I

3 + A
I
I
I
I
I
I
I

2 + D
I
I
I
I
I
I

1 + B
I
I
I
I
I
Io + B
I

A

C A

c D A

D .E D A

F N D D

E E

+-+--~------+---------+------- ..-+---------+---------+------+o 1 2 ~ 456

'roteight



COMPARISON OF D:rFFERENT SCHOOL RESULTS FOR STD 8 RE,1\CTIVITY
QUESTIONNAIRE- STD 8 AND STD 10 STUDENTS

Correllation analysis

2 'VAR' Variables: Totten Toteight

simple statistics

Variable N Mean std Dev Sum Minitnum Haximum

Totten
Toteight

82
82

1.7683
1.6829

1.2986
1.2159

145.0
138.0

o 5.0000
o 6.0000

)?earson correlation coeff"i.cients / Prob > 1R' .onder Ho: Rho=o / N
82

Totten Toteight

Totten 1.00000 -0.12529
0.0 0.2621

Tot.eight -0.12529 1.00000
0.2621 0.0



Number of correct res~onses to rate and eq. questionna.ire: std 10's

M M M M M M M T S
c C c C C C C 0 C

T '1' T T T T T Q Q Q Q Q Q Q T Ii
0 E E E E E E E 1 1 1 1 1 1 1 T 0 s
B N N N N N N N 0 0 0 0 0 0 0 E 0 T
S 1 2 3 4 5 6 7 1 2 3 4 5 E) 7 N L 0

412 A 0 B E A A C 0 0 0 1 0 0 1 2 School no.S 10
413 c B E A B E B 0 0 0 0 0 1 0 1 School no.5 10
414 A 0 0 B A E C 0 0 1 0 0 1 1 3 School no.5 10
415 C 0 C E E A E 0 0 0 1 0 0 0 1 School no.5 10
416 A B B C 0 0 C 0 0 0 0 0 0 1 1 School no.S 10
417 E B 0 C B 0 B 1 0 1 0 0 0 0 :; School no.5 10
419 E B 0 A A b C 1 0 1 0 0 0 1 3 School no.5 10
4151 0 B E C A 0 A C 0 0 0 0 0 0 0 SchooL no.5 10
420 E 0 0 X A A A 1 0 1 0 0 0 0 2 Schol:)lno.5 10
421 C C E A A B A 0 1 0 0 0 0 0 1 $chool no.5 10
422 C C E B A B B 0 1 0 0 0 0 0 1 school no.5 10
423 E c 0 E 0 0 C 1 1 1 1 0 0 l 5 School no.S 10
424 B B E C A A 0 0 0 0 0 0 0 0 0 School no.S to
425 C 0 E A E A C 0 0 0 0 0 0 1 1 SI:hoo1 no.S 10
426 B B E B A A 0 0 0 0 0 0 0 0 0 sehco), no.S 10
427 A B E C A J) B 0 0 0 0 0 0 0 0 schoc l, no.S 10
429 E B E E A 1~ A 1 0 0 1 0 0 0 2 Sohoo1 no.5 10
4251 iI. b B C C A C 0 0 0 0 1 0 1 2 School no.5 10
431) E c D B 0 D C 1 1 1 0 0 0 1 4 School no.S 10
431 E B A B E A C 1 0 0 0 0 0 1 2 School no.5 10
432 A C E A A D C 0 1 0 0 0 0 1 2 School no.S 10
433 D r E A A B 0 0 1 0 0 0 0 0 1 School no.5 10
434 A A E B A A A 0 0 0 0 0 0 0 0 School no.5 10
435 A c B C A B B 0 1 0 0 0 0 0 1 School no.5 10
436 A D D E C C C 0 0 1 1 1 0 1 4 School no.5 10
437 c c B A B A D 0 1 0 0 0 0 0 1 Sohool no.S 10
436 A c E A C B E 0 1 0 0 1 0 0 2 school no.S 10
439 E A E E E A D 1 0 0 1 0 0 0 2 Schr.>ol110.5 10
440 0 c l3 B E c 1\ 0 1 0 0 0 0 0 1 School no.5 10
441 A B C D E D C 0 0 0 0 0 0 1 1 School no.S 10
442 E B D E E A C 1 0 1 1 0 0 1 4 School no.S 10
443 B B B A E c C 0 0 0 0 0 0 1 1 Sohool no.5 10
444 E B C C E C D 1 0 0 0 0 0 0 1 1lI0hoolno.S 10
445 A E 0 E B C b 0 0 1 1 0 0 0 2 Schl.)olno.S 10
446 A E E D C 0 C 0 0 0 0 1 0 1 2 school no.S 10
447 13 D E C E E c.: a 0 a 0 0 1 1 2 school no.S 10
448 A D B C E D C 0 0 0 0 0 0 1 1 schotll no.5 10
449 E! E C 1\ E b C 1 0 0 0 0 0 1 2 school no.S 10
450 B D a c 1\ 1\ C 0 0 0 0 0 0 1 1 ~chool no.S 10
451 B B E A A D C 0 0 0 0 0 0 1 1 Sohool no.S lO
452 B B E A A D C 0 0 0 0 0 a 1 1 sohool no.5 10
453 B c E E E A C 0 1 0 1 0 0 1 :3 school no.5 10
454 1\ 0 C A D E A 0 a 0 0 0 1 0 1 School no.S 10
455 1\ c C C A 13 D 0 1 0 a a 0 0 1 school no.5 10
456 A A D C A D A 0 a 1 0 0 0 a 1 School no.4 10



T
0

11: E E E It. E E E T fS
I :r. I I I I I I MMHMMMMME C
G G G G G G G G C C C C C C C I.! I Ii

0 H II H Ii Ii Ii H H Q Q Q Q Q Q Q Q G 0 S
B 'l' T T ?' T T T T a a 8 8 B a B B Ii C T
S 1 2 3 4 5 6 7 a 1 2 3 4 S 6 7 8 ').1 I, D

638 III DC\ADBD 0 1 0 1 0 1. 0 0 3 School no.6 10
639 A E C ]I. I) E C B 0 0 0 1 0 0 1 0 2 School no.G 10
640 ]I. B c: A b c a B 0 1 0 1 0 0 0 0 2 School no.6 10
641 ]I. D C E D B C D 0 0 0 0 0 0 1 0 1 School no.G 10
642 ]l.BC]l.DA]l.D a 1 0 1 0 a a 0 2 School no.6 10
643 ]I. E C ]1.]1. D C E 0 0 0 1 0 1 1 1 4 School no.S 10
644 ]I. B PEA C 0 D 0 1 0 0 0 0 0 0 1 School no.6 10
(:i4S ]I. ~ r.:' E D :6 13 E r 1. 0 0 0 0 0 1 2 Sohool no.1i 10
646 A B D ]I. D E 13 B L 1 0 1 0 0 0 0 2 School no.6 10

"



'I'
0

E E E E E E E E 'l' S
:r :r I I I I I I MMMMMMMME C
G G G G G G G G C C C C C C C C I H

0 H H H H H H H H Q Q Q Q Q Q Q Q G 0 S
13 'L' T '1' '1' ~ '1' T 'l' a a 8 8 8 a 8 a Ii 0 '1'
S 1 2 .3 4 5 G 7 s 1 2 .3 4 S 6 7 a '1' L 0

595 E A D B C 11: o 13 0 0 0 0 0 0 0 0 0 school no.l 10
596 A B D A A C 13D 0 1 0 1 0 0 0 0 2 school no.1 10
597 E A 0 13 C E 0 B 0 0 0 0 0 0 0 0 0 Sehool no.l 10
sse E A 0 B C E D B 0 0 0 0 0 0 0 0 t;) School no.l 10
599 A CDAADE D 0 0 0 1 0 1 I) 0 2 !:Ichoolno.l 10
(1)0A B DAD C B !J 0 1 0 1 0 0 0 0 2 School no.l 10
601 t.l\CAPE B C 1 0 0 1 0 0 0 0 :2 school no.1 10
602 E ],\C B o C B C 0 0 0 0 0 0 0 0 0 School no.l 10
603 C A C.B 0 E B C 0 0 0 0 0 o 0 0 0 School no.1 10
604 A B E C B 0 B A 0 1 1 0 0 1 0 0 .3 School no.l 10
605 o A CAD E 13 C 1 0 0 1 0 0 0 0 2 sohool no.l 10
60e;A B o A II: CAD 0 1 0 1 1 0 0 0 .3 school no.l 10
607 E B DAD ,'().C E 0 1 0 1 0 0 1 1 4 School no.l 10
60a E B DAD A C 1:1 0 1 0 1 0 0 1 1 4 Sehcol no.l 10
G09 E B DADACE 0 1 0 1 0 0 1 1 4 School no.l 10
610 A C 0 0 C' B E C 0 0 0 0 0 0 0 0 0 sohool no.1 10
611 A B b B A B 13D 0 1 0 0 0 0 0 0 1 Sehool no.1 10
612 E BOA A C 13 0 0 1 0 3- 0 Q 0 0 2 Sohool no.1 10
613 A B P 13A D 13D 0 1 0 0 0 ,I 0 0 1 School no.1 10
614 ABO 13 ,1,\ D 13 C 0 1 0 0 0 1 0 0 :l School no.l 10
615 n A C 13 13 m x 130 0 0 0 0 0 0 0 0 sohool no.l 10
6US E A D f,I C E 0 13 0 0 0 0 0 0 0 0 0 sohool no.l 10
G17 E A 0 13 c E P a 0 0 0 0 0 0 0 0 0 school no.l io
6le BAD D C Ii: P 13 0 0 0 0 0 0 0 L~ 0 school no.1 10
GIS'A a D a E A 0 E 0 1 0 0 1 0 1 1 4 sehool no.l 10
62(1A B 0]1. C D A E 0 1 0 1 0 1 0 1 ~ school no.l 10
62:.A 13o l30 P J:' 130 1 0 0 0 1 0 0 .2 School no.l 10
62:~A x CAD C 13 D 0 0 0 1 0 0 0 0 1 school no.G 10
623 A E CAD C l313 0 0 0 1 0 0 0 0 1 school no.6 10
6:l4 A 13D E D 0 c 0 0 .1. 0 0 0 1 1 V 3 Sohool ne ,I) 10
625 A E D 0 DAB 0 0 0 0 0 0 0 0 0 0 Sohool no.6 10
626 A E C B o J:) E 13 0 0 0 0 0 1 0 0 1 School no.6 10
527 A E r: A A C D D 0 0 a 1 0 0 0 a 1 S~1hool no.5 10
G2B A B o A C E E C 0 1 0 1 0 0 0 0 :2 $ohool nr;l.610
649 AE 0 o A A B 0 0 0 Q 0 0 0 0 0 0 School. no.S 10
6:l0A E c E D E E D 0 0 0 0 0 0 0 0 0 School no.6 10
6:n A B C C C 0 C 0 0 1 0 0 0 1 1 0 3 Sohcol no.6 10
632 A S E Ii: D C B 13 0 1 1 0 0 0 0 0 :2 school no.6 10
633 ABO A 0 0 C E 0 1 0 1 0 l 1 1 5 school no.6 10
634 A ? C I) o Ii: 13 C 0 1 0 0 0 0 0 0 1 School no.6 10
635 A D c 13 14E A D 0 0 0 0 0 0 0 0 0 sohool no.6 10
636 A C C A 0 E B E 0 0 0 1 0 0 0 1 .2 Sohool. no.6 10
E37 A X 0 X o X 13 13 0 0 0 0 0 0 0 0 0 School no.6 10



T
0

1:: E E E E E 1:: E T S
I I I I I I I I MMMMMMMH E C
G G G G G G G G C C C C C C C C I H

0 H a H H H H H H Q Q Q Q Q Q Q Q G " S
B T T T or or or T '1' 8 8 8 6 6 13 8 8 H 0 'l'
S 1 2 3 4 5 6 7 8 1 2 3 4 5 G 7 a T :r.. 0

547 A B C C 0 C C B 0 1 0 0 0 0 1 0 2 s>chool no.:! 10
548 A 13 C C 0 C C B 0 1 0 0 0 0 1 0 2 school no.2 10
54.9 0 D C E 0 C C B 1 0 0 0 0 0 1 0 2 sehool no.2 10
550 A B C C 0 B C 13 0 1 0 0 0 0 1 0 2 SchClOl. iiI,;. 2 10
551 0 0 B A A C C B 1 0 0 1 0 0 1 0 3 Sehool 110.3 10
552 A B C C AA'B B 0 1 0 0 0 0 0 0 1 School no.3 10
553 11. E C c 0 E B 0 0 0 0 0 0 0 0 0 0 school no.3 10
554 A A C 11: 0 C 0 0 0 0 0 0 0 0 0 0 l) school no.3 10
555 A E o B 0 E 0 B 0 0 0 0 ,1 0 0 0 0 sehool no.3 10
556 A D DAD 0 C 0 0 0 0 1 0 1 1 0 3 Sohool no.3 10
557 J\ B C E E 0 B C C 1 0 0 1 1 0 0 3 Sohool no.3 10
558 1\ '6 C D 0 C a A 0 1 0 0 0 0 0 0 1 school llo.3 10
5~9 A B 0 B C C E 0 0 1 0 0 0 0 0 0 1 sohool lw.3 10
560 A X C A o E B C 0 0 0 1 tl ~ 0 0 1 Sohool no.3 10
5G1 D A C B C C 0 13 1 0 0 0 0 0 0 0 1 SohMl ))0.3 10
562 A 1:1 DAD C 0 C 0 0 0 1 0 0 0 0 1 Sohool no.3 10
563 13 A C D A 13 E B 0 0 0 0 0 0 0 0 0 Schcol no.3 10
SG4 1~ 13 1'.1 A E E 0 0 0 1 0 1 1 0 0 0 3 Sohool no.3 10
5G5 1\ B C I) E C E 0 0 1 0 0 1 0 0 0 2 School no.3 1v
566 1~ B C o III C E D 0 1 0 0 1 0 0 0 2 School no.3 10
567 1~B C 0 11: c E 0 0 1 0 0 1 0 0 0 2 school no.3 10
568 1\ B C E A C E I) 0 1 0 0 0 0 0 0 1 Sehool no.3 10
569 11 B C C A C E A 0 1 0 0 0 0 0 0 1 sohool no.3 10
570 t) B C 0 0 C B 0 1 1 0 0 0 0 0 0 2 Sehool no.3 10
571 II 13 C 0 x C E 0 0 1 0 0 0 0 0 0 1 $ohoOl 1'10.310
572 A B C o 1\ C 11) D 0 1 0 0 0 0 0 0 1 Sohool no.3 10
573 11.13 C D A C III D 0 1 0 0 0 0 0 0 1 School 1'10.310
574 .1\, B c c 0 III a A 0 1 0 0 0 0 0 0 1 School 1'10.310
575 }\, 11) C l\ C A 13 11) 0 0 0 1 0 0 0 1 2 Sohoo1 no.3 10
576 1\ E C 13 D C 13 D 0 0 0 0 0 0 0 0 0 school. no.3 10
577 }\ E C 11: D C a 0 0 0 0 0 0 0 0 0 0 SOhool no.3 10
578 11 E C C E CAB 0 0 0 0 1 0 0 0 1 SohoQl 1'10.3 10
579 11 11) C B E C 0 A 0 0 0 0 1 0 0 0 1 Sohool 1'10.3 10
580 .1\ a c I) 0 c 0 1) 0 1 0 0 0 0 0 1 2 Sohool 1'10.310
S8l A 13 C 0 E C E "1 0 1 0 0 1 0 0 0 2 Sohool 1'10.3 10
S82 A B C C E C 11) D C 1 0 0 1 0 0 0 2 School no.~ 10
S83 E A C A 0 11) B C 0 0 0 1 0 0 0 0 1 school. 1'10.1 10
SS4 B A CAD E 1) C 0 0 0 1 0 0 c 0 1 School no.1 10
!iSS A A D AA 0 11) 0 0 0 0 1 0 1 0 0 2 20hool 1'10.1 10saG A a o A A n E D 0 1 0 1 0 1 0 0 a School 1'10.110
587 E1 A C tl 0 C 13 C 0 0 0 0 0 0 0 0 0 sehoe:l 1'10.1 10
SEla A a o A 0 C B P 0 1 0 1 0 0 0 0 2 School no.1 10
!i09 E A C B 0 E l3 C 0 0 0 0 0 0 0 0 0 Sohool no.l 10
590 i\ :II. IJ A A IJ I:: 0 0 0 0 1 0 1 0 0 2 School no.l lO
591 A 13 D C A C 13 Ii: 0 1 0 0 0 0 0 1 :2 School 1'10.1 H)
592 E 13 0 E Ii: E I) 13 0 1 0 0 1 Q 0 0 2 Sehm;ll no.l 10
593 E A 1:> A 0 C A 0 0 0 0 1 0 0 0 0 1 sl~hool 1'10.110
594 A 13 o A A 0 E D 0 1 0 1 0 1 0 0 :; SelhooJ, no.l 10

"



T
0

E E E E Ii: E E E T S
I l' I I I I 't I MMMMMMHM E C
G G G G G G G G C C C C C C C C I Ii

0 Ii H Ii Ii Ii H Ii Ii Q Q Q Q Q Q Q Q G 0 S
B '1' '1' '1' T T T T or a a s a a 8 a e H 0 'l'
S 1 .2 .'3 4 5 G 7 a 1 :2 3 4 5 G 7 a or L D

501 AAC 1:: Ii: B l3 0 0 0 0 0 0 0 0 0 School no.2 10
502 A X C P , 13 C 0 0 0 0 0 a 0 1 0 1 School no.2 10
503 1£ 1') PAA CAB 0 0 0 1 0 0 0 0 1 School no.2 10
504 0 BAn D C AD 1 1 0 0 0 0 0 0 2 sohool no.2 10
50S E o D AACAB 0 0 0 1 0 0 0 0 1 school no.2 10
S06 A l3 C B c B B D 0 1 0 0 0 0 0 0 1 school no.2 10
507 B 13 E A D c C 0 0 1 1 1 0 0 1 0 4 school no.2 10
509 A A B B C E 1.3 B 0 0 0 0 0 0 0 0 0 School no.2 10
509 A B DAD C B B 0 1 0 1 0 0 0 0 2 Eohool no.2 10
510 E B C B E C D B 0 1 0 0 1 0 0 0 :2 ochool nCJ.2 10
511 A B C E D C A B 0 1 0 0 0 0 0 0 school no.2 10
512 A E A A PAC 0 0 0 0 1 0 0 1 0 2 School no.2 10
sra A 13 C A E CAD 0 1 0 1 1 0 0 0 3 School no.2 10
514 J\ f} D A 0 P B D 0 1 0 1 0 1 0 0 :3 Och:>ol no." 10
!i15 1. B D A E 0 t'l B 0 1 0 1 1 0 a Ii :3 School no.2 10
!l16 1\ n CAe D A D 0 1 0 1 0 1 0 0 .'3 Sc:rNl no.2 10
$17 A C D A [} C 0 C 0 0 0 1 0 0 0 0 1 ,\)(,,'1001 no.2 10
b19 B L' C 11. 0 B C E 0 0 0 1 0 0 1 1 3 School no.2 10
519 1\ 0 C A B 0 !il B 0 0 0 1 0 1 0 0 2 School no.2 10
520 P 13 CAP C 13 0 1 1 0 1 0 0 0 0 3 School no.2 10
521 D B I':: A A E 13 E 1 1 0 1 0 0 0 1 4 sohool no.2 10
522 o 13 () 1\ 0 E B 0 1 1 0 1 0 0 0 0 3 sohool no.2 10
523 An c 1\ 0 C 13 0 0 1 0 1 0 0 0 0 2 School no.2 10
524 A I3 C AD C '" 0 0 1 0 1 0 0 0 0 a school no.2 10
525 1\ACAADE 0 0 0 0 l 0 1 0 0 2 school no.2 10
526 A Ii: C A C a 0 c 0 0 0 i 0 0 0 0 1 School 00.2 10
527 13 ... C E a a a A 0 0 0 0 0 0 0 0 0 school. no.2 10
529 B 13 C 1\ DE B 0 0 1 0 1 0 0 0 0 2 School no.2 10
$29 A A C 1\ D a B B 0 0 0 1 0 0 0 0 1 School no.2 10
S30 1\ 0 a a E [) A C 0 0 0 0 1 1 0 0 2 school no.2 10
sn A B a c c c 0 E 0 1 0 0 0 0 (J 1 2 School 00.2 10
S3~ AAa 1\ A D C 13 0 0 0 1 0 1 1 0 .3 school no.2 10
633 A 1\ a A 1\ C B B 0 0 0 1 0 0 0 0 1 school no.2 10
534 ,1\ S 0 o A C B B 0 1 0 0 0 0 0 0 1 school no.2 10
535 ~~ 13 o 0 C 1:~ B B 0 1 0 0 0 0 a 0 1 School no.2 10
536 A 0 C 1\ E c 13 13 0 0 0 1 1 0 0 0 2 School 00.2 10
537 A 1) l3 C D 13 B C 0 0 0 0 0 0 0 0 0 School no.2 10
536 A P 0 D A C 13 B 0 0 0 0 0 0 0 0 0 School Tlo.2 10
539 A 0 1) B 11: C A D 0 0 0 0 1 0 0 0 1 School no.2 10
540 1\ B C A B C D E 0 1 0 1 0 0 0 1 .3 Ochoo1 00.2 10
541 E C C 1\ B C 13 A 0 0 0 1 0 0 0 0 1 School no.2 10
542 E A D 11: a D C X 0 0 0 0 0 1 1 a 2 school no.2 10
543 A B P A E C 13 E 0 1 0 1 1 0 0 1 4 school no.:! 10
544 A 13 E A E C 13 13 0 1 1 1 1 0 0 0 4 school 110.2 10
545 D 13 Ii: Il C 0 13 l3 1 1 1 0 0 1 0 0 4 SchClol 00.2 10
546 1\ l3 E AD D C B 0 1 1 1 0 1 1 0 5 sohool no.2 10
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453 A E [) [') 0 B A B 0 0 0 0 0 0 0 0 0 School no.S '0
454 A 13 CAE E E D 0 1 0 1 1 0 0 0 3 school no.S 10
455 A E C C E DBA 0 0 0 0 1 1 0 0 2 school no.S 10
456 1\ 13C 1\ 0 E B B 0 1 0 1 0 0 0 0 2 school no.4 10
457 1\ E C B 0 13 E A 0 0 0 0 0 0 0 0 0 school no.4 10
456 1\ 13 c A 0 c B E 0 1 0 1 0 0 0 1 3 sc.:hoolno.4 10
459 A13EADAA13 0 1 1 1 0 0 0 0 3 School no.4 10
460 B B E E B CAB 0 1 1 0 0 0 0 0 2 School no.4 10
461 E C C E 0 c B D 0 0 0 0 0 0 0 0 0 School no.4 10
462 A 13 D CAe 131\ 0 1 0 0 0 0 0 0 1 School no.4 10
463 A 13 C C D C B 0 0 1 0 0 0 0 0 0 1 School no.4 10
464 A 13 [) B A C B B 0 1 0 0 0 0 0 0 1 School no.4 10
465 A 13 C E 0 C 13 B 0 1 0 0 0 0 0 0 1 School no.4 10
466 A B CAD C 13 B 0 1 0 1 0 0 0 0 2 School no.4 10
467 E II C C B C A [) 0 1 0 0 0 0 0 0 1 sehool no.4 10
468 A B C C D D a 0 0 1 0 0 0 1 0 0 2 school no.4 10
469 A B C D A C B D 0 1 0 0 0 0 0 0 1 school no.4 10
470 A E C B DEE B 0 0 0 0 0 0 0 0 0 school no.4 1,0
471 ABE A 0 C 13 B 0 1 1 1 0 0 0 0 3 school no.4 10
472 A B D B 0 C 13 0 0 1 0 0 0 0 0 0 1 School no.4 10
473 A El C E D C B A 0 1 0 0 0 0 0 0 1 school no.4 10
474 A 13 C A A C B 0 0 1 0 1 0 0 0 0 2 School no.4 10
475 A C CAB D 0 0 0 0 0 1 0 1 0 0 2 school no.4 10
476 A 0 DAB A C 0 0 0 0 1 0 0 1 0 :2 school no.4 10
417 A 13 C :, D 13L B 0 1 0 1 0 0 0 0 :2 School no.4 10
478 ACE C E o D A 0 0 1 0 1 0 0 0 :2 school no.4 10
479 ABC E A B C 13 0 1 0 0 0 0 1 0 2 School no.4 10
460 D B D A A 13 B B 1 1 0 1 0 0 0 0 3 school 1'\0.4 10
461 E 0 C E A C B D 0 0 0 0 0 a a 0 0 school no.4 10
462 E o D r; A C C B 0 0 0 0 0 0 1 0 1 school no.4 10
483 AOAA1\OO 0 0 0 0 1 0 0 0 a 1 School no.4 10
494 A a c A 1\ a 0 C 0 1 a 1 0 0 0 a 2 Sohool no.4 10
lias A J3 D C D E 0 c 0 1 0 0 0 0 0 0 1 School 1)0.4 10
486 E C o A A B a B 0 0 0 1 0 0 a a l. School 1'\0.4 10
467 A C DAABBB 0 0 0 1 0 0 0 0 1 School no.4 10
49S 1\ADAAD B E 0 0 0 1 0 0 0 1 :2 school no.4 10
4S!l A 13 C E D C B E 0 1 a 0 0 a 0 1 2 School I'\c.4 10
490 A 13 C D E D 13 !J 0 1 a 0 1 1 0 0 3 School no.4 10
491 I:I B E E 0 C B D 0 1 1 0 0 0 0 0 2 scheol 1'\0.4 10
492 D B o A E 0 C 0 1 1 0 1 1 1 1 0 6 school no.4 10
493 A B CAD C B D 0 1 0 1 0 0 0 0 2 school no.4 10
494 A B o .. D C a B 0 1 0 1 0 a 0 0 2 soho~)l no.4 10
495 A B C 1\ D C D B a 1 0 1 0 0 0 0 2 school no.4 10
496 A B E 0 D A C D 0 1 1 0 a 0 1 a :I School no.4 10
497 A l3 D 0 D B C D 0 1 0 0 0 0 1 0 2 school no.4 10
499 A B D A C CAB 0 1 0 1 0 0 0 0 :2 School 110.4 10
499 D D P A 0 .l\ E A 1 0 0 1 0 0 0 0 2 School no.2 10
500 D C C B D E B A 1 0 0 0 0 0 0 a 1 sc:hool no.2 10
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407 A B C B 0 C E 0 0 1 0 0 0 0 0 0 1 school no.6 8
408 A C C A C E E 0 0 0 0 1 0 0 0 0 1 School no.6 a
409 A B CAAOAO 0 1 0 1 0 0 0 0 2 school no.6 8
410 A C C B C E A 0 0 0 0 0 0 0 0 0 0 school no.6 8
411 CAe E C DAD 0 0 0 0 0 1 0 0 1 S..::hoolno.6 8
412 A B CAE 0 C 0 0 1 0 1 1 1 1 0 5 school no.S 10
413 A A E 0 0 0 B B 0 0 1 0 0 1 0 0 2 School no.S 10
414 A ADD 0 C B A 0 0 0 0 0 0 0 0 0 school no.S 10
415 A e o A C B C B 0 1 0 1 0 0 1 0 3 Sehool no.S 10
416 ABO B D C C 0 0 1 0 0 0 0 1 0 2 School no.S 10
417 A B 0 0 E CAD 0 1 0 0 1 0 0 0 2 school no.S 10
418 A A C 1\ 0 A C 0 0 0 0 1 0 0 1 0 2 school no.S 10
4:1.9A ADD 0 0 C 0 0 0 0 0 0 1 1 0 :a school no.S 10
420 A a C o A C B B 0 1 0 0 0 0 0 0 1 sehool no.S 10
421 o A C o .1\ C B B 1 0 0 0 0 0 0 0 1 school no.5 10
422 AB 0 E 0 A C 0 0 1 0 0 0 0 1 0 2 school no.S 10
423 A E DAD C B 0 0 0 0 1 0 0 0 0 1 school no.s 10
424 A B 0 E 0 B ~3 B 0 1 0 0 0 0 0 0 1 Schoo], no.S 10
425 A B C B C C A A 0 1 0 0 0 0 0 0 1 School no.S 10
426 A B C C 0 C A !'.) 0 1 0 0 0 0 0 0 1 SChool no.S 10
427 A B 0 0 0 C B 0 0 1 0 0 0 0 0 0 1 School no.S 10
428 A 0 C CAD C 0 0 0 0 0 0 1 1 0 2 Senoo1 no.5 10
429 E :a E A A E C B 0 1 1 1 0 0 1 0 4 School no.S 10
430 A D C C E C C A 0 1 0 0 1 0 1 0 3 School no.5 10
431 1\ 0 C 1\ A E :a B 0 0 0 1 0 0 0 0 1 school no.S 10
432 1\ B 0 E A A A B 0 1 0 0 0 0 0 0 1 School no.S 10
433 A A C B 1\ C B B 0 0 0 0 0 0 0 0 0 school no.S 10
434 1\ E C o 1\ D C D 0 0 0 0 0 1 1 0 2 school no.S 10
435 A 13 C B Ii: 0 C 0 0 1 0 0 1 1 1 0 4 school no.S 10
436 A B C C C C 13 A 0 1 0 0 0 0 0 0 1 school 110.5 10
437 A B 0 D X E B I) 0 1 0 0 0 0 0 0 1 school no.S 10
43B E B 0 B E 0 C 0 0 1 0 0 1 1 1 0 4 school no.S 10
439 A A C 0 B B A I) 0 0 0 0 0 0 0 0 0 school no.S 10
440 E D 0 o A C B B 0 1 0 0 0 0 0 0 1 school no.S 10
441 A Ii: o E o E B B 0 0 0 0 0 0 0 0 0 School no.5 10
44:lA E 0 0 B E E 0 0 0 0 0 0 0 0 0 0 sohool no.S 10
443 A B I) B A B B E 0 1 0 0 0 0 0 1 2 school no.S 10
444 A B C 0 C o A E I) 1 0 0 0 1 0 1 3 school no.S 10
4,lS E B 0 o A C B B 0 1 0 0 0 0 0 0 1 School no.S 10
446 A a C D 1\ B C B 0 1 0 0 0 0 1 0 2 school no.S 10
447 A B 0 o A C B B 0 1 0 0 0 0 0 0 1 school no.S 10
44B A B C 0 0 C 0 C 0 1 0 0 0 0 0 0 1 school no.S 10
449 A B A C 13 IS A E 0 1 0 0 0 0 0 1 2 SchC)ol no.S 10
450 A C 0 E A D B 0 0 0 0 0 0 1 0 0 1 School no.S 10
451 E B C BAD E A 0 1 0 0 0 1 0 0 2 school no.S 10
452 A B C DAD Ii: 1\ 0 1 0 0 0 1 0 0 2 school no.S 10
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362 ESC E 0 C B o 0 1 0 0 0 0 0 0 1 School no.1 S
363 A aCE A E a 0 0 1 0 0 0 0 0 0 1 School no.1 S
364 A A CAD 0 B A 0 0 0 1 0 1 0 0 :2 School no.1 S
365 ABO E E 0 C B 0 1 0 0 1 1 1 0 4 School no,l a
366 ABO E A 0 COO 1 0 0 0 1 1 0 3 School no.1 a
367 A B A E E 0 COO 1 0 0 1 1 1 0 4 School no.1 a
368 A B A E E 0 C 0 0 1 0 0 1 1 1 0 4 School no.1 8
369 E BOB 0 A B A 0 1 0 0 0 0 0 0 1 school no.1 8
370 ABC A A C B E 0 1 0 1 0 0 0 1 3 School no.1 8
371 ABC E A C A A 0 1 0 0 0 0 0 0 1 sChool no.1 8
372 ABE 0 C B 0 C 0 1 1 0 0 0 0 0 2 School no.1 e
373 ABE B A A D B 0 1 1 0 0 0 0 0 2 school no.1 S
374 A B A A ABO C 0 1 0 1 0 0 0 0 2 School no.1 8
375 A a E B A A B B 0 1 1 0 0 0 0 0 2 School no.1 e
376 ABO DOC A E 0 1 0 a 0 0 0 1 2 school no.1 a
377 ABE A A B B B 0 1 1 1 0 0 0 0 3 SChool no.1 e
378 BILASABB 0 1 1 1 0 0 0 0 3 school no.1 8
379 ABO DAB A B 0 1 0 0 a 0 0 0 1 school no.1 a
380 ABE A A B B B 0 1 1 1 0 0 0 0 3 school no.1 8
381 ABE A A B B B 0 1 1 1 a 0 0 0 3 School no.1 8
382 ABE B A A B B 0 1 1 0 () 0 0 0 :2 School no.1 8
383 ABE B C A A B () 1 1 0 0 0 0 0 2 School no.1 8
384 ABC 0 DOE h 0 1 0 0 0 1 0 1 3 school no.1 8
385 A A E A 0 C E E 0 0 1 1 0 0 0 1 3 School no.l 8
386 A B A B B B E B 0 1 0 0 0 0 0 0 1 SchOol no.1 a
387 A 0 CAD B B 0 0 0 0 1 0 0 0 0 1 Sohool no.1 a
398 ADD A A ~ B B 0 0 0 1 0 0 0 0 1 sohool no .1 a
389 A a cae B A B 0 1 0 0 0 0 0 0 1 Sohool no.1 e
390 A a E A a D B B 0 1 1 1 0 0 0 0 3 sohool no.l 8
391 A aDD A B ABO 1 0 0 0 0 0 0 1 School no.1 8
392 A B D E A C B A 0 1 0 0 0 0 0 0 1 School no.l 8
393 A A BAD CAB 0 0 1 1 0 0 0 1 3 Sohool no.l 8
394 ABE A A B B n 0 1 1 1 0 0 0 0 3 Sohool no.1 a
39S ABE A A B B B 0 1 1 1 0 0 0 0 3 school no.1 B
396 A B DOC ADD 0 1 0 0 0 0 0 0 1 School no.l 8
397 ABO 0 A B ABO 1 0 0 0 0 0 (\ 1 Sohool no.1 a
398 ABC l3C 11 C 0 0 1 0 0 0 0 1 0 2 School no.6 8
399 ABO A COD E 0 1 0 1 0 1 0 1 4 Sohool no.6 B
400 A E C B A CAD 0 0 0 0 0 0 0 0 0 School no.G a
401 ABO A B D B B 0 1 0 1 0 1 0 0 3 School no.6 a
402 A B A EBB ADO :1 0 0 0 0 0 0 1 School no.6 e
403 ABC A E ceo 0 1 0 1 1 0 1 0 <1 sohool no.6 8
404 ABC A B A C 13 0 1 0 1 0 0 1 0 3 School no.6 8
40S ABC A C CEO 0 1 0 1 0 0 0 0 2 School no.6 a
406 A B A E A B A A 0 1 0 0 0 0 0 0 1 Sohool no.6 a
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317 A A 0 0 C BOA 0 0 0 0 0 0 0 0 0 school no.1 a
318 ACE D E 0 CEO 0 1 0 1 1 1 1 5 school no.l a
319 A A C B B C I) B 0 0 0 0 0 0 0 0 0 school no.1 8
320 A A C B A E B E 0 0 0 0 0 0 0 1 1 school no.l 8
321 ABC A 0 B B B 0 1 0 1 0 0 0 0 2 School no.1 B
322 DCC E 0 ABO 1 0 0 0 0 0 0 0 1 school no.l 8
32~ A A CDC DBA 0 0 0 0 0 1 0 0 1 School no.1 8
324 A C D B CAE E 0 0 0 0 0 0 0 1 1 School no.l a
325 A B C 5 A B A B 0 1 0 0 0 0 0 0 1 school no.l 8
326 0 X C E DBA 0 1 0 0 0 0 0 0 0 1 school no.l 8
327 C B C X 0 C B D 0 1 0 0 0 0 0 0 1 school no.l 8
328 ABC Bee E D 0 1 0 0 0 0 0 0 1 School no.1 8
329 ABC D D A A D 0 1 0 0 0 0 0 0 1 school no.l 8
330 A B A E E D C D 0 1 0 0 1 1 1 0 4 school no.l 8
331 ABC B C o B D 0 1 0 0 0 1 0 0 2 school no.l 8
332 A 13c B C X C D 0 1 0 0 0 0 1 0 2 Sehool no.1 8
333 ABC B C o B 0 0 1 0 0 0 1 0 0 2 School no.l B
334 A 13C B C D B » J 1 0 0 0 1 0 0 2. school !l0.18
335 A B C 13C o B D 0 1 0 0 0 1 0 0 2 school no.l B
336 A 13C 13C E A 0 0 1 0 0 0 0 0 0 1 School no.1 8
337 A B C 13C DAD 0 l 0 0 0 1 0 0 2. school no.l 8
338 A B C 13C E .1\ D 0 1 0 0 0 0 0 0 1 School no.l B
339 A B C B C E A D 0 :I. 0 0 0 0 a 0 1 School no.1 8
340 A B C B o E A 0 0 1 a (J 0 0 0 0 1 School no.l B
341 A B C C B ODD 0 1 0 0 0 1 0 o 2. school no.l 8
342 A B C B C D B D 0 1 0 0 0 1 a 0 2 school no.l e
343 A B C 13 o D B D 0 1 0 0 0 1 0 0 2 sehool no.l e
344 A B C B C P B 0 0 1 0 a 0 1 0 0 2 school no.l a
345 ABC B CDC D 0 1 0 0 0 1 1 0 3 school no.l 8
346 A A C E A B B 0 0 0 a 0 0 0 0 0 0 School no.1 a
347 ABC B A B B P 0 1 0 0 0 0 0 0 1 school no.l e
348 ABC B 0 C B B 0 1 a 0 0 0 a 0 1 sehool no.l e
349 ABC o .c: 0 C D 0 1 a a 1 1 1 0 4 school no.l e
3S0 A E: 0 o A A 13D 0 0 0 0 0 0 0 a 0 School no.l 8
351 ABC B D ~ B E a 1 0 0 0 0 0 1 2. school no.l a
352 A B A E DOC D 0 1 0 a 0 1 :I. 0 3 school no.l e
353 E B 0 E D A A D 0 1 0 0 0 0 0 0 1 school no.1 B
354 A A A .1\ D B E B 0 0 0 1 0 0 0 0 1 school no.l (;j

3S5 A B A E D a x D 0 1 0 0 0 0 0 0 1 school no.l a
3S6 ABC B A A E B 0 1 0 0 0 0 0 0 1 School no.l e
357 A E C 0 a CDC 0 0 0 0 0 0 0 0 0 school no.l a
358 A SOB A eBB 0 1 0 0 0 0 0 0 1 school no.1 e
359 A A CAD BAD 0 0 0 1 0 0 0 0 1 school no.l e
360 A B ABE C A A u 1 0 0 1 0 0 0 2 School no.l a
361 ABC D A EnD 0 1 a 0 0 0 0 0 1 school no.l B
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271 E 13E E 13D D D 0 1 1 0 0 1 0 0 3 School NO.1 8
272 ABC 13CDC D 0 1 0 0 0 1 1 0 3 School no.l e
273 A13CAAD 13A 0 1 0 1 0 1 0 0 3 School no.1 8
274 AACAAD B A 0 0 0 1 0 1 0 0 2 School no.! e
275 A 13C A A 0 13A 0 1 o ' o 1 0 C' 3 School no.1 8
276 o B C 13E 0 C 0 1 1 c , 5 school no.1 8
277 o B C 13E 0 C 0 1 1 ' 0 5 school no.! 8
278 o B C 13E 0 C D 1 1 0 0 5 School no v I a
279 A C C 13A C o A 0 0 0 0 .) 0 o school no.1 8
280 A C C 13A C o A 0 0 0 0 u 0 0 0 school no.1 a
281 A A C 13A C b E 0 0 0 0 0 0 0 1 1 school no.1 8
282 AACBAC o E 0 0 0 0 0 0 0 1 1 School no.1 8
283 11A C 13A C 0 0 0 0 0 0 0 0 0 School no.l 8
284 AACBAD C A 0 0 0 0 0 1 1 0 2 School no.1 a
285 A C 13A 0 0 0 0 0 0 0 0 0 School no.1 8
296 11A C B A C 0 E 0 0 0 0 0 0 0 1 1 School no.l 8
297 A 13C D D E 13B 0 1 0 0 0 0 0 0 1 School no.1 8
288 ABC 13D D 13D 0 1 0 0 0 1 0 0 2 School no.1 8
289 A B DEC C C D 0 1 o 0 0 0 1 0 2 School nr~.l 8
290 C B D DAB C B 0 1 0 0 0 0 1 0 2 School no.1 8
291 A B D B C b C 0 0 1 0 0 0 1 1 0 3 School no.1 8
292 ABC 13A D B D 0 1 0 0 0 1 0 0 2 school no.l 8
293 A B C BAD B D 0 1 0 0 0 1 0 0 2 School no.l 8
294 A B 0 BED C D 0 1 0 0 1 1 1 0 4 school no.1 8
295 ABC BAD B D 0 1 0 0 0 1 0 0 2 schoOl no.l 8
296 ABC 13C 0 C 0 0 1 0 0 0 1 1 0 3 School no.I 8
297 ABO A A C D 13 0 1 0 1 0 0 0 0 2 school no.1 8
298 D 13D 13D C 1313 1 1 0 0 0 0 0 0 :2 school no.1 8
299 A E C E A C E 13 0 0 0 0 0 0 0 0 0 Sohool no.! 8
300 A A COO C 13B 0 0 0 0 0 0 0 0 0 School no.! 8
301 D E DAD 13A E 1 0 0 1 0 0 0 1 3 school no s I 8
302 ABC E A E C 13 C 1 0 0 0 0 1 0 2 School no.l 8
303 E 13D E 0 13C 130 1 0 0 0 0 1 0 2 school no.1 8
304 ABE A A E A 0 0 1 1 1 0 0 0 0 3 school no.l 8
305 A A CAD CAD 0 0 0 1 0 0 0 0 1 school no.l 8
306 E A CAD 130 C 0 0 0 1 0 0 0 0 1 school no.1 8
307 11B C E ACe 13 0 ]. 0 0 0 0 1 0 :2 School no.1 8
308 DCC CCC C C 1 0 0 0 0 0 1 0 2 School no.1 8
309 E A C A A B A C 0 0 0 1 0 0 0 0 1 School no.1 a
310 E 13CAD 130 C 0 < 0 1 0 0 0 0 2 School no.1 8..
311 A 13A A 0 C 13D 0 1 0 1 0 0 0 0 2 School no.1 8
312 E 13C CAe A E 0 1 0 0 0 0 0 1 2 school no.1 8
313 C E C C 13E A 0 0 0 0 0 u 0 0 0 0 School no.1 8
314 ODD Bee E C 1 0 0 0 0 0 0 0 1 School no.l 8
315 Ace C 13E A D 0 0 0 0 0 0 0 0 0 School no.l 8
316 A 13D E A D B D 0 1 0 0 0 1 0 0 2 School no.l 8
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22~ A B DAD B BOO 1 0 1 0 0 0 0 2 School no.2 8
227 A B DAD E B DOlO 1 0 0 0 0 2 £chool no.2 8
228 A B DAD C B D o 1 0 1 0 0 0 0 2 sehocf no •.2 6
229 A B DAD C B DOLO 1 U 0 0 0 2 school no.2 e
230 A A 0 E A C D BOO 0 0 0 0 0 0 0 School no.2 8
231 A E CAD C 0 A 0 0 0 1 0 0 0 0 1 School no.2 8
232 ABC A A E 0 COL 0 1 0 0 0 0 2 School n~.2 6
233 ABC A DeB COLO 1 0 0 0 0 2 School no.2 a
234 ABE CDC B DOL 1 0 0 0 0 0 2 school no.2 a
235 A B DAD C B DOLO 1 0 0 0 0 2 school no.2 8
236 A A D E ACE BOO 0 0 0 0 0 0 0 school no.2 8
237 A B ABE C D B 0 1 0 0 1 0 0 0 2 school no.2 8
238 A B A E b eBB 0 1 0 0 0 0 0 0 1 school no,3 S
239 BOD A CAB A 0 0 0 1 0 0 0 0 1 school no.3 8
240 A Ace 0 BCD 0 0 0 0 0 0 1 0 1 School no.3 8
241 ABO Ace C B 0 1 0 1 0 0 1 0 3 school no.3 b
242 A B D D A C BOO 1 0 0 0 0 0 0 1 school no.3 a
243 B BED A DAB 0 1 1 0 0 1 0 0 3 School no.3 8
244 A B D A A CAD 0 1 0 1 0 0 0 0 2 School no.3 8
245 A B DEC 0 BOO 1 0 0 0 1 0 0 2 school no.3 S
246 A DCA C DEE 0 0 0 1 0 1 0 1 3 SQhool no.3 S
247 ABC 0 BAD DOLO 0 0 0 0 0 1 School no.3 8
248 E eBB C E ADO 0 0 0 0 0 0 0 0 School no.3 8
249 0 B ABO E A ell 0 0 0 0 0 0 2 School no.3 8
250 ABC E A B BOO 1 0 0 0 0 0 0 1 school no.3 8
251 E Bee C E COOL 0 0 0 0 1 0 2 school no.3 8
252 ADD BCD B BOO 0 0 0 1 0 0 1 school no.3 8
253 A E C B D BEE 0 0 0 0 0 0 0 1 1 School no.3 8
254 A A C 0 A B B E 0 0 0 0 0 0 0 1 1 School no.3 8
255 ABC E eBB 0 0 1 0 0 0 0 0 0 1 School no.3 8
256 A A 0 CDC B D 0 0 0 0 0 0 0 0 0 School no.3 8
257 A E ceo B BOO 0 0 0 0 0 0 0 0 School no.3 a
258 ABC E eBB 0 0 1 0 0 0 0 0 0 1 school no.3 8
259 ABC E A B B DOlO 0 0 n 0 0 1 School no.3 8
260 ABC ABC BOO 1 0 0 2 School no.3 8
261 ABC COB B C U 1 0 Q 0 1 schoal no.3 8
262 ABC CAB aDO lOu ~ 0 1 School no.3 8
263 ABC E A B BOO 1 0 0 0 0 0 0 1 School no.3 8
264 A DeE D COB 0 0 0 0 0 ~ 0 0 0 School no.3 8
265 ABC D DeB B 0 1 0 0 0 0 0 0 1 School no,3 8
266 ABC Bee BED 1 0 0 0 0 0 1 2 School no.3 8
267 A DCA DeB D 0 0 0 1 0 0 0 0 1 School no.3 8
266 ABC 0 DCC E 0 1 0 0 0 0 1 1 3 School no.3 a
269 E DCC DeB 0 0 0 0 0 0 0 0 0 0 school 00.3 8
270 A B D A EBB 0 0 1 0 1 1 0 0 0 3 School ho.3 8
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180 A E C D A C B B I) 0 0 0 0 0 0 0 0 School no.2 8
18;.Ace A D C D E 0 0 0 1 0 0 0 1 2 School no.2 8
18...A X D ACE B B 0 0 0 1 0 0 0 0 1 School no.2 8
183 .n D E A A C :a A 0 0 1 1 0 0 0 0 2 School no.2 8
184 Ace ACE D :a 0 0 0 1 0 0 0 0 1 School no.2 8
18S A DEB C E D D 0 0 1. 0 0 0 0 0 1 School no.2 8
186 A D C B A E C D 0 0 0 0 0 0 1 0 1 School no.2 8
187 A :a C D E D B E 0 1 0 0 1 1 0 1 4 School no.2 8
188 ABC D C D D C 0 1 0 0 0 1 0 0 2 school no.2 8
189 A :a C D C D D C 0 1 0 0 0 1 0 0 2 School no •.2 8
190 ABC B C D B C 0 1 0 0 0 1 0 0 2 School no.2 8
191 ABE I) C o D C 0 1 1 0 0 1 0 0 3 School no.2 B
192 A B B C Po A B E 0 1 0 0 1 0 0 1 3 School nO.2 9
193 A D E C o X ElE 0 0 1 0 0 0 0 1 2 School no.2 8
194 A :a :a D CAE 0 0 1 0 0 0 0 0 0 1 School no.2 8
195 ADa DeE B A 0 0 0 0 0 0 0 0 0 School no.2 8
196 A Ace B D C E 0 0 0 0 0 1 1 1 3 School no.2 8
197 C B CAD E E D 0 1 0 1 0 0 0 0 2 school no.2 8
198 ABC B D A :a B 0 1 0 0 0 0 0 0 1 Sohool no.2 8
199 ABC A Ace 13 0 1 0 1 0 0 1 0 3 Sohool no.2 8
200 A A CAD C B B 0 0 0 1 0 0 0 0 1 School no.2 8
201 AXADEC C D 0 0 0 0 1 0 1 0 2 School 110.2 8
202 A D E A C E B D 0 0 1 1 0 0 0 0 2 Sohool no.2 8
203 C :a CAD D E D 0 1 0 1 0 1 0 0 3 sohool 110.2 8
204 A E C C n D B C 0 0 0 0 0 1 0 0 1 School no.2 8
205 A E CAD C B C 0 0 0 1 0 0 0 0 1 Sohool no.2 8
206 ABC E b C E D 0 1 0 0 0 0 0 0 1 School no.2 8
207 B A E C b c B D 0 0 1 0 0 0 0 0 1 school no.2 8
208 Jl. B o A A B B B 0 1 0 1 0 0 0 0 2 SohoOl no.2 8
209 A B ceo C B D 0 1 0 0 0 0 0 0 1 sohool no.2 8
2J.0A B Deb CAD 0 1 0 0 0 0 0 c ;ohool no.2 8
211 A B DAD B :e D 0 1 0 1 0 0 0 o ~ schcc). no.2 e
212 A B DAD B B 0 0 1 0 1 0 0 0 0 2 School no.2 8
213 A B DAD B B 0 0 1 0 1 0 0 0 0 2 $,chool no.2 e
214 A B D E A C B B 0 1 0 0 0 0 0 0 1 sebec), 110.2 8
215 ABE E C C 13 B 0 1 1 0 0 0 0 0 2 School no.2 e
216 ABC C D C 13 B 0 1 0 0 0 0 0 0 1 school no.2 8
217 A A 0 ]I. D C B 0 0 0 0 1 0 0 0 0 1 School 00.2 8
218 ABC A I) C B D 0 1 0 1 0 0 o 0 2 School no.2 8
219 A :a CAD C B D 0 1 0 1 0 0 0 0 2 School no.2 8
220 11. B CAD C B D 0 1 0 1 0 0 0 0 2 School no.2 8
221 A B A ]I. D D B D 0 1 0 1 0 1 0 0 3 School no.2 8
222 A B CCC C B B U 1 0 0 0 0 0 0 1 school no.2 a
223 A B o ]I. 0 B B ti 0 .1 0 1 0 0 0 0 2 Sohool 1')0.2a
224 A B DAD C B E ') 1 V ~ 0 0 0 1 3 sohool no.2 8
225 A B DAD C B E (I 1 ;) 1 0 0 0 1 3 Sohool no.2 8
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M M M M M M M T S
CCC CCC C 0 C

T T T T T T T Q Q Q Q Q Q Q T H
o EBB E E EEl 1 1 1 1 1 1 T 0 S
B N N N N N N N 0 0 0 0 0 0 0 E 0 T
S 1 2 3 4 5 6 7 1 2 3 4 5 G 7 N t D

602 BAD E A ABO 0 1 1 0 0 0 2 School no.l 10
603 B B B A A ABO 0 0 0 0 0 0 0 School no.1 10
604 ABO A B A COO 1 0 0 0 1 2 School no.1 10
605 h 0 a A 0 C 0 1 0 0 0 0 0 0 1 School no.1 10
606 B E a E A X BOO 0 1 0 0 0 1 Scho~l no.l 10
607 E A BAD A E 1 0 0 0 0 0 0 1 School no.1 10
608 E A BAD A E 1 0 0 0 0 0 0 1 School no.1 10
609 A BAD A E 1 0 0 0 0 0 1 School no.l 10
SlC E C 0 E A B 1 1 1 0 0 0 3 School no.1 10
6~1 ODE E 0 C BOO 0 1 0 0 0 1 School no.1 10
612 B BEE E C BOO 0 1 0 0 0 1 school no.1 10
613 0 0 BED C BOO 0 1 0 0 0 1 school no.l 10
614 BEE A 0 B COO 0 0 0 0 1 1 school no.1 10
615 E A DEE E B 1 0 1 1 0 1 0 4 school no.1 10
616 E ACE E E C 1 0 0 1 0 1 1 4 School no.1 10
617 E A C BEE C 1 0 0 1 0 1 1 4 School no.1 10
618 E ACE E Eel 0 0 1 0 1 1 4 School no.1 ~o
619 0 E BCD A COO 0 0 0 0 1 1 SchoOl no.1 10
620 D B 0 CAE BOO 1 0 0 1 0 2 School no.1 10
621 D B teE A A 0 0 1 0 0 0 0 1 School no.1 10
622 D B DAD B COO 1 0 0 0 1 2 School no.6 10
623 Bee ABE COl 0 0 0 1 1 3 School no,S 10
624 DOD E DOD 0 0 1 1 0 0 0 2 school no.6 10
625 ADD E ADD 0 0 1 1 0 0 0 2 school no.6 10
626 D 0 BED D D 0 0 0 1 0 0 0 1 school no.6 10
627 ABE C DBA 0 0 0 0 0 0 0 0 School no.6 10
628 A B A E A A A 0 0 0 1 0 0 0 1 school no.6 10
629 C D DCA a E 0 0 1 0 0 0 0 1 School no.6 10
630 A D C 0 E D D 0 0 0 0 0 0 0 0 School no.6 10
631 E D B CAD E 1 0 0 0 0 0 0 1 school no.6 10
632 C C B E A ABO 1 0 1 0 0 0 2 School no.6 10
633 A X C CAe A 0 0 0 0 0 0 0 0 School no.6 10
634 A A E E DeE 0 0 0 1 0 0 0 1 school no.S 10
635 B D DeE A E 0 0 1 0 0 0 0 1 SchoOl no.6 10
636 EBB E A D C 1 0 0 1 0 0 1 3 school no.6 10
637 CDC E E E ADO 0 1 0 l 0 2 school no.6 10
638 A D ACE D COO 0 0 0 0 1 1 school no.6 10
639 DeE E D B COl 0 1 0 0 1 3 school no.G 10
640 E C B CAD B 1 1 0 Q 0 0 0 2 School no.6 10
641 EBB D A A 8 1 0 0 0 0 0 0 1 school no.6 10
642 0 B A CAB COO 0 0 0 0 1 1 School no,6 10
643 BCD E A E C 1 1 1 1 0 1 1 6 School no.6 10
644 B C B DOE COl 0 0 0 1 1 3 School no.6 10
645 E 0 D C DEB 1 0 1 0 0 1 0 3 school no.6 10
646 A ~ n A A D COO 1 0 0 0 1 2 school no,6 10
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554 DeB E 0 B A a 1 0 1 0 0
555 C C B 0 E D A 0 1 0 a a 0
556 eBB A DAB 0 a a a 0 0
551 D DEE E E A a a 0 1 0 1
558 D A C A ABC 0 a 0 a 0 0
559 A C 0 A 0 ceo 1 1 0 0 a
560 C BOB Bee 0 0 1 0 a a
561 E A E A 0 E B 1 0 0 a 0 1
562 C 0 A A 0 E A 0 0 0 0 0 1
563 A B A B B C A 0 0 0 0 0 0
564 0 B B E A 0 A 0 0 0 1 0 a
565 BOB E A E coo a 1 0 1
566 ADD E B C A 0 0 1 1 0 0
567 ABO 0 B A A 0 0 1 0 0 0
568 A C D 0 B A A 0 1 1 0 0 0
569 ADD E B A coo 1 1 a 0
570 ACE 0 0 ABO 1 0 0 0 0
511 ACE C D D B 0 1 0 0 0 0
512 ACE DOE COl 0 0 0 0
573 ACE D DAB 0 1 0 0 0 0
574 ABE A E A A 0 0 0 0 0 0
575 ADO A 0 ceo 0 1 0 0 0
576 ceo BAD 0 0 1 1 0 0 0
577 DEE A A 0 coo 0 0 0 0
578 B A E A ABE 0 0 0 0 0 0
579 ABC BEE A 0 a a 0 a 1
580 A B D BeE BOO 1 a 1 1
581 ABO E E D BOO 1 1 0 0
582 BCD E E 0 B 0 1 1 1 a 0
583 B B B A A A 0 a 0 0 a 0 0
584 BOB A A C D 0 0 a a 0 0
Sa5 A E B E A X BOO 0 1 0 0
586 E E B E A A B 1 0 0 0 0
587 BAD E A ABO 0 1 i 0 0
588 B B B E A C BOO a 1 0 0
SS9 BAD C A ABO 0 1 0 0 0
590 A E 0 E A C BOO 1 1 0 0
591 E A 0 BEE C 1 0 1 a 0 1
592 E APE E E B 1 0 1 1 0 1
593 A B A A C 0 A 0 0 0 0 1 0
594 E E B C A X B 1 0 0 0 0 0
595 E A 0 E E E B 1 0 1 1 0 1
596 B BEE E C BOO 0 1 0 0
597 E A 0 E E E B 1 0 1 1 0 1
598 E ACE E Eel 0 0 1 0 1
599 E E B E A 0 B 1 0 0 1 0 0
600 B B B E A C BOO 0 1 a a
GOl BOB E A COO 0 0 1 a 0
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o 0 school no.3
o 2 School no.3
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a 1 School no.3
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o 1 School no.3
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o 0 School 00.3o 1 school no.3
a 3 school 00.3
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o 1 School no.1
o 1 School no.1o 2 School no.l
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~HASE 2: FREQUENCY TABLES FOR ALL SCHOOLS EXCE~T SCHOOL NO.1,
SCHOOL No.5 AND SCHOOL NO.6.

Chi-square teot

TABLE OF ~HASE BY 02

PHAS1\. Q2
Freql'eney1
Peroent 1
Row Pet 1
Col Pet 1 01 11 Total
-~-------+--------+--------+1 I 141 I 270 I 411

I 16.36 I 35.16 I 53.62
I 34.31 I 65.69 1

~l. 46 I 54.66 i
2 133 1

17.32 1
3'7.25 1
4':;,54I

357
46.49

224 1
29.17 f
62.29 1
45.34 1

Total 494 768
64.32 100.00

274
35.GB

STATISTIC.S FOR TABLf, CoIFPHASE BY Q2
Statistic DF-~~----~---~----~----~-------~------~-~-------~---~---l?rob
chi-square
Ulcelihood Ratio chi-square
Continuity Adj. Chi-square
Mantel-Haenszal Chi-s~uBrB
Fisher's Exaot Test (Left)

(Flight)
(2-Tail)

1
1
1
1

phi Coefficient
contingenoy Coeific:ient
cramer I s 'y

SampJ.e Size'" 768

Value
0.724
0.723
0.601
0.723

-0.031
0.031

-0.031

0.395
0.395
0.439
0.395
0.219
0.823
0.407



PHASE 2: FREQUENCY 'l'A13Ll:;SFOR ALL SCHOOLS EXCEPT SCBOOL NO.1,
SCHOOL NO.5 AND SCHOOL NO.6.

(Phase J., (N=41l) wi.th t:.eaahi.nO'delayed phase 2, (N:::J57))

ch:.~squaro teat

TABLE OF PHASE l3t01
PnASE 01

F:roq,i.lencyl
Per(lent I
Row Pct 1
Col Pet I 01 11 'total~________ +_~_____ ~+~M___~~~+

1 380 1 31 1 4ll
49.49 I 4.04 1 53.52
92 ••l(l 1 7.54 1
S:L75 1 50.82 1_M_~ _____ +______W_+_~~_~ ___+

2 327 I 30 1 357
42.59 1 3.91 1 46.48
91.24 1 8.76 1
49.67 1 53.73 IWM_____~_+_~_~~__~+---N---~+

'rotnl 707 61 '168
92.06 7.94 100.00

STATISTICS FOR TABLE OF PHASE BY 01
statiotic D,,' Prob
chi-Squaro
Likelihood Ratio Chi-Square
continuity Ad~. Chi-squar~
Mantel .....Haonozol chi~Squaro
Fiohel:"o Exuct 'rest (Loft)

(Right)
(2"'):'l\il)

1
1
1
1

phi Coofficil;lI'lt
contingency Coefficiont
crumOl,''0 V

Sample sizo p 7GB

"

Value
0.194
0.193
0.094
0.193

0.016
0.016
0.016

0.660
0.660
0.759
0.660
O. 7t 7
0.379
0.690



l\PPENDIX A2

COMPARISON Oli' S'l'ANDARD a' s ru~SULTS FOn. PHASE 1 s 2 ON TIlE S'l'ANOl\lU) a
REACTIVITY QUESTIONNAIRE

(Phase 1, (N,"41J.) with teacldng doLayad phase 2, (N<=:J5'i))

studento t-test

'l''l'ES'l' PROCEDURE!

Variabl(J: '1'0'1'1\1.
PHASE N std Dov std Error

1
2

411
357

1.91240676
2.32773109

1.22060233
1.30325377

0.060207117
0.06897550

farianceo T OF Prob>ITI

unequal
Equal

-4.5362
-4.5572

734.0
7GG.0

0.0001
0.0000

For HO: Variances arE) equal, F' 1:: 1.14
1:: 0.1998

OF '" (356,410) l?rob>F'

:?

"
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Chi-Square test

PHASE Q4

Frequency 1

Percent 1

Row Pct 1

Col Pct I 01 11 Tota'---------+--------+--------+
1 1 258 1 153 I 411

I 46.99 1 27.87 I 74.86
I 62.77 1 3,.23 1

I 75.44 1 73.91 1---------+--------+--------+
2 I 94 1 54 I 138

1 15.30 I 9.84 I 2?14
I 60.87 I 39.13 1

I 24.56 I 26.09!---------+--------+--------+~otal ~42 207 549
62.30 37.70 100.00

STATISTICS FOR TABLE OF PHASE BY Q4

statistic DF

Chi-square
Likelihood Ratio Chi-square
continuity Adj. chi-Square
Mantel-Haenszel Chi-square
Fisher's Exact Test (Left)

(Right)
(2-.Tail)

1
1
1
1

Phi Coefficient
contingency Coefficient
Oramer'a V

Effective Sample size = 549

Value

0.159
0.15S
0.089
0.159

0.017
0.017
0.017

Prob

0.690
0.690
0.766
0.690
0.693
').382
0.686



PHASE Q3

Frequency'
Percent I
Row Pct ,
Col Pct 1 11 Total-~-------+----~---+-~.--..---+1 366 1 4.5 1 411

6G.67 1 8.20 1 74.86
89.05 1 10.95 1
74.09 , 81.82 1

---------+--------+--------+2 , 128 , 10 , 138, 23.32 , 1.62 1 25.14, 92.75 1 7.25 1, 25.91 , 18.16 1---------+"~------+--~-----+Total 494 55 549
89.98 10.02 100.00

STATISTJ:CS FOR 'l'ABLEl OF PH1\SE BY Q3

statistic DF_________________ ~ M M. ~I?rob
Chi-Square 1
Likolihooo Ratio chi-Square 1
continuity Aoj. Chi-Square 1
Mantel-uaenszel chi-square 1
F~aher's Exact Teat (Left)

(Right)
(2-Tail)

phi Coefficient
contingency Coefficient
cramer's V
EffectiVe Sample Ji~e ~ 549

Value
1.sn
1.673
1.187
1.568

-0.Oli3
0.053

-0.053

o .21()
0.1%
0.276
0.210
0.137
0.92ti
0.253



chi-Square teot

l?HASE Q2

Fl:equency I
Pe'roant I
Rc)W p"t I
col Pat I 01 11 Total-~~---~-~+-~------+-~---.--+1 141 I 270 I 411

25.68 I 49.18 I 74.96
34.31 I 65.69 I
75.00 I 74.79 I~-"~--~-~+-------.+--------+

2 47 I 91 I 138
8.56 I 16.58 I 25.14

34.06 I 65.94 I
25.00 1 as. 21 I___ w _____ +________+______ ~~+

Total 199 361 549
34.24 65.76 100.00

STATISTICS FOR TABtE 0' PHASE BY 02

stntictia OF
------------------"--~---------------------~-.---------

l?rob

Chi-square 1
ti)'e1ihood Ratio Chi-squl:\ro 1
Continuity Adj. Chi-square 1
Mantel-Huenszel Chi-Square 1
Ficher's txnct Tost (Left)

(Right)
(2...Tail)

Phi Cnof.fioient
contingency Coeffioient
crnmElr/o V

EffoCltivo Sample size t::I 549

Valuo

0.003
0.003
0.000
0.003

0.002
0.002
0.002

0.959
0.958
1.000
0.959
0.560
0.522
l.000



Chi-Squa.re teot

TABLE OF PHASE BY Ql

PHME Q1
Frequency 1
Percent 1

RoW Pct I
Col Pct 1 01 11 Total_________+ + M+

1 J80 1 31 1 411
69.22 1 5.65 1 74.86
92.46 1 7.54 1
'74.80 1 75.61 1---------$~--~-~-~-+--------+

2 129 1
23.32 1

92.75 1
25.20 I

10 1
1.92 1
7.25 1

24.39 1

138
25.14

Total 50R 41 549
7.47 100.00

STATJ:STICS tOR TABLE OF PHASE BY Ql
statistic OF
-~------~---------~..~-----~--------------------------

Prob
chi-square 1
Likelihood Ratio Chi-Square 1
continui ty AJj. Chi-sgua.re !
Mantel-Haenozel Chi-Square 1
Fioher's Exaot Test (Left)

(Right)
(2-Tail)

phi cooffioient
contingency Coefficient
Cramer'::;V
Effeotive Sample size c 549

Va1u(:)

0.013
0.013
0.000
0.013

-0.005
o .OO!:·

-0.006

0.909
0.909
1.000
0.909
0.539
0.609
l.000



APPENDIX B2

COMPARISON OF STANDAM 8'S RESlJLTS FOR PRASB 1 & 2 ON THE STANDARD 8
REAC~IVITY QUESTIONNAIRE

(Phase 1, (N:::,zll) with teaching undelayed phase 2, (N::t138)J

Studentll t-tOllt

TTE!ST PROCEDURE

Vo.d.nble I TOTAL

PHASE Mean stcl De" std Error
--- ------~--- - - - - - -- - -...,-- ---- """-_ ..- -._--- ....
l.
.2

<Ill.
}.38

1.912408'76
2.0072-1638

1.22060233
1.16202929

0.06020787
0.0989l850

V&rillncotl '1' prob>ITI
unequal
Equal

..0.8190

...0.7992
246.0
:.'47.0

0.4136
0.4245

For HOI Variances are equal, F' D 1.10
'" 0.4997

DF • (410,137) Pl~ob>F'
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PHASE 2: FREQUENCY TABr..ESFOR ALL SCHOOr..SEXCEPT ScHOOL NO.1,
SCHOOL NO.5 AND SCHOOL NO.6.

Chi-Square test

TABLE OF PHASE BY Q8

PHASE Q8

Frequency 1
Percent 1
RoW'Pct 1
col Pct 1 01 11 Total
-~-~-----+--------+--------+

1 1 ;~41 1 70 i 4' 1
1 44,40 1 9.11 1 53.52
1 82.97 1 17.03 1
1 53.70 1 52.63 I

---------+--------+--------+
2 294 1 63 1 357

38.28 1 8.20 1 46.48
82.35 I 17.65 1
46.30 1 47.37 1

---------+--------+--------+Total 635 133 768
82.68 17.32 100.00

STATISTICS FOR TABLE OF PHASE BY Q8

Statistic OF-----~---------~--------~----..-----~---------------~--Prob

Chi-square 1
Likelihood Ratio chi-Square 1
continuity Adj. Chi-Square 1
Mantel-Haenzzel Chi-square 1
Fisher's Exact Test (Left)

(Right)
(2-Tai1)

phi coefficient
Contingency Coefficient
Cramer's V
sample Size Q 768

Value

0.051
0.051
0.017
0.050

0.008
0.008
0.008

0.822
0.822
0.897
0.822
0.626
0.448
0.849



PHASE 2; FREQUENC~ TABLES FOR ALL SCHOOLS EXCEPT SCHOOL NO.1,
SCHOOL NO.5 AND SCHOOL No.6.

chi~square test

TABLE OF PI'1AS:SBY Q7

PHASE 07

Frequency 1
Percent 1
Row Pct 1
Col Pct 1 01 11 Tntal~----~---+--------+--------+1 I 327! 84 1 411

1 42.58 I 10.94 I 53.52
1 79,56 1 20.44 I
I 53.17 1 54.90 I~~~~-----+--------+~---~---+2 I 28a 1 69 I 357
I 37.50 I 8.98 I 46.48
1 80.67 I 19.33 I
I 46.83 I 45.10 I

---------+--------+--------+Total 615 153 768
80.08 19.92 100.00

STATISTICS FOR TABLE OF PHASE BY Q7

statistio DF

Chi-square
Likelihood Ratio chi-Square
continuity Adj. chi-square
Mantel-HaetlSzel chi-square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

Phi Coefficient
contingency Coefficient
cramer's V

Sample Size = 768

Value

0.148
0.148
0,086
0.147

-0.014
0.014

-0.014

Frob

0.701
0.701
0.769
0.701
0.385
0.682
0.710



PHASE 2: FREQUENCY TABLES FOR ALL SCHOOLS EXCEPT SCHOOL NO.1,
SCHOOL NO.5 AND SCHOOL NO.6.

Chi-square test

TABLE OF PHASE BY Q6

PHASE Q6

Frequency I
Percent I
Row Pet I
Col Pet I 0/ 11 Total
---------+--------+--------+1 I 316 I 95 I 411

I 41.15 / 12.37 I 53.52
I 76.89 I 23.11 I
I 49.45 I 73.64 /

---------+--------+--------+2 / 323 / 34 / 357
I 42.06 I 4.43 / 46.48
I 90.48 I 9.52 I
I 50.55 I 26.36 I

---------+--------+--------+Total 639 129 768
83.20 16.80 100.00

STAT!STICS FOR TABLE OF PHASE BY Q6

statistic DF
--------~--~-----------------------------------------~

prob
chi-square
Lik.elihood Ratio chi-Square
continuity Adj. chi-Square
Mante1-Haenszel chi-Square
Fisher's Exact Test (Left)

(Right)
(2-'1'ai1)

Phi Coltlfficient
cont\ngeney Coefficient
Cramer's V
sample Size = 7G8

Value
1
1
1
1

25.250
<'.6.306
24.287
25.217

-0.18l.
0.178

-O.lEll

0.000
0.000
0.000
0.000

2.55E-07
1.000

3.80E-07



PHASE 2: FREQUENCY TAB~ES FOR ALL SCHOOLS EXCEPT SCHOO~ NO.1,
SCHOOL NO.5 AND SCHOO~ NO.6.

chi-squa:r:etest

TABLE OF PHASE BY Q5

PHASE Q5

Frequency!
Percent !
Row Pct !
Col Pet I a I 11 Total-----.--~+--------+--------+1 I 373 I 38 I 411

I 18.57 I 4.95 I 53.52
I 90.75 I 9.25 I
I 60.26 I 25.50 I----~----+--------+--------+2 I 246 I 111 I 357
I 32.03 I 14.45 I 46.48
I 68.91 I 31.09 I
I 39.74 I 74.50 I---------+_._-----+--------+

Total 619 149 768
80.60 19.~0 100.00

STATISTICS FOR TABLE OF PHASE BY Q5

statistic OF
--~------------------------~--------------------------

Prob

Chi-Squa:r:e
~ikelihood Ratio Chi··square
continuity Adj. chi-square
Mantel-Haenszel Chi-square
Fisher'S Exaot Test (Left)

(Right)
(2-'1'a11)

1
1
1
1

Phi Coefficient
ContinJenoy Coefficient
Cramer's V

Sample Size ~ 768

"

Value

58.313
59.797
56.924
58.237

0.276
0.266
0.276

0.000
0.000
0.000
0.000
1.000

1.13E-14
1.72E-14



PHASE 2: FREQUENCY TABLES FOR ALL SCHOOLS EXCEPT SCHOOL NO.1,
SCHOOL NO.5 AND SCHOOL NO.6.

chi-Squa",e test

TABLE OF PHASE BY Q4

PHASE Q4

Frequency I
Perdent I
Row Pct I
Col Pct I 01 11 Total---------+--------+--------+

1 I 258 I 153 I 411
I 33.59 I 19.92 I 53.52
I 62.77 I 37.23 I
I 62.47 I 43.10 I_________ + ~__+ M +

2 I 155 I 202 I 357
I 20.18 I 26.30 I 46.48
I 43.42 I 55.58 I
I 37.53 I 56.90 I---------+--------+--------+Total 413 355 768

9$.78 45.22 100.00

STATISTICS FOR TABLE OF PHASE BY Q4

statistic OF

chi-square:
Likelihood Ratio Chi.,Square
continuity Adj. chi-square
Mantel-Haenszel chi-square
Fisher's Exact Test (Left)

(Right)
(2-TaH)

1
1
1
1

Phi coefficient
contingency Coefficient
Cramer's V

sample Size ~ 768 '

.,

Value

28.797
213.946
28.023
28.759

0.194
0.190
0.194

Prob

0.000
0.000
0.000
0.000
1.000

!:I.59E-08
1.OeE-07



PHASE 2: FREQUENCY TADLES FOR ALL SCHOOLS EXCEPT SCHOOL NO.1,
SCHOOL NO.5 AND SCHOO~ NO.6.

Chi-Square test

TABLE OF PHASE BY Q3

PHASE Q3

Frequency'
Pel:cent ,
Row Pot ,
Col pot, 01 11 Total---------+--------+--------+

r ] 366' 45' 411
, 47.66' 5.86' 53.52
I 8~.OS I 10.~5 1
I 5B.56 I 31.47 I------~--+--------+--~-----+

2 I 259 I 98 1 357
I 33.72 1 12.76 1 ~6.4a
, 72.55 1 27.45 I

1 41.44 I 58.53 1---------+--------+--------+
Total 625 143 768

81.38 18.62 100.00

STATISTICS FOR TABLE OF PHAl:lEBY Q3

statistic OF~_~ N • ~ _Prob

Chi-Square
Likelihood Ratio Chi-Square
continuity Adj. Chi-square
Mantel-Haenszel chi-Square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi coefficient
Contingency Coefficient
Cramer's V

samp~..e Size == 768

Value

34.335
34.729
33.254
34.~90

0.211
0.207
0.211

0.000
0,000
0.000
0.000
1.000

3.38E-09
i.37E-09



Chi-square test

MCQ2G GROUP

Frequency I
Percent I
Row' Pct I
Col Pat IbELAYED INor DEL I Total
---------+--------+--------+o I 323 I 119 I 442

I 65.25 I 24.04 I 99.29
I 73.08 I 2G.92 I
I 90.48 I 86.23 I

---------+--------+--------+
1 I 34 I 19 I 53

I 6.87 I 3.84 I 10.71
I 64.15 I 35.85 I
I 9.52 I 13.77 I

---------+--------+-~ ._----+Total 357 138 495
72.12 ~7.Be 100.00

STAT!STICS FOR TABLE OF MCQ26 BY GROUP

sta.tistic DF-----_._-------_ .... ----_ ........._----- ...- ........ _ ....- ..._ .... _ ..._-----------
prob

Chi-Square
Likelihood Ratio Chi-Square
conti'nu1ty Adj. Chi-square
Mantel-Haenozel chi-Square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi Coefficient
contingency coeflicient
cramer's V

Sample sizO;}= 495

Value

1.B75
1.794
1.45B
1.871

0.062
" 061
0.062

0.171
O.lBO
0.227
0.171
0.935
0.115
0.195



chi-square test

MCQ2S GR.OUP

Frequency I
.Percent I
Row l?r.:t I
Col l>ct IDELAYED INOT DEL I Total_________~-------N+--------+

o I 246 I 87 I 333
I 49.70 I 17.58 I 67.27
I 73.B7 I 26.13 I
I 68.91 I 63.04 I

- .............--- ....+--- .......----.f---- ....- ...,.....+
1 111 I

22.42 I
68.52 I
3],,09 I

162
32.73

51 I
10.30 i
31.48 I
36.96 I

Total 138 495
27.88 100.00

357
72 .12

STA'.I'J:S'l'ICS FOR. TAD; ,E OF MCQ25 BY GROUP

stll,tistic OF------------------------------------------------------Probchi-Square. 1
Likelihood Ratio Chi-square 1
continuity Adi. Chi-square 1
Mantel-Haenszel chi-square 1
Fisher's Exact Test (Left)

(Right)
(2-Tail)

Phi Coeffici'ilnt
contingency Coeff.l.cient
Cramer's V
Sample size = 495

Value
1.55!li
1.536
1.300
1.551

0.056
0.056
0.056

0.212
0.215
0.254
0.213
0.911
0.127
0.24(\



dhi~Square test

MCQ24 GROUP
Frequency'
Percent ,
Row Pet ,
Col Pet 'DELAYED INOT DEL I Tot~l
~-----~--+--------+--------+o I 155' 84 I 239

, 31.31' 16.97' 48.29
I 64.85 I 35.15 I
, 43.42' 60.87'

---------+--------+--------+r ] 202' S4' 256
, 40.91' 10.91' 51.72
, 79.91' 21.09 I
, 56.58' 39.13'

Total 138 495
27.88 100.00

357
72.12

STATISTICS FOR TABLE OF MCQ24 BY GROU1'
statistic DF~~~~ __ ~ __ -. ~ __ u _l?rob
chi-square 1
Likelihood Ratio Chi-square 1
continuity Adj. chi-Squard 1
Mantel-Hae~szel Chi-Square 1
risher's Exact Test (Left)

(Right)
(2-Tail)

phi Cooffi,:dent
contingeno:r Coeffioient
Cramer's V
Sample Sizl~'"495

Value
12.140
12.196
11.451
12.115

-0.157
0.155

...0.157

0.000
0.000
0.001
0,001

3.49E...04
1.000

6.24E-04



Chi-Square test

MCQ23 GRQUP
Frequency I
Percent I
Row Pdt I
Col Pet IbELAYED INOT DEL I Total
--~------+--------+--------+o I 259! 128! 387

I 52.32 I 25.86 I 78.18
I 66.93 i 33.07 I
I 72.55 I 92.75 I

------~--+--------+--------+1 I 9B I 10 I lOB
I 19.80 I 2.02 I 21.82
I 90.74 I 9.26 I
I 27,45 I 7.25 I

---------+--------+--------+Total 357 138 4~5
72.12 27.88 100.00

S~ATIS~XCS FOR TABLE OF MCQ23 BY GROUP
statistic: OF~------~---~---~-----~--------~~~--~---,-~----~~--~----Prob
Chi-square 1
Likelihood Ratio Chi-square 1
continuity Adj. chi-square 1
Mantel-Haenozel Chi-Sauare 1
Fisher's Exact Test (Left)

(Right)
(2-Tail)

P1licoeffioient
Contingency Coefficient
Crtltnel."0 V
Sa~ple Size 0 495

Value
23.819
27.988
2~.649
23.771

-0.219
0.214

,·0.219

0.000
0.000
0.000
O.OOC

L47E-07
1.000

2.23l\i-07



Chi-f'111ne tost

MCQ2~ GROUP

Frequency!
Percent !
RoW Pet !
Col Pet !DELAYED !NOT DEL! Total-- ...------+------ ....._+--------+

O! 133 I 47 I rso
I .26.a7 I 9.49 I 36.36
I 73.89 I 26.11!
I 37.25 I 34.06 I

---------+--------+--------+1 I 224 I 91! 315
I 45.25 I 16.::!aI 63.64
I 71.11! 28.69!
I 62.75 I 65.94!---------+~-------+------~-+Total 357

72.12.
136 495

27.66 100.00

STATIST!CS FOR TABLE OF MCQ22 BY GROUP

stat;i.st.ir: OF
------------.----~-----~--------~--------------~------chi-Square 1
Likelihood Ratio Chi-square 1
continuity Adj. Chi-square 1
Mantel-Haenszel Chi-square 1
Fisher'S Exact Test (Left)

(Right)
(2-Tail)

Phi Coefficient
contingency Coeff: ;ient
Cr.amer's V

S~l1\ple Size ~ 495

value l?rob

0.440 0.507
0.442 0.506
0.312 0.576
0.439 0.508

0.778
0.289
0.533

0.030
0.030
0,030



chi-square test

MCQ21 GROUP

FreCjt:lencyl
percent I
Row I?ct I
Col Pct IDELAYED INOT DEL I Total
---------+--------+--------+o I 327 I 128 I 455

I 66.06 I 25.86 I 91.92
I 71.87 I 28.13 I
I 91.60 I 92.75 I

---------+------~-+--------+1 I 30 I 10 I ..0
I 6.06 I 2.02 I 8.08
I 75.00 I 25.00 I
I 8.40 I 7.25 I

---------+--------+--------+Total 357 138 495
72.12 27.88 100.00

STATISTICS FOR TABLE OF MCQ21 BY GROUI?

Sta.tistic DF
-------~-----------~-------------------------------~--

prob

Chi-sqt:lare 1
Likelihood Ratio Chi-Square 1
continuity Adj. Chi-Sqt:lare 1
Mantel-Haenszel Chi-Square 1
Fishel:"s Exact 'I'est(Left)

(Righi:)
(2-'1'ail)

phi Coeffioient
contingency Coefficient
cramer's v

sample Size Q 495

value

0.179
0.183
0.057
0.179

-0.019
0.019

-O.OH!

0.672
0.669
0.811
0.672
0.414
0.723
0.854



APPENDIX C2

COMPrutISON OF STANDARD 8'5 RESULTS FOR PHASE 2 ON THE STANOruUl 8
RRACTIVITY QUESTIONNAIRE

(Teaching aelayed (old" net"; N=357) with teaohint;! ae.!ayed, (ola"
new; N=l38)J

studellts t-test

TTEST PROCEDURE

Variable;: TOTAL

PHASE N Mean std Dev Std Error

~-------~-~---------~-------------~---------------------------------PEL 357
NOT DEL 138

2.32773109
2.00724638

1.30J2S377
1.16202929

0.06897550
0.0989l850

Varial'loeo T DF' prob>ITI

Unequal
Equal

-2.6576
-2.5263

277.4
493.0

0.0083
0.0118

For HO; Variances are equal, F' C 1.26
~, 0.1182

OF c (356,137) Prob>F'
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Chi~square test

problem option d is no~ the correot response.

PHASE Q8

Frequency 1

Percent 1

Row Pct I
col Pct 1 01 11 Total------~--+--------+--------+1 1 230 1 181 1 411

1 41.69 1 32.97 1 74.66
1 55.96 1 44.04 1
1 70.55 1 81.17 1---------+--------+--------+

2 I 96 I 42 I 136
I 17.49 1 7.65 1 25.14
! 69.57 I 30.43 1
I 29.45 1 16.63 I---------+--------+--------~Total 326 22: 549

59.38 40.62 100.00

STATISTICS FOR TABLE OF PHASE BY Q8

Statistic DF

Chi-Square
Likelihood Ratio Chi-square
continuity Adj. Chi-Square
Mantel-liaenszel chi-square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi coefficient
Contingency Coefficient
Cramer's V

Effective Sample size = 549

correct option
is not D check

Value

7.927
8.122
7.373
7.913

-0.120
0.119

-0.120

Prob

0.005
0.004
0.00'7
0.005

3.0SE-03
0.998

5.04E-03



chi-Square test

PHASE Q7

Frequf:.ncyl
Percent I
Row Pet I
Col Pct I 01 11 Total---------+---~----+--------+

1 I 327 I 84 I 411
I 59.56 I 15.30 I 74.86
I 79.56 I 20.44 I
I 74.49 I 7S.36 I

---------+--------+--------+
:2 I 112 I 26 I 138

I 20.40 I 4.74 I 25.14
I 81.16 I 18.84 I
I 25.51 I 23.64 I

---------+--------+--------+Total 439 110 549
79.96 20.04 100.00

STATISTICS FOR TABLE OF PHASE BY Q7

statistic DF
-~----------------------~------------------------~----

Prob

Chi-square
Likelihood Ratio Chi-square
cont.i.nuityAdj. Chi-square
Mantel-Haenszel ch~-square
Fisher's Exact Te~t (Left)

(Right)
(2-Tail)

1
1
1
1

phi Coefficier.t
contingency Coefficient
Cramer's V

Effective sample Size = 549

Value

0.165
0.166
0.080
0.164

-0.0l.7
0.017

-0.017

0.685
0.683
0.777
0.605
0.393
0.698
0.714



chi-square test

PHASE Q6

Frequency I
Percent I
Row Pct I
Col Pct I 01 11 Total------~--+--------+--------+

1 I 316 I 95 I 411
I 57.56 I 17.30 I 74.86
I 76.89 I 23.11 I
I 72.64 I 83.33 I---------+--------+--------+

2 I 119 I 19 I 138
I 21.68 I 3.46 I 25.14
I 86.23 I 13.77 I
I 27.36 I 16.67 I---------+--------+--------+Total 435 114 549

79.23 20.77 100.00

STATISTICS FOR TABLE OF PHASE BY Q6

statietic DF

Chi-Square
Likelihood Ratio chi-Square
continuity Adj. Chi-squa:r:e
Mantel-Haenszel Chi-square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

Phi Coefficient
contingency coefficient
Cramel's V

Effective Sample size = 549

Value

5.485
5.869
4.932
5.475

-0.100
0.099

-0.10(\

Prob

0.019
0.015
0.026
0.019
0.011
0.994
0.021



Chi-square test

PHASE Q5

Frequency I
Percent I
Row Pot I
Col Pct I 01 11 Total
---------+--------+--------+1 I 373 I 38 I 411

I 67.94 I 6.9~ I 74.86
I 90.75 I 9.25 I
I 81.09! 42.70 I---------+--------+--------+

2 I 87 I 51 I 138
I 15.85 I 9.29 I 25.14
I S3.04 I 36.96 I
I 18.91 I 57.30 I---------+--------+--------+Total 460 89 549

83.79 16.21 100.00

STATISTICS FOR TABLE OF PHASE BY Q5

statistic DF

chi-square
Likelihood Ratio chi-Square
continuity Adj. Chi-square
Mantel-Haenszel Chi-Square
Fisher's Exact Test (lleft)

(Right)
(2-Tuil)

1
1
1
1

phi Coeffioient
contingency coefficient
cramer's V

Effective Sample Size = 549

Value

[;8.404
51.449
56.382
58.298

0.326
0.310
0.326

prob

0.000
0.000
0.000
0.000
1.000

8.34E-13
1.25E-12



Chj.~Square test

MCQ24 GROUP

Fl:equenc:y!
Percent !
ROW Pot !
Col Pct !DEL~YED !NOT DEL I Total~-~----~-+~~------+-------~+

o I
I
! 36.49 I 64.el I---------+--------+--------+l! 149 I 19 I
I 51.5'1! 6.62 I
I 88.62 I 11.38 I
I 63.52 I 35.19 I

85 I
29.62 I
70.83 !

35 I
12.20 I
29.17 !

120
41.81

167
58.19

Totul 233
8L18

54 287
18.82 100.00

ST~TISTICS FOR T~BLE OF MCQ24 at GROUP

statistic DF--~----~----~--~----------------~----~---~------------Chi-square 1
Lik.elihood Ratio chi-squa.re 1
continuity Adj. Chi-square 1
Mnntel-Ha.envzel Chi-squa.re 1
Fisher's E~~et Test (teft)

(Right)
(2-Tail)

phi coeffit::ient
contingency coefficient
cramer's V

Sample siza c 287

Value
14.466
14.329
13.325
14.416

..0.225
0.219

-0.225

0.000
0.000
0.000
0.000

1.40E-04
1.000

2.03111-04



Chi.Square test

MCQ2:1 GROUP

Frequenc-yl
Percent I
Row Pct I
col Pdt ID$;LAYED INO'!'DEL I 'rotal

--"------+~----~--+--------+o I lSS I 48 I 206
I 55.05 I 16.72 I 71.7l
I 76.70 I 23.30 I
I 67.81 I a8.a9 I-~~--~-~.+--~-----+--"---~-+

1 I 75 I 6 I a1
I 26.13 I 2.09 I 28.22
I 92.59 j 7.41;
I 32.19 I 11.11 I

Total 54 267
18.92 100.00

233
el.18

STATISTICS fOR TABLE OF MCQ23 BY GROUP

statiatic DF
:hi..Squaro 1
·'~ikelJ,.hoo~Ratio Ohi ..Squulie 1
~Qntinuity Adj. Ch.i.~Square 1
Mantel-Haenozol C'hi-squt\):'e 1
Fiohf.)l." I (I E~tact Teot (T..eft)

(Right)
(~-'t'ail)

Phi Coefficient
contingency coefficient
cramer'o V

Sample size ~ 287

Value
9.615

11.103
8.602
9.fi81

-0.183
O.laO

-O.la::l

0.002
0.001
0.003
0.002

9.30E ...04
1.000

1.3GJ:l-03



Chi-Zt;juu):'eteot

MOQ22 GROUP

Frequenoyl
Percent I
Row Pot I
col Pet 'bELAYED INOT DEL I Total- ...-- .......+ .......+ +

o I 71 I 22 I 93
I 24.74' 7.67 I 32.40
I 76.34' 23.615 I
I 30.41 I 40.74 I-----~--~+---~-~~-+-~---~--+r ] 162 I 32 I 194
I 56.45' 11.15 I 67.60
I 83.51 I 16.49 I
I 69.53 I 59.26 I

Totc\l 54 2a7
1a.S2 100.00

233
8l.18

STATISTICS FOR TABLE OF MCQ2::! BY GROUP

Statistic l?rob

ChiMsquar~ 1
Likelihood Rat.io Chi ..Syuare 1
cont:lluity Adj. Chi-Square 1
Mantel-Ha~nozel Chi-square 1
rioher's msact Teot (Left)

(Right)
(2-Tllil)

Phi Coe:t:fioient
contingen:::ycoefficient
CrcllneJ:f 0 T/

2.110
2.051
1.668
2.103

-0.086
0,065

-0.006

0.1415
0.152
0.197
0.147
0.099
0.945
0.150



Chi-Square test
1233 - SCHOOL NO.2 & SCHOO!. NO.4 (DEL) V 54 SCHOOL NO.5 (NOT DEL)

MCQ21 GROUP

Frequency'
Peroent ,
RoW Pet ,
col pot IDEtAYED INOT DEL I Total--~-~----+-------~+--------+o I 2(J7 I 48 I 255

, 72.13' 16.7~' 8e.85
, 81.18' 18.82 I
I e8.G4' eS.89 I

---------+--------+--------+1 I 26 I 6 I 32
, 9.06 I 2.09 I 11.15
I 81.25 I 18.75 I
I 11.16 I 11.11 I

233
81.10

54 2B7
10.92 100.00

STATIS~ICS FOR TABLE OF MCQ21 BY GROUP

statiotie value
-"-----~-------~----..------------~------~-------------

P);'ob

Chi~S~unre 1
Likelihood Ratio Chi-Square 1
continuity Aclj. Chi-squa~e 1
Mni".~ol-Hilenozolchi-Square 1
Fioher'lJ I:l.:adt 'reot (teft)

(Right)
(2••'l'nH)

phi Coeffic:ient
contingoncy coo:fficient
Crnlnor'o V

sample Size ~ 287

0.000
0.000
0.000
0.000

-0.001
0.001

••().('01

0.992
0.992
1.000
0.992
0.605
0.584
1.000



APP~NDIX D2

COM.l?AAISONOF S'l',l\NoAAD B' S RESULTS FOR PIiASE 2 ON TilE ST,l\NDAAD 8
~CTIVITY QUESTIONNAIRE

('1'eaching delayed ,t~ldl N",23J) w:itb teaching undelayed, (old; N=S4))

PHAS!:) 2 I M SCHlOOI,NO.2 & SCHOOL No.4 (DEL) V 54 SCHOOL NO.5 (NOT
DEL)

student'o t..toot

'l'TEI3T PROCEDURE
vQ~iQblel TO'l'~WO

Monn stcl Do" std Erl'or

OET.AYEO 233
NO'r DEl. 54

2.62231760
a, 01851952

1.2844627';
1.107279!! ...

0.08414795
0.15068152

prob>!T!
unequul
Equal

3.HlSS
3.1896

69.2
295.0

0.0007
0.0016

ror HOI Varianoco n~e equal, F' ~ 1.35
'" 0.19'19

DF ~ (232,53) Prob>F'
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1138 - NOT DELAYED
cumulative Cumulative

TWOS Frequency Percent Frequency Percent_____ ~ ~ " ~ M _

A 47 34.1 47 34.1
B 8 5.B 55 39.9
C 7 5.1 62 44.9
D 24 17.4 86 62.3

#E 51 37.0 137 99.3
X 1 0.7 138 100.0

cumUlative Cumulative
TW06 Frequency Pe~cent Frequency Percent
------~---------------------~--------------------~A 11 B.O 11 8.0
a 33 23.9 44 31.9
0 54 39.1 98 71.0

#0 19 13.8 117 84.8
E 20 14.5 137 9;1.3
X 1 0.7 138 100.0

cumulative CUlnulative
TW07 FreCluenoy Percent F;requenr.:y percent_______ ~ _____ ~M _____ ~ ______ ~ ________ ~ _____________

A 21 15.2 21 15.2
B 48 34.8 69 50.0

#0 26 18.8 95 68.8
D 22 l5.9 117 84.8
r:: ?-1 15.2 139 100.0

Oum~ll!.\tivecumulative
TWOS Frequency Percent Frequency Percent
---~---~-.~~~-------"-----------------------------A 38 27.5 38 27.5
B 32 23.2 70 50.7
c 9 6.13 79 57.2
D 4:'. 30.4 121 87.7

#E 16 11.6 137 9!L3
X 1 0.7 138 lOO.O



PHASE -2 UNDELAYED: -SOHOOL NO.6, SOHOOL NO.5, SCHOOL NO.1 NOT
DELAYED

Cumulative Cumulative
TWOl Frequency Percent Frequency l?ercent~------~-~---~----~------~~----~~---~--~----------
A 111 80.4 111 80.4
B 1 0.7 112 81.2
C 2 1.4 114 82.6

#0 10 7.2 124 89.9
E 14 10.1 138 100.0

cumulative oumulative
TW02 Frequency percent Frequency Percent
---------------~----------------------------------A

#B
C
o
E
X

18
91
6
8
II
4

13.0
65.9
4.3
!i.8
8.0
2.9

18
109
115
123
134
:1.38

13.0
79.0
83.3
89.1
97.1

100.0

TW03 Frequency Percent Frequency
Jmulative cumulative

Percent
--------------------~---------------------~-------A 4 2.9 4 2.9
B 6 4.3 10 7.2
C 92 66.7 102 73.9
0 26 113,8 128 92.8

#E 10 7.2 138 100.0

Cumula.tive Cumulative
TW04 Frequenoy l?eroent Frequency
"-------------------------~-~--------------~---.---#A
t\
C
o
E
X

54
18
36
16
10
2

39.1
13.0
27.5
11.6
7.2
1.4

54
72

110
126
136
136

39.1
52.2
79.7
91.3
98.6

100.0



PHASE 2 -DELAYED

Cumulative cumulative
TWOS Frequency Percent Frequency Percent
------------~-------------------------------------
A 106 29.7 106 29.7
B 18 5.0 124 34.7
C 38 10.6 162 45.4
D 72 20.:.! 234 65.5

#E 111 31.1 345 %.€i
X 12 3.4 357 :1.00.0

cumulative cumulative
TW06 Frequency Percent Frequency Percent
-----~--------------------------------------------A 23 €i.4 23 6.4
B 118 33.1 141 39.5
c ).20 33.6 2€il 73.1

#D 34 9.5 :'!9S 82.6
E 62 17.4 3S7 100.0

CUmulatiVe cumulative
TW07 Frequency Percent Frequency
A
B

#c
D
E
X

50
114
69
34
77
13

14.0
31.9
19.3
9.5

21.6
3.6

50
164
233
267
344
357

Percent
14.0
45.9
65.3
74.8
96.4

100.0

Cumulative cumulative
TW08 Frec:tuency Percent Freq\lency
A
B
C
o

#E
X

51
134
20
85
63
4

14.3
37.5
5.6

22.8
17.6
1.1

Sl
185
205
290
353
357

Percent
14.3
51.8
57.4
81.2
98.9

100.0



PHASE 2: FREQUENCY TABLES FOR PHASE 2, N=357 (DELAYED) and N=138
(UNOELAYED)

PHASE 2-DELAYED School no.

cumulative cumulative
TW01 Frequency percent Frequency Percent----~------~_~ , ---------------------------
A
C

#0
E

300
2

30
25

84.0
0.6
8.4
7.0

300
302
332
357

84.0
84.6
93.0

100.0

cut,lulative Cumulative
TW02 Frequency Percent Frequency Percent
----~------~------------~-------------------------A

:fIB
C
b
E
X

57
224
10
32
32
2

15.0
62.7
2.8
9.0
9.0
0.6

57
281
391
323
355
357

16.0
78.7
81.5
90.5
99.4

100.0

cumulative cumulative
TW03 Frequency perQent Frequency Percent

A 25 7.0 25 7.0
B 15 4.2 40 11.2
C 130 36.4 170 47.<3
0 89 24.9 259 72.5

#E 98 27.5 357 100.0

cumUlative Cumulative
TW04 l~requency Percent Frequency Percent
--------------------------~-----------------------#A 2('2 56.6 202 1',6.6
B 41 11.5 243 68.1
0 54 15.1 297 83.2
D 32 9.0 329 92.2
E 25 7.0 35'1 99.2
X 5 O.B 357 100.0

"



Chi-Square test

MCQ29 GROUP

Frequency I
Percent I
Row Pct I
Col Pct I DE!.AYED I NOT DEL I Total
---------+--------+--------+o I 294 I 122 I 416

I 59.39 I 24.65 I 84.04
I 70.67 I 29.33 I

I 82.35 I 98.41 I

---------+--------+--------+1 I 63 I 16 I 79
I 12.73 I 3.23 I 15.96
I 79.75 I 20.25 I

I 17.65 I 11.59 I
---------+--------+--------+Total 357 138 495

72.12 27.88 100.00

STATISTICS FOR TABLE OF MCQ28 BY GROUP

statistic OF---------~-- I---_-_--------------------------------
Prob

Chi-Square
Likelihood Ratio chi-square
Contitluity Adj. chi-Square
Mantel-Haen~zel chi-square
Fisher's EXact Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi Coefficient
contingency Coefficient
Cramer's V

Sample Size ~ 495

Value

2.719
2.869
2.286
2.713

0.0;

0.099
0.090
0.131
0.100
0.063
0.966
0.103



chi-Square test

MCQ27 GROUP

FreguencYI
Percent I
Row Pct I
Col Pct IDELAYED INOT DEL I Total---------+--------+---_ .._--+o I 266 I 112 I 400

I 58.16 I 22.63 I 60.61
I 72.00 I 28.00 I
I 80.67 I 81.16 I

---------+~-------+--------+1 I 69 I 26 I 95
I 13.94 I 5.25 I 19.19
I 72.63 I 27.37 I
I 19.33 I 18.84 I

---------+--------+--------+Total 357 138 495
72.12 27.88 100.00

STATISTICS FOR TABLE OF MCQ27 BY GROUP

statistic DF

Chi-Square
Likelihooa Ratio Chi-Square
continuity Aaj. Chi-square
Mantel-Haenszel Chi-Square
Fisher r s Exao.t Test (Left \

(Right)
(2-Tail)

1
1
1
1

:phi coefficient
contingency Coefficient
Cramer's V

Sample size = 495

"

Value

0.015
0.015
0.000
0.015

-0.006
0.006

-0.006

Prob

0.902
0.:302
1.000
0.902
0.506
0.595
1.000





184 - SCHOOL NO.1 & SCHOOL NO.6 (NOT DEL)

Cumulative cumulative
TWOG Frequency Percent F,reqllency PEll'cont
A 7 a.3 7 6.3
l3 23 27.4 30 35.7
C 29 34.5 59 70.2

#0 14 lEi.7 73 66.9
l!) 10 11.9 83 98.8
X 1 1.2 B4 100.0

Cumulnt.i.ve Cumulative
TW07 Frequency Percent F1:'equSt'ICy Percent______________ ~ ~~~ ~ w

A 15 17.9 15 17.9
B 27 32.1 42 50.0

#0 17 20.2 59 70.2
I.) 14 1G.7 73 aG.!)
E 11 13.1 84 100.0

CUmul.ati'f<3 c::umulaUvo
TWOS Frequency percent ):'reqllency Percetl'c
A 17 20.2 17 20.2
B 25 29.9 42 50.0
C G 7.1 48 57.1
[) 32 'lS .1 80 95 .~'

1¥1:1 :3 J.G 83 98.e
X 1 1.2 64 100.0



184 - SCHOOL NO.1 & SCHOOL NO.6 (NOT DEL)
cumulativr;l CUIrlulative

TWO! Frequency Percent Frequency Percent_______~_____~__________~________~__________~~M_~_
A 71 94.5 71 84.5
l:l 1 1.2 72 95.7
c 1 1.2 73 86.9

#D 4 4.a 77 91.7
E 7 9.3 04 ],00.0

Cumulative cumulative
TW02 Frf.'lquency Percen~ Frequency ;Elercent______ r ______________________________ ~ ____________

A 11 13.1 11 13.1
#B 59 70,2 70 83.3
c 3 3.6 73 86.9
0 4 4.El 77 91.7
E 3 3.6 90 95.2
X 4 4.8 84 100.0

Cumulative cumulative
'l'W03 F.tequl!lllcyPercent Frequenoy Percent_w~_~w~_~_______M"___ ••______ ~_~ ___________ ~__~___ ~

A 2 2.4 2 2.4
B 2 2.4 4 4.9
C 59 70.2 63 75.0
0 17 20.2 80 9!i.2

#E 4 4.9 84 100.0
cumulative cumulative

'1'W04 Frequetlcy Per(~nt Frequency Percent_~_~ ___________ M ___________ ~_~ ___________ ~ ________

#A 36 41.7 35 41.7
a 10 11.9 46 53.15
c 21 25.0 66 78.6
0 9 10.7 75 99.3
:e 9 10.7 84 100.0

cumulative cumulative
TWOS Fr(~quency pOl:cent Fl:oquency Percent_____________ " _______ ~M ______ " ___ ~ _____ "~ _______ ~_

A 29 34.5 29 34.5
B 4 4.e 33 39.3
C 4 4.8 37 44.0
0 14 16.'I 51 60.7

#F. 32 39.1 83 98.8
X 1 1.2 84 100.0



.l\)?PENOIX E2

COMPARISON OF S'I'ANDitRb 8' S RES~TS FOR PHASE 2 ON THE S'l'lUlDARb 8
REACTIVITY QUESTIONNA1RE

(Teaching undelayed(old; N:::S4) with teacllinr; undel eyod, (new; N:::84)J

student's t-test

Variable I TOTTi~O

TYPE N Mean Std Dev stc1Error

-----------~-.-----~-----------------------------~---------~--------NEW
C"LD

84
54

2.00000000
2.01951852

L2024072?
1.10727851

0.3.3119330
0.15069152

Variances T OF prob>ITI
----~----------------------------------Unequ::;,l
J!qi:tal

.0.0927
-0.0910

119.9
130.0

0.9263
0.9276

For HOI Variances are equal, F' ~ 1.18
0.523(1

OF''" (93,S3) Prob>F' t::J
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154 SCHOOL NO.5 (NOT bEI.)

TW04 Frequency Percent Frequency
cumulative Cumulative

Percent
#A

13
C
D
E
X

1S
8

17
7
1
2

3r, .2
14.8
31.5
13.0
1.9
3.7

19
27
44
51
52
54

35.2
50.0
81.5
94.4
96.3

100.0

TWOS Frequency Percent Frequency
CUlllulative cumulative

Percent----~-------------~----~--------~-----~----..------
A
13
C
b

#E

'l'WOG Frequency

18
4
3

10
19

33.3
7.4
5.6

18.5
35.2

18 33.3
22 40.7
25 46.3
35 64.8
54 100.0

Percent
Cumulative Cumulative
FreqUency Percent

11
10
25
5

10

7.4 4
18.5 14
46.3 39
9.3 44

18.5 54

A
13
C

#D
E

TW07 Frequency
Cumula'tive

Percent Frequency

7.4
25.9
72.2
81.5

100.0

~---~--------~------~-----~~-----~---..-----~------
CUltItl1ative

Percent
A
13

#0
D
E

Frequency

6
21
9
8

10

11.1 6
38.9 27
16.7 36
H.8 44
18.!) 54

11.1
50.0
6t3. 7
R1.5

100.0

------~------------~---.-~.------ ~------..~-------
cUlllulative

Percent
A
13
C
D

#'S

cumulative
Percent Fr~quency

.'(1

7
3

10
13

:sa 9
13.0
5.6

18.5
;'),1.1

21
26
31
41
54

38.9
51.9
57.4
75.9

200.0



1233 - SCHOOL NO,2 & SCHOOL NO.4 (DEL)
Cumulative cumulative

TW07 Frequency Percent FrequendY Percent
-~--------------------------------~---------------A 44 18.9 44 18.9
13 75 32.2 119 51.1

#c 57 24.5 176 75.S
0 21 9.0 197 94.5
E 36 15.5 233 100.0

cumulativEI cumulative
TW08 Frequency Percent Frequency Percent-~~---~---~-~~--~--------------------..-------~---~
A 40 17.2 40 17.2
13 77 33.0 117 50.2
C 13 5.6 130 55.S
0 51 21.9 181 77.7

#E 49 21.0 230 98.7
X 3 1.3 233 100.0

154 SCHOOL NO.5 (NOT DEL)

cumulative cumulative
TW01 Frequency Percent Frequency Percent

A 40 74.1 40 74.1
c 1 1.9 41 75.9

#D 6 11.1 47 8'7.0
E 7 13.0 54 100.0

cumulatiVe cumulative
TWO:;! Frequency percent Frequency Percent
"------~--------------~------~--~--~--"-----------A 7 13.0 7 13 .0

#a 32 59.3 39 72.2
C 3 5.6 42 77.9
D 4 7.4 46 85.2
E 8 14.8 54 100.0

cumulativ'e cumulative
TW03 Frequency Percent Frequency Percent

A 2 3.7 2 3.7
13 4 7.4 6 11.1
c 33 61.1 39 72.2
0 9 16.7 48 a6.9

#E 6 11.1 54 100.0



1233 - SCHOOL NO.2 & SCHOOL NO.4 (DEL)

Cumulative cumulative
rrWOl Frequency Percent Frequency Percent
--------~-----------------------------------------
A 186 79.8 186 79.8
C 1 0.4 1B7 80.3

#D 26 11.2 213 91.4
E 20 8.6 233 100.0

cumulative cumulative
rrW02 Frequency Percent Frequency Percent--------------------------------------------------
A 34 14.6 34 14.6

#8 162 69.5 196 84.1
C 6 2.6 202 86.7
D 14 6.0 216 92.7
E 17 7.3 233 100.0

cumulative cumulative
rrWO.3 Frequency Percent Frequenoy Percent
~------------------------~~----------------~A 10 4.3 10 4 •.3
:a 10 4.3 20 8.6
C 83 35.6 103 44.2
D 55 23.6 156 67.8

#E 75 32.2 233 100.0

CumUlative Cumulative
'I'W04 Frequency Percent Frequency Percent~M __ ~ ___________________ .I _____ ~ ___________________

#A 148 63.5 148 63.5
a 16 6.9 164 70.4
C 38 16.3 202 86.7
D 21 9.0 223 95.7
E 8 3.4 231 99.1
X 2 0.9 233 100.0

Cumulative Cumulative
'I'W05 Frequenoy Percent Frequency Percent
----------------------~---~-------~---------------A 80 34..3 80 34.3
13 17 7.3 97 41.6
C 19 8.2 116 49.8
0 48 20.6 164 70.4

#E 69 29.6 233 100.0

CumUlative (.Ilml.l.......1ve
'I'W06 Frequency Porcent l1'requency :Peroent
----~-----------------------------------------~---A 15 6.4 15 6.4
B B8 37.8 103 44.2
C 61 26.2 164 70.4

#D 25 10.7 189 81.1
E ·14 18.9 233 100.0



Chi-Square test

MCQ28 GROUP

FreJueney'
PeNent ,
RoW Pet ,
Col Pet 'DELAYED 'NOT DEL' Total
---------+--------+------~-+0' 184, 41' :225

, 64.11' 14.29' 78.40
, 81.78' 18.22'
, 7& ~7' 75.93 I

---------+-------~+--------+
1 49 I 13 , 62

17.07 I 4.53 I 21.60
79.03 I 20.97 ,
21.03 I 24.07 I---------+--------+--------+Total 54 287

18.82 100.00
233

81.18

STATISTICS F~R TABLE OF MCQ28 BY GROUP

statiutie OF~~ •• ~_~ N _Prob
chi-square 1
Likelihood Rat:l.ochi~SqUf.).l·e 1
Continuity Adj. Chi-Oquare 1
MantE!l-!iaenszel Chi-squa:l:'e 1
Fishe:l:"sE~aet Test (Left)

(Right)
(,2-Tail)

phi coeffioient
contingency Coeffioient
Cramer's V

Sample Size c 287

Value
0.240
0.235
0.094
0.239

0.029
0.029
0.029

0.624
0.628
0.759
0.625
0.753
0.372
0.714



Chi-square test

MCQ27 GROUP
Freq\1eno"l
Peroent ,
!towPct ,
Col Pot 'DELAYED 'NOT DEL' Total
---------+--------+--------+0' 176' 45' 221

, 61.32' 15.68' 77.00
, 79.64' 20.36'
, 75.54' 93.33'

---------+--------+--------+1 , 57 , 9 , 66
, 19.86' 3.14' 23.00
: 86.36' 13.64'
, 24.46' 16.67'

---------+--------+--------+Total 233
81.18

54 287
18.92 100.00

STATISTICS FOR TABLE OF MCQ27 BY GROUP
Statistic Value-~~~--~---.~-------~~-.-~----~~---~-------------~--~~-prob
Chi-Squnre
Likelihood Ratio Chi-square
continuity Adj. Chi-Square
Mantel-Haonszel Chi-Square
Fisher's Exact Test (Left)

(Right)
(2~Tl\il)

1
1
1
1

Phi Coefficient
contingenoy coefficient
Cramer's V
Sample Size c 287

1.505
1.594
1.097
1.500

-".072
J.072

-0.072

0.220
0.207
0.295
0.221
0.147
0.924
0.282



chi-Square test

MdQ26 GROUP

Frequency I
Peroent I
RoW pct I
col Pet IDELAYED INOT DEL I Total

---------+~-------+--------+o I 208 I 49 I 257
I 72.47 I 17.07 I 89.55
I 80.93 I 19.07 I
I 89.27 I 90.74 I

---------+--------+~-------+
1 I 25 I 5 I 30

I 8.71 I 1.74 I 10.45
I 83.33 I 16.67 I
I 10.73 I 9.26 I

---------+--------+--------+Total 233 54 287
81.18 18.82 100.00

STATISTICS ],\'IjR 'l'ASI,E OF MCQ26 SY GROUP

statistio DF

------------~~-----------------"----------------------
:Frob

Ohi-square 1
Likelihooa Ratio chi-square 1
Continuity Adj. chi-square 1
Mantel-Haenszel chi-Square 1
Fisher's Exaot Test (Left)

(Right)
(2-Tail)

Phi Coefficient
contingency Coeffioient
Cramer's V

Sample size Q 287

Value

0.101
0.],04
0.005
0.101

-0.019
0.019

-0.019

0.750
0.747
0.943
0.751
0.488
0.704
1.000



Chi-Square test

MCQ25 GROUP

Frequency I
Peroent I
RoW pct I
col pot IDF.LAYED INOT DEL I Total
---------+--------+--------+o I 164 I 35 I 199

I 51.14 I 12.~0 I 69.34
I 82.41 I 17.59 I
I 70.39 I 64.81 I_.._-----+--------+--------+

1 I 69 I 19 I 88
I 24.04 I 6,6::::I 30.66
I 19.41 I 21.?9 I
I 29.61 I 35.1S I----~--~-+------~-+------~-.~Total 233

81.18
54 297

18.82 100.00

STATISTICS FOR TABLE OF MCQ25 BY GROUP

statistic DF~~-~-~------------~-----~--------------~,--~---------~-Frob

chi-square 1
Likelihood Ratio Chi-square 1
continuity Adj. Chi-square 1
Mante~-Haenszel Chi-Square 1
Fisher's Exact Test (Left)

(Right)
(2-TaiJ.)

phi coefficient
Contingency Coeffioient
Cramer's V

Sample Size ~ 297

"

Value

0.640
0.628
0.405
0.638

0.047
0.047
0.047

0.424
v.428
0.525
0.424
0.833
0.260
0.419



variable: 'rOTAL

SdHOOL~School 1'10.5

l?HASE N hean std nev std Error

1
2

74
54

0.14060124
0.15068152

Variances

2.77027027
2.01851852

T

1.21121808
1.10727851

DF l?rob>ITI
-*---------~-----------------~--~-----,-0.0004

0.0005
unequal
Equal

3.645:2
3,5942

119.7
126.0

li'orlID: Variances are equal, F' '"1.20
0.4946

Dr "" (73,5~)



J\l?PEND:tK 12

COMl?MISOH OF scaoor.:~ REStJr.'l'S TI1A'!' TOOK PM'!' IN PHASE 1 & 2 ON 'l'UE
ST.!\.NU.. ill B ~BACTIV'IT¥' Ql.1ESTIONNAIRE

student'o t-teot

SCHOOLoSdhool no.2

PHASE N
variable I '.l'OTAL

Mean Std Dcv Std Error

1
2

115
67

1.80869565
2.£10597015

0.:t.l0401S6
0.17045289

varinnoeo

1.18392487
1.39521700

or l?l:'ob>I'l'lOF
unequal
Equal

0.0001
0.0000

-4.9107
-5.1275

120.7laO.o

ror HOI Varinncc3 nre equal, F' Q 1.~9
., 0.1247

Prob>F'DF o. (Ii Ii , 114 )

aClloOLcSohool no.4

PH.I\SE

Vnl."iable:TOTAL
Stcl Dell stcl E.r:ror

1
a

0,989011045
1.23365546

0.14276147
0.09575023

VuriaMeo

48
H6

1.5201~3333
2.54al~277

T 01:' Proo;,.I'1'1
... _ ... _ ...... _ ... ~ .. _ .... ""' ""'_ .... , .... _'"_ .. _l".:l, ''''''_ .. ''''' _

0.0001
0.000(1

Unequal
Egunl

-5.9766
..5.295G

93.4
2~2.0

FOr no I Varinno()o arl9 oqunl, 1:" c 1. S6
0.0780

011't:I (165,47) Pl'ob>F" C;l
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Lower Differenoe Upper
SCHOOL Confidence )3etween ConHdenee

comparison Limit Means Limit

:J SOHOOL NO.3 .. SCHOOL NO.2 -1.3968 ..1.0230 -0.6491 ***-1 SCHOO!. NO.3 .. SCIIOOL NO.4 -1.0630 -0.7652 -0.4674 ***
I SCHOOL NO.3 SCHOOL NO.1 ..0.8614 -0.4170 0.0275I ..

SCHOOL NO.3 .. SCHOOL NO.5 -0.6359 -0.2355 0.1649
SCHOOL NO.3 - SCHOOL NO.6 -0.4647 -0.0::152 0.3944
SCHOOL NO.3 - SCHOOL NO.7 -0.5498 0.0608 0.6714

SCHOOL NO.7 - SCHOOL NO.2 -1.7196 -1.0037 -0.4479 ***
SOHOO!. NO.7 - SCHOOL NO.4 -1.4203 ...0.8260 -0.2316 ***
SCHOOL NO.7 - SCHOOL NO •.', -1.1576 ~0.477B 0.2020
SCHOOL NO.7 - SCHOOL NO.5 -0.9482 -0.2963 0.3556
SOHl-Or..NO.7 ... scnOOL NO.6 -0.7661 ...0.0960 0.5742
SCHOOL NO.7 - scnOOL NO.3 -0.6714 -0.0608 0.5498

~
!



General Linear Models procedure

'l' teats (!JSD) for variable: 'l'OT'1'WO

NOTE: This test controls the type I comparisonwioe error rate not
the exper:1.mentw:!.seerror .~ate.

Alpha~ 0.05 confidence= 0.95 df= 469 MSE~ 1.495942
critical value of '1'=1.96464

comparisons significant at the (1.05 level are indicated by '***1.

LOWer Difference Upper
ScHOOL Confidence Between Confidence

Oomparison Limit Me1;\ns Lil\\it

SCHOOL NO.2 ~ SCHOOL No.4 -0.0889 0.2578 0.6044
SCHOOL No.2 - SCHOOL NO.1 0.1274 0.6060 1.0945 ***
SCHOOL NO.2 - SCHOOL NO.5 0.3494 0.7975 1.2255 ***
SCHOOL NO.2 - SCHOOL NO.6 0.5230 0.9979 1.4525 ***
SCHOOL NO.2 - SCHOOL NCl.3 0.6491 1.0230 1.3969 ***
SCHOOL NO.2 - SCHOOL NO.7 0.4479 1.0937 1.7196 ***
SCHOOL NO.4 ... SCHOOL NO.2 -0.6C44 -0.2579 0.0989
SCHOOL NO.4 - SCHOOL NO.1 -0.0737 0.3492 0.7701
SCHOOL NO.4 - SCHOOL NO.5 0.1545 0.5297 0.9049 ~,**
SCHOOL NO.4 ~ SCHOOL NO.6 0.3239 0.7300 1.1361 ***
SCHOOL NO.4 ... SCHOOL NO.3 0.4674 0.7652 1.0630 ***
SCHOOL NO.4 - SCHOOL NO.7 0.2316 0.8260 1.4203 ***
SCHOOL NO.1 - SCHOOL NO.2 -1.0845 -0.6060 -0.1274 ***
SCHOOL NO.1 - SCHOOL NO.4 -0.7701 ...0.3492 0.0'737
SCHOOL NO.1 - SCHOOL NO.5 -0.3182 0.1815 0.69ll
SCHOOL NO.1 - SCHOOL No.6 -0.1414 0.3Ell9 0.9051
SCHOOL NO.1 ... SCHOOL NO.3 -0.0275 0.4170 0.8614
SCHOO:rJNO.1 .SCHOOL NO.7 -0.2020 0.4779 1.1576

SCHOOj~ NO.5 - SCHOOL NO.2 -1.2255 -0.7875 -0.3494 ***
SCHOOr.,NO.5 .. SCHOOL NO.4 -0.9049 ..0.5297 -0.1545 ***
SCHOOt, NO.5 .. SCHOOL NO.1 ...0.6911 ..0.1815 0.3182
SCHOOl, NO.5 - SCHOOL NO.6 ~0.2961 0.2003 0.6969
SCHOOl, NO.5 - SCHOOL NO.3 -0.1649 0.2355 0.6359
SCHOOl" No.5 ... SCHOOL No.7 -0.3556 0.2963 0.9492

SOH001:,NO.6 - SCHOOL NO.2 -1.4525 ..0.9978 -0.5230 ***
SCHOOl~ NO.6 - SCHOOL NO.4 -1.1361 -0.7300 -0.3239 **,'/f

SCHOOl:'NO.6 ... SCHOOL NO.1 -0.9051 .0.3818 o .l.414
SCHOO]:.NO.6 .. SCHOOL NO.5 -0.6968 -0.2003 0.2861
SCHOOl:'NO.6 - SCHOOL NO.3 -0.3944 0.0352 0.4647
SCHOOL No.6 - SCHOOL NO.7 ",0.5742 0.0%0 0.7661



PHASB 2: COMPARISON OF DIFFERENT SCHOOLS RESULTS FOR STANDARD a
REACTIVITY QUESTIONNAtRE (~EACHING DELAYED AND UNDELAYED)

General Linear: Models procedure
Class Level Informati~n
class Lavele Values

SCHOOL 7 SCHOOL NO.5 SCHOOL NO.3 SCHOOL NO.7 SCHOOL NO.4
SCHOOL NO.2 SCHOOL NO.l SCHOOL NO.6

Nunmer of observations in data set Q 495

1 General Linear Models procedure
Oependent. 'lariable: TOTTWO

Sum cf Mean
Source OF SquareI'> Square F Value Pr > F

Model Ii 74.7311552 12.4551927 0.38 0.0001
Error 4ea 725.1395509 1.4059417
corrected 494 799.8707071
Total

R-SCJuare C.V. Root MSE TOTTWO Menn
0.093429 54.458&~ 1.21699 2.2~e38

Source OF Type :r Ss Mean SCJua::e }" Value Pr > F

SCHOOL 6 74.7311562 12.45519:27 8.36 0.0001
source OF Type :r::tI SS M~an Square F Value l?r> F

SCHOOL G 74.73J,1562 12.4551927 6.38 0.0001



General Linear Hodels Procedure

T tests (LSD) for variable I TO'rTWO

NOTE: This tent controls the type r comparioonwise error rate not
the experimentwiae error rate.

Alpha~ 0.05 Conficlenoe= 0.95 df~ 353 HSS= 1.538846
Critical Value of 'l'c 1.96671

comparisons significant at. the 0.05 level are indicated by IU*'.

LOwer Di.fference Upper
SCHOOL confldence Between Confidenoe

Comparison Limit Meal1[l Limit

SCHOOL NO.2 w SCHOOL NO.4 ..0.0953 0.2578 0.6109
SCHOOL NO.2 - SCHOOL NO.3 0.6422 1.0230 1.4037 ***
fiCHOOL NO.2 - SOHOOL NO.7 0.4360 1.0637 1.7314 ~,**
SCHOOL NO.4 ... SCHOOL NO.2 -0.6109 -0.2578 0.0953
SCHOOL NO.4 - SCHOOL NO.3 0.4618 0.7652 1.0695 ***
SCHOOL NO.4 ... SCHOOL ~lO.7 0.2206 0.8260 1.4314 ***
SCHOOL NO.3 - SCHOOL NO.2 -1.4037 -1.0230 -0.6422 ***
SCHOOL NO.3 ... SCHOOL NO.4 -1.0685 -0.7652 -0.4618 ***
SCHOOL NO.3 - SCHOOL NO.7 -0.5612 0.0608 0.6828

SCHOOL NO.7 ... SCHOOL NO.2 -1. 7314 ..1.0837 -0.4360 ***
SCHOOL NO.7 - SCHOOL NO.4 ...1.4314 ..0.8260 ...0.2'206 ***
SCHOOL NO.7 .. SCHOOL NO.3 -0.6828 -0.0608 0.5612



.l\l?Pl>Nt>:tXn2

PHASE 2: COMPARISON OF 1ILL SCHOOLS RESULTS 'I'M'!' DELAYED TEACHING
ON 'raE ST1\NI)A1U> 8 R1?ACTIVI'l'Y' Ql1EST:!(J~rN.l\IRE

General Linear Models Prodedu1.e
Class Level Information

ClasEl Levels Values

SCHOOL 4 SCHOOL No.3 SCHOOL NO.7 SCHOOL NO.4 scHOOL NO.2

NUlnbel.·of observations in data. set:: .357

General Linear Models procedure

Dependent Variable: TO'l'TWO

Sum of Mea.n
Source OF Sqllares square F Value Pr > F
Model .3 61. 442847.3 20.480~491 13 •.3l 0.0001
Error .35.3 54.3.2126148 1.5388459

corrected 3S6 604.6554622
'l'otal

R-square C.V. Root MSt TOTTWO Nean
0.10163.6 53.29234 1.24050 2.32773

Souroe DF Type I S8 Me tin Square F Value Pr > F
Sl'iOOL .3 61.4428473 20.4609491 13.31 0.0001

SOUroe OF Type I!I SS Mean Square F Valuttl pr > F

SCHOOL 3 61.4428473 20.4909491 13.:U 0.0001

"
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APPENDIX G2

COMPAAl:SON OF STANDAAD a's RESUJ:.orsFOR PRASE 2 or. THE STANDARD B
REACTIVITY QUESTIONNAIRE

['l'eaciJinrr unde).ayed (new; N:t84) with teachi.ng delayed, (new; N:t124))

student's t-test

'!'TESTPROCEDURE

Variable: TOTTWO

GROOl? N Mean std De" std Error
_~ "~ M ~_~ _

DELAYED
NO'!'DEL

124
84

1.77419355
2.00000000

1.15356436
1.20240'722

0.l0359314
0.131193313

VO\riances '!' OF Frob>I'!'1-~-----------~--~-------"----~---------unequal
Equal

-1.3508
...1. 36.1. 7

173.3
206.0

0.1785
0.1749

For HO: Variances are equal, F' ~ 1.09
c 0.6702

DF ...(83,123) Frob>F'
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APPENDIX E'2

COMPARISON OF STANDARD 8' S REStJI,TS FOR. PHASE 2 ON THE STANDl\RD 8
REACTIVITY QUESTIONNAIRE

r2'eaohing delayed (old; N=2J3) rdth teaching de.Zayed, (newl N=l24))

student's t-test

TTE:S'l' !?R.OCE:DURE

Variable: TOTTWC

TYPE N Mean Std Dev std E:rror

----------~~~--~~-------~-~-"------~--~-------~-~--~----------------
NE:W 124
OLD 233

1.77419355
2.62231760

1.15356436
1.28416277

0.10359314
0.08414795

Varianoes 'I' DF Prob>iTI
Unequal
Equal

-6.3547
-6.1497

275.3
355.0

0.0001
0.0000

For HO: Variances are equal, F' ~ 1.24
'"0.1839

DF '" (232,123) I?rob>~' ,



chi-square test

SCHOOL~Sahool no.4

TA13LE]OF PI:lAS~BY 04

PHASE Q4

lI'requenayl
Percant I
RoW Pat I
Col Pat I 01 11 'l'otal
---------+--------+---~----+1 I 30 I 18 I 48

I 14.02 I 8.41 I 22.43
I 62.50 I 37.50 I
I 28.30 I 16.67 I

---------+--------+--------+2 76 I 90 I 166
35.51 I 42.06 I 77.57
45.79 I 54.22 I

I 71.70 I 93.33 I_______ M_+ + +
Total 106 lOa 214

49.53 50.47 100.00

STATISTICS FOR TABLE OF PI:lAS~BY Q4

Statistio OF------------------~-~~--------~--~------~----_"'----
prob

Chi-Square 1
Likelihood Ratio Chi-square 1
continuity Adj. chi-Square 1
Hantel-Haan.zel chi-Square 1
Fishe~ls Exaot Test (teft)

(Right)
(2-Ta11)

phi coeffioient
contingenay Coeffioient
Cramer's V

Effeotive Sample size ~ 214

Value

4.162
4.1,95
3.521
4.143

0.139
0.138
0.139

0.041
0.041
0.061
0.042
0.987
0.030
0.049



SCHOOLaSohool no.4
TABLE OF PHASE B~ Q3

PHASE Q3
J.l'l:equenoyl
Per.cer.t I
Row pet I
Col Pet I

Chi-square teat

1-------~-+-~------+-------~+01 11 'l'otal
4S I

21.03 I
93.7$ I
28.66 I

3 I 48
1.40 I 22.43
6.25 I
5.26 I

2
---------+--------+--------+ 166

77.57
112 I

5:2034 I
67.47 I
71.34 I

54 I
25.2:3 I
32.53 I
94.74 I

'J.'otn.l 157
73.36

57 214
26.64 100.00

statistic
S'l'ATISTICS FOR TABLE OF PHASE lW Q3

OF Value Prob
Chi-square 1
Likelihuod Ratio chi-square 1
continuity Adj. Chi-square :1
Ma.ntel..Haentlzel chi.,square 1
Fisher's Exact Test (Left)

(RighI.:)
(2-'.l'nil)

phi Coefficient
contingency coefficient
Cramer'p V

Effective Sample Size t:J 214

'.

13.160
16.199
11.949
13. 098

0.248
0.241
0.249

0.000
0.000
0.001
0,000
1.000

a.61E-OS
1.50E ..04



chi-Square test

SCHOOLoschool no.4
TASLE O~ PHASE BY Q2
PHASE 02
Frequency I
Percent I
Row Pet I
Col Pet I 01 11 Total
- ... ..._+ ......__ .. ·fo_ ... __ ... +

1 1 22 1 26 I 48
1 10,28 I 12.15 I 2.2.43
I 45.83 I 54.17 I
I 28.21 I 19.12 I-~---~---+-~-~~---+-..----~~+2 1 56 I 110 I 166
I 26.17 I 51.40 1 77 .57
1 33.73 I 66.27 I
I 71.79 I 80.8a I~---.~~.--+..--.~----+~~------+Total 78 136 214

36.45 63.55 100.00

STATISTICS FOR TABLE OF PHASE ay Q2
statistic DF Prop
chi-square 1
Likelihood Ratio chi-sql.\ut'e 1
continuity Adj. Chi-Square 1
Mant.el-HaOIlS2<:i.1. Chi-square 1
FiDhor' El EXllot 'lleot(T,eft)

(Right)
(2-':i'aU)

phi Coeffioient
Contingenoy Coofficient
Cramer's V
Effeotive Sample SiZe c 214

Value
2.353
2.306
1.859
2.342

0.l05
0.104
0.105

0.125
0.129
0.173
0.126
0.955
0.087
0.130



SCHOO~oS~hool 110.4
'rlIBLE OF X?SASEElY 01

PHASE 01

F:requency'
Percent I
RoW Pet I
col Pct I 01 11 'rotal__~__~.~__+~__M_~ __ +_~ __ ~~__+

1 I 44 I 4 I 48
I 20.56 I 1.B7 I 22.43
, !!l.67 , a.33!
I 23.04' t7.39 ,

.2 147 , 19 I lOG
68.69 , a.aB I 77.57
B8.55 , 11.45 ,
76.96 I 82.61 I----~--~~+--------+--------+Total 23 214

10.75 100.00
191

89.25

S'l'A'rlST:tCS FOR TABLE OF PHASE BY Ql

Statio'l.:oic OF P:rob
Chi-Squa:re 1
LiKelihood Ratio Chi-S~ua:re 1
Continuity Adj. Chi ...Squarlil 1
Mnntel-Haenszel chiwSquare 1
Fisher's Exact 'reat (Left)

(Right)
(2-Tllill

phi Coeffioient
Contingency Coefficient
Crllmel:'OV
Eff~ctive sample si?e c 214

Value
0.376
0.396
0.122
0.374

0.042
0.042
0.042

0.540
0.529
0.727
0.541
0.B07
0.377
0,791



chi-square teat

SCHOOL~Sohool no.2
TABLE OF ~HASE ay Q8
PHASE Q8
Frequenoyl
Peroent 1
RoW Pot 1
col Pot 1 01 11 Total~--"----~+--------+-~~-----+1 I 105 I 10 1 115

I 57.69 1 5.49 1 6.1.19
I 91.30 1 6.70 1
1 65.63 1 45.45 I__"_W____+______~_+--~---~-+

:1 I 55 I 12 I 67
I 30.22 I 6.59 I 3(;'81
I 92.09 I 17.91 I
I 34.38 1 54.55 1~-~-~--~~+-------~+~~-----~+'rotnl 160 22 192

87.91 12.09 l.OO.OO

STATXSTICS FOR TABLE OF ~HASE BY Q6
stntiotic Prop
Chi-SCjUllre 1
Likelihood Ratio chi~Square 1
cont~nuity Adj. chi~Squnre 1
Muntel ..Uaenozel Ch,i.-sqllare 1
Fioher'o Exact Toot (Loft)

(Right)
(2 ...Tail)

phi c;.ooff.idiont
contingenoy Coefficiant
Cl."arnell:I a 'J

Effeotive snrnple size c 182

"

Value
3.393
3.262
2.571
3.364

0.135
0.135
0.135

0.066
0.071
0.109
0.057
0.980
0.056
0.097



chi-Square test

SCHOOL=School no.2

PHM!!: Q7

Frequency!
Percent !
Row Pct 1
Col Pct 1 01 11 Total---------+--------+--------+

1 1 94 ! 21 I 11S
1 51.65 1 11.54 1 6~.19
1 81.74 I 18.26 I
1 63.61 I 61.76 1

2 54 1

29.67 I
80.60 1
36.49 I

67
36.81

13 1
7.14 1

19.40 1
38.24 !

Total 148
81.32

34 182
18.68 100.00

STA'l'ISTICSFOR TAI3LE OF PliASEI3YQ7

Statistic OF pro}.:)
Chi-Square 1
Likelihood Ratio Chi-square 1
Ce:ntinuity Adj. Chi-square 1
Mantel-Haenozel Chi-square 1
Fioher's EXact Test (Left)

(Right)
(2-Tail)

Phj,Coefficient
Contingency Coefficient
Cramer's V
EffectiVe Sample SiZe = 182

"

Value
0.036
0.036
0.000
0.036

0.014
0.014
0.014

0.849
0.949
1.000
0.849
0.654
0.498
0.846



SCHOOL=seho01 1'10.2
~ABLE OF PHA~E BY Q6

PHASE Q6
F:t"equencyl
percent I
Row Pot I
001 Pct I

Chi-square test

01 11 Total

1
-------.-+-~~-----+----~-~-+ 115

63.19
92 I

50.55 I
80.00 I
60dl3 I

23 I
12.64 I
20.00 I
74.19 I~---~~~~-+--~-----+--------+59 I

32 .42 I
8S.06 I
39.07 I

a I
4.40 I

11.911 I
25.81 I

67
'36.81

Total 151
82.97

~~-------+--~---~-+--~-~---+31 182
17.03 100.00

Statiotic
STATISTICS FOR TABLE OF PHASE BY ~6

DF 'iTalue Prob
Chi~square 1
Likelihood Ratio Chi-Square 1
continuity Adj. chi-square 1
Mantel-·Haensze:l chi-sc;!uare 1
Fisher's Exact 'reot (Left)

(Right)
(2-'l'ail)

Phi Coefficient
conting-eney Coeffioient
C:rumer's 'iT
Effective Sample Size c l82

1.946
2.032
1.417
1.935

-0.103
0.103

..0.103

0.163
0.154
0.234
0.).64
0.116
0.948
0.220



Chi-Square test

scnOOL==school no.2

~ABLE OF PHASE BY Q5

PHASE Q5

Frequency I
Percent I
Row Pct I
col Pot I 01 11 Total________ M+ + +

1 I 107 I 8 I 115
I 58.79 I 4.40 I 63.19
I 93.04 I 6.96 I
I 68.15 I 32.00 I---------+--------+--------+

2 I 50 I 17 I 67
I 27.47 I 9.34 I 36.81
I 74.63 I 25.37 I
I 31.85 I 68.00 I~~~--~--~+--------+~-----~-+Total 157

86.26
25 182

13.74 100.00

S~AT!STICS FOR TABLE OF PHASE BY Q5

Statistic OF----~---~---~--~---------~-~--------------~----~-~----prob

cni-Square
Likelihood Ratio Chi-Square
continuity Adj. Chi-square
Mantel-Uaenszel Chi-square
Fisher's E~act Test (Left)

(Right)
(2-Tail)

1
1
J.
1

Phi Coefficient
contingenoy Coeffioient
Cramer's V

Ef£eotive Sample Size ~ 182

"

Value

12.n9
11.679
10.613
12.051

0.258
0.250
0.258

0.000
0.001
0.001
0.001
1.000

6.82E-04
7.50E-04



Chi-square test

SCHoot~School no.2

TABLE OF PHASE BY 04

PHASE Q4

Frequency 1
Percent I
Row Pct 1
Col Pet I 01 11 Total---------+--------+--------+

1 1 68 1 47 1 115
1 37.36 1 25.82 I 63.19
I 59.13 1 40.87 1
1 88.31 I 44.76 I---------+--------+--------+

2 1 9 I 58 I 67
I 4.95 1 31.87 1 36.81
I 13.43 I 86.57 I
1 11.69 1 55.24 I---------+--------+--------+Total 77 105 182

42.31 57.69 100.00

STAT!STICS FOR TABLE OF PEASE BY 04

statistic DF
~--~-----------~---~---------------------~------------

1>rob

chi-Square
Likelihood Ratio chi-square
continuity Adj. Chi-square
Mantel-Haenszel chi-Square
Fisher's Exact Teat (Left)

(Right)
(2-Tail)

1
1
1
1

Phi coefficient
contingency Coefficient.
C:t:amer'sV

Effective Sample Size ~ 182

"

Value

36.220
39.546
34.372
36.021

0.446
0.407
0.446

0.000
0.000
0.000
0•.000
1.000

5.15E-IO
6.29B-lO



Chi-square test

SCHOOI!=School no.2

TABLE OF PHASE BY Q3

PHASE Q3

Frequency'
Percent ,
Row Pet ,
col Pet I 01 1.1 Total
_____ .... ,'*"' +__..........£11/::::)_""+

1 97 , 18' 115
53.30' 9.89 I 63.19
84.35 I 15.65'

, 67.83 1 46.15'---------+--------+--------+
2 I 46 I 21 I 67

I 25.27 I 11.54 I 36.81
, 68.66 I 31.34 I
, 32.17 I 53.85'---~~----+--~----..+-----~--+Total 14~ 39 182

78.57 21.43 100.00

STATISTICS FOR TA~LE OF PHASE BY Q3

statistic OF---- ....---------------------_ .... ----------------_ ........... _-----
Value Prop

chi-square 1
Likelihood Ratil) chi-Square 1
continuity Adj. Ohi-square 1
Mantel··Haensze1 Chi-square 1
Fisher's Exaet Test (Left)

(Ri.ght)
(~~'!'ail)

phi Coefficient
contingency Coefficient
Crame"'s V

Effective Sample Size ~ 182

G l!H 0.013
G.016 0.014
5.294 0.021
6.157 0.013

0.996
o.ori
0.015

'),184
0.181
0.184



chi-Square test

SCHOOL=School no.2

TABLE OF PRASE BY 02

PHASE ",2

Frequency 1
Percent 1
Row Pot I
Col Pot 1 01 11 Total
---------+--------+--------+

1 1 48 1 67 1 115
I 26.37 1 36.81 I S3.19
1 41.74 1 58.26 I
I 76.19 I 56.30 I

---------+--------+--------+2 1 15 1 52 1 67
1 8.24 1 28.S7 1 36.81
1 22.39 1 77.61 1
I 23.81 I 43.70 1

---------+--------+--------+Total 63 119 1~2
34.62 65.38 100.00

S~ATISTICS FOR TABLE OF PHASE BY 02

Statistic

chi-Square
Likelihood Ratio Chi-square
continuity Adj. Chi-square
Mantel-Haenszel Chi-square
Fieher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

Phi Coefficient
Contingenoy coefficient
Cramer IS V

E!ffHotive sample size = 182

"

Value

7.004
7.264
6.175
6.966

0.196
a ' '1
o •.. 11'

Frob

0.008
0.007
0.013
0.008
0.998

5.87E-03
9.67E-03



;FREQUENCY TABLES ;FOR SCHOOJ:,SO;FPHASE 1 s 2 OF 'l'REON THE Src. 8
REACTIVITY QUESTIONNA~RE.

Chi-square test

SCHOOL=School no.2

TABLE o;FPHASE BY Q1

PHASE Ql

;FreqUency'
Percent ,
Row pot ,
Col )'let, 0' I' Total~--------+--------+--------+

1 I 101 I 14 I 115
I 55.49' 7.69' 63.19
, 87.83' 12.17'
, 62.73' 66.67'---------+-----_._+--------+

2 I 60 I " I 67
I 32.97 i 3,85' 36.81
, 89.55 I 10.45 I
I 37.27' 33.33'---------+--------+--------+

Total 161 21 182
88.46 11.54 100.00

STATISTICS ;FORTABLE OF PHASE BY Ql

statistic DF'

Chi-square
Likelihood Ratio Chi-Square
Continuity Adj, chi-square
Mantel-Haensz~l Chi-Square
~isher's Exaot Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi Coefficient
Contingency Coefficient
Cramer's V

Effective Sample Size = 182

, '

Value

0.124
0.125
0.012
0.123

-0.026
0.026

-0.026

Frob

0.725
0.724
0.912
0.726
0.463
0.719
0.813



Chi-Square test

SCHOOL~sehool no.5
TABLE OF PHASE BY Q8
PHASE Q8
Frequency 1

Peroent 1

Row Pet 1
Col Pet 1 01 11 Total

1 1

1
1
I
I

39 I
30.47 1

52.70 1

48.75 1

74
57.81

35 1

2'/.34 I
47.30 I
72.92 I

2 41 I 13 I 54
32.03 I 10.16 1 42.19
75.93 I 24.07 I51.25 I 27.08 I---------+--------+--------+Total 80 48 128
62.50 37.50 100.00

STATISTICS FOR TABLE OF PHASE BY OS
Statistic OF
Chi-Squal.·e 1
Likelihood Ratio Chi-Square 1
continuity .!\.dj.C'hi-Square 1
Mantel.-Haenszel Chi-square 1
Fisher's Exaet Test (Left)

(Right)
(2-Tail)

Phi coefficient
Contingelley Coefficient
Cramer1s V
Effective Sample Size ~ 128

value
7.164
7.382
6.221
7.128

-0.237
0.231

-0.237

Prob
0.007
0.00'7
0.013
0.008

5.85E-03
0.998

9.54E-03



Ch~.-sql,are test

SCHOOLcschool no.S
TABL~ OF PHASE BY 07
PHASE: Q7

Freq1;lency I
Pe~cent I
RoW' Pot I
col Pot I 01 11 Total~~ +~~M + +

1 I 51 I 23 I 74
I 39.84 I 17.97 I 57.S1
I 68.92 I 31.0S I
I 53.13 I 71.Sa I_________ +_M_~ +--------+

45 I
35.1I:i I
83.33 I
46.a8 I

9 I
7.03 I

J.6.67 I
28.13 I

54
42.19

-------~-+--~~~---+-~------+Totn1. 9G
75.00

32 128
25.00 100.00

STATISTXcS FOR TAOLE OF PHA~E BY 07
statistic DF_______ ~_~ M ~ ~ _Prob

Chi~SCJ\.1are 1
:r,iJt:.elihood Ratio Chi-Square J.
continuity Adj. Chi~SCjuare 1
M!lntel-Ha~nClzelChi"SCjllare 1
Fisher's Exact Test (teft)

(Right)
(2-'l'ail)

Phi coofficient
o~ntingency Coefficient
Cramer's V
Effeo'l:ive Sample Size"" 126

value
3.459
3.575
2.733
3.432

..0.164
0.162

-0.164

0.063
0.059
0.098
0.064
0.048
0.982
0.067



l!hi-square test

SCHOOL=School no.S
TABLE OF PHASE BY OS
PHASE Q5
FrequetlcyI
Percent 1
Row pct 1

Col Pct I 01 11 Total
---------+--------+--------+1 1 49 I 25 I 74

I 38.28 I 19.53 1 57.81
I 6S.22 I 33.18 I
I 50.00 I 83.33 I

---------+--------+--------+2 I 49 1 5 1 54
I 38.28 I 3.91 I 42.19
I 90.74 I 9.26 I
I 50.00 I 16.67 I

---------+--------+--------+Total 98 30 128
76.56 23.44 100.00

STATISTICS FOR TABLE OF PHASE BY Q6

statistic DF
Chi-Square 1
Likelihood Ratio Chi-square 1
continuity Adj. Chi-Square 1
Mantel-Haenozel Chi-S~uare 1
Fisher'o Exact Test (Left)

(Right)
(2-Tail)

phi coofficient
Contingency Coefficient
Cramer's V
Effective Sample Size ~ 128

, iI

"

Value
10.464
11.417
9.142

10.382

.0.286
0.275

...0.286

prob
0.001
0.001
0.002
0.001

8.75E:-04
1.000

1.34E-03



Chi-square test

SCHOOL=School no.S
TABLE OF PHASE BY QS
PHl\.SE Q5

Fre.quenoyl
Percent I
RoW Pet 1
Col Pct I 01 11 Total-~~-~----+-----"--+------~-+1 I 63 1 11 I 74

1 49.221 8.591 57.81
1 85.14 1 14.86 I
I 64.29 1 36.67 1~-----~--+----~---+-------~+2 35 I

27.34 I
64.81 1
35.71 I

54
42.19

19 I
14.94 1
35.19 I
63.33 I~--------+--------+~--~--~-+Total 99

76.56
30 128

23.44 100.00

STATlsTICS rOR TABLE OF PHASE BY Q5
sta.tistic OF Frob
chi~Square 1
Likelihood Ratio .....Ii-Square 1
continuity Adj. ChiMSquare 1
Ma.ntel-Haenozel chi-square 1
Fisher's Exact Teot (Left)

(Right)
{2-'l'ail)

phi Coefficient
contingency Coefficient
CralTl€lr'O V
Effeotive Sample Size ~ 128

Value
7.1e4
7.134
6.096
7.128

0.237
0.231
0.237

0.007
0.009
0.014
0.008
0.998

5.94E"0:l
0.01.L



Chi-Square test

SCHOOL=School no.5
~ABtE OF PHASE BY Q4
PHASE Q4
:FrequencyI
Percent I
Row Pet I
Col Pct I 11 ~ot!l.l-~---"~"-~--------+----~---+1 28 I

21. a8 I
37.84 I
44.44 I

46 I 74
35.94 I 57.81
62.16 I
70.77 I____~ + +-----w--+

,2 I 35 I 19 I 54
I 27.34 i 14.84 I 42.19
I 64.81 I 35.19 I
I 55.56 I 29.23 I

-~-------+~-------+--------+~otal 63 65 128
49.22 50.78 100.00

S~ATIST!CS FOR TABLE OF PHASE BY Q4

Statistic OF---~~-~~~--~-~-~-~------~---~-"----------~~-~---~--~--Chi-Square
Li~elihood Ratio Chi-squaro
Continuity Adj. Ch.i.-SCJuare
Mantel-Haenszel Chi-Square
Fisher's E~act Test (Left)

(Right)
(2-'l'ail)

1
1
1
1

Phi coeffioient
contingency Coefficient
Cramer's V
Effective Sample Size c l28

Value
9.090
9.204
8.04~
9.019

-0.266
0.258

-0.266

0,003
0.002
0.005
0.003

2.19E-03
0.999

1).00E-03



Chi-Square test

SCHOOL~Sohool no.S
TABLE OF PHASE BY Q3
PHASE Q3
Frequenoyl
Percent I
l'l.owp"t I
Col Pet I 01 11 Totill-~-------+--------+----..---+1 68 1 6 1 74

53.13 1 4.69 1 57.81
91.89 I 8.11 1
58.62 I 50.00 I

~---~----+--------+.-------+2 48 I 6 1 54
37.50 1 iJ.69 1 42.19
88.89 I 11.11 I
41.38 I 50.0C! I--~----~-+-~~~--~-+--~-----+'.1'otal 116
90.63

12 128
9.38 100.00

STATXST1CS FDR TABLE OF PHASE BY Q3

statistic OF prob
Chi~Square 1
Likelihood Ratio Chi-Squnre 1
Continuity Adj. Chi-Square 1
Muntel-Haenszel Chi-Squnre 1
Fisher's Exnot Test (Left)

(l'l.ight)
(2-Tail)

Phi Coefficient
contingency Coeffioient
Cramer's V
Effective Sample Size ~ 128

Value
0.331
0.328
0.072
0.329

0.051
0.051
0.051

0.565
0.567
0.789
0.566
0.812
0.390
O. '/60



Chi-square t2St

SCHOOL=School no.S
TABLE OJ:'PI!Jl.$EBY 02

PHhSF. Q2

Frequency 1
Percent 1

Row :Pet 1
001 Pot 1 01 11 Total
~--~--~--+-------~+--------+1 1 18 1 56 1 74

I 14.06 1 43.75 1 57.81
1 24.32 I 75.68 1
1 45.00 1 63.64 1

---------+--------+--------+2 1 22 1 32 1 54
1 17.19 I 25.00 1 42.19
I 40.74 1 59.26 1
1 55.00 I 36.36 1

---------+--------+--------+Total 40 88 128
31.25 68.75 100,00

S'l'A'l'ISTIOS FOR 'l'AeL!::OF PHASE BY Q2

statistio DF
----------------------------~-------------------------

Prob
Chi-s~uare 1
Likelihood R~tio Chi-Square 1
Continuity Adj. Chi·,Square 1
Mantel-Haenszel chi-square 1
Fisher'o Exaot Test (Left)

(Right)
(2-Tail)

phi coefficient
contingenoy coeffioient
cramer's V
Effective Sample size 0 128

Value
3.916
3.892
3.189
3.885

-0.175
0.172

-0.175

0.048
0.049
0.074
0.049
0.037
0.98S
0.055



Chi-square test

SCHOOL~Sehool no.5
TABLE OF PHASE EY 01

PEIASE 01

Frequencyl
Pereen't 1

Row Pet 1
col Pet 1 01 11 Total
--.------+--------+--------+

1 1 71 1 3 1 74
1 55.47 1 2,34 1 57.81
I 95,95 1 4.05 1
1 59.66 1 33.33 1

---------+--------+--------+2 I 48 1 6 1 54
1 37.50 1 4.69 I 42.19
1 88.89 1 1l.l.! 1
I 40.34 1 66.67 I

---------+--------+--------+Total 119 9 128
92.97 7.03 100.00

STATISTICS FOR TABLE OF PHASE BY 01

statistic DF
----.~---------------~----~----------------------------

Prob
Ch~-square 1
Likelihood Ratio Chi-Square 1
continuity Adj. Chi-square 1
Mantel-Haens~el chi-square 1
Fisher's Exact Test (Left)

(Right)
(2-Tail)

phi Coefficient
contingency Coefficient
Crame::lsV
Effective Sample size c 128
Frequency Missing c 20

Value
2.378
2.355
1.421
2.360

0.136
0.135
0.136

0.123
0.125
0.233
0.124
0.971
0.117
0.166



chi-Square test

SCHOOL=School no.4
~ABLE OF PHASE BY QS
PHASE Q8

Frequency 1
Percent 1

RoW Pct 1

Col Pct 1 01 11 Total---------+--------+--------+
1 1 43 : 5 1 48

1 20.09 I 2.34 1 22.43
1 89.58 I 10.42 I
I 25.00 I 11.90 I

---------+--------+----~---+2 I 129 I 37 I 166
I 60.~~ I 17.29 I 77.57
I 7?71 I 22.29 I
I 75.00 I 88.10 1

---------+----- ......'_+--------+'l'otal 172 42 214
80.37 19.63 100.00

S~AT.ISTICSFO~ TABLE OF PHASE BY Q8

St.atistic DF

chi-square 1
Likelihood ~atio Chi-square 1
continuity Adj. Chi-square 1
Mantel-Haenszel chi-square 1
Ficher's E~act Test (Left)

(Right)
(2-Tai:t)

phi Coefficient
Contingency coefficient
cramer's V
Effective Sample she'" 214

Value
3.327
3.717
2.617
3.312

0.125
0.124
0.1:::5

pr.ob
0.068
0.054
0.106
0.069
0.984
0.048
0.097



chi-Square test

SCHOOI,cSchool no. 4

TABLE OF PHASE BY Q7

PHASE Q7

Frequency I
Percent I
Row Pct I
Col Pct 1 01 11 Total-----~---+-----~--+--------+1 39 I 9 I 48

18.22 I 4.21 I 22.43
81.25 I 18.76 I
24.22 I 16.9B I

---------+--------+--------+2 I 122 I 44 I 166
I 57.01 I 20.56 I 77.57
I 73.49 I 26.51 I
I 75.78 I 83.02 I

---------+--------+--------+~otal 161 53 214
75.23 24.77 100.00

STATISTICS FOR TABLE OF PHASE BY 07

statistic DF
-~-~-~--~---------------------------------------------

Prc;b

chi-square
Lik~lihood Ratio Chi-Square
continuity Adj. Chi-Square
Mantel-Haenszel Chi-Square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi Coefficient
contingency Coefficient
Cramer's V
Effective Sample Size ~ 214

value
1.202
1.257
0.922
1.196

0.075
(L075
0.075

0.273
0.262
0.365
0.274
0.903
0.183
0.344



chi-Square test

SCHOOL=Sehool no.4

TADLE OF PHASE BY Q6

PHASE Q6

Frequency 1
fereent 1
Row Pet 1
col pct 1 01 11 Total
---------+--------+--------+1 I 46 I 2 I 48

I 21.50 I 0.93 I 22.43
I 95.83 I 4.17 I

I 23.59 I 10.53 I-----~---+--------+--------+2 1 149 1 17 1 166
I 69.63 I 7.94 I 77.57
1 89.76 I 10.24 I
I 76.41 I 89.47 1---------+--------+--------+Total 195 19 214

91.12 8.88 100.00

ST.ATISTICS FOR TABLE OF PHASE BY Q6

statistic DF
---~---------------------------~----------------------

prob

Chi-square
Liltelihood Rat:l..oChi-square
continu.i.tyAdj. chi-Square
Mantel-Haenszel Chi-square
Fisher's ~xact Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi Coefficient
c~ntingency Coefficient
Crarne;t:"sV

Effective Sample Size c: 214
li'requencyMissing .. 118

"

Value

1.698
1.977
1.030
1.690

0.089
0.v89
0.089

0.193
0.160
0.310
0.194
0.955
0.154
0.256



Chi-square test

SCHOOL=School no.4

TABI.E OF PHASE BY Q5

PHASE Q5

Frequency'
Percent ,
Row Pct ,
Col pct' 01 11 Total
---------+--------+--------+

1 , 42 I 6 I 48
1 19.63 I 2.90 I 22.43
1 87.50 1 12.50 I
I 26.92' 10.34 I

---------+~-------+--------+2 1 114' 52 ,
, 53.27 I 24.30 I 7'.~7
I 68.67' 31.33 I
I 73.08 1 89.66'---------+--------+--------+Total 156 58 214

72.90 27.10 100.00

STATISTICS FOR TABLE OF PHASE BY Q5

statistic OF
------------~-----------------------------------------

rrob
chi-square
:Likelihood Rtltio Chi-Square
Continuity Adj. chi-Square
Mantel-Haenszel Chi-square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

Phi coefficient
contingellCY Ooefficient
Cramer's V

Effective Sample She := 214

Value

6.679
7.504
S.760
6.648

0.177
0.174
0.177

0.010
0.006
0.016
0.010
0.998

6.0SE-03
9.6SE-03



PHASE 2: FREQUENCY TAat~S BY SCHOOL

cumulative Cumulative
TWOS Frequency Percent F~equency percent_____~~_~~____~_4~______~_____________________.____
A 18 45.0 18 45.0
1'3 1 2.5 19 47.5
c 2 S.O 21 52.5
D 7 17.5 28 70.0

WE 12 30.0 40 100.0

Cumulative cumulative
TW06 Frequency Percent Frequency P\,rcent--~-~-____~_I~~__~_-~---------------~--------------
:e 10 25.0 10 25.0
C 19 47.5 29 72.5

~JD 9 22.5 38 95.0
E 1 2.5 39 97.5
X 1 2.5 40 lOO.O

Cumulative cumulative
TW07 Frequency Percent Frequency l?fJrCent-~-----~--------~-------------------~--~--~~------A 9 22.5 9 22.5
a 10 25.0 19 47.5

#c 10 25.0 29 72.S
D 6 15.0 35 87.5
E 5 12.5 40 100.0

Cumulative Cumulative
TWOS Frequency Percent Frequency Percent__________ M __ ~ ~ ~ _

A 8 20.0 8 20.0
1'3 13 32.5 21 52.5
C 3 7.5 24 60.0
D 14 35.0 38 95.0

#E 1 2.5 39 97.5
X 1 2.5 40 100.0

PHASE 2: FREQUENCY TABLES BY SCHOOL

SC~oOL~School no.6

Cuml1lati'fe cumulative
TWOl Frequency Percent Frequ~ncy Percent
A 39 88.6 39 88.6
B 1 2.3 40 90.S!
C 1 2.:.:1 41 93.2

#D 2 4.5 43 97."1
E 1 2.3 44 100.0



PHASE 21 FREQUENcY TABLES BY SCHOOL

cumulative cumulative
TW07 Frequency p,-aX'cent Frequency Percent__________ ~ ~~ __ ~_~ ~~~- w ~ __

l\ 19 28.4 19 28.4
, 22 32 .8 41 61.2\"

#c 13 19.4 54 80.6
D 6 9.0 60 139.6
til 7 10.4 67 100.0

cumulative Cumulative
'.I.'woa Frequency Percent Fraql'ency Percent____..__~_~w.~~~ ~ ~_~ ~ _
A s 7.5 S 7.5
B 31 46.3 36 53.7
C :l 1.5 37 55.2
D 16 23.9 53 79.1

#E 12 17.9 bS 97.0
X '}. 3.0 67 10CJ.0

PHASE 2 I FREQtlENCY TABLES BY SCHOOL

GCHOOL"'School no.l
Cumula.ti'/o Cumulative

Tt'101 Frequoncy Pereent Frequency Percent
A

#0
E

32
2
6

80.0
S.O

15.0
32 ao. 0
34 85.0
40 100.0

'l'W02 Frequency Percent
CumUl€Ltive Cumulative
Frequency percent

A 1 2.5 1 2.5
#8 36 90.0 37 92.5
b 2 5.0 39 97.5
E 1 2.5 40 100.0

Cumu 1t\'t ive cumulative
TW03 Frequency 1?e::cent Frequency Percent
B 1 2.5 1 2.5
C 22 55.0 23 5 r.s
D 14 35.0 ~7 92.5

#E. :3 7.5 40 100.0
CUmu],atiV(l cUl\\ultltiv(l

TN04 l!'J:equoncy percent l"retlUency poreent__ N_~ _______ ~~ ____ ~_~_. __ ~ ______ ~_t~._______N ___ ~_~

#A 15 37.5 15 .37.5
B 7 17.5 22 55.0
C 10 25.0 32 60,0
0 1 2.5 33 82.5
E " 17.5 40 100.0



PHASE 2: FREQUENCY TABLES BY SCHOOL

GCHOOL=School 1'10.2

cumuhtive cumulati.ve
TWOl Frequency Percent )1'reqllenc::y Percent,~"~ __ ~~ __ ~_~ _____ • ______ ~_~.~ ___ ~t"_~ _______ ~ _____ ~

A 55 92.1 55 92.1
#0 7 10.4 62 92.5
l!: 5 7.5 67 100.0

cumuloative cumulativE)
TW02 Frequency Percent Frequency l'er:cen~~~-~~-----~-----------------_----_I-_-___-----~'-~--.'
A 9 13.4 9 13.4

#13 52 77.6 61 91.0
c 1 1.5 62 92.5
[) 3 4.5 65 97.0
E 2 3.0 67 100.0

cumubtive cumulative
TWo3 Frequency Percent Freqll(mcy Percent-----~-~---~-~-~~---~~-----------------~~.----~--~
A 3 4.5 3 4.5
B 3 4.5 6 9.0
c 26 39.e 32 47.S
D 14 20.9 46 68.7

#E 21 ;:,1.3 67 100.0

CumulMive cumulative
'1'1'104 Fr.eq~lency Percent Frequency Percent_____ M_____ ~.__________ ••______ ~~ __ ,~______ ~~ ________

~~A 58 86.6 59 86.6
II 3 4.5 61 91.0
c 3 4.5 64 95.5
r:: 3 4.5 67 100.0

cumulative Cumulnt:l.v()
TWOS l)'reqt.lency PCll,'cent 1"re'.1Uon(";y Pe):'cont---~~------~---~-~---~-----~---------~~~-----~---~A 27 40.3 27 40.3
B 5 7.5 3~ 47.S
C 4 G.O 36 53.7
D 14 20,S SO 74.6

#1:: 1':1' 25.4 67 100.0

Cumulnt.ive CUll\~11ntive
'1'1'106 Frequenoy Percont. 1"req;uenoy p(l~cont
~~~~~-~~~~-~_~ __ ~"~_~~~ __ ~~ ___ ~~~~ ______ M __ W'___ • __

A .3 4.5 3 4.5
D 38 56.7 41 61.2
C 13 19.4 54 80.6

#0 a 11.9 62 92.5
1iJ 5 7.5 67 100.0

"



PHASE 2: FREQUENCY TABtll:S BY SCHOOL
cumulative cumulative

Tfl'04 froquenoy Percent Frequency percent_~ _____________ ~ ___ ~_~ __ ~ _____ M~ ••

..-......---_ ...__ ....----
#11. 90 54.2 90 54.2
B 13 7.8 103 62.0
c 35 21.1 138 83.1
D 21 12.7 159 95.8
E 5 3.0 l.(1) 98.8
X 2 1.2 166 100.0

cumulntive Cumultttive
TWOS Frequency l'eroent Ftequeney Peroont~_~ __ ~"~- _____ ~"w ••~__ ~_~ __ ~~M ____ ~~ __ ~ ______ "_~_~_

A 53 31.!;) 53 31.9
B 12 7.2 GS 39.2
c 15 9 0 60 4(1. .2
0 34 20.5 114 68.7

#t 52 31.3 16(; 100.0

cumulative CUln'llativ(I
TW06 Frequenoy Pel;'oent Fre~ueMy POl.'oont---.--~----------------~~-~~~-------~---~-----~---A 12 7.2 12 7.2
B 50 30.1 62 37.3
C 40 28.9 110 66.3

#D 17 10.~ 127 76.5
E 39 23.S 16G 100.0

Cumulati'to Cum\tlntive
'1''10107 Frequency Porotll1t: Frequency Poroent----~-~-~--~--~~~----~---------------------~~-~.~-A 25 15.1 25 11;'1
B 53 31.9 79 47.0

riC 44 26.5 122 73.5
J'J 15 9.0 137 82.5
Ii: 29 17.5 166 100.0

cumulativo Cum\\lntivo
TW08 Fl:'oqlHmcy POl.·c;ont l~l:'eqU()n(;:y P(ll:cont___ M~~~_~ __ Q ___ ~ _____ ~ ____ ._" ____ ~ ______ ~ _____ ~ __ ~

1\ 35 21.1 35 21.1
13 46 27.7 81 48.6
C 12 7.2 93 $6.0
0 35 21.1 128 77.1

#E 37 22.3 165 99.4
X 1 0.6 166 100.0



PHASE: 2: FREQUENCY TABLES BY SCHOOL
Cumulative cumulative

TWOG F~equency Percent Frequency Pe~cent_w_~~____________________________~"_~_____________
A 4 22.2 4 22.2
B 7 38.9 11 61.1
C 1 5.6 12 GIL 7

#0 2 11.1 14 77.S
In 4 22.2 16 1M.0

Cumulative Cum'Jlative
rrWo7 Froquency ~9rcent Froquency Pe~cent
E 7 38.9 7 38.9
X 11 61.1 18 100.0

cUlnulative cumulative
TWOS l~~oquency Percent l"~equenc:y Percent
A
B
D

<1
1

13

22.2
5.6

72.2
4
5

18

22.2
27.8

100.0

PHASE 2: FREQUENCY TABLES BY SCHOOL
SCHOOLt:1Sehool no ••;

cumulative cumulative
TWOl llrequen::y Perc::ont F~equoncy PCrCOll't

A 131 7£L9 131 78.9
C 1 0.6 132 79.5

#D 19 11.4 151 91.0
E 15 9.0 166 100.0

Cumulativo Cumulativo
TW02 FreqUtlnoy Percent FreqMncy Percent~N_____~___W__~___.W_.~~"_._____________~~__~_~~N~~
A 25 15.1 25 15.1

#13 110 6G.3 135 91.3
C 5 3.0 140 e4.3
D 11 G.G lS1 91.0
III 15 9.0 lSI) 100.0

cum\11utive Cumul£\tivo
'l'W03 Frocauonoy P(',rcent Frequency porcOl'l't

A 7 4.2 7 4.2
D 7 4.2 14 8.4
C 57 34.3 '11 42.8
I) 41 24.7 112 67.5

#E 54 32.5 166 100.0



PHASE 2: FREQUENCY TABLES BY SCHOOL
Cumulative cUlnulative

TWOS Frequency Peroent Frequency Percent~ w~~_~_~__~ ~ _
A 7 6.6 7 G.6
13 56 52.A 63 59.4
C 7 6.6 70 66.0
[) 21 19.8 91 a5.8

#E 14 13.2 105 99.1
X 1 0.9 lOG 100.0

PHASE 2: FREQUENCY TABLES BY SCHOOL
SCHOOL"'sohQol no.?

cumulative cumulative
TW01 Frequency percent Frequency Percent
A 17 94.4 17 94.4

#0 1 5.6 1a 100.0

cumulative cumulative
TW02 Ftequency Percent Fr.equenoy peroent~ ~ ~~ ~_~~ ~_w~ ~ ~ _

A 2 11.1 2 11.1
'liB 12 66.7 14 77.a

1:: 4 22.2 .I.B 100.0

cumulative cumulat;!,ve
'l'W03 Frequency Percent FreqUe\1ey Peroent______ ~_~~ ________________ ~~ __________ • ____ M ______

B 1 5.6 1 5.6
C " 22.2 S 27.a
0 e 44.4 13 72.2

#E 5 27.8 1S 100.0

cumulative Cumulative
'l'W04 Frequency Peroent lI'reCjuency PercElnt

'/fA 4 22.2 4 22.2
B 7 3a,9 U G1.1
0 4 22.2 15 83.3
E 3 16.7 IS 100.0

cumulative CumulativE)
TWOS Frequono¥ Peroent Frequenoy Peroent

tiE
X

7
11

3e.$)
61.1

7
16

38.9
100,0



PHASE 2 : FREQUENCY TASLES BY SCHO'L

CUllIU1at;i.ve cumulative
TW03 Frequency Percent Frequency percent
--------~-----------------------------------------A 15 14.2 15 14.2
B 4 3.B 19 17.9
C 43 40.G 6.2 5B.S
D 26 24.5 BB 83.0

#E 18 17.0 lOG 100.0

dumulative cumulative
TW04 Frequency Percent Frequency Percent
----------------------~---------------------------#A 50 47.2 50 47.2
B 1B 17.0 6B 64.2
C 16 15.1 B4 79.2
0 7 6.G 91 85.8
E 14 13.2 105 99.1
X 1 0.9 106 100.0

cumulative cumulative
TWOS Frequency Percent Fre'.luency Percent_____________ W_____ M_____ ••_____ ~__________________

A 26 24.5 26 24.5
B 1 0.9 27 25.5
c 19 17.9 46 43.4
0 24 22.6 70 66.0

#E 35 33.0 lOS 99.1
X 1 0.9 106 100.0

cumulative cumulative
TW06 Frequency percent Frequency Peroent~~ __________ ~ ____________________ M ________________

A 4 3.8 4 3.8
B 23 21.7 2'1 25.5
C 59 54.7 85 80.2

#0 7 6.6 92 86.8
E 14 13.2 106 100.0

CumUlative cumUlative
Two7 Frequency Percent Frequency Pel:cent
~~------------------------------------------------A G 5.7 G 5.7
B 39 36.8 45 4:LS

#0 12 11.3 57 53.8
0 13 12.3 70 66.0
E 34 32.1 104 98.1
X .2 1.9 lOG 100.0



PHASE 2: FREQUENCY TABtES BY SCHoot

cUI'tulative cumulative
TW06 Frequenoy Percent ~requency Percent
------------------~------------~------------~-----A 4 7.4 4 7.4
B 10 16.5 14 25.9
c 25 46.3 39 72.2

#'0 5 9.3 44 61.5
E 10 18.5 54 100.0

Cumulative cumulative
TW07 Frequency percent Frequency Peroent
-----------~----~---------------------------------A G 11.1 G 11.1
B 21 38.9 27 50.0

#c 9 16.7 36 66.7
P 8 14.6 44 61.5
E 10 18.5 54 100.0

CllInulative CUll\ulative
TW06 Frequency Percent Frequency ]?,\lroent
-~-----~----------~-~--------~-------------~------A 21 38.9 21 38.9
B 7 13.0 28 51.9
C 3 5.6 31 57.4
D 10 18.5 41 75.9

#E 13 24.1 54 100.0

PHASE 2: FREQUENCY TAStES BY sc»oot

SCHOOL~Sohool no.3

cumulative CUmulative
~WOl Frequenoy Perc~nt Frequency Percent
-~----~-----~------------------------------"------A 97 91.5 97 91.5
C 1 0.9 96 92.5

#D 3 2.6 101 95.3
E 5 4.7 106 100.0

cumulative Cumulative
'1'W02 li'requenoy Peroent F'requency Percent
~--~-----------~-~----~---------------------------A 21 19.8 21 19.8

#a 50 47.2 71 67.0
C 4 3.8 75 70.8
0 16 17.0 93 67.7
E 11 10.4 104 96.1
X 2 1.9 106 100.0



PHASE 2: FREQUENCY TABLES BY SCHOOL ON 'l'HESTO. 8
REACTIV!TY QUESTIONNAIRE

PHASE 2

SCHOOL=School no.5

cumulative cumulative
TW01 Frequency percent Frequency Percent
----------------------~---------------------------
A 40 74.1 40 74.1
C 1 1.9 41 75.9

#0 I) 11.1 47 87.0
E 7 13.0 54 100.0

cumulative cumulative
TW02 Frequency Percent F'requency Percent______ ~ M __ ~ ~~ ~ _

A 7 13.0 7 13.0
#8 32 59.:3 39 72.2
c 3 5.6 42 77 .8
0 4 7.4 46 85.2
E 8 14.8 54 100.0

cumulative cumulative
'1'1'1'03Frequenoy Pe.t'cent Frequency Percent
---------------------~-----------~----------------
A 2 3.7 2 3.7
B 4 7.4 6 11.1
C 33 6.1.1 39 72.2
0 9 16.7 48 88.9

#E 6 11.1 54 100,0

Cumulative cumulative
'1'1'1'04Frequency pel:'cent Frequency Percent
---~---~------------~-~-------~-----------~-------

#A 19 35.2 19 35.2
8 8 14.8 27 50.0
c 17 :31.5 4.1 81.5
0 7 13.0 51 94.4
E 1 1.9 52 96.3
X 2 3.7 54 100.0

SCHoot."'Sohool no.5

cumulative cumulative
TWOS Frequency Percent Frequency Percent

A 16 33.3 18 33.3
B 4 7.4 22 40.7
C .3 5.6 25 46.3
D 10 lB.5 35 64.S

tIE 19 35.2 54 100.0

"



PHASE .2

SCHOOL~School no.6

variable N Mean std Dev Minimum
_____________ ~_~ ~ •• ~ M _

Maximum

MCQ21
MCQ22
MCQ23
14CQ24
MCQ25
I-!.CQ26
MCQ27
MCQ28
'l'OTTWO

44
44
44
44
44
44
44
44
44

0.0454545
0.5227273
0.0227273
0.4545455
0.4545455
0.1136364
0.1590909
0.0454545
1.8181818

o.2107071
0.5052578
0.1507557
o .50~,6a62
0.5036862
0.3210382
0.3699894
0.2101071
1.16694: )

o
o
o
o
o
o
o
o
o

1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
4.0000000

-~~---------~~---------------------~-----------~--------------.-,~---~



PRASE 2

SCBOOL=School no.4

Variable N Mean std Dev Minimum Maximum

--------------------------------------------------------------------
MCQ21 166 0.1144578 0.3193298 0 1.0000000
MCQ22 166 0.6626506 0.4742358 0 1.0000000
MCQ23 166 0.3253012 0.4.699048 0 1.0000000
MCQ24 166 0.5421687 0.49Q7261 0 1.0000000
MCQ25 166 0.3132530 0.~\652197 0 1.0000000
MCQ26 166 0.1024096 0.3041036 0 1.0000000
MCQ27 166 0.2650602 0.4427007 0 1.0000000
MCQ28 166 0.2228916 0.4174454 0 1.0000000
TOTTWO 166 2.5481928 1.2336555 0 7.0000000

--------------------------------------------------------------------
SCHOOL=School no ..2

Variable N Mean Std bev Minimum Mmtirnum

--------------------------------------------------------------~-----HCQ21 67 0.1044776 0.3081877 0 1.0000000
MCQ22 67 0.7761194 0.4199890 0 1.0000000
MCQ23 67 0.3134328 0.4673898 0 1.0000000
UCQ24 67 0.8656716 0.3435784 0 1.0000000
MCQ25 67 0.2537313 0.4384298 0 1.0000000
MCQ26 67 0.1194030 0.3267094 0 1.0000000
UCQ27 67 0.194029~ 0.3984366 0 1.0000000
MCQ28 67 0.1791045 0.3863337 0 1.0000000
'l'OTTWO 67 2.8059701 1.3952170 0 7.0000000
~ ~ u _

SCHOOL=School no.1

Variable N ,1 std DeV' Minimum Haximurn

--------~-------------..---------------------------------------------HCQ21 40 0.0500(.;00 0.2207214 0 1.0000000
MCQ22 40 0.9000000 0.3038218 0 ]..0000000
MCQ23 40 0.0750000 0.2667468 0 1.0000000
HCQ24 40 0.3750000 0.4902903 0 1.0000000
HCQ25 40 0.3000000 0.4640955 0 1.0000000
HCQ26 40 0.2250000 0.4229021 0 1.0000000
MCQ27 40 0.2500000 0.4385290 0 1.0000000
MCQ28 40 0.0250000 o .158J.l39 0 1.0000000
TOT'.l'WO 40 2.2000000 1.21236976 0 5.0000000
___________~ ~-~-~-.-----~---.--------------M- _



"'HASE 2: oVERAtL RESULTS FOR ALL SCHOOLS ON THE STD. a
REACTIVITY QUESTIONNAIRE

PHASE ;2

scaooL=school no.5
variable N Mean std De" Minimum MaximUll\

--~-~-----~-~----~----------------------------------~.--------------MCQ21 54 0.1111111 0.3172206
MCQ22 54 0.5925926 0.4959656
MCQ23 54 0.1111111 0.3172206
MCQ24 54 0.3518519 0.4820322 0
MCQ25 54 0.3518519 0.4820322 0
MCQ26 54 0.0925926 0.2925824 0
MCQ27 54 0.1666667 0.3761774 0
MCQ28 54 0.2407407 0.4315477 0
TOTTWO 54 2.0185185 1.1072785 0

1.0000000
1.0000000
.0000000

1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
5.0000000

~-----------~------------~------------------------------------------
Variable N Mean Std Dev 1-1inimum Maximum
SCHOOL~School no.3

-----------------~--------~-----~-----~----------------------------~!-ICQ;!1 106 0.0283019 0.1666217 0 1.0000000
MCQ22 106 0.4716981 0.5015699 0 1.00()0000
MCQ23 106 0.1698113 0.3772507 0 1.0000000
MCQ24 106 0.4716981 0.5015699 0 1.0000000
MCQ25 106 0.3301887 0.4725150 0 1.0000000
MCQ26 106 0.0660377 0.2495279 0 1.0000000
MCQ2? 106 0.1132075 0.3183515 0 1.000(001)
MCQ28 106 0.1320755 0,3401812 0 1.0000000
TOTTWO 106 1.7830189 1.1127377 0 5.0000000

---~--------------------------~--------------------~------------~---
SCHOOL=school no.7

Va:r.iable N Mean stcl Dev Minimum Naximutn
_____ .4__ ~ ______________ ~ ______ ~ ___________ ~ ____ ~~~ __ ~_~ ____________ ~

HCQ21 16 0.0555556 0.235702.3 0 1.0000000
MCQ22 18 0.6666667 0.<1650713 0 1.0000000
MCQ23 18 0,2777778 0.4608886 0 1.0000000
MCQ24 18 0.2222222 0.4277926 0 1.0000000
MCQ25 18 0.3888889 0.5016:H3 0 1.0000000
MCQ26 18 0.1111111 0.3233808 0 1.0000000
MCQ27 18 0 0 0 0
MCQ28 18 0 0 0 0
TOTTWO 18 1.7222222 1.4061025 0 4.0000000

~-------------~--~------~~-------~~-------~~--------------------~---

"



or S
H H H !>I :~{ t' H H 0 C

'l' T T T T 'l' or T C C (1 C .. c- O C T H
0 W W 'VI W W 'VI 'VI W Q Q Q Q Q Q Q Q T 0
B 0 0 0 0 0 0 0 0 :2 .2 .2 .2 .2 .2 2 2 W 0
S 1 .2 3 4 5 6 7 8 1 2 3 4 5 6 7 a 0 L

485 A 13 C A E 13 13 A 0 1 0 1 1 0 0 0 3 School 110.6
486 A 13 C A E !3 B 0 0 1 0 1 1 0 0 0 3 School no.6
487 A X C A D C E 13 0 0 0 1 0 0 0 0 1 School no.6
4R8 A X C A B E D 13 0 0 0 , 0 0 0 0 1 School no.6...
489 A C c A c D 13 0 0 0 0 1 0 1 0 0 :2 School nodi
490 C C A 13 E A B 0 0 0 0 0 1 0 0 0 1 School no.6
491 A c C A C C B D 0 0 0 1 0 0 0 0 1 School no.6
492 A B C A E A E 13 0 1 0 1 1 0 0 0 3 school no.6
493 A A C A D E B C 0 0 0 1 0 0 0 0 1 school no.6
494 0 A C C E B C B 1 0 0 0 1 0 1 0 3 school no.6



T S
M M M M M M M 1>1 0 C

'l' 'l' T T T T T T C C C C C C C C To H
0 W W W W W W W W Q Q Q Q Q Q Q Q 'l.' 0
B 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 W 0
S 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 £j 0 t

439 A B C C 1". C A 1:1 0 1 0 0 0 0 0 0 1 School 110.1
439 A B C C A C B B 0 1 0 0 0 0 0 0 1 School no.l
440 A B C B E B A B 0 1 0 0 1 0 0 0 2 Sohool no.1
441 0 E E A A B B A 1 0 1 1 0 0 0 0 3 Sohool no.l
442 E B C A B C E B 0 1 0 1 0 0 0 0 2 sohool. no.'.
443 A B E A E B E 0 0 1 1 1 1 0 0 0 4 sohool no.1
444 A B C B E E C A 0 1 0 0 1 0 1 0 3 School no.1
445 A B C c A C A 0 0 1 0 0 0 0 0 0 1 School no.1
446 A El C A 0 C A [) 0 1 0 1 0 0 0 0 :2 school no.l
447 D B D E A B & X 1 1 0 0 0 0 0 0 2 school no.1
448 A A [) B [) B E B 0 0 0 I) 0 0 0 0 0 School no.1
449 A B C C E C A B 0 1 0 0 1 0 0 0 2 School no.1
450 A B C C A C E A 0 1 0 0 0 0 0 0 1 School 110.1

451 A 13 E A D C }\ C 0 1 1 1 0 0 0 0 3 School no.1
452 A B C D B C A A 0 1 0 o 0 0 0 0 1 school no.6
453 A [) C A E C E 13 0 0 0 1 1 0 0 0 :1 School no.6
454 A B C B A D C E 0 1 0 0 0 1 1. 1 4 School no.Q
455 A A P C A E D B 0 0 0 0 0 0 0 0 0 sohool no.6
456 A B C D 13 D D D 0 1 0 0 0 1 0 0 2 school no.6
457 E B c B 11 D E B 0 1 0 0 0 1 0 0 2 school no.6
458 A B C A E B D A 0 1 0 1 1 0 0 0 :3 sohool no.6
459 11 13 [) A A c E ~i 0 1 0 1 0 0 0 1 3 school no.6
460 A B C C D 13 13 0 0 1 0 0 0 0 0 0 1 School no.6
461 A B C C A B B D 0 1 0 0 0 0 0 0 1 School no.6
462 A ) C C E B B D 0 1 0 0 1 0 0 0 2 School no.6
463 A B C C E E B A 0 1 0 0 1 0 0 0 2 School no.6
464 A A C C A C C D 0 0 0 0 0 0 1 0 1 School no.6
465 A D C C E Ii: A A 0 0 0 0 1 0 0 0 1 School no.6
466 A B C [) A ];I 11 P 0 1 0 0 0 0 0 0 1 School no .(i
467 B A B A A E A C 0 0 0 1 Ii 0 0 U 1 Sohool no.6
468 11 E C E E C B 13 0 0 0 0 1 0 0 0 1 school no.6
469 A B C A E: E P C 0 1 0 1 1 0 0 u :3 school no.6
4'/0 A B 11 [) 0 E B A 0 1 0 0 0 0 0 0 1 School no.6
471 A B C 0 E E: 13 A 0 1 0 0 1 0 0 0 2 School no.6
4n A ~ C 0 P C A D 0 1 0 0 0 0 0 0 1 Sohool no.6
473 A A C A E C C 0 0 0 0 1 1 0 1 0 3 Schoel 110.6
474 A B C 11 A A C A 0 1 0 1 0 0 1 0 :3 School no.6
475 A B C c E D C 0 0 1 0 0 1 1 1 0 4 Sohool no,6
4'76 A X C C X A B 0 0 0 0 0 0 0 0 0 (J School no.6
477 A A c A A C 0 13 0 0 0 1 0 0 0 0 1 School no.6
478 A A C A E A 0 B 0 0 0 1 1 0 0 0 2 sohool no.6
479 A A C E D B B " 0 0 0 0 0 0 0 0 0 Sohool no.6
480 A B C A E B 11 0 0 1 0 1 1 0 0 0 3 Sohool no.6
491 A X C 0 A B E A 0 0 0 0 0 0 0 0 0 Sohool no.6
482 A n E A E 13 B D 0 1 1 1 1 0 0 0 4 Sohool no.6
493 A E D 0 P A I) B 0 0 0 0 0 0 0 0 0 Sohool no.6
494 A B C ]\ E 13 B 0 0 1 0 1 1 0 0 0 :3 S 'hool no.6



'l' S
M M M M M M M M 0 c

'1' '.v T '.v T T T T C C C C C C C C '].' H
0 W W W W W W W W Q Q Q Q Q Q Q Q 'l' 0
B o 0 0 0 0 0 0 0 2 2 2 2. 2 2 2 2 W 0
s 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 a 0 L

390 E B ll: A C D 13 13 0 1 1 1 0 1 0 0 4 Sehool no.2
391 A B E A A C 0 0 0 1 1 1 0 0 0 0 3 School no.2
392 A D C A A C B D 0 0 0 1 0 0 0 0 1 sohool no.2
393 E B C A B B A D 0 1 0 1 0 0 0 0 2 School.no.2
~94 E B C A B C B B 0 1 0 1 0 0 0 0 2 school no.2
395 E B C A E B B E 0 1 0 1 1 0 0 1 I} School no.2
396 A 13 :1: A 0 B A B 0 1 1 1 0 0 0 0 3 sohool no.2
397 A B E A D B A- B 0 1 1 1 0 0 0 0 3 School n':).2
398 A B E A E C D B 0 1 1 1 1 0 0 0 4 sehool no.2
399 A B C A C 13 A D 0 1 0 1 0 0 0 0 2 Sc::hoolno.2
400 A l3 c A :s 13 A E 0 1 0 1 1 0 0 ]. 4 School no.2
401 A B C A E B A E 0 1 0 1 1 0 0 1 4 School.no.2
402 0 B 0 A A C B B 1 1 0 1 0 0 0 0 3 school no.2
403 0 B 0 A A C El B 1 1 0 1 0 0 0 0 3 School no.2
404 0 13 0 A 11. E 13 B 1 1 0 1 0 0 0 0 3 School )10.2
405 A B D A A E 13 iii 0 1 0 1 0 0 0 0 2 school no.2
406 11. !3 E A 1': B 11. E 0 1 1 1 1 0 0 1 5 School no.2
407 A a E A E El A B 0 1 1 1 1 0 0 0 4 sohool 110.2
408 A B E A E B A E 0 1 1 1 1 0 0 1 5 school 110.2
409 A a E A D :e A x 0 1 1 1 0 0 0 0 3 School 110.2
410 A B E ! D B A B 0 1 1 1 0 0 0 0 3 sehool 110.2
411 A B E A A C D D 0 1 1 1 0 0 0 0 3 SchC/olno.2o
412 A B 0 l3 A D l3 A 0 1 0 0 0 1 0 0 2 soh(,olno.1
413 A B 0 c A D D E 0 1 0 0 0 1 0 3. 3 School no.l
414 A B D B C D C D 0 1 0 0 0 1 1 0 3 school no.1
415 A B 0 B A D C D 0 1 0 0 0 1 1 0 3 school no.l
416 A 13 D A A D C 0 0 1 0 1 0 1 1 0 4 school no.l
417 A B 0 13 A C B D 0 1 0 0 0 0 0 0 1 school no.1
418 A B D D A C B C 0 1 0 0 0 0 0 0 1 School no.1
419 A Til C A D B C a 0 1 0 1 0 0 1 0 3 School no.l
420 A B D A E D C 0 0 I 0 1 1 1 1 0 5 school no.l
421 A B D C A D B A 0 1 o 0 0 1 0 0 2 School no.l
422 A B C A E X C 0 0 1 0 1 1 0 1 0 I} Sohool no.l
,123 A B 0 E A 0 C A 0 1 0 0 0 1 1 0 3 School no,l
424 E B C C E B D a 0 1 0 0 1 0 0 0 2 school,no.l
425 E B C A E C D B 0 1 0 1 1 0 0 0 3 school no.1
426 A B D A E D C 0 0 1 0 1 1 1 1 0 5 School no.1
427 A B C A D 13 C B 0 1 0 1 0 0 1 0 3 school no.1
428 A B C III D B B C 0 1 0 0 0 0 0 0 1 school no.l
429 A B C III 0 C 13 A 0 1 0 0 0 0 0 0 1 School no.1
430 A B B E C C E D 0 1 0 0 0 0 0 0 1 Sohool no.l
431 :s B C A A C 0 D 0 1 0 1 0 0 0 0 2 school no.1
432 E B C A A c D D 0 1 0 1 0 0 0 0 2 School no.l
433 E B C A E C D B 0 1 0 1 1 0 0 0 a f,chQolno.l
434 A B c c A C A A 0 1 0 0 0 0 0 0 1 school no.1
435 A 0 C E A c 'A B 0 0 0 0 0 0 0 0 0 r,choclno.1
436 A 0 c E: E C A B 0 0 0 0 1 0 0 0 1 Sohool.no.l
437 A B D C E l3 13 0 0 1 0 0 1 0 0 0 ~ sohool no.1



T S
M M M M M M M M 0 C

T T T T T T T T C C C C C C C C T H
0 W W W W W W '1/ ~1 0 Q Q Q Q Q Q Q T 0

B 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 W 0
S 1 2 3 4 5 (j 7 b 1 2 3 4 5 6 7 B 0 L

292 E E l3 A A B l3 D 0 0 0 :1. 0 0 0 0 1 $ohool no.4
293 0 l3 D A A A B B 1 1 0 1 0 0 0 0 3 School no.4
;!94 A A E A A B C B 0 0 1 1 0 0 :1. 0 3 School no.4
295 A A D A A B C B U 0 0 1 0 0 1 0 2 School no.4
296 A B D A A B B tI 0 1 0 1 0 0 0 0 2 School no.4
297 A l3 D A A B A A 0 1 0 1 0 0 0 0 2 School no.4
298 A E E c C l3 D A 0 0 1 0 0 0 0 0 1 School no.4
299 A A C A E C E l3 0 0 0 1 1 0 0 0 2 School no.4
300 A l3 C C C 0 E l3 0 1 0 0 0 1 0 0 2 School no.4
301 A 13 A A A C B B 0 1 0 1 0 0 0 0 2 School no.4
302 E :e E A C 0 B B 0 1 1 1 0 1 0 0 4 School no.4
303 A B E: A A C D D 0 1 1 1 0 0 0 0 3 School no.4
304 A D C A A C B D 0 0 0 l 0 0 0 0 1. School no.4
305 E B c A B B A 0 0 :1. 0 1 0 0 0 0 2 School no.4
306 E B E A B C B e 0 1 :1. 1 0 0 0 0 3 School no.4
307 E B C A E: B E A 0 1 0 :1. 1 0 0 0 3 School no.4
30e A B E A 0 B A B 0 1 1 :1. 0 0 0 0 3 School no.4
309 A B E A D B A B 0 1 1 :1. !:l 0 0 0 3 School no.4
310 A B E A E C D B 0 1 :1. 1 1 0 0 0 4 School 1'10.4
311 A B C A C B A 0 0 1 0 1 0 0 0 0 2 sohool no.4
312 A B C A C B A A 0 1 0 1 0 0 0 0 2 sohool no.4
313 A B E A E B E 0 0 1 1 1 1 0 0 0 4 sohoo1 no.4
314 D B D A A C B B 1 1 0 1 0 0 0 0 3 School no.4
315 D B D A A C B B 1 1 0 1 0 0 0 0 3 School no.4
316 D l3 0 A A E B B 1 1 0 l. 0 0 0 0 3 School no.4
317 A B 0 A E E B A 0 l 0 1 1 0 0 0 3 School no.4
318 A B E A D B A B 0 1 1 1 0 0 0 (' 3 school no.4
319 A l3 E A D B A B 0 1 1 1 0 0 0 \) 3 School no.4
320 A B E A D B A B 0 1 1 1 0 0 0 0 3 School no,4
321 A B E A D B A A 0 1 1 1 0 0 0 0 3 School no.4
322 A B E A 0 B A A 0 1 1 1 0 0 0 0 3 School no.4
323 A B E A E ~ C E 0 1 1 1 1 0 1 1 6 School no.4
324 D E C D n l~ C D 1 0 0 0 0 0 1 0 2 School no.4
325 A B E B A B c .lI. 0 1 1 0 0 0 1 0 3 School no.4
326 D 0 B B 0 0 C A 1 0 0 0 0 1 1 0 3 School no.4
327 A E C A E C c E \l 0 0 1 1 0 1 1 4 School no.4
328 A E C C P C B E 0 0 0 0 0 0 0 1 1 School no.4
329 A B III C C o B E 0 1 1 0 0 0 0 1 3 School no.4
330 0 A c ... A C E A 1 0 0 0 0 0 0 o 1 School no.4...
:31 1\ B E E D E ~ e 0 , 1 0 0 0 0 a ~ Sohool no.4•332 A B A A E C 0 C 0 1 0 1 1 0 0 0 3 school no.4
333 A B E C C A !:~ 0 0 1 1 0 0 0 0 0 2 Sohoo1 no.4
.'334A B B Ll E A III D 0 1 0 0 1 0 0 0 2 SohCJol no.4
~'3S A Ii: A C E C 0 lJ: 0 0 0 0 1 0 0 1 2 school 1l0.4
~13(j .1ll E I:> D 0 D C D 0 0 0 0 0 1 1 0 2 Sohool 1'I0.4
3:l7 A B E D E A E X 0 1 1 0 1 0 0 0 3 Sohool no.4
338 1\ A D A C e C 0 0 0 0 1 0 0 1 0 2 sohool no.4
339 A A C A E c B D 0 0 0 1 1 0 0 0 2 school no.4



or S
M M M M M M M M 0 0
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APPENDIX J2

PRASE 2: INDIVIDUAL STUDENT RESPONSES TO THE STD. B REACTIVITY
QUESTIONNAIRE.
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PHASE 2: FREQUENCY TABLES BY SCHOOL

cumulative cumulative
TW07 Frequency Percent Frequency Pet"cent__ w _________________ ~ _____________________________

A 6 13.6 6 13.6
B 17 38.6 23 52.3

;¥c 7 15.9 30 68.2
b 8 18.2 38 86.4
E 6 13.6 44 100.0

Cumulative cumulative
TW08 Frequency Percent Frequency Percent_.t_~ ~ _
A 9 20.5 9 20.5
B 12 27.3 21 47.7
C 3 6.8 24 54.5
0 18 40.9 42 95.5

#E 2 4.5 44 100.0



PHASE 2: FREQUENCY TABLES BY SCHOOL

cumulative Cumulativ~
TW02 Frequency Percent Frequency Percent___ l.~ ~~ ~ ~ _

A 10 22.7 10 22.7
#'fJ 23 52.3 33 75.0
0 3 G.9 36 8l.8
b 2 4.5 39 915.4
E: 2 4.5 40 90.9
X 4 9.1 44 100.0

curnula,tive cumulative
TW03 Fl:equencY Percent Frequency Percen'\:'

.---~~--------~--------------.-----------------
11 2 4.5 2 4.5
B 1 2.3 3 6.8
C 37 94.1 40 90.9
D 3 6.8 43 97.7

#E 1 2.3 44 100.0

\.:umulative Cumulative
TW04 Frequency Pel::cent Frequency Percent
~-----~--~-------------------~..---"---~-----------#11 20 45.S 20 45.5
B .3 6.a 23 52.3
C 11 25.0 34 77.3
0 8 19.2 42 95.5
E :2 4.5 44 100.0

CUlnulative cumulative
TWOS Fl::equenc.:y Percent Frequency Perceh"\;--------------~------~ ._--------------------------
A 11 25.0 II 25.0
B 3 6.9 14 31.8
C 2 4.5 16 36.4
D 7 15.9 23 52.3

#E 20 45.5 43 97.7
X 1 2.3 44 100.0

Cumulative cumulat.ive
TW06 Frequency Percen~ Frt;!"!'lency Perceht--- ______ ~ ____ ~_~ ____ t~ ___ ~~ ____ ~ ___ ~_ •• ____________

.l\ 7 15.9 7 15.9
B 13 29,5 20 4S.!i
C 10 22.7 30 69.2

#D 5 11.4 35 '19.5
E 9 20.5 44 1vO.O



357 - D~LAY~D AGAINST 139 - NOT DELAYED: 07 CORRECT ANSWER E

Chi-square test

MCQ27 GROUP

Frequem::y I
Peroent I
ROW Pot I
Col Pot IDELAYED INO'l' DEt, I Total
-- .._-----+ .....,------+ ....__........._.,..+

o 290 I 117 I 397
56.57 I 23.~4 I 90.20
70.53 I 29.47 I

I 79.43 I b4.?8 I
-~-------+--------+--------+1 I 77 I 21 I 98

I 15.66 I 4.24 I 19.80
I 78.57 I 21.43 I
I 21.ti7 I 15.22 I

Total 138 405
27.Sa 100.00

357
72.12

STATIS'I'~tcSFOR TABLl'~OF MCQ27 BY GROUI?

statistic: OF Prob
Chi ..sq\HlrO
Li)wUhood Ra.tio Chi-square
continuity Adj. Chi-Sqllal:'O
Mantol-Haenozol Chi-square
Fioher'o Exaot Teat (Lort)

(Right)
(2 ..'l'rdl)

1
1
1
1

phi coeffioient
contil1gonc:y coefficient
Cramer'o V
samplo S;~ze t:! 495

value
2.526
2.635
2.144
2.523

-0.0'71
0.071

-0.0·1l

0.112
0.105
0.143
0.112
0.Q70
0.959
0.131



APPENDIX L2

Atll.'ERNAT:tVECOMPAR!SON OF PHASE 2 OEI.AYSO & UNOErJl\YED GROUPS ON TUE
S~ANDARD a RSACTIVITY QUESTIONNAIRe

(Toaching dalilj'ed, (old & now) N::t3S7j l<litl1 coaching lIndelayed, (old
« mm,. N"'138)

Studont'o t-toot

'l'TESTPROCEDURE

Variablo: TOTTWO$

GROOI? N Moan !:ltd OOV std Error

Ol!:I.1WEO 357
NOT DEL 138

2.06162465
1.li08695(JS

1.14735193
1.03539395

0.06072430
0.09913859

Varinw::oo OF Pl'oh> I '1' j

Unoqunl
ECj\Hll

4.2317
4.0439

274.2
493.0

0.0001
0.0001

For HO: Varianceo nro equnl, F' '" 1.23
'" 0.1618

OF '" (356,137) l?rob>F'

('J'eaching de.layad (old; no2SJ) 1111. t11 teacbi.lJ!] lIndelayed(lwlI' ; n""S4):
(/uont1.cltls 1,2,0 exclude]

studont's t-toot

'l''l'r::arrPROCEDURE

v'1dable: 'l'OTTW05

GROUP N Monn Std DeJV !ltd Er:t:or

DELAYED 233
NOT DEL 54

2.12017167
1.75925926

1.11152091
1.026'/2193

0.07281868
O • .t3971916

'1' DF prob>j'l.'j

lInoquul
EC]\lul

2.2:)07
:a.l'79S

84.':;
ass. 0

0.0245
c. 0301

For HO: VnriancRo aro DC]\lal, " 0 1.17
til 0.4976

OF t:l (232,53)
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(Phase 1, (N~411) with teaching delayed phase 2, (N=JS7))

variable: TOtrAL

TTEST PROCEDURE FOR a MCQ'S

paME

1
2

411
357

Variat"ces
unequal
Et,Iual

N Mean

students t-test

Std Dev

1.22060233
1.30325377

DF prob>ITI

1.91240876
2.32773109

T

-4.536:2
-4.5572

7:34.8
7G6.0

0.0001
0.0000

For HO: variances are equal, F' '" 1.14
'" 0.1998

TTEST PROCEDURE FOR 8 MCQ'S

variable: TOTAL

l?Hl\SE

DEL 357
NOT DEL 138

Variances
Unequal
Equal

N Mean

DF c (356,410)

students t-test

std De"

1.30325377
1.16202929

DF l:'rob>ITI

2.32773109
2.00724638

'It

-2.6576
-2.5263

277.4
493.0

o.ooe~
0.0118

For HO; variancas are equal, F' b 1.26
'" 0.U82

DFb(356,137)

Std ErrOl'

0.06020787
0.06897550

l?rob>F'

std Error

0.06897550
0.09891850

prob>F'



Al?PEND!X M2

ALTERNA'rIVE COMPAR!SON OF PHASE 2 OELAYED & UNDELAYEO GR.Ot1l?SWITH
PIUi.SE 1 GROUP ON THE STANOARD 8 R.EM'l'l:VITlI' QUESTIONNAIRE.

(.Pbase J, (N::IiJJJ) with teaching delayed piuise 2, N::::3S7): Excluding

questions J,2 & ,oj

student's t-teot
TTE;ST PROCEDURE:

Variable: TOTAL

PHASE N Mean Std Dev std E);'rQr
1
2

411
357

1.16058394
2.06162465

0.88538466
1.14735193

0.04367280
0.06072430

Variances T DF Pl'ob> 1 '1'1

For HO: Variances are equal, F' ~ 1.68
""0.0000

OF c (356, 410) P);'ob>)i"

~-------~------~---~------~------------Unequal -12.0463
Equal -12.2633

665.0
766.0

0.0001
0.0000

(ZOeaching undelayed, phase 1, (N:::4l1,l with teaching undel<lyed phase
2, Na138): Excluding questions 1,2 & ,oj

Student I n t-t,eot

TTES'l'PROCEDURE

Variable: TOTAL

PHASE N Moan Std nov std Error

1
2

411
138

1.16056394
1.60869!i65

0.8853$466
1.03539395

0.04367280
0.08813859

Vat'iances T Oli' prob>ITi~~M h ~ ~ _

unequat,
E.;tunl

-4.5556
-4.9227

208.3
547.0

0.0001
0.0000

For HO: VLrianceo are equal, F' ""1.37
'"0.0203

Dl~:::(137,410) p):.'ob>l:"
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1General Linear Models :procedure

Lower Difference Upper
SCHOOL confidence 13etween confidenoe

comparison Lirnit Means Limit

School no.7 - school no.2 -1.2793 -0.6982 •.0 •.L171 ***
School no.7 - School no.4 -1.0539 -0.5107 0.0325
School no.7 - School no.3 -1.0213 -0.4633 0.0947
school no.7 - Sohool no.S -0.7994 -0.20~7 0.3920
Sohool no.7 - school no.6 -0.6478 -0.0354 0.5771
Sohool no.7 - School no.1 -0.4907 0.1306 0.7518

School no.1 - School no.2 -1.2661 -0.8297 -0.3914 ***
Sahool no.1 .sohool no.4 -1.0268 -0.6413 -0.2557 ***
Sohool no.l - Sohool no.3 ...1.0000 -0.5939 -0.1877 '1'**
School no.1 - Sahool no.S -0.7909 -0.3343 0.1224
Sohool no.l - sahool no.6 -0.6441 -0.1659 0.3123
School no.1 - School no.7 -0.7519 -0.1306 0.4907

"



lGel1eralLinear Hodels Pr.ocedure
T tests (tSD) for variable: TOTTwo5
NOTE: This test controls the type :t compal:'honwise el:'t'ol:'l:'atenot

the experimentwise error rate.
Alphao 0.05 Confidence~ 0.95 df= 4a6 MSEc 1.241076
Critical Value of T= 1.96484
Comparisons significant at the 0.05 level are indioated by '***'.

SCHOOL
Comparison

School no.2 - School no.4
School n~.2 - School no.3
School no.2 - School no.S
School no.2 - school no.6
School no.2 - School no.7
School no.2 - School no.1
Schoo~ no.4 - School no.2
School no.4 - School no.3
school no.4 - school no.S
Sc~ool ~0.4 - school no.6
school no.4 - School no.7
School no.4 - scho~l no.1
School no.3 - School no.2
School no.3 - School no.4
school no.3 - school no.5
School nO,3 - School no.6
Sohool no.3 - School no.7
Sohool no.3 - Sohool no.l
$ohoo1 no.5 - Sohool no.2
School no.S - School no.4
School no.5 - School no.3
Sohool no.S - School no.6
Sohool no.5 - school no.7
School no.5 - school no.1
sohool no.6 ..school no.2
sohool no.6 - Sohool no.4
Sohool no.6 - Sohool no.3
school no.6 - Sohool no.5
School no.6 - Sohool no.7
Sohool no.6 - school 110.1

"

Lower Difference
C ~idence Between

Limit Means
~0.1294
..0.1068
0.C942
0.2381
0.1171
0.3914

.0.5043
-0.2247
..0.0359
0.1042

-0.0325
0.2557

-0.57t:lS
-0.3195
-0.1064
0.0354

~0.0947
0.197','

-0.8948
-0.6490
-0.62%
-0.2762
-0.3920
-0.1224
...1.08'/6
..0.6465
-0.8205
-0.6129
-0.S771
-0.3123

0.1975
0.2349
(..4945
0.6628
0.6992
0.8287

...0.1875
0.0474
0.3070
0.4754
0.5107
0.6413

-0.2349
-0.0474
0.2596
0.4280
0.4633
0.5939

-0.4945
-0.3070
..0.2596
0.1694
0.2037
0.3343

-0.6626
-0.4754
-0.4280
-0.1684
0.0354
0.1659

Upper
confidence

Limit
0.5043
0.5765
0.8948 ***
1.OG76 ***
1.2793 ***
1.2661 ***
0.1294
0.3195
0.6499
0.9465 ***
1.0539
1.02~a ***
0.10613
0.2247
0.6256
0.8205 ***
1.0213
1.0000 ***

-0.0942 ***
0.0359
0.1064
0.6129
0.7994
0.7909

..0.2391 ***

...0.1042 ***

..0.0354 ***
0.2762
0.6479
0.6441



ALTERNATIVE COMPARISON OF ALL SCHOO~S R!SOLT$ -DELAYED & OND~LAYED:

lGeneral Linear Modals Procedure
Class Level Information
Claso Levols Values

SCHOOL 7 School no.S School no.3 School no.7 School no.4 school
no.2 s~hool no.l school no.6

Number of observations in data set 0 49$

1General Linear Modele Procedure
Dependent Variable: TO'l".t'wo5

Sum of Mean
source DF squares Square F Valu.e Pr > F

Hodel 6 30.2852190 5.0475365 4.07 0.0005
Error 4ea 605.6460941 1.2410791

Corrected 'l'otal494 635.931313.\
R-Square c.V. ROl.)t MSE TOTTWO!i l1ean
0.047623 57.56245 1.11404 1.93535

Source OF Type I SS Hean Squa"'o F Value l?r> F

SCHOOL 6 30.2852190 5.0475365 4.07 0.0005
Source DF Type III SS Meun Square F Value Pr > F

SCHOOL 6 30.2852190 5.0475365 .L07 0.0005



lGeneral Linear Models procedure

T tests (LSD) for variable: TOTTW05

NOTE: This test controls the type :r ct'rnparisonwise error rate not
the experimentwise error rate.

Alpha~ 0.05 Confidence= 0.95 df= 353 MSE~ 1.306981
Critical Value of '1'= 1.96671

comparisons signi:E~,cant at thll O. 05 le'Vel are indicated by I *** I •

Lower Difference UHler
SCHOOL cC'nfid(Jnce Between Confidence

comparison Limit Means Limit

School no,:! - School no.4 -0.1380 0.1875 0.5129
School no.:! - School no.3 -0.1161 0.2349 0.5858
School no.2 - School no.7 0.1013 0.6982 1.2951 ***
School no.4 - Scho','lno.2 -0.5129 -0.1875 0.1380
School no.4 - school no.3 -0.2321 0.0474 0.3269
school no.4 - school no.7 -0,0472 0.5107 1.0687

Sohool tlo.3 - School no.2 -0.5958 -0.2349 0.1161
School no.3 - School no.4 -0 3269 -0.0474 0.232.1
School no.3 - School no.7 ...0.1099 0.4633 1.0365

School no.7 - Scho',)lno.2 -1.2951 -0.6982 -(),1013 ***
School no.7 - school no.4 -1.0687 -0.5107 0.0472
School no.7 ... School no.3 ...1.0365 -0.4633 0.1099

, -,

"



ALTERNATIVE COkPARISON OF SCHOOLS RESULTS-DELAYED TEACHING ON THE
STD. 8 REACTIVITY QUESTIONNAIRE

1General L~near kodels procedure
clas~ Level Information

Class Levels Valves

SCHOOL 4 School no.3 Schoo~ no.7 School no.4 school no.2

Number of observations in data set 357

lGeneral Linear Models Procedure

Dependent Variable: TOTTW05
Sum of Mean

Sou.l;'ce OF squares square F Value l?r > F

Model 3 7.275189761 2.42663254 1.86 0.1366

Er.l;'or 353 461.36436010 1.3069S119

Corrected Total 356 468.64425770

R-SCJuare C.V. Root kSE 'l'OTTW05kean

0.015534 55.45300 1.14323 2.06162

Source DF Type I SS Hean Square F Valu() Pr > F

SCHOOL 3 7.27989761 2.42663254 L86 0.1366

Source OF Type III S8 Mean Rquare F Value Pr > F

SCHOOL 3 7.27989761 2.42663254 1.86 0.1366



AtTERNATIVE COMPARISON OF SCHOOLS RESULTS ON THl STANDARD 8
REACTIVITY QUESTIONNAIRE

[Teachi.ng undel.eyed (old; n=54 with teach.ing undeLeyed (nel";
n=B4):Excluding questions 1,2 « 6]

student's t-test

TTES'l'PROCEDURE

Variable: TOTTW05

TYPE N Mean std Dev Std Error

NEW
OLD

84
54

1.51190476
1.75925926

1.035444 '10
1.0267:;193

0.11297628
0.13971916

Variances T DF prob>ITI------,'._-------------------------------
Unequal
Equal

-1.3766
-1.3741

113.9
136.0

0.1713
0.1717

For HO: Variances are equal, F' = 1.02
0.9606

DF (83,53) prob>F' =

[Teaching delayed(old; n=2JJ) with teacilin'l delayed, (new] n=124):
Excluding Ouestion~ 1,2 « 6}

student's t-teE'::

TTEST PROCEOUR,r;:

Variable: TOTTW05

TYPE N Me all Std Dev Std Error

----------~----------~-------------~--------------------------------NEt'l
OLD

124
233

1.95161290
2.12017167

1.20874079
1.11152891

0.10854813
0.07281868

Variances T DF p);'ob>ITI

Unequal
Equal

-1.2696
-1.3230

2:33.5
355.0

0.1985
0.1867

FOr HO: Variances are equal, F' = 1.18
= 0.2774

OF = (123,232) prob>F'



ALTERNATIVE COMPARISON OJ!'SCHOOLS RESULTS ON THE STANADRD 8
REACTIVITY QUESTIONNIIRE

233 - DELAYED AGAINST 54 - NOT DELAYED: Q8 ANSWER D

chi-square test

MCQ28 GROUP

Frequency I
Percent I
Row Pet I
Col Pet [DELAYED INOT DEL I Total
---------+--------+--------+a I 182 I 44 I 226

I 63.41 I 15.33 I 78.75
! 80.53 I 1~.47 I
I 78.11 I 81.48 I

---------+--------+--------+1 I 51 I 10 I 61
I 17.77 I 3.48 I 21.25
I 83.61 I 16.39 I
I 21.89 I 18.52 I---------+--------+-------~+Total 233 54 287

81.18 18.82 100.00

STATISTICS FOR TABLE OF MCQ28 BY GROUP

statistic DF_____________________ ~ - M~_Prob

Chi-square
Likelihood Ratio chi-square
continuity Adj. Chi-square
Mantel-Haenszel Chi-Square
~isher's E~aot Test (Left)

(Right)
(2-Tail)

1
1
1
1

phi coefficient
contingency Coefficient
cramer's V

sample Size = 287

"

Value

0.2n
0.305
0.130
0.296

-0.032
0.032

-0.032

0.595
0.581
0.718
0.596
0.367
0.764
0.713



1357 - DELAYED AGAINST 138 - NOT DELAYED: Q8 ANSWER D

Chi-square 'i,;est

MCQ28 GROUP

Frequency'
Percent ,
RoW Pct j
Col Pct 'DELAYED 'NO~ DEL' Total---------+--------+--------+0' 272' 96' 368

, 54.95 I 19.39' 74.34
, 73.91' 26.09'
, 76.19' 69.57 I

---------+--------+--------+1 , 85 , 42 I 127
, 17.17 I 8.48' 25.66
, 66.93 I 33.07 I
, 23.81' 30.43'---------+--------+--------+Total 357 136 495

72.12 27.88 100.00

STATISTICS FOR TABLE OF MCQ28 BY GROUP

statil:!tic DF
___ ~ ~ ~_~ M ~ ~ __ ~~----_·~ __ ~

Frob

Chi-square
Likeliht;)od Ratio Chi-square
continuity Adj. Chi-square
Mantel-Haenszel chi-square
Fisher's Exact Test (Left)

(Right)
(2-Tail)

1
1
1
1

Phi Coefficient
contingency Coefficient
Cramer's V

sample size = 495

Value

2.290
2.240
1.956
2.286

O.OGg
O. O~,~
(l.OEiL

0.130
0.134
0.162
0.131
0.947
0.082
0.137



233 - DELAYED AGAINST 54 - NOT DELAYED : 07 CORRECT ANSWER E

chi-Square test

MCQ27 GROUP

Frequenoyl
Peroe.nt I
Row Pot I
Col pot IDELAYED INOT DSL I Total---------+--------+--------+

o i 197 I 44 I 241
I 68.64 I 15.33 I 83.97
I 81.74 I 18.26 I
I 84.55 I 81.4C I---------+--------+--------+

1 I 36 I 10 I 46
I 12.54 I 3.48 I 16.03
I 78.26 I 21.74 I
I 15.45 I 18.52 I---------+--------+--------+

Total 233 54 287
81.18 18.82 100.00

STATISTICS ~OR TABLE OF MCQ27 BY GROUP

statistic DF
--~---------------------~--..--------------------------Va.lue prob

chi-squa.re 1
Likelihood Ratio chi-Square 1
continuity Adj. Chi-Square 1
Mantel-Haenszel chi-square 1
Fisher's Exaot Test (Left)

(Right)
(2-'rail)

Phi coefficient
contingency Coefficient
C.ramer's V

Sample Size = 287

0.307 0.580
0.297 0.585
0.121 0,728
0.306 0.580

0.780
0.355
0.544

0.0:33
0.033
0.033
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student's t-test

T'l'ESTPROCEDURE
SCHOOLcSohool nQ.~

******************,~*****·***t********.********************
Variable: TOT1\L

PHASE N Mean Std Dev Stcl Error

--"-------~---------------~-----~------~------~---------~------..---~
1
2

74
54

:2.702702"0
2.55555556

1.10701041
1.14375526

0.12868735
O.t5564538

Va.riances T DF l?rob>ITI---~----~------------~---------~~-----~Unequal
Equal

0.7,,'86
0.7;;24

112.2
126.0

0.467S
0.4653

For HO: Va.ria.noesare equal, F' Q 1.07
o. 'lse1

DF '" (53,73) Prob>F' '"

SCHOOL=Sohool no.4
*********************************************************

PHASE Mean std Dov Std Error
variable: TOTA ..

1
2

48
166

0.85416667
1.66867470

0.11427938
1.1nl0061

0.10309735
0.06561721

Variances DF proh> I'l'l_____ M ~ _

unequal
Equal

,.6.0778
~4.a270

lJ.8.2
212.0

0.0001
0.0000

For aOI Variances are e~ual, F' c 2.39
t.: 0.0008

DF CI (165,47) Prob>F'



APPENDIX N2

ALTERNA'l'lVE AND ORIGINAL COMPARISON OF THE O\'ERALL RESUOrS OF PHASE
1 GROUl' WITlI THE PHASE 2 GROUP TEACHING DELAYED AND ONDELAYl;:D GROUPS

ON TIm STANDARD 8 REACTIV:t'l'Y QUE,S'l'IONNAIRE

(Teac;hing delsyed, (old & nO'''1 N:::.157) r"itil teac'iling undel.ayed, (old
« new; N=138)

Student's t ...'Cest
TTEST PROCEDURE FOR 5 MCQ'S
variable: 'rOTTWOS

GROUt> N Mean Dev Std Error

DEI,AYED 357
NOT DEL 138

2.06162465
1.608695G5

1.14735193
1.03539395

0.06072430
0.08813859

Varianoeo OF t'rob>ITI

Unequal
Equal

4.2317
4,,0439

274.2
493.0

0.0001
0.0001

For HO: varianoes are sQual, F' Q 1.23
"" 0.1518

0))''" (.3 56 I 137 ) Frob>!:"

i.
!

"
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lCHISQ QS FOR ANSWER D 411 V 138

~ABLE OF PHASE BY Q8

PHASE Q8

rrequencYI
Percent I
Row Pct I
col Pet I 0 I 11 ~otal
---------+--------+--------+1 I 230 I 181 I 411

I 41.89 I 32.97 I 74.86
I 55.96 I 44.04 I
I 70.55 I 81.17 I

---------+--------+--------+2 I 96 I 42 I 138
I 17.49 I 7.65 I 25.14
I 69.57 I 30.43 I
I 29.45 I 18.83 I-~---~-~-+---~--~-+~-----~~+~otal 326

59.38
223 549

40.62 100.00

STA~ISTICS FOR TABLE OF PHASE ay Q8

statistic OF Frob
Chi-square
Likelihood Ratio Chi-square
continuity Adj. Chi-square
Mantel-Haonszol Chi-sq~lare
Fisher's EX~ct Test (Left)

(l\ight)
(2-~ail)

1
1
1
1

phi coe£:eieient
contingency Coefficient
cramer's V

Effective sample Size = 549

Value
7.927
8.122
7.373
7.913

-0.120
0.119

-0.120

0.005
0.004
0.007
0.005

3.0SE-OS
0.998

5.04E-03



1CHISQ Q7 WITH CORRECT ANSWER E 411 V 138

TABLE OF PHASE BY Q7

PHASE Q7

Fl;'equency!
Percent 1

Row Pct I
Col Pct 1 01 11 Total
-------~-+--------+--------+1 I 373 I 38 I 411

I 67.94 I 6.92 I 74.86
I flO.75 I 9.25 I

I 76.12 I 64.41 I

---------+--------+--------+2 I l.17 I 21 I 138
I 21.31 I 3.83 I 25.14
I 84.76 I 15.22 1

I 23.88! 35.59 I
---------+-------~+--------+Total 490 59 549

89.25 10.75 100.00

STATISTICS FOR TABL~ OF PHASE BY Q7

statistic Oli'_______________w_._~ ~ ~__Prob
Chi-Square 1
Likelihood Ratio Chi-Square 1
Continuity Adj. Chi-square 1
M~ntel-Haenszel Chi-Square 1
Fisher'~ Exact Test (Left)

(Right)
(2-'l'ail)

l?hiCoefficient
contingency Coefficient
cramer's V
Effective Sample Si2e = 549

Value
3.841
3.592
3.244
3.834

0.084
0.083
0.084

0.050
0.058
0.072
0.050
0.980
0.039
0.057



lCHISQ QB FOR ANSWER 0

TABLE OF PHASE BY QB

PHASE Q8

Frequency!
Percent I
Row Pct I
Col pot! 01 11 Total
---------+--------+--------+1! 230! IBl I 411

! 29.95 I 23.57 I 53.52
I 55.96 I 44.04 I
I 45.B2 I 68.05 I

---------+--------+--------+2 I 272 I 85 I 357
I 35.42 I 11.07 I 46.4B
I 76.19 I 23.B1 I
I 54.18 I 31.95 I

---------+--------+--------+Total 502 266 76B
65.36 34.64 100.00

STAT!STICS FOR TABLE OF PHASE BY Q6

statistic DF
-----------------------------------~-----------~------

prob

Chi-Squar.e
Likelihood Ratio Chi-square
Continuity Adj. Chi-Square
Mantel-Haenszel chi-square
Fisher1s Exaot Test (Left)

(Right)
(2-Tail)

Phi Coefficient
contingency Coefficient
Cramer1a V

Effective sample Size = 768

"

Value

1
1
1
1

34.534
35.159
33.647
34.469

-0.212
0.207

-0.212

0.000
0.000
0.000
0.000

2.46E-09
1.000

4.07E-09



lCH!SQ Q7 W!TH CORRECT ANSWER E

TABLE OF PHASE BY Q7

PHASE Q7

Frequency 1
Percent 1
RoW Pct 1
Col Pct 1 01 11 Total---------+--------+--------+

1 1 373 1 38 1 411
1 48.57 1 4.95 I 53.52
1 90.75 1 9.25 1
I 57.12 I 33.04 I---------+---~----+--------+2 I 280 I 77 I 357
1 36.46 1 10.03 1 46.48
I 78.43 I 21.57 I
I 42.88 1 66.96 1---~-----+--------+--------+Total 653 115 768

85.03 14.97 100.00

STATISTICS FOR TABLE OF PhASE BY Q7

statistic OF---------------------------------------------------.--Frob
Chi-square
Likelihood Ratio chi-square
continuity Adj. Chi-square
Mantel··Haenszel chi-square
Fisher's Exact Test (Left)

(Right)
(2-Tail )

1
1
1
1

Phi coefficient
contingency CoeffiQient
Cramer's V

Effactive Sample Size == 768

Value

22.787
22.982
21.829
22.757

0.172
0.170
0.172

0.000
0.000
0.000
0.000
1.000

1.37E-06
"'.40E-06



student's t-test

SCHoOL=School no.2
******************************************************w**
variable: 'rOTAL

PHASE N Mean std Dev Std Error

1
2

115
67

0.90434783
1.80597015

0.79443142
L20;J(14177

0.07408111
0.14770796

Variances T DF prob>ITI----------~---------~------------------Une<;tual
Equal

-5.450'"
-6.0647

'" .1
180.0

0.0001
0.0000

For HOt variances are equal, F' = 2.32= 0.0000
DF = (66,114) Prob>F'
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RUNNING THE ACTIVITY-SESSION 3

HaVe Seosion 2 handouts (9-19) ready to distribute.
put out,all the equipment and chemical solutions fOl' the activity
oarda on spontaneous reactions.

+ ~ M ~ ~ ~- __ M_+
14.1 Give out handout (9) and ask the teachers to check the

1 answers against their own and those of any other adults
1 who tried the questionnaire.
1
1 MIt the teachers:
1 (1) to identify in handout (9) allY of the features of
I (2) the children's or teachers' views they were introduced
1 to in session 2.- reaotivity considered animistically
I (3) to discuss any correct scientific stlntements from
I handout (9) which ~ive them particular conceptual
I diffioulties or which they find diff;icult to accept.
I+ ~ ~ +---~-- N ~*.~ ~.

+--------~-------~----------~-+----------------------~----------+I15. Give out handouts (10-16);
Ask the teachers to read through handouts (10-11)
Ask teachers to complete the aotivities in handout (12)
pertaining to spontaneouA processes. Discuss outcome.
Ask teaohers to oomplete the experiments on
handouts (13-1.4) about endothermic and exothermic
reactions are spontaneous and answer the questions
that follow.

I
W

16.1 complete and discuss the oontents of handout (15) where
I the use of analogies indicate that rate is not an
I indicator of a spontaneous l.'oaction.
I
I Discuss the Clontents of handout (16) and cOnlpare this
I handout to handout (15)
I
I+-~~__~_~_~__~__~ ~_.~_~ + ~ ~ M~~~_~ ~+
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t
I+ ~~ w ~~~_~_+---------~~-----~--~~-w~__+

12. IGive out handout (7) and ask the teachers to read
Ithe ~xpert or scientific view in the pre-course
Iwrk.
I

It
I+-~---~-----------~-~---~------+-~--------~---~--------~"~~~---+13.IG···reout handout (9) for "homework".

IIAsk teachers to read handout (7\ and use it, together
Iwith other session 1 & 2 handouts to complet~ handout (a),
10. "spot the expert viow" questionnaire, before session 3.
I



RUNNING 'raE ACTIVI'l'Y-SgSSION 2

Hav~ session 2 handouts (5-8) ready to distribute.
~ut out all the ~quipment and ohemioal solutions for the activity
oards ~n reactivity.

7., Give out handout (Sa-Sd)
II Ask teachers to read through handout (Sa)
I+~----~-------------------------+-----------------~------------~+t

a.]
I Aok them to perform the task: on handout (Sb)-Firnt approach
I for measuring r~fictivity - reaction rate measu~ements.
II Discuss the outcome.

9.,
I Ask them to perforl\\the task: em handout (5c)-seeend approach
I for'measuring re<lct:l.v.:Lty- enthe.lP1 measurements.
I
I Discuss the outcome.

It
10.,

, Ank ehem tp pel:'formthe task on handout (Scl)-Third apprtJoch
, for moneuX'ing reacti\,ity - voltago.'lmoasurements.
I
I Discuss the outcome.

~I+--~-~~-~~~--~~~-"-----~-~~.---+~---------"~-----~--~.~~~--.---+11.!Give out handout (6)
I
ISt'iOfly sutlullarioe the seosion-handout (6)
I

,,
W'

"
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14.1 ~lve out handout (2)
1
1 o;toouss how the view of SS'l'S c:011lpal'''i' with thoaa of
1 children
1
1 (thi.s raised directly the question of course rnembero'own
1 underotanding " if alar11l is expreoood reassure 'the11l that
1 they are not alon.\l)

1+
1

s, I (iliveout handout (3)

1
I IlriElflygo through it, cmlihnsizing 'chc four otngoo
I uhown in the illuotration:
1
1 ;L. elicitation
1 a. aWareneoo and dissatisfaction
1 :3. l3eneration
1 4. understanding.

1r
6.1 Giva out handout (4a-4d)

1 Aok teachers to read through 41:\and to try oome of
1 the taokc in 4b nnd 40 and discuss tho oaoe mado in
I 4cl for reaotivity, whore different inotrumento
I art;, used to msasuee difforent cutoornoo.
I



RONNING THE ACTIVITY-SBSSION 1

Have session 1 handouts (1-4) ready to distr.ibute.

procedurel+----------~~------------~~~~--~~-------------~~.~------~--~~-~-~.~
1. Bl:iefly rnap out the course (uce the course eUlnmal:Y);

stress that tho course is chiefly oonoerned with
'teachers' own underetanding I rather than that of children.

2. GivQ out handout (l)M go through it, streteing the featuree
of ehildren's viewCJ whioh are listoo:
Reactive metals have "zost"
A metal is renctivo it :::'f.'actcwith vigour.
Discuss whothOl::the o)c'lmplas givon do .Llluotrato each
f.entUt'e
(Touchers may do tho optional Elxel:cioe here M follow
the pl.·ooedure in :3. below using the examples of childrens
responses on hando~tt lf1)

\II"+-----~-~-~--~-----~----------+-----~-~--.-"---------~----~-----+3. IGot the toachers to:
II (1) :r:dotltl:fyfontllroo of: children' 0 vi ~'\W dencribed in
I handout (l) whioh they can oee in thai.' own childrens
I responses WrittU,l down on the reverlJo o,i.r;lo of aaeh interview
I card.
I
I (2)Copy tin I,lxnmpleof onch foaturo- writo the chlldo actual
I words onto t\ oeL~nrnto olip of paper or cut thom :h:orn tho
I intorview oard.
II (3)Colleat oxamploD of each particultlr feature from eaoh
I COUroe rnember and dioplay them 00 thut numerOUO e~al1\ploO
I of eaeh feature are seen by the wholo oot',roo.



Scaoion 1

Seooion :2

Scaoion 3

7

~aE ACTIVITY CARDS

Act.i.vityC'arl:l1; Reactivity - The target t'~oblem
Activity card :2:Reactivity - Some a.nchoring exampJ.es
Activity card 3: Reactivity - Some bridging examples
Activity card 4: .Reactivity - Formulating an expanded

conception - .moving toW'!.\!:dsthe
scit'ltltificview.

Activity card 1: First approach for measuring
reactivity ...moving towardo the
scientific view.

Aotivity card:2: Seoond approach for measuring
reactivity - moving towardo the
tlcientific vieW'.

Activity card 3: ~hird approach for meaouring
reactivity - moving towardo the
scientific view.

Activity card 1: spontaneouo reaction-The target
problel~

Activity card 2: Spontaneous reaction-some anchorinc;;
examples

AQtivity card 3: spontanoot\o reaction-A bridging
example

Aotivity oard 4 : SpontaMoUs reaction-A bridging
example

Activity card 5: Spontaneous reaction··Some anchoring
examples

Activity card G I Spont ..neeue reaction-Sollie bridging
examploD
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Group activity and discussion: Handout (11-16):
Activity card 1-
ACtivity card 2-

Activity card 3-

Target problem
Some anchoring
exalllples.
Some bridging
examples

Aotivity card 4- Some bridging
examples.

Activity card 5- Some anchoring
examp Lea

Aotivity card 6- Some bridging
examples.

Handout (17): :Il'ormulatingan
expanded conception about
spontaneous reaction- movin9
towards the soientific view.
Handout (18):summary of ideas dealt
with in the cC)urne so far.

Homework' tf\E1k~
Mtivlty: Handout (19)1 "Spot the expert

view" questionnaire.

SESS!ON 4 Anawe1;'Sto hOlliewor.kquestionnaire
of session 3.
Summary of key ooncepts of seooion
1,2 and 3.

Oiocussion Handout (20): AnoWers to session 3
questionnai:t'e.
Handout (21): Sun~ary about tho
idens dealt with in session 1,2 & 3
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SESSlON 2 Var,ious experimental approaches to
measure reactivity.
Expert view about teactivity in the
pre-course work.
"Spot the expert view" questionnaire.

Group activity and disaussionl Handout(Sa-Sd):
Activity card i-the expert or

scientific view
about reaotivity

Activity cazd 2-Fit'st approach for
measuring reactivity

Activity card 3-Secon~ approach for
measuring reactivity

Activity card 4-'l'hirdapproach for
measuring reactivity

Handout (6): summary of ideas dealt
with about reactivity in session 2.

Reading: Handout (7): Ex~ert view about
reactivity in the pre-course work
situations.

Activity: Handout (e): "spot the expert view"
questionnaire

SESSION 3 l-lorekey scientifiC" ideas about
reactivit~':
Spontaneous reaotion:
spontaneous exothermic reaction.
spontaneous endothermic reaotion.
Formulating an expanded oonception
about spontaneous reaction.

Discussion: Handout (9): Answero to the session 2
questionnaire

Discussion: HQndout (10): One more key idea about
reactivity-spontaneous reaction



SUMMARY OF TaB COURSE WORK

Course members' own personal views
about reactivity and related concepts
Eliciting chilcb:en's views

Act].vity: Teachers considering their own
personal viAws about reactivity

Classroom based enquiry: Gaining an insight into childrens view
about reactivity

SESSION 1 Children's views about reactivity
secondary teachers views about
reactivity and related concepts
A constructivist model for learning
science
Key aspects of the scientific or
"expert" view:
1. Reactivity

Discussion: Handout (1): Pupil's ideas about
reactivity -research evidence

Group acti.vlty and discussion: Handout (la): Identifying features
about your pupil's views about
reactivity (optional practice
exercise) •

DiscU8sion: Handout (2): What is known about
secondary teaohers ideas about
reactivity and related concepts:
evidence from Wits researoh team.

Discussion: Handout (3): An approach to learning
science - the oonstruotivist model

Group activity and discussion: H~ndout(4a-4d):
Activity card l-Targot problem
Activity card 2-Anohoring examples
Aotivity card 3-Bridging examples
Activity oard 4-Formulating an

expanded oonception
about reactivity-
moving towards the
soientific view ••

'.
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OUTLINE PLAN OF THE COURSE

+---------------------------------------------+I PRE-COURSE ~iORK I
I I
I Course members' own personal views I
I about reaotivity and related conoepts I
I Eliciting children's views I
I I+---------------------+-----------------------+I+---------------------+---------------+I SEsstON 1 I
I II pupil's views about reactivity I
I I
I secondary teachers' views about !
I reactivity and related concepts I
I I
I A constructivist knowledge for I
I learning science. I
I II Ke.y aspeots of the scient~fic Or I
I "expert" Iriew: I
I 1. Reactivity I
+---------------------+---------------+
+---------------------+---------------+I SESSION 2 I
I II Key aspects of the scientific or I
I "expert" view: I
I I
I 1. Reactivity (continuation) I+----~----------------~----------~---~+
+---------------------+---------------+SESS:tON 3

~ore key saientific ideas about
reactivity:
1. spontaneous reactions.

+---------------------+---------------+I+---------------------+---------------+I SESSION 4 I
I I
I Anawer~. to homework queat.Lonnadre I
I on spc~laneo~9 reaction. I
I I
I summe.ry of session 1,2 and 3 I+---------~--~~---~--------~----------+

"
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UNDERS'lANDING

REACTIVITY

Course leader's guide

seccndazy School Teachers and Science (SS'l'S) project
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INTRODUCTION TO THE PACK

The material in this pack has been designed to help
teachers develop their knowledge and understanding .
deals with chemical concepts found i~ the standard
scienoe syllabus.

.laiy
";,.'':ivity. It
:,,~. ill

The material is flexible and can be used:

- for scbool based INSET in one achool
- by staff of a cluster of schools or intereated individual

teachers from a number of schools.
- for in-service work in teaoher training institutions

fo.r initial teacher tra.i.ning, where it is particularly helpful
in that it. involves worl~ with chndren as well as institution
b/Jsed sessions.

It is different from other material in that it starts from ideas
about reactivity that seoondary sohool teachers already have and
builds on them.

Four sessions are required.

The p~ck highlights oertain aspects of the scientific view of
reactivity which are known from research to provide particular
conceptual difficulties. Course participants are introduced to the
misconceptions which pupils and many secondary teachers have and
become aWare of the nature of their own intuitive view about
chemical reactivity. They are presented with the scientific
interpretation of reactivit~· 'ldperform a series of activities
designed to persuade them o' ~G'S validity. The emphasis throughout
the course is on the personal conatruction of knowledge by each
teacher at a level that is appropriate for that individual.
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CONDO~~IN~ YOt:~ENQUIRY:

First nrrat'ge and test your tape recording er,-,.,·I.t.. Hake sure that
the pupils are sitting clowe enough to the recer n.9' equipment for
their domments to be picked up clearly.
You should commence by explaining to the pupils that you are
interested in the meanings they have :for'theword "l"eactivitylO
Explain to the pupils that you will be demonatrating four
experiments. ~hen you will be asking them some questions about
rea~tivity in eaoh of the situations shown.
~ress that its pot a tesk' there are no kiqht or wrong answers. ~
~ jUst ~nterestecl ill Wh{l:t; !;lupils think.

!
J
i

1
I
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PRE-courulE WORK: ELlCITING CBIL.O:ru:mt S VIEWS

Children are not empty vcooels - they htwe been ohown to have a
whole range of ideas about the world which may be firmly held and
which can differ from thooe of ocietltisto. Examples of ouch
children's science arel

A metal io reactive only if it rencts with "zest". (15 '.11' old,
A metal ;\.0 reactive if does not take it'o own sweet 'time to react.

(15 yr old)
A spontaneous reaction io one that takan place immediately and
without delay. (15 yr old)
As nn introduction to this course, in order to p:r:ovideyou with an
insight into the ideao about reactivity and the meaningo for the
word "reactivity" and related concepts which children poooeoo, you
are aSKed to perform a small classroom based enquiry in which you
interview a group of 5 or 6 boyo and girls from your class.
You nre requested to make a written record of the pupil'a responoeo
to the situations on tho cards provided (in our (;1xpel:'iencethe Use
of a tape recorder in advisable), using the qpnee provided on the
reverse side of each card. Write down quotes (i.e. aotual words
pupils used) which you think are repreoentative and partioulal':ly
interesting. Bring them (plus any other evidence, tapeD, document,
drawingo etc.) to the ;f3.rlltSS'l'S seasion whol:'othey will ~a oollated
nnd displayed with those of your colleagues for disoussion.
'rhe course will then be going on to aloo explore the views whioh
ndulto (such as s !ondary sehool touchers and scientisto) havo about
roaotivlty nnd relnted concepts since thesa relate to the demands
made t)f oecondury teachers by thrJlmatl:'icphysical science oyllabus.
IBefore starting with tho pupils you are requested to consider
Iyour own personal view about reactivity in the oituationo on the
Icardo which you will be presenting to them. Hrito your ide£ls on
It.hereVe);'oeof each card. plee.oe wl;'iteyOUl:'own j,ndividunl view,
Inot that of your spouse or ~ollea9ues or an expl~nnti?n from Q
Ibook.
Il'rhopurpose of the exoroise will become apparent towardo tho ena
lof sesoion 1 whorl,'ltho model fo).'the learning of science upon
Iwhich this couroe io based will be presented nnd disc:uoood. Xt I
IwHJ. be peen from thio model that (l pro-requioite for learning thol
lideas of ooien08 io an awarenaoo of oneo exiDting ideaa prior to I
linotruetion, I
I I
I I



SESSION 4

Aimu of session 3

1. To disouss the soientific explanations of a spontaneous reaction
in the instaneas presented in session ~ of the homework
questionnaire.

2. To relate statements in session 3 homewo~k qUestionnaire to the
features of children's and teachers' views discus~ed in session 3

3. To summarize the salient aspects of reactivity-related ooncepts
of session l,2,and 3.

Resources provided by the course leader for the group.
Unndoutul (20-21)

(20) Answors to homework questionnaire.
(21) summary of session 1,2 and 3.

1. Answers to session 3 homework questionnaire:
2. summarising ideao dealt with in t.he course:

25 mins
5 mins.

TOTAL TIME: 30 mins.

"
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Handouts: (9-19)

(9) Answers to session 2 homewrk questionnaire.
(10) One mOre key idea about reactivity: spontaneous reaction.
(11-16) Activity cards (1-6)
(17) Formulating an expanded conception about spontaneous

reac1!ion-moving towards a scienti:tio view.
(18) summary of ideas dealt with in the cours~ 00 far.
(19) Homevrork questionnaire.

Homework tiaek; Slession 3 "spot the expert" view homework
~Illestionnaire

T.tndng:

Answers to s9l3sj.on2 homework qU9at.ionnaire;
Aotivities about~ energy chnnges in spontaneous
processes:
Experiment: spontaneous exothermic reactions:
Expe,l:'imen't:Spontaneous endothermic: reactions:
AM.logy of spon1:aneous process in mechanical
systems I
Recognising spolltaneous/non spontaneous
rO<l.ct;i.ons:
sUlfmaril:lingideC\s dealt with in the course:

TOTAL 'rXME= lhr nnd 45 mins.

15 mins
20 mil)s
20 mins
20 mins
10 mine
1Q millS
10 mina.



seSSION 3

Aims of session 3
1. To discuss the scientific explanations of reactivity in the

instances presented in session 2 of the homework questionnaire.
2. To relate statements in session 2 homework questionnaire to the

features of children's and teachers' views discussed in session 2

3. To introduce further aspect of reactivity~related concept:
a. an endothermic reaction can be a spontaneous reacti.on
b. an exothermic reaction can be a spontaneous reaction
c. time is not a criterion for a spontaneous reaction.

Resources provided by the course leader for the group.
work cards: Activity cards (1-6).

The activity caras are sequenced in the follOWing way:
1. Spontaneous reaction-The target problem.
~. Spontaneous reaction-some anchoring examples.
3. Spontaneous exothermic reactions-moving towardo the

llcientific view.
4. Spontaneous endothermic reactions-moving towarcls thel

scient.ific view.
5. Spontaneous reaotions-some anchoring examples.
6. Spontaneous reactions-some bridging e~amples.

Equipment.: list: Equipment asaociated with the follwing activity
cards:

Activity 31 a. 19 potassium permanganate
b. 10m3 glyoerol
o. asbestos mat or tile

Activity 4: a. 32g nudum hydroxidt;lraa(OH)2.SH20)
b. 17g al1lllloniumnitrate
c. 250 cm3 coniaal flask
d , 'l,'hermolneterthat al'tows measurement

of temperature less than aoc
e. small block of wood.
f. glass stirring rod.
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Activity 3: a. Freah potato
b. Voltmeter
c. Metal strips~copperlzincl m~gnesium

and lead.
d. Electrical leads and crocodile c:lips.

Handouts: (5-8)

(Sa) The e~pert scientific view about reaotivity.
(5b-Sd) Activity cards 1-3.
(6) summaty: The expert or scientific view about reactivity.
(7) The expert or scientific view about reactivity in the

pre-course work..
(8) HomewDrk. qUestionnaire.

Homework tasks: a. The expert scientific view about reactivity -
session .2 summary

b. Th,;!expert oX'ocientific view of reactivity in
tht~ pre-course work

c. "Spot the expert view" questionnaire

T.iln.ing:

Secondary teachers' vie';"')s<l1:>outreactivity:
First approach ;tormeas1.lringreacti vity:
second appronch .formeMudng reacti vity:
Third approach for measllr.tngretll?tivityI
Sununa:t·yof session:
Discussion of pre-coursEI 6i'~uati~ns:

10 mins
25 mi'1s
30 m,j'ls
25 ~..l.ns
10 .mins
15 miM

TOTAL: 1 hr and 55 mine.

"
,
I



SBSSION 2

~ of session 2

1. '1'0expand teachers conceptions of reacti,vity towards the
"expert" or scientific view that:
(a) different approaohes can be used to measure

reactivity
(b) a "fair test" fo),:measuring reactivity should be

used.
2. To explain the pre-course situations in terms of this

~'lltt:landedview.
3. '1'0as~ teachers to distinguish between scientific and

everyday usage of the term "reactivity" and,to ma~e
jlldgments about the correct scientif.ic use of the word
in various situations.

RellOllrces provided by 'the course leader. for the group.

Work cards: Activity cards (1-3)
~he activity carda urA sequenced in the following way:
1. First approaoh for measuring reactivity - Moving

towt.:t'dsa scientific view.
2. Second approach for meas\lring reaotivity - Moving

towards a soientific view.
3. ~hird approach for measurl.n'1reactivity - Moving

towards a scient:ifie view.

Equ.i.pment l.i.st: Equipment assoc.i.atedwith each activity.
Activity 1: a. stopwatch

b. CaJ.cium granules an oalcium powder
c. 250 cm3 beaker
d. ~est tube
e. Glass funnel

Activity 2: a. Polystyrene cup
b. '1'hermometer~ range oOc to 500C
c. 29 zinc powder
d. test-tube
e. 100 cm3 of 0.2M copper sulphate

solution •

. I



'l'iming:
Mapping out course:
children views:
collating own children' s vie~ts;
Teachers' views:
A constructivist model for learning
Activity cards (4a-d)
'l'O'!'1\L : Ihr and 45 mins.

"

17

5 mins
25 mins
20 mins.
20 mins.

OC.l.once:;: ' " mms ,,,"v

25 mins
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SESSION 1
Aims of session 1

1. To map out the course for participants(see course
summary) •

2. To introduce teachers to what is known from research
about pupills ideas about reactivity and related
concepts, mainly when dealing with chemical reactions.

3. To enable teachers to identify features in their pupil's
respOlls'aswhich al"OknOl»7' from research, to be commonly
••eld by most other pup. s,

4. To become al·rareof features present in vieW's of children
interviewed by other course members.

5. To cause teachers to contrast their own v,iewswith those
of children and to begin to evaluate their own
understanding.

G. To enable teachers to compare their own views about
reaotivity with those known from, research to be held by
other secondary school teachers.

1. To introduce teuchers to the constructivist model for
the learning of science.

Resources provided by the course leader for the group.
Work cards: Activity cards (1~4)

The ac'Civity cards are sequenoed in the followlng way:
1. Reactivity ._The target problem,
2. Reactivity - Some anchoring e~amples.
3. Reactivity - Some bridging e~amples.
4. Reactivity - Formulating an e~panded

conoe~tion-moving toW'ards the scientific
view.

Handouts: (1-4)

(1) Pupils ideas about reactivity- research evidence.
(2) secondary tanchera/ideas about reactivity and related

concepta.
(3) An approaoh to learning ooienoe- the oonstruotivist model.
(4a-d) Activity carda (1- 4)
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PRE-COURSE WORK

Aims of the session
1. To elicit the teachers' own views about reactivity and

related concepts.
2. To elicit pupil's views about reactivity

Resources to be provided by course leader for the group.
Instruction sheet for conducting an enquiry into
children's views
IntervieW card 1 to 4

Number of participants
1 teacher and 4 children

Running the activity
preparation: Have one set of cOUrse materials to give to each

teacher.
Procedure: Distribute the folders.

Point out to the teachers that full instructions are
given(page ?) concerning:

(a) The conditions under which teachers themselves
are to respond to the instances (i.e. provide their
oWn viel":;;about the role of reactivity-:t'elatecl
ooncepts in the situations shown on the cards.)
(b) 11ractical arrangements for conducting the enquiry
with children.
(0) Procedure to .follow when intel'viewing.

E~perience has ohown the use of a voice operated tape
reoorder is advisable.
The impo:t'tanoeof teaohers making a written reoord of
their own and children's views on the reverse of aaoh
interview card should be pointed out(it will be
instruotive :rorthem to :ceturn to these initi<ll viewo
and evaluate any development that has taken place in
their understanding later in the course.
Dist:t'ibutingfolde:t'sand discussing
theil' ccnbenns r
Teaohe,l:swriting own views I
Conduct.ing interviews with pupils :

10 mins.
20 mint.
45 mino ~ 1 hr

'l'O'l'2\L 1hr and 30 mins.
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RUNNING TaB AC~IVITY-SESSION 4

Have Session 2 handouts (20-21) ready to distribute.

+-----------~-------------~-------------------------------------+19., Give out handout (20) and ask the teachers to check the
, answers against their own and those of any other adults
, who tl:.'j,edthe questionnL.:I..:e.,,
, Diseuse any correct scientific statements from
+ handout (20) whioh give them particular oonceptual
I diffioulties or which the:' find difficult to accept.,
+ ~ +-----u.---------------- ~ ~+

,,
f
I
I+~-~---------------..----------+--------------------------------+20. IGive out handout (21),

,Briefly summarise the session-Handout (21).
I+ ~~~~ ~m ~ __ ~.-. __ +--------------------- ~ +



13

t+----------~------------------+-----------------,----------------+17., Give out handout (17) and discuss the expanded conception ,
, about spontaneous reaction. ,
, Give out handout (le) and a~k teachers to read through ,
I summary of ideas on handout (18) I
I I+-----------------------------+---------------------------------+I,

t
I+-----------------------------+---------------------------------+19., GiVe out handout (19) for "homework".

I
I Ask teachers tu compl.ete handout (19), a "spot the
I expert view" C,lllestionnaire,before session 4.
I+-------~-------------------~-------------~---------------------+

"
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5. Reactivity series is 1nvariant.(order of elem~nto does not
change)
Some pupils see the order of the elements in a roactivity serien
as invariant irrespective of the type of substance the elements
react with.
" The orda17 of the ulements in the reactivity oerj.eo dMS not

chango"

The ootiono illustl:'l;).tedabove are known, froln reocllrch, to be
characteriotic of pupil'S viewo about reacti vit"'. They dre provided
he:re as a gUide to enable you to identify the it"l.ndc.f responoe!),
your pupilo may make when d,i,scuoeJingthe ('litu~,tiQnop"eoentec:' to
them.
To summarise they are:

1. M,athodo used to measure retldtivity unclear
2. Renet.ivity ~tsconsidered aot.nropolllorph3.cally
3. Reaetivity n~ries- A eiteul~~d~oaription
4. A I3pontar.-~ou" refi;:tion linked to I:'ato
5. Renetivity GIlI,des is invariant (O.t'dor.' of t.he tllemonto never

chang".lo)
G. other views

In han<:l.owt.1(a) that follo\~tJI you will. be requested t~o .identify
fe~tureo auch as those above in the viewo of ohildron which you
obtained .in the t:lro-course wOl:'k.You ohould tio thin 1n grC;J\lpo00
that yol.loaT! Qoml?ar~ the viowo obtainod by (,;ulloaguec with thooo you
oolleoted.



REACTIVITY,· SESSION 1 - Handout (1)

J?ltEVIOUS RESHMCH ON J?UJ?IL' S VIEWS AaOUT llE1\C'l'IVI'l'Y

'the il'lfotn\ntionpupils use to construct their conc:<aptseemes from
different GOurdes: public knowledge as pres~nted in texts and
lectures; and informal prior knowledge from everyday experienoe,
parento t peers I cOltUllI::l:oialproclOlctsand the eemnen meanings of
scientific terms. Thus pupils have already developed a Ange of
ideas sometimes oalled children I a sed enee which Ill'e often stubbornly
held and resistant to change and may adversely affect children'S
efforts to understand the orthodox scientific view.
Recent research studies have investigated pupil's views about the
concept reactivity and related ecneepbs , seme findings from these
studies are shown below. The quotations are £ltd a pupil' s renu~rko
made during an interview sess.ion after the pupils had completed the
experimental work on reactivity. Corta.in features of their notions
about reactivity beQa~e clear from their interview responses:
1. Metbods usod to Mensure ren~tivity unclear.

Many pupils did not know what the experimental basis for
rnel.louringreactivity Wa.o. SOllIequotationo to illustrate the
above are given:

" The brightness of the flame and the vigour of the reaction
qives the reaotivity"

" 'l'heX"oadiness of the reaction indicaton the reactivity"

2. Rell,ctivl,tyis considered anthropolttl.)rphical'Ly(Description uoes
hunw.u characteristics).
M.any c:hilc\renhad a human centered vie\~ of reacti vity.
"A lRotal is reaotive if it reacts with ZMt".
tIll lnetal io reuC!tive if it reacto with vigour".
".)\motul is reaoti e if the reaction io powerful"

3. Reactivity florioo - A c:iz:'culllrdescription
Many pupils desoript.ion of a reactivity sorieo was simply n
ceries roflocting how reactive a metal io without understandil'lg
what the term renctiv;i.tyIl',ellnt.
" ]\reaotivity series is 6' sedes aJ:ranged from hi9h~1ot

reactivity to lowest reactivity ••err •. from the strongest to
the weakest.

4. .l\ apontilllOQUS .::'Qactiot\l.inked to rnte:
" A spontlldoOUO reaction io a fast reaction",
« .)\ spontaneous roaction takeo plneo without dolay"
" .)\spontaneous roaction deea n"t require a catalyot"
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RBSS:tON 1

Handout 1 P~b~ious research about pupil'D views about
reactivity_

Handout 1a Identifying pupil's vlawn about readtivity-
practicru exercise.

Handout.'2 ~reviouo renearch of seccndary teaohers' views
about reactivity-related concepts (rate and
equilibriwn) •

Handout 3 ~he constructivist modell an approach to
learning scjence.

Handout 4a Activity card 1- ROIlativit~y
JInndCiut4b Activity curd 2- ne~ctivit:r
Handout 1c Activity card 3- Reactivity
BaJ:ldout4d Mti'dty card 4...Formulating an expanded

conception of reactivity-moving towardo the
scientific '/iew.



CARl:> IJ - THE RBAC'rIO~t 010' HALOGENS WITH .AQUEOOS SOI,UTIONS OF METl\.L
HALIDES.

1 - teach~~'a view
(to be completed before interviewing pupils)

Z - pupil(s) views
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CARD 4 - THE REACTION OF nALOGENS WITH AQUEOUS SOLUTIONS or MeTAL
1lA.LIDBS.

E~\(plnnlltion:
"I alii. 90ing to be clemonstrlltin9the reaction of halogens named on
your eard with e)ICeSEldilute B\']oeous Mlutions of met.a1, hali des.
Xndioate with a tick if a reaction takes place; I want you to tell
me about reactivity and jot down your observations in the spaoe
provided."
The teacher inserts indicated quantities of the halogens tabulated
below into three sets of metal halides solutions of approxim~tely
molar oonoentrations as shown in the diagram.

Halogens+--------~-------------------+------------+----~-----+--~-----~~---+I KBr(aq) I KI(aq)I KC1(aq)
+-----------------"----------+---~--------+--------~-+--------~---~+15 cm3_ chlorine water I I+ "M ~__~ + +-- +~ ~ +

I I+ W + M __ •• + + +

I

Is cm3_ Bromine water
15 om3_ Iodine water

Experiment:

+ ~ M_~ ~ ~.+ ~~~~__+~-~---~---+~ ~__~+

Set 1

C12(aq)

'~;;7;~i-[
Set 3

Foous questiono:

Set 2

1. "GiVe the order of inoreaoing reactivity of the halogens with
solutions of metal halides."

2. "!:lowdid you arl;'iveat your ohoice?"
3. "Is there any vioible reaction of iodine with potasaium ohloride

solution? Is there any way of telling?"
Rememberl Mnke n written record of children's typioal, interesting
or unuoual rouponooD (quoting ohildron'o actuul words).
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CARD 3 • Tag REACTION OF METALS WITS AQUEOUS SOtUTIUNS OF METAL
SALTS.

1 - teacher's view
(to be completed before interviewing pupils)
+-------------------------~----~~---------------------------~------+

+--~---~------------------~-----~-.----------------------------~----+
2 - pupil(a) views



CArID 3 ... TaB REACTION OF Me'.l.'MS WI'l1t AQtJEOUS SOt.UTIONS OF HETAt.
SALTS.

Explanation:
Itl: am going to be demonst);"atingthe reac::tionof the metals named on
your card with aqueous solutions of metal salts of equal
concentrations.
IndicatG with a til'.;ikif n rlHletion takes place; I want you to \" ~l
me about :t:eactivityand jot down your observations in the space
provided,lt
The teilcher inserts indicated quantities of the elelnents '~,':J: "ted
below into three sets of aqueous solution of metal salts ot
approxim~tely molar eoncentrations as shown in the diagram.
1 Element I

1 1

+~ + • + ~+ w_+ ~__+
QUantity 1 Copper I Zinc I Ferrous I

1 Bulphatel sulphate 1 Sulph~te I+ + ~__~_+~-h---~-~+--~__----__+ +

IIZinc I 1 em square pieees foill I~,-~-----+~-~-~-------------~..----+--------~+~--------~-+---~-------+
IIIron 1 3 em iron wire or nail I ._--+

Icopper I 1 em square pieces foill
Experiment:
Set 1

zn(s) t"

'~~;~;Z~~jl
set 3

Zn(s)l~~;~;z~J
FocUS questions;

Set 2

Fe(s)

~~;~;i~~j[
10'0 (s)

I;~;;;(;~{
cu(s)

1---------ZnS04 ( aq ) I

cu(s)

1------·_---Feso4(aq)

l. "Which :i.e the most renetive l1\etal?"
:2. "Give the l~rdol:'of increaoing reactivity of metals with sol.utions

of metal salts."
3. "!iO\\' did you (o\rrivEIat your cho!-"'?"
4. "Is there any visible reaction of copper with iron sulphate

solution? Is there any way of telling?"
Remember; Make a written record of children's typical, interaoting
Or unucua; rasponseo (quoting ehild:ronI s uetuaJ. \:',.,~,'1!~)•
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CARD 2 - TaB REAcrION OF METALS WITH OXYGEN

1 - teacher's view
(to be completed before interviewing pupils)+~ ~~ ~ M n ~_+

+ N~_~ ~ ~ ~ ~ ~ +

2 - pu~11(s) views+ N ~ ~ +

t.\-
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CARD 2 - THE REACTIO~ OF METALS WITa OXYGEN

Explanation:
"I am going to be demonstrating the reaction of the metals named on
your card with Q~ygon. I want you to tell me about reactivity and
jot down your observations in the space provided."
'rheteacher denlrll'lstrItes by successively heating indicated
quantities of the elements in a deflagarating spoon and then
inserting it into a gas jar already full of oxygen as shown in the
diagram.
+ + + w -w-_~ .r

II~lem.ent I
Quantity and state I Observation

+-----------+---------------------+--------------------------------~isodium I 2mm cube I I+-------- -~+---------------------+----------~---------------------+!Magnesiunl! 10 em ribbon~-------~---+------------~--------+-~---------~--..-----------------+(Potassium I 2mm cube
+-----------+---------------------+--------------------------------+ICalcium lcm long turning I !
I I I

Ef
Focus queotions;

L "Which is the most r(lsctive metal?"
2. "Which is the l~ast reactive metal?"
3 "Give the order of the ~etals in terms of increasing reactivity

with oxygen".
4. "How did you arrive at the order in (3)?"
Remember: Make a written record of children's typical, interesting
or unusual. respo.nses (quot;lngohildren' s actual ""'ordo),



CARD 1 - ~BE REAC~rON OF METALS WITH WATER

1 - teacher's view

(to be completed before interviewing pupils)
+--------------------- ._------------------------------------------+ I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I+ ~__~~ .~ ~ M ~ - +

2 - pupil (s) viet¥'s+ ~ ~ ~" M NW +

"



PRE-COURSE WORK

CARD 1 - THE REACTION OF HET~S WITS WATER

Explanation:
"j am going to be demonsttating the :reaction of the metals named on
your ca~d with water. I want you to tell me about reactivity and jot
down your observations in the space provided."
The teacher demonstrates by inserting successively indicated
quantities of the metals tabulated below in water aD shown in the
diagram

+-----------+----------------------+------------------------------+IElement I QUantity and state I observation I+~_M --+ " + M +

ISodium I 2mm cube I I
+-----------+----------------------+------------------------------+IMagnesium I 10 em :ribbon I I
+---~---~-~-+----------------~-----.~------------------------~-~-w-lIpotassium I 2l1\l1\ cube I I
+"l*~ ~__+-------.,---~--~-----_-+----~---~--_~ ~ +
ICal-dum I Lem long turning I I
I I I I

Id
Focus questions:

1. "Which is the most reactive metal?"
2. "Which is the least reactive metal?"
3. "Give the order of the metals in terms of increasing l'eactivity

with water."
4. "How did you arrive at the order in (3)?"

Remember I Make a written record of children's typical, ~nteresting
or unusual responses (quoting childrens actual wOIda).

""I

"



PROCBDURE TO FOIsLOW WHEN INTERVIEWING:
(Remember to switch 011 the tape recorder I )

E!XalllpJ.e:Card l-The reaction of metals with water
Show the pupils card 1 and tell them what you want them to dOl
"I am going to be demo) Itrating the reaction of the metals appearin~
on y~ur card with water. r want you to tell me about reactivity and
jot down you:r (,)bservet.iona."
Ask the focus questions:
1. "Which is the most reactive metal?"
2. "Which is the least reactive metal?"
3. "Give the order of the metals in terms of increal3ing reac'tivity

with water."
4. "How did you arrive at the order in (3)?"
You must be patient and allow th.J pupils time to aMwer after
putting each question to them. Ii pupils are very doubtful give
encouragement by repeating or rephrasing the question, and
emphasizing again your interest in their understanding of
:reactivity.
Re::'lponsesfor each focus question dan be probed further by asking:
'l'hat'sint!3resting -why do you say that?
or by asking ~ny ~ther question (neutral, not leading; penetrating,
not superfieial) you think necessary to olarify in your own mi:ld the
nutur~ of the pupil's vd.ews ,
bo not be judgmental. Resist the urge to teach the pupils. Try to
eliminate bias inhereut in yQur tone of voice, g9stur.e or facial
expression and try to sttike a palanoe between friendliness and
objectivity.
Ensure that all views of pup.us have been obtained by asking:
S. "Anything else you would like to say about ,re,'!lctivity ,rellltl!1d to

the e.Ype:dment?"

Later ma~e a written record of the pupil's responses (on the reverse
of the oard) pickin~ out views which are typioal and thoca that seem
particularly interesting.
(Notel all pupils do not have to answer all the quest ~ns but
encourage as many as possible to respond in each cao~:.
Repeat this pl.·oeed\.lrewith each of the remaining catds; use the
zecommended initial focus q~1estionE\shown on each cal:d about the
understaudinr of reactivity in the different experiments.
Ask any furt~er questiono that you think are necessary In order to
make clear i,l-jenature ¢f the pupil's views.
Remember tQ..~~tten r...ec~rd (elLloting the nlll?ils words) of
llll.Di,1'11 vieWf! whioh arA );entfE.E1ql'\;.\lt.i..'tP" flOd of any which ar.e
par.tj,cu1J\rly interestillg 01;' UOtHlIV\l..,_g,t1..Ji.h9_reverM side of each
~

"
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(e) Cell voltage.

Reaotion zn(s) + CUS04(aq) -----> 2nS04(aq) + cuts)

Zn

CUS04(aq) znS04(aq)

(f) The reaction of dilute hydrochloric acid and sodiUlll.
thiosulphate produces a precipitate of sulphur.

start of reaction after a short
time

time noted as soon
al:1cross is not
visible

beaker white paper on card cross no longer---------r----- visible

c~-rl~'~1([;.'1
'-......_ ..". ' . l . ,~'..." .:1, ' "

~"~'

A cross marked on the card becomes less visible with time when
viewed from abave, The time t~ken for the disappearance of the
cross When viewed from above is noted.
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(d) Pressure of oxygen decreasing with time(assume t~perature
constant)

Beeotion 2 Mg(s) + O2(9) -----> 2 MgO(s)

• thermometer

(d) The final temperature after the reaction is
complete

+ 02(9) -----> 2 MgO(o)

I
~ ""'ate'



(b) calorimetric tneaS~lre.tnent

+ Cu(s)

Before Immediately
reaction after

reaction

some titne
after
reaction

•
30°C I \1 20°C IJllilJJ

100 cm3 of
o .21<1 cuS04 (aq)

Reaction is
com)?lete and
and ppt. of copp~~
has formed in
colourless
znso4(aq)

Apparatus
«lld contents
cooled to rootn
tOl\,perature.

(c) Preasure of C02 measured at various times.

pressure gallge

"



REACTIvtTY - SESSION 1 - Handout (40)
ACTIvtTY CARD 3

SOHE BRIDGING EXAMPLES
An attempt is made here to bridge th~ 1JI.'I.1' between disbelief (in thE'
ease of the target problem) and acceptance of the snohol'ing examples
by considering similar aspects when dealing with che.mioal r~~ctions.

What to do
The activities described on the anchoring pl.·oblemowere related to
daily tasks. This oard preoents a series of examples related to
ohelt;icalreact.iOllSwhich may appear to La unrelated to the I~arlier
examples. However closer scrutiny will indicate otherwise.
You are asked to look at the examples given. Then ask yourself:
Whioh outcom~ is of intereot?
(a) How fact? (b) How far (extent of reaction).

(11) Hydrogen :released at vadous time intervals.
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REACTXVITY - SBSSXON 1 - Handout (4b)
M'l'IVI'.rY c.MD 2

SOME ANCHORING EXAMPLES
A descripticm is !liven here of some anchoring examples invol ving
concepts related to I1po~·ting events which will later be related to
reactivity-related concepts. Z'heso examples 8J.'(;) in a9reemeJJt with
most peoples intuitive beliefs and also correspond to the scientific
viek',

there are many activities which are perforn,ed sometimes during ones
lifetime. such activities are given below.

(a) HoW fnot? (b) How far? (extent)

Try donoeptuali~ing or porforming Pome of the jobs deoeribod below
and ask.yourself what you are measuring in each caM.

In the exaiilplesc;1i',enbelow I which outcome io Ot intereot I

(a) ~ aprinter sprinting 100m

(b) An athlete thr~win~ n diseuse.

(c) lUI athlete throwing a j avcl.in.

Ccl) An athlete doing long jumps
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Another way of looking at the problem
~n order to dispel these views it is necessary to expand ones view
of the meaning of the term reactivitj.
What is the nature of this expanded view?
We shall start by developing the notion that there are n number of
difierent aspecto of a chemical reaction \,10 would want to know
about.
We would like to know:
Whether a l'eaction cal' occur?
How fast does the reaction OC~Ur?
!low far does the reaction go? (The extent of the react;i.on)
neactivity is an idl?t\that io related to a chemical reaction.

Arising from the above we will give an ldca ao to the experimental
approaches that can be uoed to measure renetivity, sO as to initiate
an understanding of the concept reactivity.
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RE1\CTIVI'.1'Y - S'BSSION 1 - a~rJdout (4~)

AC'.1'IVI'.1'Y CARb 1 * REACTIVITY

TaE TARGBT PROBLEM

'1'h:is card desardbe» a tllr!/'et problem concern:ing rellat:iv:ity-related
concepts whi.ch SOMe people fi.i.d di.ffi.cult.

The problem
The wits research team found evidence that some tea~hers have
difficulty in distinguishing questions of rate from questions of
equilibrium. Example statements to illustt~te the above ~re cited
below:
1. A spontaneous 'eaction is a fast reaction
2. EO values assumed to give kiMtic informnt.i.on
3. I\B values give kinetic infoPlLlltion
4. Electrochemical series is a rate peries

possible causes of the problem
Najor SOuroe.:; ot .i~struC't:ion.

Teachers and textbooks provide ambiguous and incorrect messages
about reactivity at a Eltandnrd B level. Reac'tivity is explained
anthropomQrphicnlly by mnny textbool~ authors. (DeScription useo
human characteristics).
EXperimental approaches used to measure reactivity are not clearly
differentifltecland do not emphasize thp.distinction between the rate
(Jr.inetic)and energy (thermodynamic) aspects of reacti v ity in a
\l\eaningfulway,
The syllabus.

The atandard S physical science syllabus does not link the concept
of reactivity dealt with at that level to the concepts of rate and
equilibrium dealt with at a standal'd lO level and vice vazaa ,

!/'echni.cal USe of k'Qrc:s in saience and everyday Use af words probably
not emphas:ized.
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(a) had failed to enable the teaohers to fully distinguish questions
of rate from questions of equilibrium, and

(b) were seen by teachers themselves to be inconsistent or
contradictory and could not be applied across a.range of
situations.

In terms of the constructivist model described above the researcher
as teacher had achieved stage 1 (eliciting the learner's views) and
the teacher's as learners might be said to be at stage 2 (aware of
their existing ideas and dissatisfied with them).
As a result of the pre-course work and ';hese eat'l,ydd acuas Lons in
the first session you may feel yourself ~o be in a similar position
as this. Having reflect~d upon your own views about reaotivity, in
thE::ligl1t of those expressed by your pupils, and having now
considered the v~,ews held by other seoondary teachers, you may also
feel some dissatisfaction with the existing state of your knowledge.

In this and .,ater sessions we shall be going on to stage 3 and 4 of
the constructivist model and will be providing you with some
activities in Which t.he expert view can be explored.

What is this "expert" or scientific view?

In session 2 you will be given handouts in which some key aspects of
the soientific view of reaotivity are explained. You will be asked
to ansWer a variety of questions about reactivity using the
scientific view to ansWer them. A handout interpreting the
instances you presented to your pupils in terms of the scientHic
view will also be ~rovided. You are asked to take this away and
consider their contents as preparation for session 3 of the course
when the ideas about reactivity will be developed further.
Uso them also to help you with the other "hcm,:work.task"- a
qUestionnaire containing statements about situations similar to the
ones you have looked at so far, in which you are asked to "apot the
expert view".

In session 3 we will be discussing the answers to this
qUestionnaire, performing fUl..'ther aotivities to develop the
scientific view of "spontaneous reaction· -a reactivity related
concept-and considering the difficulties raised by this view.



This model for laarning of scientific ideas can be su~narised as
follows:

+---------------------------------+I ELICITATION of le~rners I
I views from discussions I
I and experience provided 1-----·1-
I by the teacher I I
I I I

I
I+---------------------------------+ \1/I AWARENESS by teacher and I I

I learner of inadequacies 1 I
I from discussions and +-----+
I experiences- I
I DISSATISFACTION aris~s in +-----------+
I learner I I

I
I+--------------------------------------+ II I \ I /

I GENERATION of a better view I I
I by the learner from discussions I I
I of and reflections about I I
I previous experiences and new +..-----+
I ones +--..---+
I 1 I+--------------------------------------+ II+--------------------------------------+ \1/
I 1 1
I MOVING TOWARDS A BETTER UNDER- I I
I STANDING of the scientific view I I
I and value in a wide range of +------+'
I situations I
I I
+--------------------------------------+

+---------------------------------+

+---__-- ~ ----------t

(- ..~?\\"''', ...'( v: ,
, ; __../
~ j I : I r.:::'

"'

I ;'3- '\.:\, , ~.I . \'" <":; .....".., I _,..-\o' ','
r .-.....:"i "',"

r~

HoW can this model be applied to the secondary teacher woo seeks to
improve his or her ~wn understanding of rea=tivity?
The first stage is tor each teacher as "learner" to become aWare of
his or her own personal views about the concept reactivity in a
variety of chemical reactions.

Some recent research into secondary teachers' ideas about
reactiv~ty-related concepts involved the completion cf an inwd~pth
questionnaire. For a. good number of teachers an outcome of their
parttcipation in the research was that many of them became aware of
gaps in their understanding of concepts related to reactivity. They
expressed dissatisfac~ion with their existing ideas sin~e thes~1

"



REACTIVITY - SESSION 1 - Handout (3)

THE CONSTRUCTIVIST MODEL: AN APPROACH TO LEARNING SCIENCE

The aim of this course is to help you develop views about reactivity
which correspond more closely to the scientist's. The course draws
upon a view of learning in whillh the learner actively engages in the
construction of moaning from experience and takes responsibility for
the development of his or her own understanding.

A constructivist model for learning about reactivity

It is a basic principle of the approach to learning which underpi.ns
this course that, for an understanding of reactivity to be developed
it is necessary for both teacher and learner to;

(a) the chang.i.ng of e:cisting views,
(b) the discarding of them in favour of new views, or
(c) the acceptance of neW views which co-exist with previous).y

held views but are applied only in a sc:!.entific context.

(1) first become aware of the idea.s about reactivity which the
learner already pos~esses.

t.nstruction then consists, not merely of adding on new bits ot
knOWledge to this prior knowledge but of facilitating development of
the learner I s exi~lting ideas.

This development Play involve:

(2) This development of idc~B is facilitated by:
providing experiences and discussions Which cause the learner
to consider any inadequacies in his or her existing views and to
become dissatisfied with 'chem;

(3) providing experiences and discu6siotls which enable the learner
to oonstruct an idea or explanation which is more satisfactolY
and makes better sense of ·the experiences.

(4) Moving the learner as he/she engages in the ~rocess of
constructing new kno~ledge, towards the scientific view by
presenting the latter in such a way th~t:

(a) it can be understood,
(b) it is believable,
(0) it is seen to apply consistently to a wide range of

situations- not just in one limited context or in :,few
particular situations,

(d) it see~F to be useful for the solving of problems,
(e) it is able to explain situations more satisfactorily than

previously held views.

"
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REACTIVITY - SESSION 1 - Handout (2)

PREVIOUS RESBARCH OF SECO~JDARY TEACHERS VIEWS ABOUT REACTIVITY-
RELATED CONCEPTS (RATE AND EQUILIBRIUM).

You are asked to read through this brief account of some findings
from ~esearch into secondary teacher's views about
reactivity-related concepts (i.e. rate and equilibrium). A range of
levels of understanding was found amongst the teachers who took part
in the research. Co eider how your own views compare with those
sho~a below - how would you assess your own level of Understanding?

The research was conducted in 198!l bl' the University of the
witwatersrand team. Ideas which some secondary teachers and standard
10 students have about rates and equiJ.ibrium were investigated.
Twenty teachers and approximately 200 standard 10 pupils responses
were elicited using a multiple-choice q"estionnaire

The outcomes below lead to a focus on the conceRt of reactivity
dealt with at a standard 8 level as many of these misconceptions are
implicitlY related to the term reactivity. These views emphasize the
d~fficulty teachers and pupils have in distinguishing questions of
rate from qUelStions of equilibrium. This may be because these
concepts were not meaningfully differentiated when dealing with the
concept of reactivity.

It was found that a large number of these secondary teachers had
views which were different from those currently held by scientists.
Furthermore the teacher's views were similar to those which are
known to be prevalent all'ongststandard 10 pupils:

1. A spontaneous reaction is a fast reaction
2. EO values aSISUlnedto give kinetic information
3. 1\8 values gi.ve kinetic information
4. Electrochemic', 1 series is a rate series
5. A catalyst afiects the yield of a reaction.

It is likely that individual intuitive views about reactivity, such
as those nescribed above are held by many secondary teacherB and
standard 10 pupils or other members of the adult pcpulat~on who have
not specialised in science during their edJcation. Some of these
ideas were regarded as correct by scientists livil; in earlier
times.

It may be comforting to know that these views have also been found
amongst university st~dents who have received a ~~ecialist education
in science. This is probably due to the difficul~les people have in
(a) grasping the more rigorous, scientific meanings of the term
reactivity and (b) dissociating these scientific meanings from the
wealth of other meanings the word has acquired fro~ everyday sccial
usage.



REACTIVITY - SESSION 1 - handout l(a)

IDENTIFYl:NG PUPILS' VIEWS ADOI"J'r Iml\.CTIVITY - PRAC'l.'ICEEXERCISE

Th.i.sdocument gives you some practice in sorting out features of
children's responses which have been described in handout 1 by
giving you further extl:acts from interviews conducted HitI'.student-so

You may care to consider these and attempt to identify any features
described in handout 1, together with any other features not listed
there, which you feel to be present. Please discuss this process
with other colleagues since the purpose of the exer.cz.se is to
familiarise you with the main type~ of response or kinds of ideas
that are evident in your students.

A reactive metal is one that reacts with power.

[ 1.fyou feel able to proceed directly, without practice, to
identify features of your own st'ldent's interview responses which
you obtained in your pre-course a:ssignment, this section can be
omitted.]

Examples:

A reactive metal is higher in the series than one that is
less ref.lctive.

Tre student's response shows an anthropomorphic view of reactivity
(feature 2).

The student's response indicates a circular description. The meaning
of the t~rm reactivity is not explained. (feature 3).

Now try to identify any of the features from handout 1 present in
t.he responses made by your student's during the interviews.

"



REACTIVIT~ - SESSION 2 handout (Sci)

AcTtVIn CARD 3

TaIRD APPROACa FOR MEASURING REACTIVIT~-HOVING TOWAROS THE
SCIE"I'l'IFICVIEW

This appr.oach involves an observation of whether the reaction will
take place or not. Again it tells Us nothing about the rate at which
the reaction wil.l take place.
A scenario is depicted bere
A 11 :year old child who is alre.ady a keen scientist. He saw MacGyver
i.none of his favourite television prog:!:al1\l'lle~obtain an electric
current by sticking two wires into a nearby cactus. He wanted to
know l.fhe could do 't.he same.
This led to a s~rie9 of experiments with various plants and
vegetables. The hi':lnestvolta~a was obtained by sticking his wires
into a potato, so I suggested that he then try various other motal
combinations, each with a'potato. He carefully recorded the
resultant cell EMF's in a suitable grid with a sign to indicate
whioh way the current flowed. His results with oopper, zino, lead
and magnesium were suffioiently oonsistent to provide a reaotivity
sed es chowing an ease of eleotron loss ;Inthe order Cu<]?b<Zn<Mg.
liisrnaximum reading \<I'aSfor the Mg-potato-cu oell, the electrons
flowing round the exte:::naloirouit from the magnesium.
'1'hesecell EMF's differ from those obtained under standard
conditions but the results give the right ordEl'rof reaotivity for
successful ptedictions of redox roactions between the four metals
and aqueous solutions of their metal salts,

Measure the voltageo between pairs of metal eleotrodes and tabJlote
your results in the table proVided.
Items reqUired
J.• Fresh potato
2. voltmeter.
3. oopper, zino, magnesium and lead strips.
4. leads

copper
voltmeter.

magnesium

I
].:>o'rA'l'O

;·'1

"



STUDY THE FOLLOWING ANALOGY SHOWING TaE DISTINCTION DE~EN RATE
AND ENERGY CIlANGE.

ENERGY VS RA'£E
Height va path

Analogy that contrasta enthalpy change 'With a rate pathway
The enthalpy difference between t.hereactants and products can be
compared to the altitude difference betw~en two geographic points.
No matter how one gets from one point to another the final
differenoe in altitude r~mains the same, just as the.enthalpy
differe~ce petw~en initial and final states of a reaction mixture is
fixed.
On the other hand, very different amounts of time and work may be
needed to actually travel from one place to another depending on the
route taken Md the mode of transportation used. The time required
for the change and pathways that are followed both relate to ~hG
rata of the change.
Thus for a destination to be 1,'11311Chedvariouo paths can lead to the
s~me end. Similarly a reaction can be fast or the reaction can be
sloW but the difference in energy botween a particular set of
produ~ts and reactants will always be the -ame.
Different informaLion is obtained from the different experimental
techniqUes (i.e. tasks 1 nnr.l2 respectively). The one measureR rate
and this is related to the path taken by the reaction. The other
giVes information about th~ total amount Qf energy transierod in a
reaccion and this is related to tha differon~e in energy betweon
reactants and products.
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Temperature of mIxture increases. DOnloll COli Hooting element In wate,
216 kJ transferred III surroundIngs Temperature of coli Increases Water Increases In tamperalUle

16 kJ transfarred 10 surroundIngs 200 kJ transferred 10 surroundings
'rhe table below shows the heat energy lost to the surroundingo when
two moles of electrons nre transferred per mole of ou2+ ions
discharged from various metals.

Magnesium Mg(s) + 01lS04(IlCj)-..-~> ou(o) + MgS04(aq) - 526 k.:r

Alwnin;lwu 2A1(o) + 3cuS04 (L\Cj)----> 3Cu(FJ) + .1\12(1::°4)3(0'1)- 414 leJ

zinc zn(s) + ("11S04 ( aq ) --.._> CU(o) + znS04(aq) .. 216 kJ

lron Fe(s) + CUS04(aq) ----> cuts) + FeS04(aq) .. 152 k.7

Lead Pb(s) + CUS04(ag) ..._--> CU(S) .~PbS04(aq) - 63 kJ

2e + Cu(O)

All the rAaccions above involve the same hnlf re/;\ctionlthe trnnsfer
of 2 moleo of electrons to C1l2+(aq) iono. 'rhe hent energy in thio
half reac~ion makes a oonstant contribution to the total heat ene~gy
chan9~ in each of the five reactions.

'rhe heat energy changes in the other half reaction are different in
eaah casa. The oomplete reaQtion uoing magneoium io moot exothermic
because the mORt exothermic of the half reactiono below is the ono
involving f\\t\gnel!)ium.

Mg(s) .............> Mg24 (aq) + 213 most eXothermic
half renction

Al(El) ----> Al:H(ll.C,l) + 3e
Zn(o) ....__ ...> \ Zn2+(aq) + 20

Pb (I".) ----> Pb2+ (tlq l + 20 '/ leapt oxothN"mic
huH reacti.on.

~he energy liberated in 0,,0}1 ease can be uDod to rank tho clemonta
in termo of th~ir ele~ioal reaotivity.
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Representing the informat,ion by 'lIel1ns of an energy level dingr!).ll1.

)::nergyheldt
by IfJubstnnces

The renctants in this
reaction are on a higher
onergy level

Energy is transferred in
this reaction to the
surroundings

The products in this
reaction are on a lowe:t'
energy lE'vel

~he total energy ohango in this reaction is always 216 kJ per mole.
This energy can a~pear in many ways.
1. All the energy oan appear as heat ~nergv which is transferred to

tho surroundings.
2. Some of the energy (but never Ulore than 212 kJ/mole) can appenr

as electrical ene...·gy. When this happens ceme of the energy (hut
never less than 4 kJ/mo1e) always appears as heat. The
temperature of the Daniell cell increases slightlY and the hoat
is transf"ilrredto the surroundi\1gs.

3. The electrical energy (never more than 212 kJ Itnol<:l)OLIn be
converted to other forms of energy such as Ught, sound, hee.t or
work.

Some OL tho wayo in which the 2lS kJ/mole can appear nre ohown
bolow:

Bulb transfers BMrgy to surrOUl1dil\gs,
, 6 kJ as light. 203 kJ 8$ hoot

Donloll coil
TlJmporaturo of cell il1creOS05,

8 kJ Iransferrod to surro6ndingn

Motor Increo$t)s In tempoulluro
15 kJ tranaforrod 10 surroundlng$

centeu coli •
T(lmpcrbtu'~ of coli in~loDses,

10 kJ lrDMlorrod to $\lrroundlll£js

Enorgy changos per mole of rencuen
Zn(s)'tCu~·(!lq) _, Cu(s)+Zn2+(oq)

190 kJ of work done
In r~lsm(l wOlght
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For f<at:e.l' (\nd for dilute aqueous solutions it is known that about
4.:3J\~ul0" of energy is transferred to the surroundings when the
tempera~ure of 1cm3 decreases by lOe.

Sources of error in the experiment
There are cevaral Muroas I"lferror in this simple experiment to find
the. energy tranafeJ: to tnif'!surroundings during a chemical reaction.
The soutces of error include the following:
~Some energy is transferred to the surroundings before the maximum
temperature is rear:hed. :If this energy transf.er coule1 be t;.revented
the telnperature rise would be a little mere than 10(\:;
~ Some energy is transferred to the container and the thermometer as
their temperature rises by loDe. This energy was not considered in
the calculation.
~ The energy tranSferred to the surroundings when the terooerature of
10m3 of an aqueous oolution drops by lOe is not exactly 4.2J .The
energy transferred varies slightly froln solution to solution.
Calculntioh

...mass of water x decrease in temperature x specific heat oapacit.y
of water.

c 100 X 10 X 4.2
c 4200 J

This is the energy los't to the surroundings when 0.02 Inole of CUS04
is used. Therefore when 1 mole of the compound is used the energy
lost is 210kJ

Repeat the experiment but this time use the sarne mass of zinc
granules instead of zinc powder.
If the aoureea of error are cl:i.mitHlted,it .is always found that one
111010 of copper and one mol,a of aqueous z:i.nc £lulphnte contain 216kJ
less energy than 1 mole of zinc and 1 mole of aqu~ous copper
suJphate at the aame temperatUl:'Q.It does not matter whethe);'tho
zino granules or powder is used.
Wdting this information in equation form:
Zn(s) + eUS04(aq) ~--~~> eu(s) + ~H '" -216 kJ

Quelltiono
1. How does the amount of energy tranoferred compare when zinc

powder or zinc granules are used with the same oolut:on?
2. Was the rate affected When zinc granuleo instead of zinc powder

was used? Expla~n.
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Method.

A diagram ir,dicating the stages durin 1 the expe:d.ment is shown.

be~ore reaction immediately after
reaction

lOOcm3
of

O.2M CUS04

reaction is complete:
precipitate of
copper and colourless
zinc sulphate solution
has formed

some time after
l:'eac:tion

Apparatus and
contents have
cooled to room
temperature

1. Record the temperature of the solutJon befora the zinc powder is
added.

~ernperature of copper sUlphate solution ~ Oc

2. Pour the zinc powder into the polystyrene cup containing the
copper sulphate solution. Record the maximum tempe:r:ature.
Max temperature of mixture

3. Record the rise in t~perature.
When the reaction between zinc and aqueous copper sulphate is
complete the temperature has increased by about loDe. ~he mixture
then gradually loses energy to the surroundings unci the temperature
goeo back to room temperature. The products of tho reaction at room
temperature (copper and aqueous zinc sulphate) contain leas shorsy
thnn the original reactants nt tho same temporaturo (zinc and
aqueous cop~er sulphate). The energy hac not disappearodl it has
been tranoferrod from the reaotion mixture to the surroundings und
the reaction io described as exothermio.

"
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REACT!VITY - SESSION 2-handout (Sc)
ACTIVITY CARD 2

SECOND APPROACH FOR MEASURInG REACT!VITY-MOVING TOWARDS THE
SC!ENT!lo'!CVIEW
'l'h:!sapproach is a measure of the energy of the products minus the
energy of tho reactantn- i.e ~H.

In practice speed also comes into the visual judgement. Fo):" example,
most pupils will aay that that magnesium powder + oxygen reaction
liberates more energy, the magnesium ribbon + oxygen, even if equal
maSses of magnesium have been used. The powder reacts faster than
the ribbon.
You are already famil.iar with ener9Y transfers in physical tlystems.
The ideas arioing there will help you in determining the energy
transfer in chemical systems.
The energy transferred dUring a chemical reaction at constant
pressure is known as the Gnthalpy change and the symbol for enthalpy
chang£! is /\11.

In most caSes aalori.metJ:'i.cmeasurements are used.

How does one measure the ener9Y transferred during a chemical
reaction?

As a chemical reactiorl takes place there usually illa change in the
tC11lper'ltl1reof the reaction mixture because bonds \'I'ithinmolecules
are being broken and formed. When bends are blooken energy is
aboorbEld and when bonds are formed energy illreleased.
To help you along a small task is given whereby you oan determine in
a practical and more quantitative manner the amount of energy
transfer in a chemical reaction.
Task
Apparatus and reagents required.
The following equipment is needed.
1. polystyrene cup
2. thermometor
3 29 zinr.:powdor (this should be in excess)
4. test-tube.
5. 100 cm! of 0.2M copper sulphate solution.
Determine the anergy released when excess zinc powder has reacted
with 100 om! of tho copper sulphate solution. The chemical equation
for the reaction is given to assist you with your oalculation.

Zn(s) + CUS04(aq) -----> cu(s) +
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- ......- - -I- - ---.. --...... ........_-

-- ....... ---

Results
+--~-~------+---------------------------+--------------------------+I time I height of gas oolumn I height of gas column I
I in sec. I with calcil.t111granules I with caLci.umpowder II +- ~_M + - -------------+
I lO I I I
I I I I
I 20 I I I
I I I I
I 30 I I I
I I I I
I 40 I I I
I I I I
I 25 I I I
I I , I+ ~ ~ +_-~- ~_M_" +- ~ --- ~ +

Give possible ways in which the rate of this reaotion oan be
defined.
(i) rate of chemical reaction =

(ii) rate of chemical reaotion =

(iii) rate of ohemioal reaotion =

QUetltions
1. III tho r4to of the reaction affected by ",hather a oalcium grunule

or calcium powder is used?
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REACTIVITY ~ SESSION 2 handout (5b)

ACTIVITY CARD 1

An eXbosition of the throe different approaches for measuring
reactivity is given.

fIRST APPROACH FOR MEASURING REACTIVITY-MOVING TOWARDS ~BE
SCI.ENTIFIC VIEW

This approach is clearly connocted with reaction rate. The speed
(rate) of a reaction is linked with the p3th the reaction takes but
has no link with the total amount of energy transferred during a
reaction.

(1) What is meant by the term rate?

(ii) Power amount o:f work done/time taken

(a) 'l'heterm rate means the number of occurrences of acme event per
unit time. The units of rate always include (time)~l,eg s-l(per
aeecnd) •

Different events occurrirlg per unit time are indicated below,

(i) Speed::: L:1 posiUon/L)_time i.e rate at which position
changes.

(iii) CUrl'ent :::amount of charge moved fUme taken

measure rate? ... , •••••• t., •••
In eaoh of the above situations I what is the common variahle used to

Which instrument is used to measure the above variable?
•• ,. •. 10' •••••• , ....

Now how would you define the :t'ateof a chemical reaction? Some
measurable property of the reaction must be changing per unit time.

To help you along a small task is given, together with the chemical
equation f~r the reaction.

'rIsk

Arrange the beaker, funnel and test-tube as shown in the diagram.
Mark the test tube by using a flow marker in intel:V'als of 1 em.

Place small pieces of calcium granules of kno~~ mass in a beaker
half-filled with water. It will sink and a stream of bubbles will be
seen corning to the surface. Measure the volume of gas that is given
of every 10 seconds.

Try the saIne task us.1ug the aame mass of calcium powder and compare
'the rate of the reaction \~ith the earlier one.
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REACTIVITY - SESSION 2 handout (Sa)

THE EY..PERT on SCIENTIFIC VIEW ABOUT REACTIVJ:TY.

In session 1 the constructivist model was drawn to your attention.
You also became aware of the student's and your own views about
reactivity. Towards the end of session 1 your attention Was drawu to
why the understanding 0: ~he::nicalreactivity is important.

Secondary teachers ideas about reactivity (Rate and equilibrium)

A large number of teachers could not clearly distinguish questions
of rate from those of e~uilibrium:

-The electrochemical series was perceived to give rate information.

~/\H values were inter)?:t'etedto give kinetic information.

~ only exothermic reactions were considered to be spontaneous.

The scientific view about reactivity.

Reactivity is the tendency or not the tendency of a reactant to form
products in a chemical reaction.

The word tendency implies that the system is poised to undergo a
certain natural change. Although poised for change the change may
not be realised and fUl:thermore the rate at which the change will
take place is not referred to.

Tendency or readiness can be interpreted in either a kinetic sense
or a thermodynamic sense.

The observed :t'eactivity of a SUbstance is frequently related to the
rate at which energy is liberated rather than the total smount, of
energy evolved over the prolonged period of time.

How is reaotivity ~asured?

~hree approaches to the measurement of reactiVity have been used in
schOol:

1. Visual judgement of the speed of the reaction.
2. Judgement of the heat liberated (warm, hot, red~hot etc.)
3. Measurement of the voltage of a cell.

No explicit distinction is made in textbooks b~tween the different
approaches foor meauring reactivity. We shall attempt to glve a
clearer distinction so as to initiate an understanding of the
different way~ of measuring reactivity.

The approaches giVen are an attempt to examine the evidence. It js
not intended that this material should be taught) it is intended to
be considered by teachers so that what is taught will be cloEler to
the truth than would be otherwise.
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mmERSTAN.llrlm

CHEMICAL REACTIVITY

SESSION 2

Handout Sa Reactivity: the expert or
scientific view about reactivity

Handout Sb Activity card 1- reactivity

Handout 50 Activity card 2- reactivity

Band~lut 5d Activity card 3- reactivity

Handout 6 summary: The expert or scientific view
about reactivity

Handout 7 The "expert or scientific view about
reactivity in the pre-course situation.

Handout B Homework questionnaire.



REACTIVITY - SESSION 1 ~ Handout (4d)

ACTIVITY CARD 4 - REACTIVITx

FORMULATING AN EXPANDED CONCEPTION OF REACTIVITY -MOVING T?WARDS THE
SCIENTIFIC VIEW.

9.'he.implications of the exercise undertaken previously aloe aiecuesed
and related to the scientif.ic view about reactivity.

An expanded view about a chemical reactj.vity.

What aspects of a chemical reaction do we want to know about?
If you have considered the reactions that have been shown in
activity card 3, you would realise that the following are important:
(a) The rate of the reaction (something happening per unit time)
(b) Whether the reaction will proceed :i.na given direction (energy

change in a reaction & extent of re~ction)

outcome
.Instrument

rClte
wlltch

energy ahllr.ge
thermometer

In the case of the sporting events
measured and different Lnstirument:s
outcome speed
InoJtrument ., tich

different outcomes were being
used:

distance covered
ruler/tape measure

similarly different outoomes are also measured during a ohemical
reaction:

A distinotion .ismade between rate and energy chenqe aspects when
dealing with chemical reactions. Energy ohange falls in the domain
of thermodynllmios and oannot tell you anything about rate, whioh
falls in the domain of kinetics.

The scientific view about a chemical reactivity.

A useful starting point would be to think of reactivity being
measured by different techniques. Bach provides specific
information.

Why is understanding the ~ype of information cbemical reactivity
gives important?

Careful consideration of reactivity is important because it helps to
differentiate between the more ':Jeneralconcepts such as rate, energy
change and equilibrium that are dealt with in standard 10. Th~
concepts are:

Rate
(i) rates of reaction

Energy change
(i)exothermic and endothermic rec.ctions.

Bguilibrium
(i) chemical equilibrium
Iii) electrochemistry

, ,
"



RE2\CTIvrU

SBSSION 3

Handout 9 Answers to session 2 homework questionnaire.
Handout 10 One more key idea about reactivity:

spontaneous reaction.
Handout 11 Activity card 1- spontaneous reaction
Handout 12 Activity card 2- Spontaneous ;t'Pllction
Handout 13 Activity card 3- Spontaneouo reaction
Handout l~ ~ctivity card 4- spontaneous reaction
Handout 15 Activity card 5- spontaneous reaction
aandout 16 Activity card 6- spontaneous reaotion
Handout 17 Formulating an expanded oonception about

apontianeoua reaction-moving tOltl'ardsa
scientific: view.

Handout 18 Summary of ideas about ch~ical reactivity
Handout 19 Homework questionnaire
Handout 20 AnsweJ;a to ness.i.on3 homework questionnaire.
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12. Equal Hunlbers of moles of lead and zinc are placed in thro sarno
conoentrations of eopper sulphate solutions in respeotive
beakers. (oee diagram)

Zn Ph

CuS04(aQ) I ~:J
( 1) (3)

A: Zn(s) <ii, CUS04(aq) -------> ZnS04(aq) + OU(O)

B: Pb(s) + cuS04(aq) _ .. _- ........_.> PbS04(aq) + eu(o)

Zino will react facter then lead with the coppor ::;ulphatc
oolution.
NO YES

13. Copper will be dopooited more rapidl} in beaker (1) than in
banker (2) beoause zino displAoes copper iono faster than lead
doeo.
NO Y1::s

14. chlorine is bub~led at the sarno rate through solutions of ~l and
KElr, in the respective test tube" (1) amI (2). The solut1o';)S ate
of equal eonoentrntiono and equal volume. From the halogon
reactivity oerieo based on energy chango, the following can bo
cc;,ncludedl

f1,(S) r
t:J

(1)

g Halogen reactivity series
F2
012
81'2
I2

(2 )

Reaction in t~ot tube (1) will take pl~ce faster than in teot
tube (2) bOCQUI)Elbromino io mr.lroreactive than io.iine.
NO YES

l5. Cell voltages indicate the direction which tho overall reaction
will proceed.
NO 1ES

{RemOlr.bC'Jl',in tsaooo eX{I]npl(!s, you J:ing "NO" .i.E tsao at-atOIl/OllC is
J1f];£!1!)j:jfl£/J),)J! ...U1G.tJ12:/,r. t: OJ: is a {1 f: l\.t:PJI1Pll t Cl t.b.P.r:....J:}; n1) 11 !In.! en t.if i.e.
sae:
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2. Zinc is more reactive than copper beoause zinc reacts with copper
sulpho;l.i."solution and oopper does not. react with zinc Bulphate
solution.
NO ':XES

3. Reaotion in baaker A indicates that the forward reactiorl is
favoured but not the reverSe reaction. ~herefore the reagents in
beaker B do not react.
NO YES

4. zint: io more reactive than cc>pper because zinc reacts with mor<l
zest.
NO 'YES

S. I'.incis more reactive than copper because zinc io more powerful.
NO YES

6. Enthalpy ehungeo give rate information.
NO YES

7. Looking at the following balanoed equation.
4Na(s)

doubling the amount of Na would double the o~eed of the r~aation.
NO YES

B. The reaction of zinc powdel: wittl hydrochlot'ic Mid will be faotor
than the reaction of zinc granules, because zinc powder haD a
larger purface area.
NO YES

9. When the same maao of cnlcium powder or caloium gt:nnuloo tonet
with wator, tho ene:t'9Ychango in tho roopootive roactiono cli~for.
NO YE~

10. A reactivity oorieo is II oorioo ro~repenting an approximato
"bnt.tin9 order" of motalo. Tho order of tho metalo depend on the
criterion uoed to monouro co-called reactivity.

11. The cell voltago indica teo the rate Qf the overall or not
,t'onotion.
NO YES
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REACTIVITY ~ SESSION 2 handout (a)

~ho goal of this exeroise io to introduoe you to a range of viewo
about the ooncept rea~tivity ao relnted to ohemioal reactions like
thooe yuu haVe already mot, inoluding "e:>tpert"or "soientific"
o)cp:1.nnntiono.
~hio qUootiemnai:ro cOhtllins pictures of. several situations !limiler
to those which you enoountered during your pro-c~urse enquiry. Each
dra.wing of a situation io acoompanied by a nUmber of statements
about it. Most of these statements will be scientifically
".:I.ncorrect"or the type df statement about \~hich ooience oannot make
a judgement. One or more of them will constitute an "export" view
about reactivity.
Your task io to Mspot the expert view(o)· among the statements about
eaoh oituntion.
lr:'QUarc nokecl to try this yourself (without thl1 hOlp of your spouse,
colleagues or a pook). You might nloo liko other adulto to havo a
go.
llh'ing the 9.Qlnl~.1.~j;.mlgl]f',HltioOMW ~2 ~QQQi9U which will bo
commencing With a discussion of tho rasponseo.
Put a ring around YES if you think the stntemont is a oorroct
soientific explanation,
niog NO if you think thQ otatement io ocierltificnlly incorroct or :1.0
n type of statemont other th£lO n soientifio ono.

liD eu

The diagram bolow rolates to quoDtiono 1,2 & 3.
Denke;ro .1\. and a contain copper Gulphnte and zinc nulphnto
Ilol.utiono. Zinc I.l,nd(:0tlPcr are added rospoctivoly ·totho
aolutiono.

J\ 13

AI 2n(0) + CUS04 (nell ....._-..-->

13: eu (0) "" ZnS04(nq) _.. y---->
CU\o) ZMlO.! (aq)

no toaction
1. Zinc io l1\Ol~O rOClc:t:l.v0than ¢oPPO): mllphnto.

NO 'lES
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CARD 4 - ~ag REACTION OF HALOGENS WITa AQUEOUS SOLOTIO~S OF lmTAL
HALIDES.

Sulogeno I KC1(nq) I Kar(aq) I KI(nq) I~ M_~ ~ ~__" "+__•__•__" +W M+ +

I. cm~"chlorine water I
IS om3_ Sromine water I+~~__~ ~~~ ~ w +-~---w~--w-~+~.~._~+ ~ ~+
IS om3- Iodine wnter I

Experiment:
Set 1

--_ ...,.... "...._

Set J

D.ioCUElo.ton
llnorgy vieWpoint

set, 2

KC1(nQ)l<1(aq)

Kar(n'll

QunJ.itntivoly the amount of energy given off in n l:'oaction io
diffioult to judge. However culori~otric mouourementr. (ueing
cnlorimctet.· und thorrnomcto!.')would indico.te which !.'o'{\ctiongivop off
tho mClCItenergy during tho dioplncemont ronct;i.ono.
If one usee tho amount of energy given off during the dioplacemont
no l\ critorion for oi;ltorminitl9reactivity them the order of tho
olemento would hal 012 > Br2 > 12' Voltage moaourornento wouJd givo
tho QUllle ordo.t'no well. 'l'hioordm: will PO tho oon,n whothm.· tho
rnctnlo aro in powdor form or Golid form. :'or n rnte eornpnr:!.oor.tho
coneantrntionB of the oult oolQtiono nnd thODe of tho hulogeno nre
impot·tnnt.
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CARD 3 - TBE REACTION OF HET.ALS WITH AQUEOUS SOLU'l'IONS OF lm'l'.AL
SALTS.

+-------+-----------~-------~----+--~------+--------~--+-----------+IElement I QUantity I copper I zinc Ferrous I
I I I Bulphate I Su' "nute sulphate I~- +----_--~------------..---+---------+------ + M __ +
IZinc I 1 crn square pieces foill+ + ~I +----W- +~--------_~+-----_-----+
I Iron I 3 crn iron \.;ire or nail I 1

+-------+-----~------------------+---"-----+------~----+ ..---------~+ICopper 1 1 crn square pieoes foill 1

+-------+------------------------+---------+-----------+-----------+
E)l.perirnent:
set 1

zn(s)
_ ...--_ ..._--

Set. 3

zn(s)
_ ..-_ ....- ...-

Diocussioti

set 2

Fe(s) Cuts) r-

1;~;;:(~;;I
Fe(s)

;;;;:~;;;[1--- ..---- ....

CU(S)

Total energy viewpoint
Qualitatively the quantity of energy given off in a reaction is
difficult to juctge, However calorimetric measurements (using
e~\lorimeter and therlllometer) would indicate Which reaction gives off
the moat energy during the displaoement reactions.
If one uoeo the quantity of energy given off cturing the displacement
liD a cd teriol1 for cletermining l:eactiv:1.ty then the order of the
elements would bl I Fe:> Zn > Cu. Voltage ll\oaO\lrementowo\.\lclgive
the Dame order a\O well. However /\11 and voltage measuromento do not:
l1ecesaarily give the same order.
Thio or~ 'r \dll be the aame \~hether the metals are in powder form 0):'

solid form. For a rate eomparioon the physical state of tho metals
usecl i~ important however.
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CARD 2 - THE REACTlON OF ELEMENTS WITa OXYGEN

l-~~;d1-~;;;d }-;;;iI
~

1

4 Na(s) + °2(g)___N_-> :2 Na20(s)
2 Mg(s) + °2(g)------> :2 MgO(s)
4 R(s} + °2(9)------> 2 K2O{s)
2 Ca(s) + °2(g)------> :2 Co.O(s)

Discussion
Qualitatively the reactivity ,is judged according to the rate at
which heat is given off. An alternative could pe to judge according
to the total amount of energy released.
Rate viewpoint

rate of reaction ~ '~energy transfer

The rate of reaction oan be used if:
(11) equal. amounts of metals are uaed
(b) sur:face area of metals exposed to solution are the same.
(c) the time is reoorded accurately.
If one Uses the rate of energy re~eased as 8 basis of oomparison of
reaotivity then the approximate order of the elements reactivity
with oxygen seemS to be K > Na > Mg > eEl. indioating that potassium
18 the most reactive and calcium the least reactive.
Total energy Viewpoint
Qualitatively the total quantity of enovgy given off in a reaction
is difficult to judge. However quantitatively calorimetrio
measurements (using calorimeter and thermometer) would indicate
which reaction gives off the most enoL'gy for the metal combustion
with one mole of oxygen.
If one uaes the quantity of energy given off by 't:.hecombustion as a
cr.'~erion £0);' determining reactivity then the order of tlle elements
would be
ell. > Mg > R > Ntl
'l'hloorder will be tho came whether the metals are in powder form or
solid fot'm. l3y contraot the phyoical state of the solid metalo uncd
is important When tloing the rate of energy r610aoo in comparing
reactivity.



65

REACTIVITY - SBSSION 2 handout (7)

TaE -EXPERT OR SCIENTIFIC VIEW OF RBAC~IVITY IN THE P~-COURSE
SITUATIONS.

Hopefully our outcomes here may strengthen your understanding of the
te:t'lt\reaotivity in each of the situations which you presented to
your pupils.
In each case a chemical equation is given and there is a disoussion
as to what oould be the measure of the r.eactivity.

CARP 1 ~ TaB REACTION OF METALS WITH WATER

]";:i;{ }~;i;>[ bi:{ hd
2 Na(s) + 2 H20(1) - .....-_ ...._> :2 NaOH(aq) + H2(9)

Mg(s) + 2 H20(1) -_.....--> Mg(OH)2(aq) + H2(g)
2 K(O) + 2 H2O(1) _...----> 2 I<OH(aq) + H2(9)

ca(s) + 2 H2O(1) ....--- .......> Ca(OH)2(aq) + H2(9)

Diaclulllion
In this case the ooncept reactivity could be viewed from either a
rate or an energy viewpoint.
Rate viewpoint

rate of reaotion = L) volume of hydrogen produced
6time

The rate of reaction can be used if I
(a) equal amounts of metals are used
(b) surface areas of metals exposed to solution are the same.
(c) the time is recorded &ccurately.
If one uses the rAte comparison as a basic of reactivity comparison
then the a.pp.l:ox.i.mate order of the el!:Jmentoseems to be K > Na ;:.Ca
> M9 indicating that potassium io the most reactive and magnesium
the least reactive.
Hydrogon seams to be 9iven off hoter When potaoc.l.umreBcto with
water than When calcium reacts with water.
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REACTIVITY - SESSION 2 handout (6)

SllHHARY: TaE EXPERT OR SCIEN'l'IFIC VIEVi ABotJT REACTIVITY

In the this session some key aspects of the scientific view of
reactivity have been introduceci and you have been asked to apply
them to variouo situations during the activities. The ideas about
reactivity dealt with so far are summarised.

What is reactivity?

Reactivity is the tendency or not the tendency of a reactant to form
products in a chemical reaction. The word tenclency i.mplies that the
system is poised to undergo a certain natural change. Although
poised for change the change may not be realised and furthermore the
rate at Which the change will take place is not referred to.

Tendency or readiness can be interpreted in either a kinetic sense
or a thelll\Qdynamic aenae ,

Why is reactivity important?

The concept. reactivity is important because it is related to the
more general topics such as rate, energy chane and equilibrium that
are dealt with in standard 10. The topics are:

Rate
(i) rates of reaction

Energy change
(i)exothermic and endothermic r~actions

Equilibrium
(i) ohemical equilibrium
(ii) electrochemistry

studies of reactivity should at the very least make pupils aware of
the complexity of factors governing a chemical reaction.

What approaches can be used to measure reaotivity?

Variou$ approaches can be used to measure reactivity:

a) The speecl with which a sUbstance reacts.
b) The total energy used or released when a substance reacts.
0) voltage measurements on a reaction of a substance in an

electrochemical cell.

What ifI a reactivity aeries?

A reactivity series is a series in whioh the e~ements ara put in an
appl.'oximate "batting cr der "; The order of the elements in the sedes
will be dependent on what tho criterion for ordering Was. Bither
speed or total .nerg! considerations may have been used for example
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The ti\etillsare being compared for their ab.ility to lose electront;.
They all form the negative tel~nal of their cell because they all
lose electrons more readily than copper does. The cell voltage is
highest with magnesium because magnesium Aoses electrons more
readHy than any of the other metals.

Ug(s) _....--> UgH + 2e

Al(s) ----> Al.3+ + 3e

1.n(s) ----> zn2+ + 2e

Fe(s) ----> Fe2+ + 2e

pb(:::) .....---~ Pb2+ + 2e

Cu.(s) -----> Cu2+ + 2e

electrons most
readily lost

electrons least
readily lost

The electrons lost by the metal (e.g. magnesium) are transferred tc,
cu2+(aq) ions which become copper atoms and hence solid cot:lper.

Mg(s) > Mg2+

cuts) <---- cu2+
+ 2e]
+ 2e

Electrons are transferred
to cu2+(aq) forming copper
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Using the above apparatus, the cell voltages for the metal
electrodes used above show the sarne increase in ease of electron
loss in the order cu, pb, Zn and Mg. In addition the cell voltages
for ulurninium and iron have also been included.

The following properties of the cell can be readily deduced:

a) the emf of the cell
b) the polarity
c) the direction of the electron flow in the e~(ternal circuit
d) the associated cell reaction.

The table below shows the maximum voltages under standard
conditions, together with the heat enel"JY changes listed earlier.

The cell allows us to measure quantitatively the tendency for
electron transfer to occur and allows us to rank these metals in
terms of their ability to act as electron donors and/or electron
acceptors. By using a voltmeter the voltage or EMF that impels this
flow il;!measured. The EBF is not relat.ed ;:0 the rate at all.

+~~~------+----------------+---------------~ ..---+-----------------+I I I I I
IBetal I Maximum voltagel MaximUln electrical I Heat energy 10lstl
Ibe:Lng I of cell formed I energy which can I to the I
Itested I with copper/ V I be obtained per I surrounding per I
lagainst I I mole cu2+ discharged I mole of cu2+(aq)I
Icopper I I by mi2tal/ kJ I dischar'Jed by I
I I I I metal /kJ I
+---------+----------------+---------------------+-----------------+IMagnesiUlJlI 2.71 I 521 I 526 I

+---------+----------------+-~-------------------+-----------------+IAluminium I 2.00 I 523 I 414 I
+-----~---+----------------+~--------------------+-----------------+Izinc I 1.10 I 212 I 216 I
+---------+----------------+---------------------+-----------------+IIron I 0.78 150 152 I
+---------+----------------+---------------------+-----------------+ILead I 0.47 I 31 I 63 I+--- + + -_~ + - R +

The electrical e~ccg~ t
heat energy c~l!~ngeper )1', ....

transferred per unit cherg"
i& also smi!>.l1.

red per unit charge is large when the
large. When the electrical energy

j.s small the heat erlergy change per mole

The voltage of the cell is a measure of the maximum electrical
energy per unit charge Which can be obtained from the electron
transfer reactions taking place in the cell.
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Method.

1. stick the copper and magnesium strip into the potato. Connect the
magnesium strip to the negative terminal of the voltmeter.
Measure the voltage on the voltmeter.

2. Keep the copper strip and replace the magnesium with the, zinc.
Connect the zinc strip to the negative terrnir....l of tl,e voltmeter.
Measure the voltage.

:3. ':Keepthe copper strip and replace the zinc with t '
the lead strip to the negative terminal of the VO.Lt. •• : ..

Measure the voltage.

connect

4. Check in which direction thE'!vol tn\eter needle def lects •

Ensure that the distance between the strips is constant.

Table
+---------------------+---------------------+I Cell I Voltage reading I
+---------------------+---------------------+I Mg-potato-cu I I
+---------------------+---------------------+I Pb-potato-cu I I
+---------------------+---------------------+I zn-potato-cu I I
+---------------------+---------------------+

'l'heory.

Arrange the above metals in a reactivity se=ies.

A more general apparatus for investigating electrical energy changes
in electron t);'ansfer reactions is shown be Low,

Voltmeter

Molar s ,Iullon of
Cuu' (aq] ions

Molar solution of
iOM of ollwf IMtnl
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RlU\C'l'IVITY - $Ul~' 1;t·~13-handout 15

SOME ANCBOIUNG EXAMPLES

A description is given here of some examples involving spontaneous
processes tibat: take place of their olm accord In met;harJi.calsyst:.elM
Nany people's int:.uitive interp.'l:'etlltions would cOl1ta;lnaspects of the
sci.entific view. These .ideas will late.:" be related to a spontane-ous
reaction in chemical systems.

Try conceptualising ~he two analogieE given below:
a) A ball on level ground.
b) A ball at a given height above the 9round ~it can rench ground

level via the different inclines shown.
Answer the questions that follow and also inclicnte wheth.r the bull
should have an observable or measurable speed.

AO ~__________ ~ M ~~ ~W "_._. M ~. ~_~

Ball on a level table
Doe a the ball have a terdonoy to roll towards B?

Ground loval
Bo.ll.rnlling down difforent inclineD

Tnke note of the vnricmo olopon nnd Ilooumo that tho line
ro~~osenting ground 10vol io infinitoly long.
a) 0000 the p"ll have tho tondonc:y to roll in Q;\ch C"OQ~

b) Which inclino(puthwny) will reoult in tho longnot timo to ~onch
c;p.'ouncllovol?

0) Aooutno thnt we mnke tho 010['0 of tho inc:lJ.no1'00 nml lODe otoop,
whut wcnld hOFpen to the timo tnkon by tho bull to rench ~p:c:l\lr.d
lovell'

d) MQuld tho opood of tho bull for a givon timo intorvul bo ulwnyo
otoorvablo opood irl."00poctivD Qf tho pntl'MI1::,'?

0) :tu the tinal energy of tho bull I1t ground lC1Yel '!;IIDnemo
irroopeotive of bho pathway? (DDDume ourfaeo \0 frietionlooo.l
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REAC~IVI~Y - SESSION 3-handout 14
AC'l'IVlIfiCARD 4

,~n activ.t.ty illllolv.irlr; II chemical J:811ction that Ls endotherm.it~ is
given hero. rhe activity 1s an example .i.nvolv.t.ng a spontaneous
proceSs. rho reverse at t:h.i.aproccs:! is not spontllneous,

Task no 2.
~o demonotrt:lto a "opontnneouo endothermic reaction" which takes
plnce at room temperAture.

Requirement0
1. 32 9 barium hydroxide.
2. 17 g atntnonium nitrate
3. conical flask
4. thermomoter that allows measurements of temperatures 1000 thanoOc
S. small block of wood
6. qlaoo otirring rod.

Method.
1. Placo the pre ...meaoured masses 0:1: Dalid barium hydrQxido and

!lolid atntnonium ot\lt in tho conit"nl. flaok.
2. Shake the flask gently to mix 'Gnc reagonto
:I. Within about 30 aeeendo t~H';) odour of lltntne>ninean bo detoc:tecl and

n notiooable amount of liquid formo.
4. Oboerve tho drop in tcmt,'loraturouzing 0. tho:r:molnoter.
S. Tho drop in temporllture !nay be dioplayod by Wetting' a omn.il

I~ooclonblock with n few dropo of Wl\tor and placing tho eonicul.
flaok on it. The flilok will otick to tho block 0.0 tho wat~r
froc2oo and both may bo lifted togotht')t·.

Quootiono.

1. \'1ClOtho reaotion irnmoclillte?
2. Did tho roaction take placo naturally?
3. :to thio al1 oXothormiQ or un Ell'1ciothe:r;'micron.otion?
4. Wao tho roaction faot?
S. :to thu abQve l.·oaotion opontcmoo\lo?
6. Pooo tho tomperature on n thermomoter rioo or clrop for nn

omlothoX'm:l.c l'."(. ~tiOI1?
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REACTIVITY ~ SESSION 3Mhanuout 13

AC'l.'IVITYCARD 3

SOME BRIDGING EXAMPLES

An aat;.iv.ity.involv,inga chem.iclJlreeatiion that. i.s exothermic is
given here. The aat~vity .is an example Jnvolving a spontaneous
process. The reVerse of this p~~aess is not spontaneous.

Task no 1.

To demonstratE! a "spontaneous exothormic reaction" which takes placo
at room temperature.

Requirements
1. 1 9 Potassium permanganate
2. 1 cm3 glycerol
3. asbeotoo mat or tile.

,Method.
)?lace abollt 4 9 ..)f KMn04 in a heap on u piece of filter paper ('In un
asbeotos'mut or tile.
carefully pour lcm3 of glycerine into a dont in the pile of KMno4'
stand well back and wai i~,
Queotionn.
1. Hac the reaction immediate?
2. Did the roaction take place naturally?
:3. IIIthic an exothermic or an endotherl1l;i.c;J;'enction?
4. Wao tho roaction fast?
S. to tho above reaction opontaneouo~
G. 00130 the temperaturE! on u thermom~tor rioo Or drop for an

oxotherll'.icreactilJn?



Initial state process Final state.

Qards ohllffled

!l::::;:::::=:;;;:::1-"ldeal parti Hon removed
pertume

water evaporates
(heat flowo f~om dish)

bounces

Drrecuon (If ~p"nlUnC(IU~ cllUnp~-=- ..,"'~

\
\
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REACTIVITY - SESSION 3~handout 12
ACTIVITY CAAD 2

SOME ANCHORING EXAMPLES
A descr.iption is gi van here ot some eXlJITIpl<u; J..nvolvi.nt;!spontaneous
proaesee«, '1'hereverse of t.hese processes are not spontianeaus, Nany
people's int.uitive i.nterpretations would contain aspects of the
saientifJ.c view" '1'hese ideas w1.1l later be related to spontaneous
reactions in chem.ical systems.

The illustrations show spontaneous processes. There seema to be some
deep principle of nature at work. A spontaneous chanS8 appears to
have something t,~ do with fate and not rate. lnclicate in each case
whether that final state has:

1. the same energy ao the initial state.
2. more energy than the initial state.
3. less energy than the initial state.

Where the final state has the Ilameenergy as the init:i,al oto.t.e.Why
does the proetHlD go in one direction but not in the rEIVet'oo
Cliree:tion.Ufl~\this as Po clue to get an indication of the direction
of spontaneolls change.
Initial state prooesl:l Final state.

r:ll:l
ul~

Heat flows between
blocks

50·C
Ag

50"C
Ag

ioe melts
(heat flows from wAter)
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It would be confusin9 to talk in too form~l tenns about spontaneous
and non spontaneous changes at a std.e level. Howeve~ the absence
of any atte~pt to lay the basis of the understanding of the
scientif~c meaning of spontaneity, allows misconceptions to re~ain.
fu~thermore the standard 8 physic~l science syllabus does not link
the concept of spontaneous reaction dealt with at that level to
those of rate, equilibrium an~ I,lectrochemistry dealt with at a
standard 10 l.evel and vice vetaa.
Technical use of words in science and everyday use of words probably
.'1otemphasized.

'l'heeveryday usage of the wore! spontaneous may suggest the meaning
"instantaneous", in oontrast to the soientific usage meaning "having
the potential to oocur on its own accord".

Another way of looking at the pr~blem
In ore!er to dispel thClso vievlS it is necessary to look further at.
the ~eaning of the term "spontaneous reaction '0.

This will be done by givin9 eX!lxnp,tesof spontaneous processes that
are .intuitively accepted.
ll'urthermorethe stt'ong int.uitive belief that a spontaneous reaction
ia not one that absorbs energy needs to be replaced by a view that
both exothemic and endothermic r;eactioni'lcan be spontaneous.

Experiments llhc.1w:.n9that sponuaneous reactioP[l cap be accompanied by
the libera"'ion of energy (exothermio rear.tiops) as well as by the
abcol;'ptionof eTlergy (endothel,mic r.eact:\.ons),will bo dexnonstr~ted.

We shall continue by using analo9ies and developing further the
notion that rate is not an ine!icator of a spontaneous change.
Indeed, if a reaction is not noticeably evident it cloes not
necessarily mean that it not spontaneous. The reaction can be
extremely slow.
EXb les ~ ~pontaneous change in meohanical oystemo will be later
~t~l·d~d ~o chemical systems.

'.



78

nBACTIVlTY- SESSION 3 bandout 11

ACT!VITY CARD 1 - SPONTANEOOS REACTION

TaE TARGB~ PROBLEM

This card describes a target problem concerning the concept
"spontaneous reaction" which some people find d.i.ffic:ule ,

The p:r:oblell1
Previous researoh indioates that some teaohers are of the opinion
that:
-Only reactions that give off energy (exothermic reactions) are
spontaneous.

-Reactions that absorb energy (endothermic reactions) cannot be
spontaneous.

- Speed is an indicator of a spontaneous reaction.
Pupils expressed the following views about a spontaneous reacti~n
during an intervil'ilwsession.
"What :r mean that a few of ·them did not ignite spontaneously.
It took a long t.tlne befo:t:eit i91'1ited" •
"P. spontaneous reaction is one that takes place without a
catalyst"
lOA reaction that takes place inu\,ediately"
"~eactions taking place with ~est and vigour are spontaneous".
" spontaneoua reactiono begin at once as soon as contaot between

reaotants is made".

possible cau~eo of the problem
Najor SOUrces of instruction.

serne teachers have \lrong ideas CHIdmany textbooks provide ambiguous
and incorreot messagos about the concept "spontaneous reaction" at a
standard e level.
Spontaneous reactions are described in t lmistic terms by students.

The syJ.J.abus.

The tttandnrQ 8 phycicnl science oyllaouo ment.iono the tel'ln

spontaneous but deeS not directly distinguish between spontaneouo
and non~opontaneouo changes.



77

REACTI~TY - SESSION 3 -handout 10
ONE MORE KEY IDR~ ~OUT REACTIVITY

The first key ideas relating to teactivity were introduced in
session 1 and session 2.

1. Three approaches to the measurement of reactivity:
a. visual judgement of the speed of the reaction.
b. judgement of the total quantity heat liber~ted (warml hot,

:r:ed~hotetc.)
c. tneasurements of the voltage of a cell.
We saw that to l\teasurereactivity enClll'.·gyas well as rate
considerations were important.
This session looks at n further key idea ·spontanoouG reaction"
which is needed to develop a better Understanding of the concept
reactivity.

2. The features of spontaneous reactiQns~
a. spontaneous rea( '.ions can absorb Clnerg~'(endotherl1\ic

l:'eactiono)~
b. spontaneous reactions can give off energy (exothermic

.t'6actions):
c. whethet' or not a reaction is spont£lneous is governed by the

way the f,ll\ergyis distributed I if the reaction ot.':curs.
some teat.':herpare of the opinion that only reactions that give
off energy are spontaneous. These teaohers think that reactions
that absol:'benergy cannot be spontaneous.
Some teaohers think that sponta.neoue:.reactions are onelilthat
happen qUickly. 'rilisis not correct. The speed of a reaction is
not an incliC'll.torof oponta.neity of a :r:eact.ionfrom a scientists
pt,int of view.



76

13. copper will be deposited moxa rapidly in beaker (1) tIl"", in
beaker (2) because zinc displaces copper ions faste!.' tiben lead
do(]s.

Inoorrect scientific Istatement.
Both zinc and lead will displace copper from a solution of
copper sulphate. Zinc will have a greater tendency to reaot
than lead. The speed with which copper will be deposited cann,;;'
be inferred from the reactivity aerie,s based on energy changes.

14. Chlorine is bubbl.ed a.t tile same rate through solutions of Kl and
KBr, in the respeotive test tubes (1) and (2). The solutions are
of equal oonoent.rations and equal volume. From the halog(]n
.r.eactivity st.'. et: based on energy changes given below, the
following oar ~e conclude:

C12(g) C12 (g)

bJ bf
Halogen reactivity series

1"2
C12
8r;:
X2

(1) (2)

Reaotion in test tiube (1) "':ill tak(] place faster than in test
tube (2) because brom:ine :is more react:ive than iodine.

Incorrect scientific statement.
aromine and iodine will be displaced in the respect.i.vt:l
beakers. The speed at which the reactions will take place
aal1not he determined fl.·omthe $erie$ based on energy chD.nge~.

15, cell voltages illd.i.aate the direction in whi.ch i;he avera],],
reaotion w:ill. proceed.

correct scientific statement.
Voltage tneasurement$ indicate Whether a reaction is possible or.
not and the direction in which it will proceed.

(.Remember, in these examples, you r:ing "NO" .if the statement is
sc,{Aoti.fioIJ11y inoorrect or is II ai::atement other t}j,1n ,1 saifJhtif.!'c
~J.
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9. When the s~e mass of caloium powder or calcium ~ranules react
with water, the energy ohe.nge foz' the respeoti.ive reat;!tions
diffe:t.

IncQrreot scientific statell\ent.
The total amount of energy tran~£erred is not affected by
particle size. The rate of reaction is.

10. A reactivity series is a series representing an approximate
batting order of metals. The order of the metals depend on the
criterion used to measure so-oalled reactivity.

Correct scientific statement.
The order of the metals is approximate. The order will not be
invariant. It depends on the species it is reacting with and how
the cornparisons a:r:edone.

11. Cell voltages are related to the rate of the overall or net
reaction.

Incorrect scientific statement.
voltage measurements give an indication of Whether a reaction
will occur or not, but tells us nothing about the rate at which
the reaction will occur.

12. Equal number of moles of lead and e.ina are placed in the same
concent:rcrtionsof copper sulphate solutions in respective
bl:!akers.(seediagram)

Zn 1'b

"--. -, I"

CUS04(aq)

A B

A: Zn(s) + CUSO" (lICI) ---~--"> SnSo,,(aq) + Curs)

B: Pb(s) + aUS04(aq) ""----- ....> PbSO" {aq ) ,. CUrs)

sina l;>illreact: frster than lead with the copper sulphM:.e
solution.

Incorrect scientific statement.
The relative rntes of the reactions cannot be determined. ~oth
reactions will take place bccauaa of theil' relatively higher
positions :from copper in the :reactivity series in which
compa:r.'isonswere baaed on enorgy chan-ies,
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2. ~in~ is more reactive than copper because zinc reacts with copper
sU.Zphate solution and copper does not react 1I,i,t:hzinc sulphate
solution.

Correct scientific statement.
3. Reaction in beaker A indicates that the forward reacti~n is

favoured but not the reverse ,t'eactionl therefore the substances
;n beaker B do not react.

correct scientific statement.
4. $inc is more reactive than copper because zinc reacts with more

zest.

Not a correct scientific statement.
Description of reactivity is human centered. (animistic)

5. ZJ.ru.: is ",ore reactive tban copper because zinc is more pOk'erful.

Not a correct scientific statement.
Description of reactivity is human centered. (animistic)

6. Enthalpy changes give information about the rate of tbe
reaction.

Incorrect scientific statement.
The temperaturn change in a reaction gives information of the
enthalpy change of a reaction. A watch or a timing device is not
used when the enthalpy of a reaction is measured and thus the
rate of the reaction is not given by the enthalpy change.

7. Looking at the following balanced·equ~tion.

4Na +

doubling the amount of N,l Would double the speed of the reaction.

Incorrect scientific statement.
Nothing can be deduced about the rate of a reaction from a
chemical equation. II:can only be determined experimentally.

8. a'he reaction of z in« por"de); 1I'1.thhydroc:hloJ;i.c ,fIcld w1.ll be fa:Jter
than the reaction of zinc g);(lnul{Ul because zinc pOfo.'dcJ:hilS a
larger surface area.

Correct acientifie atat.mant.
Parti~le mize affeQ~s tho rata Qf ~he reaction. If rato
aompariaa\s aro to be uDsd as B criterion of reactivity then the
sizes of \la:rtic),esshoul.d at the very least have tho oamf~orc.e);.'
of mag."d. tude.
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SBSSION 3-handout 9

ANSll'BRS TO HOMEWORK QUESTIONS.

The purpose of the homework questionnaire was to introduce you to a
range of statements about reactivity in situations analogous to
those you encountered in your pre-course enquiry with student's.
Xour ts\SIU'liHl .to "sPQt thE! expert yj ew" (or vie\ol§l)among the
~tatementp about each aitua:.ti..Q.n...
You were asked to try this yourself (without the help of your
spouse Icoll1eagues or a book) and then perhaps ask some other auults
to ~la ! a ~o.
The "expert" reoponse to each of the staterrent,$given below is at a
simple level aod is intended tOI
(a) prompt discussion of your own and your colleagues' response to

the questionnaire;.
(h) present a simplified zcien'Li;f.icexplanation in terms of aspects

of reactivity covered in sessions 1 and 2;
(c) encourage you to consider any conceptual diffi~ulties that the

"expert" view presents f,r you personally.
[Remember, 1.1'1 these examples, you ring "NO II .if th(l statement .is
sdent.it',ical.1.v. incorrect or is c!l e1;.B,tement other thlln a sq.ientit'ic
~)

The diagram below relates to questions 1 r 2 S. ~).

Beakers r. and B contain copper sulphate and zinc nu),phate
solutions. Zinc and copper are added respectively to the
aolutions.

Zn CU

1. CUS041~

A

AJ Zn( s) + CUS04(aq) -------> cu(s) +

El: cuts) + ........._---> no reaction
1. Zille .is more reaat.ive than copper stllphate.

Incorrect scientific statement
Zinc is more reaotive than copper and not cop~er sulphate. Zinc
reacts with a copper sulphate solution but copper does not react
with a zinc ~ulphate solution.



Incorrect scientific otaternent.
Energy auoorbed or given off is not a criterion for spontaneity,

9. The rate at which the reactions occur in test tube (J) and (2)
wi.ll i.ndi.cate which reaction 1.B mora ::pnnf:anf>,'u8.

Inoorrect scientif~c statement.
The reaotivity series indicate whether the reacti~n will ocour
or not. It does not give information about speed.

10. A spontaneous reaction may correspond to the dispersal of
matter,

Correot scientific otatcm~nt.
A gas mixes :freely• .l\ go.o doeo not move on i t:'l own accord fl!'oma
larger volume to a smaller volume.

11. A spcntant;'Joul1 reaction m,qy corrt;'Jf.lpond to the di.spersa;J. of
ener'1.~'.

Correct scientific otatement.
A hot copper block eventually cools down .• The energy in
transferred to the ourrounding Where it opreado out. A copper
blook doeo not t1ucld.enlygot hot unde; there <:10n<:1iti,otw on itr
own.

12. All natural processes l/,t'e l1pontaneouf.l.

Correat oai!lntific otatClment. A natural proceao i.,' apQntaneo~\o.
Since it dcen ne: requirls the intt~rvClnt.i.on of an exto~;nnl
agency.

Examples 12-14 of variouo proecnoeo ure given below:
13. leo .melting at: 25°C .i::; an examplo af a opont:alleOUt1 proeee«,

correct scientific otatomont.
l?rocooc; :1.0 nntut'o.l.In n l:'ofrigorator watot' peG/omDo ico. Thin
proc;:eooio not opontanocmo. Wor.k hne do be dono in 1 .ia enne

14. oa» mix.inr;.is 'I) example of a spontaneous prooeaR

Correct po~ontifio statement. ProceDD in nntur~l.
1$. :fee arti'llm vanaaro hot; .i.eo l1l~blim.i.ng.in an o:~llmplc af 1I non

opontanoQu::;procesD.

Incorroct ooionti£t= otatomont. sublimation of dry iee io n
Ill:ltu:tn'lproceoo.
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4. Both exothermic and endothtu.'JtIic rellct.i.on can be spontaneous.

correct scientific statement.
aoth types of reaotiono can be are spontaneous. When aeid
dioso.tveo in wClter it pre-ceedo naturally t.nd the reaction is
accompanied by the liberation of energy. When eel·tain oa1't:.o
dissolve in water it proeeeds naturally by aboorbing energy
from the surroundingo.

5. A spontaneous reaction in a fast reaction.

Xncorreet ocientifio statement.
~he speed of the reaetion io not a oriterion for spontaneity.
A opontane~us reaction is a r~aotion that has the potential to
proeeed naturally.

6. A spontaneous reaction may not be observable because it
does not have a measurilble ,rate.

Correot soientifio otatement.
spont~n<!OUCl renctionll may be fo.ot or very slow. The rate of the
reaction if extremely 01011' will not be noticeable at all.

7. A non spontaneous reaction can be made spontaneous by the
addition of a catalyst.

Incorrect scientifio statement.
A catalyot only speeao up a reaotion that io alreaay a
o~~ntnneous reaction. If the reaction cannot occur under
opecifiod conditiono then a catalyot will not ~peed up the
reaction.

8. Chlo,t;i/l(J is bubbled at the Saine rate through tJoluti.ons af Ii! and
liBr, in the respe1ti.V(J test tubes (1) and (2). The solutions a,t;e
o:f equal cOilce..,trations and equal volume. From the halogen
react:iv.:ity eez Les given below, the follaw.:ing can be concluded:

Cl2(g)

Halogen reactivity seri~s
F2
C12
Br2
12

1 r

JXII.g) j
(1)

/iellct;i.01I of clllo)".:ine with both the solutions rdll not be
epontianaous baaauee no lle<7t is sllpplJ.ed.
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REACTXVl~Y ~ SESSXON 4 handout 20

ANSWERS TO fJQMEWOlU{ QUESTIONS.

'I'M purpose of the homework questionnaire wus to introduoe you to a
range of statements abollt reactivity j,n oit\lationo analogous to
those y()U enoountered in your pre-oourse enq\liry with student 's.
)!OUl;: tnnk l1n!:1to "fmot tbp fi!>tpert view" ((11:: ti,_eWfl) Among tM
Elt5tem~lltp ~botl't~ enoh Ed. tUlltiOJ),1

You wel:'easked to try this yourself (without the help of your
spouse, colleagues or a book) and then ask some other adults to have
a go.
The "axp~rt" response to cach of the stntsmcnto giv~n below ~.o at a
simple level anel io intended tOI
(a) pr()ll'pcdiscussion 0:1: your own and your cOU01\9UOO I response to

the questionnaire;.
(0) present a simplified scientifir. explanation in terms of aspects

of reactivity oovered in sessions 1 anel 2;
(~) enoourage you to consider any conceptual diffiQulties that t~e

"CXp0l;'t"view preaentn for you perl'lChally.
[.i<emembe.l:',:in uheee examples, you .!:'i.ng "NO" if the statement 1.s
e~ieatif4e~JJ~iaaorreat 0.1:' is a §~ent other than a scientific
!2/.l!!.l.1

1. All cxotho.l:'m.ia ;r'cact:ions ll.l:'e spont.aneous.

XncQ~rect scientific statement.
r,nergy given off during a reactiOn is not a crite~ion tor
apontanei ty. The WilY the energy ca be diatrib\ltQd determines
whether a reaction is apontanaouo or not.

2. All endotbet:m:i.o reactions are non spontaneous.

Incorrect scientific statement.
Energy absorbed during a reaotion io not a criterion for
apontanei ty. The way the energy cun be diEltributed determines
whether a reaction is apon.aneous or not.

:3. :(f a .l:'eac'l;.ic)fl Ls exochexmi« then :it has to be spontaneous.

Incorrect scientific statement.
E)(othermicity is not 1.\ critel."ion;':Ol' ,spontuneity.
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RE}\CTry:rTY

SESSION 4

Answers to aesaion 2 homework q\\estionnaire.
~ummnry of ideas about chemical reactivity dealt GO far.
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14, aas mixing is an example of Ii spontaneous prooess
No YES

15. Ioe cream vendors hot ice subliming is an example of a non
spontaneous process.

NO YES

l\ setie;/)of examples are given below. Some take in energy from the
surrounding and some give off energy to the surroundings.
16. Hydrated copper sulphate heated cor,tinuously is a spontaneous

reaction.
CU$04.5H20(s) "----> OUS04(s) + 5H20(1).

NO YES
17. Hoffmans voltameter: Eleotrical ener9Y is supplied continuously

at 25°0 to decompose watel:'.':t'hisis an example of a
non spontaneouo reaotion.

NO YES

lB. Butan~ gas burning from a cigaretto lighter, once a spark is
p:t"o·..ided io sn example of a spontaneous reaction.
204H10(9) + 1302(9) ----> 8002(9) + lOH20(9)

NO YES

19. l\ spontaneous :t"eaotionhas to take place immediateJ.y.
NO YES

20. l\ spontaneous reaction takes pl~ce without delay.
NO '{ES

{Remembt;IJ:', i.n these ~Xaml?les, you J:'ing "NO" :i.E the st:<J.tement: :is
fgJentUi.cIlJ},y iaqOttBC't QJ.' is a ,ru;£t.telllPl1.t other Man 11 sai.evtilli
!)./UiJ.



6. A spontaneous reaction may not be observed because it does not
have a measurable rate.

NO YE'S

7. A non spontaneous reaction can be made spontaneous by the
addition of a catalyst.

a, Chlorine is bubbled at the same rate thr:ouqh solutions of K:t and
Kar, in the respect~ve test tubes (1) and (2). The solutions are
of equal concentrations and equal volume. From the halogen
rsactiv.lty series given below, the following can be concLuded s

Halogen reactivit~ series
F2
C12
l3r2
12

Reaction of chlorine with both the solutions will not be
spontaneous because no heat is suppli~d,

NO YES

!), The .z;a'/:e at which the reactions occur in test tube (1) and (2)
will indicate which reaction is more s~ontaneous.

NO ns

10. A spontaneouo reaction may correspond to the dispersal of
matter.

NO YES

11. A spontaneous reaction may correspond to the diopersal of
energy.

NO YES

12. All natural processes ale spontaneous.
NO YES

Examples 12-14 of various processes are given below:
13. Ice melting at 2SoC io D,neXD,mplo of 11 spontaneous prClCestJ.

H20(0) -----> 12°(1).
NO YES

"
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REAC'l'IVl'l'Y- SBSSIOlil3 handout 19

The goal.of thio exercif;1e is to introduce you to B. range of views
about tbe concept spontaneity as related to chemical reactions like
those you have already met, includin.g "expt;lrt"or "scientific"
expl.anations.
This questionnaire cOVers the work done in session 2. Se.~ral
otatementp are made in this questionnaire most of whicb '~ll be
soientifically "incorrect" or the type of statement abQut which
science cannot make a judgement. One or more of thefn will conati tute
an "expert View" about reactivity.
Your task is to "spot the expert view(s)· among the statements about
each situation.
);OU are asked 't.o try this yourself (without the help of your spouse,
COlleagues or a book). You might also like other adults to have a
go.
~riD9 the compl~t~d~~noaire to se~~ion 3 which will be
c:ollunencingwith a discussion of the responses.
Put a ring ~round Y~S if you think the statement
scientific explanatior.

.Irl'ec:t

Ring NO if you think the statement;' scientificall.y incorrect or is
a type of statement other than e, scientific one.

1. All excthermic reactions are spontaneous.
NO YES

2. All endothermic: reactions are nor. spontaneous.
NO YES

:3. :tf a reaction is exothermic then it has to be spontaneous.
HO YES

4. ~oth ,~xothermir.and endothermic reaction can be SI • meous ,

NO YES
S. A spontaneous reaction is a fast reaction.

NO YES
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The rate of a reaction can be increased by Use of a catalyst.
HoWever if a reaction is not spontan';ous it would be futile to try
to use a catalyst to speed up the reaction.
All natural changes are spontaneous.
What types of reaction are spontaneous reactions?
(a) Reactions that absorb energy to form Products can be spontaneous
(b) Reactions that release energy when forming product can also be

spontaneous.
There is a definite direction of spontaneous change. The reVerse
processes never proce~d spontaneously under the same conditions.
Each of the spontaneous prooesses illustrated cccurs of its own
accord. You will have noticed that the minimisation of energy is not
an adequate criterion for defining a spontaneous change.
The dir.ection of change which leads to the greater dispersal of
energy seems to underpin all the spontaneous processes I

"
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~CTIVlTY - SESSION 3 handout 18

SUMMARY OF IDaAS ABOUT CHEMICAL REACTIVITY DEALT WITH SO FAR.
Session 1/2 and 3

SESS:rOtl1
Pllpils are not empty vessels and new knowledge is not arbitl'.·a.rily
inoorporated in their cognitive frarneworX. New knowledge to be
acquired depends on the child's existing knowledge.
SESSION 2
Reactivity is the tendency of a reactant to form products in a
chemical r~a.ction. The word tendency implies that the system is
~oised to undergo a certain natural ohange. Although poised for
.hange the change may not be realised and furtherlnore the rate at
which the Cl:~"ngewill take place is not X"F.lferredto.
Tendency or readiness can be interpreted in either a kinetic sense
or a the,C'modynamicsense.
Various approaches can be used to measure the reaotivity of a
substance:
a) The speed with which the substance l':eacts.
b) The totul energy changes in a reaction.
c) Voltage 11le£\sUrements.
Reactivity aeries
!\ reactivity series is a series in which the elements are put in an
approximate "batting order". The order of the elements in the series
will be dependent on what the criterion for or.dering was. Either
speed or total energy considerations may have been used for example.
SESSION 3

A spontaneous reaction is a reaction that may proceed without the
assistance of an e~ternal agency.

A reaction is described as spontaneous or non-spontaneous without
referenoo to rate. The descriptions indicate whother a reaction may
take place or not. An excerpt o! a prosody encompasses the salient
aspects of spontaneity.

Prosody
Spontal1e:!ty has nothing to state
When it comes to the question of rate
.Any 9iVen reaction may reach it'c fate
'l'ulnPlingfact or crawling willy nilly late.

The deocrj,ption spontlneous reaction has to do with fate not with
rnte.
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A reaction is descl.'ibedas apcncaneoua or non spcncanecus w.i,thollt
reference to rate. A reference to spontaneity only indicates whether
a reaction may take place or not.
You may have noticed in the mechanical system tha~ many pathways
(inclines) leadir' to the same ultimate state(gl:ound level) are
possible. Furtherlnore the path\..ays dictate the rate.
The scientific view about. a apontaneoUG reaction.
A useful starting point would be to think of a spotltanOioOusreaction
as a reaction which has the potential to proceed without the
assi.stance of an extorn«: agency. It j,mplies nothing about how fast
it will proceed under given oonditions. :tndeed it may proceed so
slowly that it appears not to proceed at all.
The description spontaneous reaction has t~ do with fate not with
rate.

Why is understanding the term spontaneous reaction important?
The conce)lt of spontaneous reaction is importClnt to understand
because:
we would not place compatible reagents next to each other ~a
spont!'.Mous reaotion that is exothermic may lead to a fire.
The rate of a reaction car.be increased by usa of a catalyst.
However if a rlaction is not spontaneous it would be f.utile to try
to use a catalyst to speed up the reaction.
All natural changes must be spontaneous. Understanding the term
spontaneous as a scientist implies understandin9 all natural
changesi
The directi.on of spontaneity remains a very important property of a
chemical reaction.
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REACTIVITY - SBSSION 3 handout 17

FOR.Mt1LA'l'ING .All EXPANDED CONCEPTION ABOUT SPONTANEOUS REACTtoN _.
MOVING TOWARDS A SCIENTIfIC VIEW

An e:xpanded view about apontaneollB reaction.
'l'hereare common features e:lthibitedby 'ChspJ;'ocessesin activity
card 2. They all include:
L There is a definite direction of spontaneolls change. The reverse

processes never proceeds spontaneously under the same oonditions.
a) water never freezes at 25°C
b) shuffling the deck of cards never puts them in perfect order.
~) A gas never conoentrates itself in half its container.
dl Sugar never concelltrates and precipitates from a cQlution.

Sach of the spontaneous processes illustrated occurs of its o\offi
accord. You will have noticed that the minimisation of energy is not
an adequate criterion fOr defining whether a reaction will occur.
'ci'ile direction of change which leads to a !1\oreprobable dispersal of
energy or greater disorder seams to underpin all the spontaneous
prooesses:
~ ordered oards become disordered
- confined gao diffuses
- sugar crystals dissolve and s~read out
- water in a dish evaporates
" ball energy b~oomes dispersed.

What types of reaction are spontaneous reactions?
:rf you have oonsidered the renot:ions that have been shown in
activity cal;'c:ls3 .t. III Y'"'uWou ld realise the following:
(a) Reactions that absorb energy to form products can be

spontaneous.
(b) Reactiono that release energy when forming product oan also be

spon'caneouo.
(c) Speed is not an indioator of a spontaneous reaction and a

spontaneous reaotion does necessarily take place il1\l1leciiately.

In the aeee af the examples in the meobaruoa: syst.em we sa!>' t11<7ta
spontaneous cha.ngo tiekee placf! an .its ot+'n aoaord,
(activity card S & G)
When t:he ball was on a levol table j,thad no tendenoy to meve , 110
soon ao thero is a difference in the levol the ball starts to roll.
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ACTl:VITY CARD 6

SOME 13R.ID<.:ING EXAMPLES

An attempt is made here to bridge the gap between disbelief (in ~he
caSe of the target problem) and aoceptanoe of the anchoring e~amJ;lles
by oonsidering similar aspects '~hen dealing with ohemioal r~actions.
What to clo

The aspeots pertaining to the activities described on the anchorin~
problems Werp. related tasks that you intuitively accept. This card
p):'eaents e:itamplesrelated to chemical systems \\'h.ichmay appear to
be ui'lrelatedto the earlier examples. Ho\>Jeverclorler scrutiny will
indicate otherwise.
A number of examples of pOl3sible reactions are given belo~l.
:tndicate with reasons whit:h :t.!actionsyou wo\\ld conoider to be:
(a) spontaneous
(b) Non~spontaneous
(c) Not sure whether sp~ntaneous or non spontaneous.

1. diamond --...-_......_> graphite.
Thousands of years are taken before diamond is converted
graphite

A gaseous mixture of hydrogen and oxygen does not form
observable alIIO\U"tsof water &t recm tempera:bure

+ eu(s)
zinc re!ldts with copper sulphate solution to £orm zinc
sulphate D(ll"tioll+ copper.

4. eu(s) + Znso,(aq) --_...-> no reaction
copper does not react with a zinc sulphate DC ~tion to form
coppel: sulphate + zinc. (this is the reverse •r:,,~'tiond thlii
above l'I')Clction)

lJ.'he ,4ecompo.dtion of bydrogen pe.r:oxido procaocio very slowly
but bec~~es very rapid with a tiny bit of catalyst.

"


