APPENDLY Gl
COMPARISON OF STANDARD 10 STUDENTS RESULTS FOR THE REACTIVITY AND
RATE AND EQUILIBRIUM OQUESTIONNATRE
students t~test
8td 10 responses to Std B & 10 guestionnalres
for the sama students
Ttest procedure

Variable: Mark

std N Mean Btd Dav gtd Error
Eight 82 1.68202683 1.21592366 0.13427831
Tan 82 1.76829260 1.25861068 6.143407546

Variances 1 by Brobr aba.t

Uneqgual -0,4345 161.3 0.6645

Egqual -0,4345 162.0 0.6645

For RO: Varlances are egual, F' = 1,14 DF = (81,81)
Prob»F! = Q,5551

rrmn e e e i = b = ¢ 1
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Schoel: Schoel no.6, Std 10O

Quaction 6
Anowey Froaguensy  Percent
A 4 16.0
B 5 20,0
¢ 2 8.0
[+} ] 6.0
*E 8 20,0
School: Sghool ne.&, Btd 10
Guestien 7
Answay Froguancy  Fercent
A 4 16,0
B 3 12.0
*C 9 36.0
P 4 16,90
B ] 20,0



gchool: Yohool no.6, Std 10

Quastion 3

Angwer Fregquency
A
B
a
D
*B

oy U L3 B O

Poraont

32,0
12.9
12,0
20.0
24.0

Scheolt Sohool ne.é, 8td 10

Guestion 2

Ancawox Fraguonay
k.Y
B
0

tal ol o

E A=

Parsent

sohools &School no.6, 5td 10

Guoptlon 2

Angwer  ¥raguonsy
A
B
a
L
E

GF (@ dn =1 W3

Baroent

12.0
28,0
16.0
32.0
2.0

School: School ne.6, Swd 10

Quastion 4

Anowey Froguency

A a
B k)
e 9
D 2
*E 1o

Pereant

Behool: Schowl nu.§, &td 10

fueotion 5

Anowoyr Fragueanay
A ]
B )
D |
¥ 4

Porgant

48.0

4.0
32.9
16.0



gchoolt school no.5, Std 10

Questlion 3
Anpweyr Freguansy  Fercenht
A 1 2.3
B @ 20.5
¢ & 13.6
*D 9 20.5
B 19 43.2
gchosl: Soheol no.5, &td 10
Queption 4
Aiowar I'requancy  Porcent
A 13 20.8
B 7 1B.9
o] 12 27+3
2] 2 4.5
*E g 20,5
X 1 2.3
‘Soheoli Ssheol ne.5, 5td 10
Pueption B
Anower Fraqguency  Peroonk
A 19 43.2
B 4 9.1
*C 4 8.}
D 4 B.1
E 13 29.5
Sohooli Soheal no.5, 8td 10
gueation 6
Anowex Froqueney  Paresnt
A 15 4.1
B § 13,6
c 5 1.4
b 14 3.8
*B 4 9,1
School: sghool ne.5, Std 10
Quantion 7
Anowayr Freaguency  Paroont
A 7 15,9
B ] 1l.4
*Q 22 50,0
b B 18,2

B 2 4.5



Schooal: School no.d, 8td 10

queption &
Anpwer Fragueney  Porgent
A 21 48,8
7] 4 9.3
*C 2 4,17
] 11 25.6
E ] i1.6
Buhool: School ne.d, gtd 10
fuagtion €
Anowar Frequengy - Pareont
R 10 23,3
B 3 7.0
c 4 89,3
3] 18 37.2
B 9 20.%
X 1 2.3
Schoolt: Ssheol no.d4, 8td 1o
Queotion 7
Anoway Freguoney  Paraont
A B i8.8
B 2y 48.8
*Q ] 18.8
b 4 9.3
E 2 4.7
gohool: School no.5, otd 10
fuastion 1
Anaway Freguaney  Porcent
A 16 36,4
B ] 18.2
Q ] 13.6
b 3 6.8
*E 1l 25.0
gchool: gdcheal ne.85, std 20
guastlon 2
Angwer Fraguanay Parsant
A 2 4.%
B 18 3d.4
*Q 12 b N
] 11 25.0

B 4 8.8



gehool: School no.3, 8td Lo

Question 7
Anpwer Freguanay  Percsnt
A 12 7.5
B ] 28.1
*Q 8 28.1
[ 1 3.1
B 1 3.1
schoel: School no.d, &td 1
Question 1
Anower Fraguency  Percent
b3 17 9.5
B B 11.6
¢ 4 8,2
D 4 8,3
* 13 3.2
sehoolt Sohoel no.d, std 10
Guantion 2
Anower Froguehcy  Pengant
A 2 4.7
B 14 32.8
0 13 30,2
o} 1o 23,3
B 4 g.3
Bohool: Behool no.d, std 10
Questioh 3
Anoweyr Fraguency  Percont
A 2 4.7
B 13 30.2
¢ ] 11,6
*D 15 34.9
B 8 1B.G
Schoel: School no.4, Std L0
Quentien 4
Anpwor Froguency  Paergent
A 13 0.2
B 4 5.3
c 11 25,8
D 1 2.3
*E 13 0.2
X 1 2.3



Bohools School tio.3, &td 10

puestion 2
Answexr Freguenay  Percent
A 3 9.4
B 11 3.4
*g i1 34.4
b 8 ie.8
B 1 3.1

Bchooal: School no.3, 8td 10

Question 3
Answar Froaquency  Percent
A 2 6.3
-] € 18.8
R 2 6.3
wp 12 37.8
E 10 a1.3
Schosl: School no.d3, std 1o
Question 4
Answer Frequeticy Percent
A 10 al.3
B 5 15,6
a 1 3.1
I 7 2.9
*B 9 28,1
School: School ne.d, 5td 10
Quesntion 5
Anawer Preguency  Pepcent
A 6 18.8
)] 7 21.9
*Q 2 6.3
»] 11 4.4
B & 18.8
8chool: Bchesl ne.3, Std 10
Question 6
Answar Freguency  Fercent
A 7 21.9
B € 18.8
Q & 18.8
D 7 21.%
g & 13.8



&chool: sSchool no.2, 5td 10

Questian 4
Answar Fraquency  Parcent
A 17 32,7
B 1L 21.2
c lo 19,2
b 1 1.9
*E 13 25.0
Sohool: School no.2, Std 10
guestion &
hAnswear Fregquency  Percent
A 9 17.3
B 8 15.4
ke 4 7.7
2] 22 42,3
E g 17.3
School: Sghoel ne.2, std 10
Mesztion &
Answar Freguency  Percent
A 13 25.0
B 7 13.5
c 3 5.8
b 20 38.5
B g 17.3
Scliool; School ne.2, std 10
Question 7
Anewar FPrequency  Porcent
A g 17.3
B 13 21.2
g 23 44.2
h 6 11,6
E 3 5.8
gohool: School ne.3, sStd 10
Questicn 1
Anever Frequenay  Perceht
A 18 50.0
B 4 12.8
c 15.6

]
b E 1s.¢
*E 2 6.3

i 1 st



school: School ne.l, 5td 10

Question &
Anpwer Frequency  Percent
A 13 33.3
B 1 2.6
e 10 25,6
D 2 5,1
*E ig 25.8
X 3 7.7
School: School no.i, 8td 10
fuestion 7
Answeyr Frequency  Percent
A 2 5.1
B 22 56.4
*C 8 20.%
D 4 10,3
E 3 7.7
Schools Sohoal no.2, std 10
gQuestion 1L
Anpwer Freguenwy  Percent
A 23 44.2
B 3 5.8
o] L] 9.6
D 12 23.1
*B 2 17.3
School: School no.2, Std 10
Quentian 2
Angwer Frequency  Percent
A 6 11.5§
B 25 48.1
*Q 1c 19.2
D 11 21.2

school) Scheoal no.2, 5td 10
Question 3

Answer Freguency  Percent

A 5 9.6
B i8 34.6
c 12 23.1
*D 13 25.0
E 3 5.8
X b 1.9

e e e s ey & 1 e i 11 L



gtd. 10 guestionnaire

Std 10'e responses per school.

School: Schoel no.l, Std L0

Question 1
Answer Freguency  Percent
A 4 0.3
2 13 33.3
D 5 2.0
*E 17 43.6
4ohool: School no.l, std 1o
Question 2
Answer Fraquancy  Parcent
-3 15 3B.S
B 10 25.8
*C 1 2.6
] 5 12.8
E ] 20.5
8chool: School no.l, #td 10
Ruestion 3
Answer Fraguency  Percent
A 1 2.6
B 17 43,6
4 q 10.3
*D 13 33.3
B 4 10,3
School: School no.l, std 10
Questien 4
Answer Fregquency Percent
-9 1o 25.4
B 1 2.6
c 5 12,8
D i 2,6
*E 22 56.4
School: School ne.l, s5td 10
Queption 5
Anawer Freguensy  Fercent
a 16 41.0
B 1 2,86
L 1 2.6
D 8 20.5

E 13 33.3



£td 10 responses to std 8 guastionnaire: ALl schools

Question 4
Answear Fraguency  Percent
*R 24 40.0
B 44 17.0
e 27 11.5
b 42 17.9
E 31 13.2
X 1 0.4
Question 5
Answer Freguency  Percent
A 6L 26,0
B 13 5.5
c 27 11.5
D 102 43.4
*B 30 12.8
b 2 0.9
Queation &
Answern Fraguonay  Percent
A 17 7.2
B 27 11.5
c 105 44.7
*D 42 17.9
E 43 18.3
X 1 0.4
Quastion 7
Anewer Frequency  Percent
A 26 11.1
B 106 45.1
*Q 42 17.9
o e 12.8
E 30 12.8
b3 1 0.4

Btad L0 responses to Std B guestionnaire: All achools

Questlon 8
Anever Freguency  Percent
A 20 8.8
B 78 33.6
c 23 9.8
b 89 av.n
*B 23 9.8
X 1 0.4
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APPENDIX 1)

EQUILIRBRIUM QUESTICNNAIRES

INDIVIDUAL BTUDENY RESPONSEE TO THE REACTIVITY AND RATE AND

Humbor of correot responses std 8 questionnaire: etd B & 10
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APPENDIX Il



5TD 10 RATE AND EQUILIBRIUM QUESTIONNAIRE

Analysles Varlable i Totten

School=fchael no.l

H Maan &4d Dev Minimum Maslmum
39 1.8461538 1,3286016 ®  4.0000000
School=school nNo.a

N Mean gtd Dav Mindmon Maximum
.52 1.5576533 1.,0921011 . a 5.0000000
Schoolesphosl ne.3

N Mean gt Dev Mindmuam Maxinum
32 1.5937500 2.0115283 1] 4.0000000
Bchoolw8chool no.d

® MHean §td Dev Minimum Maximum
a3 1,6576744 1.2823877 s 5.0000000
SchoolwSohool ho,b

R Mean gtd Dav Mindmum Manimam
44 1.6136364 1.1455863 0 5.0000000
Bohoolugchool no.6

N Mean grd Dav Mindmum Maximum
25 1.7600000 1.,3000000 0 6.0000000




COhPARISON OF DIFFERENT SCHOOL RESULTS FOR STE 10 RATE AND
EQUILEBRIUM QUASTIONNAIRE

Genaral Linear Madela Precedurs
i tests (LSD} for verlaple: Totten

Notat thie test contruls the type I comparisonwise errer rate not
the experimentwise arror rate.

Alpha= 0,05 cConfidences 0.95 df= 229 M3RE= 1.422202
exitical Value of ‘M= 1.87038

Comparlsons significant at the 0.05 level are indicated by '*xr,

Lowar piffarancy Upper
Bohaol canfidence Betwaeh Confidanoe

comparinen Limit Means Limit

Schoal na.l -~ School ne.d -0,5155 0.0862 ¢.60082
Sghool no.l - Scheol ne,4 «0,3711 0.1485 . 6681
gcheol no.l - School no.b -0.2843 0.2325 0.7493
Bcheol no.l - Schoel ta.d ~-0,3081 0.2524 0.8129
8ehoel no.l - School no.2 -0,2093 0.2885 0.7862
Schoel no,6 « Bshool no,l -0, 8882 0. 0862 0.5159
Behool no.& -~ 8School no.é ~0,5287 0.0623 £.6533
schenl no,6 - Sohool no.k -0.4422 0.1464 ©.7349
Buhool, ho.68 - School ne,d =0.46L0 0.1662 0.7935
Scheol nho.6 - Beheol no.2 ~0,3696 4.20232 0.7742
Schoel no.d - School no.l m,6681 -0 . 1485 0.,3711
gcheol nod ~ Sahool na.s -.6533 -0.0623 0.8287
8chool no.4 « School ne.5 -0.,4198 G.0B40 0.5079
School no.4 ~ Schaol no.3 -0.4447 0.1039 0.6525
School no.4 -~ School ne.2 -b,3444 0.1400 0,68243
gchoel ne.5 ~ Sahool na.l ~0.,74983 ~0,2335 0.2843
gehool na,5 - School no.s -0,7349 ~0.1464 0.4422
Bochool na.% ~ Bchool no.d ~0.5879 -8,0840 0.4188
gBahoal no,.5 - Bshuol no,3 -0.526¢ 0.015% 0.5658
School ne.5 = School no,2 -0.,4254 f.0559 0.5573
Behosl ne.d « Sahool no.l -0,B129 wl), 2524 0.43081
gSchool no,3 ~ Schaol ne.6 -0,7938 -0.1662 0.4610
Scheol no.d - School no.d 00,6525 =0 ,1039 D.4447
Behool no.3 -~ School ne.b ~0.5658 «~0.0189 0.5260
goheol no.3d - School no.2 «-0,4019 0.0361 0.5640
School no.2 -~ School no.l ~0,7862 -0.2885 0.2003
8chonl no.2 - School no.6 =0.7742 =-0,2023 0.36896
Behool no.2 - Achosl no.d =0.8243 ~0,1400 0,3444
gchoold he.2 - Bchoel no,b =-0,53%13 ~0, 0559 0.4254
School ne.2 - School no.3 =0.5640 ~0.0361 0.4919



APPENDIX H1
COMPARYSON OF DIFFERENT SCHOOL RESULTS FOR SID 10 RATE AND
EQUILIBRIUM QUESTIONNAIRR

Geaneral linear models procadure
Clasa lavel information

dlape Lavale Valuss
School [ School ho.l,8chool ne.2,&chool no.d,8chool no.d
School no.5,8chooel no.d

Humber of obeesrvations in data set = 235

COMPARISON GF DIFFERENT SCHOOL REBULTS FOR STD 10 QUESTIONNAIRE
Ganeral Linear Models Procedurne

Depandent Varlable: Tetten

sum of Maan
Source op Squares Sguare F Value Pr > F
Model 5 2.4264565 0.4852513  0.34 ¢.BRTE
Error 229 325.6841818 1,4222017

Currectad Tobtal 234 328,1106363

R-Squara c.v. Root MBE Totten Mean

0.007398 71.492B) 1.1926 1.6601
Sourge br Type T 85 Mean Square F Value Pe > P
School 5 2.4264565 0.4852913 0.34 0.8078
Source DF Type ILI 85 Mean Square F Value Pr>» F

School 5 2.4264565 0.46852913 Q.34 C.B875
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gtudents t-taest

ST 10 RESPONHES TC STD § & 10 REACTIVITY AND RATE AND EQUILIBRIUM
QUESTIONNAIRE FOR THE SAME STUDENTS

Faired Diffarunces

Analysls variable t Diff

N Maan std Error T Prob>]T)

82 0.0853659 0.2083771 0.4096700 0.6831




COMPARISON OF DIFFERENT SCHOOL RESULTE FOR STD 8 REACTIVITY
QUESTIONNAIRE-STD B8 AND STD 10 STUDENTS

Plot Of Totten*Totelght, Ilagehd: A = 1 OBS, B = 2 0B, atec.

fothen

5 + A

i+ G C A

b Y (= b A

24+0D D - B o} A

1+B F N D D

0+ 8B E E

{

+ert + + aisarh . £ —
v} 1 2 a 4 5 [}

Toteight



COMPARISON OF DIFFERENT SCHOOL RESULTS FOR STD 8 REACTIVITY
QUESTIONWATRE~ STD 8 AND S%D 10 BTUDENTS

Correllation analysis

2 'VAR' Variables: Totten Totelght

Simple statiastics

Variable N Mean  Std Dev sum  Mininwm  Maximum
Totten Az 1.,7683 1,2988 1458.¢ ) 5.0000
Totelght g2 1.682%9 1.2159 13g.0 ] 6.0000

Pearson Correlation Coefflcients / Praob » IR .nder He: Rho=D / R =
-F

Totten Totelght ;
Totten 1,00000 -0.12529 i
0.0 6.2621
roteight ~0,12529 1,00000

0.2621 0.0




Number of correct rasionses to rate and eq. guestionnalre: mtd 10's
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PHAGE 2: FREQUENCY TABLES FOR ALL SCHOOLS EXCEPT SCHOUL NO.1,
SCHOOL ¥O.5 AND SCHOOL NO.6.

¢chi«Sguara test

TABLE OF PHASE BY Q2

PHASE Q2

Fraguenoy

Paroent

Roy Pot _

Col Pot 0| 1| Total
1 141 270 411

18,36 | 38.16 | 53.52
34.31 | 65.69
| 51.46 | B4.66
et e e v ] e st e e e it

2 133 224 357
17.32 | 29,17 | 46.48
37.25 | 62.29
4c.54 | 45.34

Total 274 494 768
35.68  6€4.32  100.00

STATTSTICS FOR TABLE OF PRASE BY 02

Statintic D¥ Value Prok

chi-gquare 1 0.734 0.385

Likelihood Ratle chlesguare 1 0,723 0,388

continuity Adj, chl-Bquare i 0.601 0.438

Hantel-~Haenszal Chi-Sguare 1 0.723 0.395

Figher's Exact Taot [Laft) 0.218
{Right) 0.82
{Z-Tall) 6.407

Phi Coefflolent -0.03]

Contingenay Coefflaient 0.031

Gramerts ¥ 0,031

Hample Size = 766



PHASE 2: FREQUENCY PABLES FOR ALL SCHOOLS EXCEPT SCHOOL NoO.1,
SCHOOL NG.5 AND SCHOOL NO.6.
{Phase I, (N=gll} with teaching delayed phase 2, (W=357)]}

¢hl~5guare teot

TABLE OF PHASE By Q1

PHASE gl
Praguaney
Paroent
Row Pot
Gal pet 0 1| ‘rotal
1 390 3l 411
49.48 4.04 8a.52

B2.46 7.54
83,75 50.82

2 327 30 357
42.58 .91 46,49
91.24 B.76
49.67 53,73

Patal 707 61 168
92,06 7.94  100.00

STATLBTICE FOR TABLE OF PHAGSE BY Qi

Statiatie be Value Prob

Chi-gguare 1 £.194 0.660

Likelihood Ratle chi-Square 1 6,193 0.660

continnlty Add. chi-Square 1 ¢.084 0,759

Mantel-Hasngzel Chi~8quara 1 ¢.193 ¢.660

Ficher‘s Bxagt Tost (Left) 0.717
(Right) 0.379
(2~Tall) G.680

Fhi coeffleiont 0.016

contingeney Cosfficlent 0.016

Cromex’s V 0.016

Samplo Slze o TER



RS

APPENDIX A2
COMPARISON OF STANDARD B8 RESULTS FOR PHASE 1 & 2 ON THE STARDARD 8
REACTIVITY QUESTICNNATRE
[Phase 1, (N=d1l) with teacalng delayed phase 2, (N=357))

Btudents t-test

PTEST PROCEDURE

variable: TOTAL

PHASHE N Moan 5td Dav Btd Error
1 411 ' 1.91240876 1.220689232 0.06020787
2 357 2,32773159 1.30325377 0,08897550
tarianoes T DF Probx[T]
Equal -4, 55872 766.0 ¢.0000

Fotr HO: Varlances are egual, ¥! = 1,14 DF = (356,410) Brob>F’
L 0:1993
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Chi-gquarc test

Effactive Bample Size = 549

PHASE o4
Fregquancy
Percent
Row Pot
tol Pot 9| 1| 'rotal
1 258 153 41l
46.98 27.87 74.86€
62.77 3%.23
75.44 73,91
2 ‘ 84 54 128
15.30 9.84 25,14
60.87 358.13
24.56 26,09
+ L +
Yotal 442 267 545
€2.30 ar.1a 160,00
STATISTICS FOR TARLE OF PHASE BY Q4
statletiso DF Value Prob
Chi-gguare 1 0,159 0.690
Likelihood Ratio Chi-Sguars 1 D.158 0.690
Continuity Adj. chi-Sguare 1 0,089 0.766
Mantel-Haenszel chi-Sguare 1 0.159 0.65%0
Fisher’s Exact Taest {(Left) 0.693
{Right} 9,382
{2~Tail) 0.686
"Phi Comfficient g.017
Contingency Coefficlent 0.017
Cramex’s V 0.017



Chi-Square test

PHASE Q3
Froguancy
Percent
Row Pat
¢ol. Pot o] 1| 'retal
1] 386 45 a1l
66.67 B.20 74.88

B89.08 10.95
74.09 gl.82

2 i2e 10 138

1 23.32 1.82 25.14
22.75 7,25
25.91 1g.18

Total 494 85 549
80.98 10,02 100,00

ETATISTICS FOR TABLE QF PHASE BY Q3

Statiotic DE Valua Prob
Chi-gquaxe 1 1.571 0.210
Likelihood Ratio chi-Sguare 1 1.673 0.106
Continudty adj. Chi-Sguare 1 l.187 0.276
Mantel-Haenezel Chi-Sduare 1 1.568 0.210
Fuohoer’s Exact Test (Left) 0.137
(Right) 0,925
: {2=Tall} 0.253
Phi Coefficlent -0,053
Contlngensy Coefflalent 0.053
Gransr!s Vv -0,.053

Bffective Sample dine w 549



chi-sSquare test

PHASE Q2
Freguenoy
Puroent
Row Pot
col Pet 0| 1| mTotal
= o -
1 161 270 411
25.68 | 48,18 | 74.86
34.31 | 68,60
75.00 | 74,78
2 47 | o1 | 138
9,56 | 16.58 | 25,14
34,06 | ©65.94
| 26,00 [ 28.20
Potal 188 381 549
34.24  €5.76 100,00

STATISTICE FOR TABLE O PHASE BY Q2

gtatistio DF Value Prob
Chi-Sguaie 1 0.003 0,958
Likeliheod Rratlo Chi-Sguara 1 0.003 6,958
continuity Adj. chi-Sguare 1 0.000 1.000
Mantal=-gaenszel Chi-~Square 1 0.003 b.958
Pleher’s Bract Test (Left) 3,560
(Right) 0.524
) . (2~Tail) 1.000
Phi Coeffialent D.002
Contingency Geefficlent 0.002
Cramerfa ¥ 0.002

Effeutive Sample Size & 54%




thi-sguare tept

TABLE OF PHASE BY Ql

PHAER 23]
Freguency
Percant
How Pot
Col Pot 0| 1| ‘Total
i ago ai 411
69,22 5.65 74,86

92,46 7.54
74.80 | 758.61

2 128 10 13e
23,32 1.82 25,14
92,75 7.25
25.20 24.39

Total  50R 4L 548
92.58  7.47 100,00

STATISTICS FOR TABLE OF RHASE BY Ql

statiptic nF Value Prob

Chi-Square 1 0,013 0.509

Likelihecd Ratlio chi-Bquare 1 0.013 0.909

ontinuity Adj. Chi~Sguare 1 0.000 1.000

Mantel-Haenpzel Chi-Square 1 0.013 G.908

Fiphar!s Exoet Test (Left) 0,539
{Right) 0.60%
{2-ral.l} 1,000

Phi Qoafficlent ~0,005

contilngeney Coafficlent 0.00k

Cramex's V ~0,008

Effactive sample Size = 549



MFFENDIX B2

COMPARISON OF STANDARD €S RESULTS FOR PHASE 1 & 2 ON THE STENDARb g
REACTIVITY QUESTIONNALRE

{Phase 1, (N=2411) with teashing updelayed phage 2, (N=138))

Students t-test

TTEST PROCEDURE

Vnziabla: TUTAL

PHASE N Mean gtd Dev §td Errox
1 411 1.,912408748 1.22080233 4.,06020787
2 las 2.,00724638 1.16202929 0.09891850
Vsrianaea n up Probe ||
Unegual «0.68180 246.0 0.4138
Hirual ~0,7992 47,0 0.424%

For HO01 Variances ara egual, Ff = 1,10 DF « {410,137) Proh>F
= 0,4897
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PHASE 2: FREQUENCY TABLES FOR ALL SCHOOLS IXCEPT SCHOOL NO,1,
SCHODL NO.5 AND SCHOOL NO.6.

Chi-Square tast

TABLE OF PHASE BY QA

PHRSE QB
Fréguency
Percent
Row Pot
Col ¥ot o 1| Total
1 34 70 411
44.40 9,11 53.52

82,97 17,03
53,70 52.63

2 294 63 357

3p.28 5.20 46.48

82.35 17.65

46.30 47.3%
oA . + +

Total G35 133 768

B2.68 17.32 109,00

STATISTICE FOR TABLE OF PHASE BY 08

Statigtic 2} Valua Proh

Chi-Squara 1 0.0581 0.822

Likelihood Ratie chiw-sguare 1 0.051 ¢.522

continuity Adj. chi-Square 1 0.017 0.897

Mantel-Haenozel Chi-~Sguars 1 n.050 0.822

Fisher’s Exact Test (Left) 0.626
{Right) 0.448

Phi coefflcient 0.008

tohtingency Coefficlent 0.008

Cramer’s V 0.008

Sample SiZe = 768



PHASE 2t FREQUENCY TABLEE FOR ALL BCHOOLS EXCEPT SCHOOL NO.1,
BCHOOL NO.5 AND SCHOOL RO.6.

TABLE OF PHASE BY Q7

Chi-gguare test

PRASE Q7
Fragquency
PBarcent
Row Pet
tol Pot 0| 1)
1 az7 84
42.58 10.94
79.56 20.44
53,17 E4.90
+ = +
2 288 69
37.50 8.98
80.67 19,33
46.83 45,10
Tatal 618 153
80,08 12.92

Tntal

411
53.52

357
46.48

768
100.00

BTATISTICE FOR TABLE OF PHASE BY Q7

gtatlstic DF Value Frob

chi-~square 1 .148 0.701

Likelihood Ratio chi-gquare 1 0,148 6.701

continuity Adj. Chi-sguare 1 0,086 8.769

Hantel-Haenszel chi-Sguare 1 0,147 €.701

Fisher's Exact Teat (Left) 0,388
{ilght) 0.682
{2~Tail) 0.710

Fhi coafflaient ~0.014

Contingancy Quafficient 0,014

Cramexts V ~0.014

Sample Size = 768

e p—— e



PHASE 2: FREQUENCY TABLES FOR ALL BCHOOLE EXCEFT SCHOOL NO.1,
SCHOOL ¥0.5 AND SCHOOL NO.6.

¢hi~8quare test

TABLE OF PHASE BY Q6

FHASE +1]

Freguency

Percent

Row Eot

Col Pot L 1| 'Total
1 316 -1 411

41.15 12,37 53.52
76.8% 23.11
49,48 73.64

2 323 a4 357
42,06 4.43 46.48
90.48 8,52
50,55 26.36
4. + +
Total 639 129 768

83.20 16,80 100.00

STATISTICS FOR TABLE OF PHASE BY Q&

statistic DF value Prob

Chi-Sgquare 1 25.250 0.000

Likelihood Ratlie chi-Square 1 26,306 D.000

continuity Adj. chi-Square 1 24,287 0.000

Mantal-Haenszel &hl-fquare 1 25,217 0.000

Fisher's Exact Test [Left) 2,55E-07
(Right) 1.000
(2-Tall) 3.80E-07

Phi Coafficient ~0.181

cent lngeney Cosfficient 0.178

Cramar's V ~0.181

gample Size = 768



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

chi-square test

TABLE OF PBASHE BY Q5

PEASE Qs
Freguency
Percent
Row Pot
Col Pot G| 1| fTotal
1 373 3@ 411
48,57 4.95 53.52
9p.75 §.25
60.26 25.80
2 2486 in as7
32.03 14,45 46.48
68.91 31.09
18,74 74,50

+-

Total 619 149 768
80.64 19.40  100.00

SWATISTICS FOR TARBLE OF PHASE BY (5

gtatiatic DF value Prob

Chi-Bquare 1 58.313 0.000

Likelihood Ratioc Chi-Bquare 1 89.797 0.000

contlpulty Adj. Chi-sguare 1 56,824 0.000

Mantel-Haenszel Chi-sguare i §8.237 0.000

Fisher’s Exact Test (Left) 1.000
{Right) 1.,138-14
{2-Mail) 1.72E~14

Phi coefficient 0.276

Contingency Coefflcient 0.268

Cramer‘'s ¥ 0.276

Bample Size = 748



PHASE 2: FREQUENQY ThBﬁES FOR ALL SCHOOLS EXCEPT SCHOOL NO.1,
SCEBOOL NO.5 AND sCHOOL NO.6.

. Chi-Sgquare test

TABLE OF PHASE BY Q4

PHASE Q4
Freguenoy
Percent
Row Pat
Col Pct 0} 1| Total
. + ) ¥
1 258 153 411

33.59 1g,.92 53,52
€2.77 37.23
62.47 43.10

+
+

. —
2 155 202 357
20.1e 26.30 46.48
43.42 55.58
37.53 56.90

+
+

Total 413 355 768
ha.78 45.22 100,00

STATISTICS FOR TABLE OF PHASE BY Q4

statistio DF Value Prob

Chi-Square 1 28.797 0.000

Likelihood Ratio Chi-gquare 1 28,946 0.000

Continuity Adj. Chl-square 1 28.023 0.000

Mantel-Haenszel chl-Sguare 1 29.759 0.000

Fisher's Exact Test (Left) 1.000
(Right} %.59E-08
{2~Tall) 1.08E-07

Phi Coefficient 0.194

Contingency Coeffliclent 0.190

Cramer‘’s V 0.1%4

Sample Size = 768 '

. g PR s . .



PHASE 2: FREQUENCY TARLES FOR ALL SCHOOLS ERCERY SCHOOL NO.1,

SCHOOL NO.5 AND SCHOOL NO.E.

Chi-Bquars test

TABLE OF PHASE BY Q2

PHASE Q3
Freguency
Peygent
Row Pot
tol Pok 0| 1]
1 366 45
47.66 5,86

89,08 10,85
58,58 31.47

+
!.
+

2 259 -1
33.72 12.76
72,55 27.45
41.44 58.53

Total 625 143
g1.38 18.62

Tokal

411
53.82

357
16.48

768
100,00

STATISTICE POR TABLE OF PBASE BY Q3

statistio >3 value Prob

Chi~Sguare 1 34,335 0.000

tikelihood Ratiec Chi-Square 1 34,729 0. 000

Continuity Adj. chi-Square 1 33,254 0.000

Mantel-Haenszel Chi-fSguare 1 34,290 0.00¢

Flsher's Exaot Test (Left) 1,000
(Right) 3,38E-08
(2=Tail) §.37E-09

Phi Coefficlent g.211

Contingency Coesfficient 0,207

Cramer’s Vv 0.211

Sanple Size = 768



Chi-gguare test

MepRe GROUP

Freguenay
Percent
Row Pot
Col Pct |DELAYED [NOI NEL | Total

&, e
¥ T

¢ 323 119 442
65.25 24.04 898,29
73.08 26,92
90.48 86423
1 4 1% 53
6.87 3.84 10,71

64,15 35,88
9.82 13.77

Total 387 las 455
72,12 “7.88 100,00

ETATISTICE FOR TABLE OF MUQ26 BY GROUP

statistic oF value Prob

c¢hi-square 1 1.875 ¢.171

Likelihood Ratio chi-Sguare 1 1,794 0.180

Ccentinuity Adj. chi-squaxe 1 1.458 6.227

Mantel-Hasnszel Chi-Sguare 1 1.8%1 ¢.111

fleher's Exact Teagt (Left) 0,938
(Right) 0.115
{2~Tail) 0.195

Phi CQoefficlant 6.062

Contingency Coeflicient A D61

Cramaes’a V 0.062

Sample Size = 495

S A FP PO



thi-Bquare test

333
67.27

152
a2.73

495

MCQ25 GROUS
Frequency
Bexcent
Row Pt
Col Pet |DELAYED |NOT DEL | Total
0 246 87
49.70 | 17.58
73.87 | 26.13
68,91 | 63,04
1 11 51
22,42 | 10,30
68.52 | 31.48
31,08 | 36.96
rotal 357 128
72,12 27.88

100.00

STATLETICE FOR TARTE OF MCQR5 BY GROUF

gtatiotic DF Valua Proh

chi-Square 1 1.585 0.212

Likelihood Ratie Chi~-Square 1 1.53¢ 0,215

continuity Adi. Chi-sguare 1 1.300 0.284

Mantel-Hasnszel Chi-Stguare 3 1,551 0,213

Fisher’'s BExact Tept {Left) 0.911
(right} 0,127
{2-Tall) 0.240

Phi Coefflelent 0.056

Gehtingancy Coefficient 0,056

Cramexts V 0.056

gample 8ize = 495



€hi-8quars test

McR24 GROUP
Freguency
Percant
Row Pgt
Col Pot [DHLAYED [NOT DEL |
o | 155 84
31,31 16.97
64.85 35,15
43.42 60,87
+ L SR +
1 202 54
40.81 10,91
78,93 21.08
56.58 39.13
Tatal as% 138
72,12 27.88

Total

239
48.28

256
51072

495
100.00

STATISTICS FOR TRABLE OF MCQ24 BY GROUM

statistic DF Value Prob
chi-Square 1 12,140 0.000
Likelihwod Rotice ChiwSyuare 3 12.196 0.000
Continuity Adj. chi-Sguare 1 11.481 0.001
Mantel~Haanszel Chi-Sguare- 1 12.115 6,001
Plohexr's Exact Tast [Left) 3.498-04
{Right) 1.000
' {2-Fall) 6.24E-D4
Phi Coufficient ~0,157
centingenay Qoefficlont 0.155
Gramer’s V 0,157

SBample 8lze = 495



chi-Square test

MoQ23 sRoUP
¥requency
Percent
Row Pot
Qol Pot  |DERAYED |ROT DEL |
6 { 288 | 128
52.32 25,86
66,93 33,07
72,55 92,75
1 58 10
19.80 2.02
$0.74 9,46
27.4% 7.25
Total 357 138
7%.12

27.88

Total

asy
78.18

108
21.82

435
100,00

STATISTICS FOR TABLE OF MCQ23 BY GROUP

gtatistic bE Value rrob
chi~gquare 1 23.819 ¢.009
Likelihood Ratiw Chi-Sguare 1 27.988 o.000
Continuity Ad{i. Chi-Bquare 3 27.648 G.000
Mantel-Hoengzal Chi-Bquare 1 23.1M 0.00¢
Floher's Exract Test (Laft) 1.478=07
(Right) 1,000
{2-Tall) 2.238-07
Pil Coefflolent -0.219
Continganay Coefficiont p.214
Cramex’g V -0.2189

gSample Slze = 495



chi-frauare tost

MaQ22 GROUP
Fregquency
Fercent
Row Pot
col Pet |DELAYED |NQT DEL
133 47
26,87 9.49
73.8% 26.11
37,25 34,06
224 91
45.25 1a.i8
71.41 i8.89
62.75 65.594
Total 357 138
72.12 27.08

Total

150
35,36

a1
63.64

495

i00.00

STATISTICS FOR TABLE OF MCQ22 BY GROUF

statistic bF value Prob

Chi-square i 0.440 0,507

Likalihood Ratio chi-Square 1 0.442 0.506

Continuity Adj. Chi-sguare 1 9,312 0.576

Mantel-Haonezel Chi-sgquare ] 0,439 0.508

Fisher's Bxact Test (Left) 0.778
{Right) 0.289
{(2=Tail) 0.533

Phi Coefficlent 0,030

Ccontingénoy Coefi. sient 0.030

Cramer‘s V 0,030

Eampla 8ize = 495



¢hi-syquare test

Mog21 GROUE
Frequency
Percent
Row Pot
Col Pot |DELAYED |NOT DEL |
b 327 128
66.06 25.86
71.87 28.13
51.40 92,75
1 30 10
6.06 2.02
75.00 25,00
8.40 7.25
Total 357 138
72.12 27.88

Total

458
91.92

40
g.08

485
100.00

STATISTICS FOR TABLE OF MCQZ1l BY GROUP

statiotio DF value Prob

Chi~-Square 1 0,178 0.672

Likelihood Ratic Chi-Sguarve 1 0.183 0.669

continuity Adj., chi~Square 1 0.057 0.811

Mantel-Haonezel Chi-Sgquare 1 0.179 0.6872

Fisher’s Exact Test [Left) 0.414
{Right) 0,723
{2-Tail) 0.854

Phi coafficlent ~0.01%

Contingenoy Coefficient 8.018

Cramer‘s V =0,019

Sample Slze = 495




APPENDIX C2

COMPARTSON OF STANDARD 8¢5 RESULTS FOR PHASE 2 ON THE STANDARD €

REACTIVITY QUESTIONNALRE

{Peaching delayed (old & new; N=357) with teaching delayed, (old &

newp N=138)}

students t~test

TTEST PROCEDURE

Variable: TOTAL

PHAEE N Mean std Dev gtd Error
DEL 387 2.32?73109 1.30325377 0.06897550
HOT DEL 134 2.00724838 1.16202929 0.09891850
Varianses b DF probs|7)
Unequal -2.,6576 277.4 0.0083%
Egual ~2.8263 493.0 0.0118

For HO: Variances are equal, F' = 1.26 DF = (356,137)

w D.1182

Proh>»F’
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chi~square test

problem option d ia no. the vorrect response.

PHASE Q8

Frequency

Percent

Row Pct

tol Fat o 1| Total
1 230 181 411

41.p9 32.97 74,86
B5.96 44.04
70.55 81.17

+
+
l.

N correct option
2 14 42 138 is net b chegck

17.4%9 7.65 25.14

69.57 30.43
29,45 18.83

-
+
-

Total 324 223 548
59,34 40,82 100.00

BTATISTICS FOR TABLE OF PHASE BY Q8

gtatistic DF Value Proh

¢hi~gguare 1 7.927 0,008

Likelilood Ratlo chl-Sguare 1 B.122 0,004

Centinuity Adj. chi-Sguare 1 7.373 0.007

Mantel-Haenszel Chi-~Sguare 1 7,913 0.005

Flehear's Exact Test (Left) 3,055-03
(Right) 0.998
{2-Tail) 5.04Ew03

Bhi Coefficient «-0.120

Contingency Coeffiaient 0,119

Cramer's V ~0.120

Effective Sample Size = 54%




chi-gguare test

PHASE Q7

Freguency
Parcent
Row Pot
Col Pot 0

1 327 84
59.86 15.30
79.56 20.44
74.49 75.36

2 112 26
20.40 4.74
81.16 | 18,84
25,51 | 23.64

+
+
'.

Total 439 110
79.06 20,04

Total

411
74.86

138
28,14

549
100.00

STATISTICS FOR TABLE OF PHASE BY Q7

statletie DF Valua Prob
Chi-Square 1 ©.165 p.685
Llkelihood Ratio chi-square 1 0.166 6.683
continuity Adj. chi-sguare 1 0.080 0.777
Mantel-Haenszel chi-S¢uare 1 0.164 0,585
Fisher's Exact Test (Left}) 0.393
_ {Right) 0.698
{2~Tall} 0.714

Phi Coefflaient =0.017

tontlngeney Coaeffieciant 0,017

Cramer’s V =0.017

Effective Bample Size = 549




chi-gguare test

PHASE Q&

Frequency
Percent
Row Pet
Caol Pot [H

1 3le 85
57.56 17.30
76.8% 23.11
72.64 83,33

+
+
-

2 118 18
21.68 3.46
B6.23 13.77
27.36 16.67

Total 435 114
79.23 20.77

Total

4lL
74.86

138
25.14

549
1o0.00

STATISTICES FOR TABLE OF PHASE BY Q6

Statietic DF Value Prob

chi-gquare 1 5,485 0,019

Likelihood Ratioc Chi-Sguare ] 5.86% 0.015

Continuity Adj. Chi-Square 1 4.932 0.028

Mantel~Haenezal chl-Sduare 1 5.475 0.018

Fipher’s Exact Test (Left) 0.01%
{Right) 0.994
(2~Tail} 0.021

Phi coefficient -0.100

Contingency Coefficlent g0.099

Cramey'a V ={.3100

Effective Sample Size = 549




c¢hi-~Square test

PHASE Q5
Freguenay
Percent
Rew Pot
dol Pot 0] 1]
1 313 38
67.94 6!92
90.75 5.25
81,08 42.70
2z 87 51
15.85 9,29
63,04 36.96
18.91 57.30

Total 460 89
83.78 16.21

Total

411
74.086

138
26.14

549

100.00 .

STATISTICES FOR TABLE OF PHASE BY QB

Statistly DP Value Prob

chi-Square 1 cH,404 0.000

Likelihood Ratio chl-sSguare 1 51.449 0.000

continulty Adj. chi-square 1 56.382 0.060

Mantel-Haenszel chi-Square 1 §8.298 0.900

Fisher’s Exact Test (Left) 1.000
(Right) 8.34E-13
{2-Tail} 1.258B-12

Phi coefflalent 0.326

contingeney Coefficlent 0.310

Cramerts V 0.326

Effectlive Sample Size = 549



Chi-8quare test

MeQad GROUP
Fredgquancy
Percent
Row RPot
col Pet {DELAYED |NOT DEL | Total
H . 85 35 120
29.62 12.20 41.81
70.83 29.17
36,48 64.8
+ ot} ah
1 148 19 167
B1.57 6.62 58.18
88,62 11,38
63.52 35.109
Total 233 54 287
gl.le 18.82 l10c.010

STATYSTICS FOR TABLE OF MCQ24 BY GROUP

statistic DF Valus Erub
Chi-8quare 1 14,466 o.000
Likelihoeod Ratlo chi-square 1 14,329 0.000
Continuity Adj. chi-sguare ) 13,325 0.000
Montael-Hasnnzal chi-Sguare 1 14.418 0,000
Fisher's BExaet Tegt (Left) 1.408-04
{Right) 1.800
{2«Tall) 2,03E-04
Phl Coeffivient ~0.22E
Contingency Coefficient 0.219
Cramex’e V «0,228

Sample 8ize = 287



MeQ23 GROUP

chi-Bguare test

Fragqueney|
Percent
Row Pot .
Col pPot |[DELAYED [NOT DEL |
0 i58 48 |
55.05 16.72 |
76,70 23.30 |
67.81 84.8% i
1 78 B
26,132 2.09 |
92,59 741
3z.1% 11,11 |
¥ } *
Total 233 B4
81.18 18,82

Patal

206
7107&

Bl

28.22

287
100,00

STATIEPICE FOR TABLE OF MOQ23 BY GROUP

gample gize » 287

Btatiunkle 3) 4 Value Vrob
shi-8guare i 9.6815 0.0062
~tikeldhaod Ratlio Chi-8Sgnare 1 11.103 0.001
tontinuity adt.s chi-square 1 B8.602 0.003
Montel-Haenszal chi-sSquare ) 3,581 ¢.002
Fioher'n Exact Teot (Lef) 8,308-04
{Right) 1,600
{2=Tall) 1,368~03
Phi caofflaient ~0,183
" ¢ontingansy Cosffleient D.180
Cramer'sn V ~0,283



chi-Byuare test

HoQ22 GROUD

Freguency

Paraout

Row Pot

ol Bot |LELAYED |NOT DEL |

) 0 71 22
24,76 | 7.67
76.34 | 23.66
30.47 | 40.74

1] 162 | 32

56,45 | 11.15
83.51 | 15.48
€0.53 | 59.26

moval  23% B4

8l.18 18.52

Total

53
32.40

194
87,80

287
100,00

STATIETICE FOR TABLE OF MCQ22 BY GROUP

Btatietic DE Yalue . Prob

Chi=Bguare 1 2.110 0.L48

Likeliheod Rotie thi-8guare 1 2,051 0,152

Qontluuity Adj. ChlwSguare 1 1.668 0,197

Hantal-Haenozel ¢hi-Squars 1 2,103 0.147

Finherrs fxagt Tept (Left) 0,088
{Right) 0.945
{2-Tall) 0.150

Phi Coafflaient -Q,086

Contingenay Coefflalent 0,085

Cramerfo =0, 006

Bavple Size = 287



1233 « EOHOOL NO.2 & SCHOOL Mo.4 {DEL) V 54 SCHOOL NO.5 (NOT DEL)
Chi-Eguare tegt
Hogal GROVP

Fragquency
Perosnt

Row ot
Col Pot  (DELAYED [NOT DEL | Total
U 267 48 255
72.13 16.72 68.85
8l.lg lg.82 |
é8.84 88.89

1 26 & 3z

8,08 2.09 11.15
81,25 18.78
11.16 11.11
Potal 233 54 287
8l.19 18.82 100.00

STATISTICE FOR 'TABLE OF MRQ2) BY GROUP

gtatiotlic by Yalue Prob

chi~aguara 1 0.000 0.992

%Likelihood Ratlo Chi-Sguare 1 9.000 0.993

continuity Adj. chi-Syvare 1 0.008 1.000

Mantel=Hagnozel chi-Sguare 1 0.000 0.902

Plpber'n Enagt Teot (Lef:) 0.605
{Right) 0,884
{2-Tail) 1,000

Fhi Copfficieny =0.001

gontingensy Costfiolent 0,001

Cramex‘o V =001

gomple Bize = 287



EPPERDIX D2

COMPARLSON OF STANDARD 8/S RESULTS FOR PHASE 2 ON THE STANDARD B
REACTIVITY QUESTIONNAXRE

{Teaching delayed | oldy Ne233) with teaching undelayed, (eld; N=54))
PHASYE 2¥ - SOHOOL NO.2 6 SCHOOL NO.4 {DEL) V 54 ScHOOL NO.5 (NOT
DEL}

student’a t-test

PTEST PROCEDURE

Vagziable: TOTIWO

GROUR L) Moan 814 bev 8td Bryor
DELAYED 233 2.523317160 1.28446277 ¢.0841479%
NOT DEL 54 2.01881852 1.107278k, 0.15088152
Varianecon T by Proph» 1|
‘Unequal 3.4985  89.2 0.0007
Equal 3.1086 288.0 0.0018
Por HU: Varioneen ave agual, ¥' o 1,35 DF = {232,53) ProhsF'

= 0,1978
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1138 - NOT DELAYED

cumulative Cumulative
THOS  Frecguenogy Percent Freguency Percent
A 47 34.1 47 34.1
B a8 5.8 55 38,9
¢ 7 5.1 62 44.9
D 24 17.4 86 62.3
#R 51 37.9 137 9%.3
X b3 a.7 138 100.0
Cumulative Cumulative
TWOE  Frequency  Pexscent  Froguency Pepuvent
A 11 B.0 12 8.0
B 33 23,9 44 a1.8
¢ 54 35,1 bl 7.0
#D 19 12.8 117 84,8
B 24 14,6 137 89.3
X 1 0.7 138 109.0
Qumulative Cumulative
TWO? Freguensy  Percent  Frequency Parcent
-1 21 15.2 21 15,2
B 48 3.8 69 50.0
#C 26 1p.,8 L 68.0
) 22 15,9 117 64.8
B 21 15.2 138 100.0
. Cumylative Cumulabive
WO Fregquenoy Fercent Fregquency Faragent
K 39 27,5 ag 27.5
B 32 23.2 70 50.7
c 9 6.5 74 87.2
D 42 30.4 121 87.7
#B 16 11,6 137 99.3
X 1 0.7 138 100.,0



PHASE -2 UNDELAYED: -SCHOOL NO.6, SCHOOL ¥O.5, SCHOOL NO.1 NOY

DELAYED
Cumulative Cumulative
THOl  Fraguency Percent Fragusnoy Peraant
A 111 80.4 111 80.4
B 1 0.7 112 BL.2
e Z 1.4 114 B82.6
#D 1o 7.2 124 B9.9
B 14 10.1 13s 100.0
cumulative Cumulative
TWO2  Freguepcy Percehlt  Fregquehey Percent
A 1ls 13.0 . 1a 13.0
#B 91 65.% 109 79.0
c 6 4.3 118 83.3
D | 5.8 123 89,1
5 11 8.0 134 87.1
X 4 2.9 138 100.0
amalative Cumulatlve
TWO3  Fregueney DPargent Freguency Pereant
A 4 2,9 [ 2.9
B [ 4,3 1o 7.2
c 92 86.7 102 73.9
b 26 1.8 128 g2.8
#B 10 7.2 13g 100.0
cumulative cumulative
THO4  Freguency Persent Froguaency Paxaeht
#h 54 38,1 84 39.1
B i8 13,0 72 52.2
c 38 27.5 110 79.7
b i6 11,6 126 81.3
E 10 T.2 128 98.6
¥ 2 1.4 138 1o0,0




PHASE 2 -DELAYED

cumulative Cumlative
THOS  Frequengy  Parcent  Frequency Pexcent

A 106 29.7 196 29.7
B 18 5.0 124 34.7
c is in.8 1g2 45.4
D T2 20.2 234 65.5
#E 111 3l.1 345 96.6
X 12 3.4 387 100.0

cumelative Cumulatlve
THO6  Fregquency Percent  Freguenoy Percent

A 23 6.4 23 6.4
B 118 3a3.1 141 38.5
c 120 33.6 261 73.1
#0 34 8.5 1488 82.6
E 62 17.4 357 100.0

Cumulative Cumnlative
THOT?  Freguency Percent  Frequency Fercent

A 5¢ 4.0 50 14.0
B 114 1.8 164 45.9
#a 69 i9.3 233 65.3
D 34 8.5 267 74.8
E 77 21.8 344 96.4
b 4 13 3.6 357 100.0

Cumulative cumulative
THOR  Fraguency Percent Freguency Farcent

A 51 14.3 Bl 14.3
B 134 a7.8 185 51.8
c 20 5.6 205 57.4
P 85 2:.8 250 Bi.2
#B 63 17.6 asa 98.9
X 4 1.1 357 100.0



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

PHASE 2~DELAYED : &chool ne.

Cumilative Cumulative
THOl  Frequency Peércent Freguendy Percent

A 100 84.0 300 84,0
c 2 0.¢ 302 g84.¢6
#D 30 8.4 332 93.0
- B 25 7.0 357 100,40

cunulative Cumulative
TWO2  Frequency Percent Frequency Percent

A 57 15.0 57 16.0
#B 224 62.7 28l - 18,7
¢ 10 2.8 igl 81.8
) 32 8.0 323 89.5
E 32 8.0 358 99.4
X 2 0.6 357 100.0

cunwilative cumulative
THWG3  Preguency Percent  Freguengy rarcent

A 25 7.0 25 7.0
B 15 4.2 40 11.2
e 130 36.4 170 47.6
D Bg 24,9 259 72.5
#B 1] 27.5 357 100.0

Cumulative Cumulative
TWod  Frequehoy Persent Freqguancy Percent

#a ar2 6.6 202 56.6
B 41 1.5 243 6B.1
s 54 15,1 297 83,2
b az 9.0 339 92.2
b 25 7.0 354 29.2
X 5 0.8 357 100,0

y F S 1



Chi-Bgquare test

McQ28 GROUY

Fraguancy
Parcent
Row Fet
Col ¥ot |DELAYED |Not DEL |

e -+
- T T T

] 294 1z2
55.38 24.65
70.67 29.33
82,35 88.41

+
[.
+

1 €3 18
12.73 3.23
79.75 20,25
17.65 11.59

+
+
¥

Total 357 1l3g
72.12 27.88 °

Total

416
54004

79
15.96

495
100,00

STATISTICS FOR TABLE OF MCQ28 BY GROUP

gtatlistia DF Value Prohb
Chi-8quars 1 2,719 0.099
. Likelihood Ratio chi-gquare 1 2,868 0.090
Continulty Adj, chl-sguare 1 2,286 0,131
Mantel-Heennzel Chi-Bguare 1 2,713 0.100
Fisher's Exact Test (Laft) 0.063
{Right} 0.966
(2-Tail) 0.103
Phi Coefficient ~0.074
contingenoy Coafficient 0.07
Cramer's V =0.074

Sample Bize = 485




chi~Square test

McQ27? GROUF
Frequency
Parcent
Row Pect
Col Pct |DELAYED {NOT DEL | Total
1) 288 112 460
58.18 22.63 80,81
72.00 28,00
B80.867 gl.ls
+ + +
1 69 28 95
13.594 5.256 19.19
72,63 27.37
19,33 18.84
motal 357 138 435
72.12 27.98 loo.oG
STATIETICS FOR TABLE OF MCQ27 BY GROUP
Statistic oF Value Prab
Chi-Square 1 0.015 0.902
Likelihood Ratio Chi-Sguare 1 0,015 0,902
Continuity Adj. chi-Square l 0.000 1.000
Hantel-Haenszel Chi-gqguare 1 0.018% 0.902
Fisherr’s Exact Teat (Left) 0.506
{Right) 0.595
. (2-Tall) 1.000
Phi. coeffioient ~0,006
Contingency Coefficient 0.006
Oramer's ¥V -0.008

Sample &lze = 495
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184 - BCHOOL NO.1 & SCHOOL NO.E& (NOT DEL)

dupulative Cutulative
THOE  Frequansy Percent  Freguency Porcent
A 7 B,3 7 8.3
B 23 27.4 30 15,7
+] 29 34.5 59 F0.2
#D 14 18.7 73 86,8
B 10 11.5 Ba 9g.8
X hA l.2 g4 100.0
Gumutlative Cumnlative
TWOT  Freguency Pereent Fregueancy Farcant
¥ 15 17.9 15 17.%
B 27 32.1 42 50.0
#o 17 20,2 5% T0.2
+} 1é 16.7 73 86.9
E 11 13.1 84 100.0
cumulative Cumalative
TROS  Freguency Parsant  Prequenhcy Peroant
A 17 20.2 17 20,2
B 25 29.8 42 50,0
¢] 6 7.1 48 57.1
] 32 8.1 1.} 98.2
#8 3 3.6 K] 58.8
b 4 1 1.2 84 100.0



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

cumulative Cumulative
WOl Preguency | Percent  Frequeucy Percent
A ) 71 84,5 71 84.5
B 1 1.2 72 85.7
e 1 1.2 73 $6.9
#D 4 4.9 77 9l.7
7 8.3 84 100.0
Cumulative cumulative
THOZ  Freguency Percen:  Fregueney Porcent
A 11 3.1 11 12,1
#B L1} 0.2 70 83.2
s 3 1.6 73 86.9
D 4 4.8 77 91,7
E k] .6 80 B5.2
X 4 4.8 B4 1060.0
Cumulative Cumulative
THWOd  Freguency Pergent  Freguency Parcent
A 2 2.4 2 2.4
B 2 2.4 4 4.8
p 17 20,2 8o 95,2
#1 4 4.8 a4 100,90
cumulative Cumulative
TWO4  Fregquency Perrant  Fraguenoy Pervent
n T a7 35 41.7
B 10 1.9 45 53.6
s 21 25.0 13 8.6
E B 10.7 84 100,40
cumulative cumulative
THWOE  Fregqueney Percenht  Froguency Percant
A 25 34.5 28 4.5
B 4 4.8 33 38.3
e 4 4,8 a7 44.0
D 14 16.% £ 60.7
#8 k] 38,1 8a 98.8
X 1 1.2 84 100.0



APPENDIX E2

COMPARISON OF STANDARD 875 RESULTS FOR PHASE 2 ON THE STANDARD @

REACTIVITY QUESTIONNATRE

[reaching undelayedfoldy N=54) with teaching undelaysd, (new; N=84)]

Student’s t~teat

variable: TOTTWO

TYFE N Mean std Dav gtd Exror
REW B4 2.000000G0 1.20246%27 0.13119338
oLD B4 2.01881852 1.10727851 ¢.15068)52
Variances T bF rrob>|7|
Unegusl  ~0.0927  119.8  0,8263
Bgwal -0,0910 136.0 0.5276
For H0: Varisnces are equal, F' = 1.18 DF = (83,53} Proberyr o

0.5236
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154 SCHOOL No,5 (NOT DEL)

Cumulative Cumulative
TWO4 Frequengy Percent  Freguency Pergent
# 15 3.2 19 35.2
B a 14.8 27 0.0
¢ 17 3l.s 44 Bl1.5
p 7 13.0 51 94,4
B 1 1.9 B2 84.3
X 2 3.7 54 100.0
Cumylative Cumulative
TWOS  Freguency Persent Fregquenoy Percant
A 18 33.3 18 33,3
B 4 Toé 2a 40.7
c 3 5.6 25 46,3
B 19 18.5 35 64.8
#e 19 35.2 54 100.0
Cumulativa Cumulative
THOE  Frequency  Persent  Freguency Fardent
- 4 7.4 4 7.4
B 10 18.5 14 25.9
a 25 46.3 as T2.2
#D 5 9.3 44 81,5
B 140 18.5 54 100.0
- _ Cumulative OCumulative
THO?  Frequenoy Parcent  Fregquency Parqcent
A 6 1.1 & 11,1
B 21 38.9 27 80.0
#e 9 16,7 36 e6.7
D 8 14.8 44 R1.5
B 10 18.5 54 100.0
o cumulative cumilative
T™HWO8  Fysguency TPercent Freguency Perqant
3 21 48 8 21 3g.s
B 7 13.0 28 81,9
c 3 5.6 ay 87.4
b 10 18,5 41 15.9
#8 13 24.1 54 100.0



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

cumulative Cumulative
™OY  Fregquancy  Fercent  Freguenoy Peycent
A 44 18,9 Y 18.9
B 75 32.2 119 51.1
#o 57 24.5 176 75.5
D 21 9.0 197 84.5
B as 15.5 233 100.0
: Cumulative cumulative
TWO8  Freguency Percent  Freguency Parcent
a 40 17.2 40 17.2
B 77 33.0 117 50,2
c 13 5.8 130 R&.8
D 51 2.9 181 7.7
#H 49 21.90 230 B8.7
X 3 1.3 233 100.0
154 BCHOOL NO.5 (NOT DEL)
cumulative tumulative
THOL Freguency Fercent Freguency Parcant
A 40 7441 0  74.1
Q 1 1.9 41 75.9
#D ] 1.1 47 B87.0
E 7 13.0 54 100.6
. cumulative Cunulative
THO2Z  Freguency Percent  Freguency Fercent
A 7 13.0 7. 13,0
#5 iz 9.3 Kk} 72.2
¢ k| 5.8 42 77.8
D 4 7.4 a6 B5,2
E B 14.8 54 160.0
Cumulative cumulative
TWO3  Freguenoy Percent Frequenoy Paraent
A 2 3.7 2 3.7
B 4 7.4 g 11.1
c 33 61.1 as 72.2
b 8 16,7 48 B&.9
#8 6 11.2 54 100,90



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

Cumulative Cumulative
TWOL  Freguency Percent Freguenocy Parcent
A 186 79.8 186 79.8
¢ 1 0.4 187 80.3
#o 26 11.2 213 51.4
E 20 8.6 233 100.0
Cumulative cumulative
TWO2Z Frequency Percent  Frequency Parcent
. a4 14.6 34 14.8
#8 162 69.5 196 Bd.l
g 6 6 202 B86.7
p 14 6.0 216 82.%7
B 17 7.3 233 100.0
cumulatlive cCumilative
THO3  Freguency JPercent  Fraguenoy Pereent
. to 4.3 10 4.3
B 10 4.3 20 8.6
c 83 35,6 103 44.2
D &5 23.6 158 67.8
#E 75 3z2.2 233 100.0
Cumulatlve Cuomalative
tWod4  Frequency Percent  Fraguenoy Fercent
#A 148 63.5 148 63.5
B 18 6.9 154 0.4
e 1} 16.3 202 867
D 23 2.0 223 95,7
E ] 2.4 23 85,1
X 2 0.5 £33 100.0
cumulative Cumulative
TWO5S  Freguaency Percent  Fregquency Paraant
A 80 34.3 T 34,3
B 17 7.3 a7 41.6
e 19 B.2 116 49,4
D 48 20.6 1E4 704
#E 69 20.6 233 140.0
cumulative Camui. .lve
TWOE  Frequenay Poroent Irequency Percent
A 15 6,4 15 6,4
B 08 7.8 lga 4.2
<] 61 26.2 164 70.4
#D 25 10.7 189 81.1
E a4 18.9 233 100,0



MCQ28 GROUE

Fre fuency
Paryent
Row Pet
Col Pot

e,
T

chi-Bguare teat

DELAYED |NOT DEL | 'fotal

+

o

Y:1]

64.11
e1.78
78 97

49

17.07
79.03
21,03

233

gl.la

41 225
14,20 78.40
18.22
75,93
13 §2
4.53 2%.560
20,97
24.07

54 a7

18.62 100,00

STATIRTICS FuR TABLE OF MCQ2B BY GROUP

Btatistic bF Value Prob
chi-Sgquare i 0.240 0,624
Likellhood Ratio ChiwSguare 1 0,235 0.528
Continulty Adj. chi-Bguaras 1 0,094 0.759
Mantel-Huenszel Chl~Bquare 1 0.239 0,628
- Pisghert's Exact Tast (Left) 0.753
{Right) 0,372
. {2-Tall) 0714
Phi coeffliclent 0,029
Continganey Goefficient 0,029
Cramer's V 0.029

Sample Size = 287



chi-Sguare tasgt

Mep27? GROUP
Frequenay
Percerit
Row Pot
Col Pct |DELAYED |NOT DEL |
0 176 | 45
61,32 15,68
79,64 20.36
75.54 B3.33
| 57 9
19.88 3.14
85,36 13.64
24.46 15.67
Total 233 54
8l.18 18.82

Total

221
77.00

66
23,00

287
100.00

STATISTLICS FOR TABLE OF MCQ27 BY GROUP

statigtic ow Value Prob
chi-Squaxe 1 1.508 0,220
Likelihoed Ratle Chl-~Square 1 1.894 0.207
gontinuity Adj. chi-gquare b 1,087 0,258
Mantel-tHaenszal Chi-Sguare 1 1.500 0.221
Fisher's Hxact Test (Left) 0.147
{Right} 0.924
{2=Tall) 0.282
Phi Coefflaient =, 072 '
contingency Coeffiecient J.072
Cramer's V -0.072

Sample Bleze = 287



Ghi-Square tast

Me26 GROUP
Frequency
Parcent
Row Pat .
Col Pet |DEDAYED |NOT DEL | Total
o 208 4y 257
72 .47 17.07 89,55
80.93 19,07
89,27 | 90.74
1 25 B a0
8.71 1,74 10.45
83.33 16.67
10.73 9,26
Potal 233 54 287
81.18 18,82  100.00

BTATISTICS FUR TABLE OF MCO26 BY GROUP

Btatistio D¥ Value brob

Chi-Square 1 0.101 0.750

Likelihood Ratio Chi-Sguare 1 0.104 0.747

Continulty adj. chi-sguare 1 6,005 0,943

Mantel-Haenszal chi-square 1 0,101 0.752

Fisher’s Eract Test (Left) 0.488
(Right) 0.704
{2~Tail) 1.000

Phi Coefficient ~0,019

contingsney Confficlent D.01%

cramer’s V -0.018%

Sample Size = 287




chi-gquare testk
MCQ25 GROUP

Frequenay
Paroant
Row Pet
¢ol Pet |DRLAYED |Wo® DEL | 'Total

Q 164 35 193
57.14 12,20 69.34
B2.41 17.58
70.39 64.81

1 69 19 86
24.04 6.62 30.68
8,41 21.%8
29.61 38.1%
Total 233 B4 287

gl.ls 18.82 100,00

ETATIETICS FOR TABLE OF MCQ25E BY GROUP

Btatistlie DF value Brob
- Ehi-Sguare 1 0.640 0.424
Likelihoocd Ratle cChi-figuare 1 0.628 t.428
Continuity Adj. chi-square 1 0.405 0,528
Mantes-Haensgal Chi~S8guare 1 0.638 0.424
Flsher’s Exact Test (Left) 0.833
(Right) 0.260
(2-1ail} b.418
Phi Coefficient 0.047
Gontingency Coefficlent 0.047%

Cramex'a V 0.047

Bample Size = 287




SCHOOL~8chool no.8

Varishle: TOTAL

PHASE N hean gtd Dav std Brror
1 M 2.77027027 1.21121808 0.1408012¢
2 54 2.018514852 1.10727851 0.i5068182
Variances T DF Prob> 7|
Uniequal 3.6452 118.7 06,0004
Equ&l 3s5942 1286.0 0.0005
Torx HO: Variances are egual, F' = 1,20 . DF = {73,83) Exohsit =

0.4946
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AFPRHDIY 12

COMPARYSON OF SCHOOLA RESULTS THAT 'YOOK PART IN PHASE 1 & 2 ON 2HR
HTANLs ) B REACTIVINY QUEBTIONNAIRE

Btudant’s t-tapt

SCHOOL~S¢hool no.2

Varlables TOTAL

PHASE N Mean 8+d Doy 5td Erpor

1 115 1.,80869565 1.18382487 0.11040156
2 67 2.80597015 1.29521700 4.17045289
Vvariances by b¥ Prob> |1

tnequal  ~4.5107  120.7 5.,0001

Baual -5,1275 lgo.o g.0000

For HO: Varlances are agual, F' = 1,28 DF = (66,114) Prol»F/
80,1347

BCHODLREchool ho.d

variable: TQTAL

FHAEE ] Mean gtd Dav gtd Brror
1 41 1.52003332 0.38904045 0,142763447
2 166 2.548)%2377 1.233858546 0.09575023
varlansas T LF Probs T

Unagual =5,8766 93.4 0.0001

Equal -5.2956 212.0 0,0000

For HO: VYarianeen aye equal, F' = 1,56 DEF = (168,47) ProbsFf =
6.0780
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L

BCHOOL
Comparlson
ECHOOL NO.J - SCHOOL No.2
SCHOOL NO.3 - SCHOOL NO.4
SOROGL NO.3 ~ SCHOOL HO.L
SCHOOL NO.3 ~ SCHOOL KO.5
BOHOOL NO.3 « BCHODL NO.6
BOHOOL NO.3 = SCHOOL NG.7
SCHOOL NO.7 - SCHOOL HO.2
SGHooL NO,7 =~ SCHODL NO.4
BOHOOL HO.7 = SCHOOL HO. !
SCHOOL NQ.7 =~ BCHOOL NO,&
BOHLOK NO.7 - SCHOOL WD.6
SCHOOL NO.7 = SCHOOL WO.3

Loway
tonfidence
Limit

~1.3868
-1.0630
=0.8614
=0 36359
«0.4647
«0.5458

~1.7196
=1.187¢
-0 .5482
~0.7661
-0.6714

bifferencs
Betwaen
Keans

«1.0230
“0.7652
~0.4170

w0, 2355

~0.0362
0.0608

~1.0837
~0.B260
=-0.4778
-0,2963
~0.0860
=~0.0508

Uppar
Confldence
Limit

~0.5491
—0-4674
0.0275
0.1649
0.3944
0.6713

«0.4479
~0.12316
0.20290
0.3588
0.5742
0.54498

" kW
LI L]

L3 3]
ek



General Linear Models Procedure
't tests (LED) for variable: TOTWO

NOTE: This test controls the type I comparisotwlee error rate not
the experimentwise errecr rate.

Alphas 0,08 confidenge= 0,95 df= 488 MSE=r 1.485942
Gritical Value of T 1.96484

compariseng plgnificant at the 0.05 level are indicated by ‘wwk’,

Lower Difference Uppex
scHOGH Confidence Between Confildence
cemparison Limit Means Limdt
SOHOOL NO.2 - SCHOOL NHO.4 =0,Q0889 0.2578 0.6044
S0HOOL: NO.2 -~ SCHOOL RO.1 0.1274 " 0.6060 1.0845
SCHOOL MNO,.2 - SCHOOL NO.5 0.3404 0.70878 L.2258%
BQHOOL NO.2 - ECHOQL NO.& 0.5230 b.9478 1.452%
BCHOOL NGC.2 = SCHOOL RO.3 0.8491 1.0230 1.3968
BCHOOY NO.2 - SCHOOL NOG.? 0.4479 1.083% 1.71896
SGHOOL NQ.4 - SCHDOL NO.2 =0 .60644 ~0,2578 0.0p8EB
SCHOOL NO.4 - SCHOGOL RO.1 -0,0737 0.3482 0.7701
 8CHOOL NO.4 ~ SCHOOL NO.5 0.158458 0.5257 0.9048
SCHOOL, No.4 ~ BCHOOL NO.§ 0.3239 0.7300 1,1361
SCHOOL HO,4 ~ BCHOOL NO.3 0.4674 0.7682 1.0630
SCHOOL NO.4 - SCHOOL NO.Y 60,2316 0.,8260 1.4203
SCHOOL NO.) ~ SCHOOL NO.2 =1.0845 -0 ,6060 ~0,1274
8CHOOL; NQ.1 ~ SCHOONL HO.4 =0.7701 ~{,3482 0.0737
SUHODYL NO.1 - SCHOUDL NO,.5 ~0,3182 0.1815 p.6811
SCHOQL NO.1 ~ SCHOOL NO.6 =0.1414 0,3818 0.9081
SCHOOL NO.l -~ HCHOOL NO.7 ~0.2020 0.4778 1.1876
SCHOOL WO.5 - BCHOOL NO.2 ~1.2258 -0,7875 -0,3494
ECHOOL HO.5 ~ SCHOOL NO.4 =~0.90489 -0,5257 -0,1545%
HCHOOT, NO.5 = SCHODL He.1 wl, 6811 wl, 1815 0.3182
8CHOOY NO.5 - SCHOOL NO.6 ~0,2861 0.2003 0.E6HER
BCHOOL NO.5 - BECHOQL MO.2 =-0.1649 0.2358 0.6359
SCHOOL NO.5 - SCHOOL HO.7 ~0,3556 0.2963 6.9482
SGHOOL NO.6 ~ BCHOOL NO.2 «1.4525 -0,9878 wl 5230
SCHOON No.6 - SCHOOL Ho.4 =1,1361 -0.7300 -0,3230
SCHOON NO.6 «~ SCHOOL NO.1 -0.905% =0,3818 4.1424
BOHOONL NO.6 » SCHOOL NO.S ~0,6860 =0.2003 0.2861
SCHODL WO.6 - SCHOOL NO.A -0,3944 4.0358 0.4647
BCHODL NO.6 ~ SCHOOL NO.7 ~0,5742 4,060 0.788)

hen
dkR
ek
hhw
T

e
"
ek
e

*hw

*hk
LA

ek
itk



PEASﬁ 2: COMPARLSON OF DIFFERENT SCHOOLE RESULTS FOR STANDARD 8
) REACTIVITY QUESTIONNATRE (WEACHING DELAYED AND UNDELAYED)

Goneral Lilnear Models Procadure
Class Level Informatlon

Clage Levals Values
SCHOOL ~ 7 SCHOOL N¢,5 BCHOOL NO,3 SCHOOL NO.7 SCHOOL Ha.d
SCHOOL XNO0.2 SCHOOL NO.1l SCHOOL MHO.6

Number_of obeervations in data sat = 495

1 Goneral Linear Models Prosedurs

Dependent Yariable: TOTTWO

Bum of Haan
Bource DF sguares Sguare F Value x> ¥
" Model 6 74.7311552  12.4551927 8.38 ¢,000%
Briow 489 725.1398509 1,4859417
Coxvected 494  799.8707073
Total
R-Bqitare c.v. Root MSE TOTTWO Maan
0.093429 54.,45857  1.21899 2,23838
Source by Typa I 86 Mean Sguara F Value Pr> F
BCHOOL 6 74.7311562 12.4553927 8,38 ¢.,0001
© amuree DF  Type 31 68 Mean Sguare ¥ Value Pr > F

SCHOOL é 74,7311562 12.4551927 g.30 0,0001



Gerneral Linear Models Procedure
1 testa (LSD) for varkable: TOTIWO

WorE: this test controls the type I comparisonwiss error rate not
the experimentwlse srror rate.

Blphe= 0.08 dConfidenge= 0,95 dfo 353 MBE= 1.538846
Oritical Value of = 1,96687]

Comparlsono plgnificant at the 0.05 level are indicated hy f¥¥w!,

. Loway pifference Upper
BCHOOL conf ldende Batween  Confidenae
Comparieon Limit Meane Limit
HCHOGOL, NO.2 « HCHOOL HO.4 =0,0953 6.257d 0.6108
SCHOOL WO.2 « SCHOOL KO.3 0.6422 l.0230 1.,4037 Lidd
HOHOOL NO.2 - SCHOOL ¥0.7 0.4360 1.0837 L.7314 LA A
SCHODL NO.4 - BOHOOL NO.2 «0.8108 -0,2578 0.0953
SCHOOL NO.4 ~ SCHOOL ¥b.3 0.4618 0.7652 L.0685 LA
SCHOOL NO.4 ~ SCHODL HO.7 0.2206 0.8260 1.4314 LA A
ScHOOL NO.3 -~ SCHOOL RO.2 wl 4037 -, 0230 -.6422 LA
SCROOL: NO.3 - soHooL RD.4 ~-1.0885 w0,7652 =0.4618  k#h
BCHOQOL NO.3 - BCHOOL NG.7 ~0,5812 0.0608 0.60828
SOHOOL NO.7 - HCHOOL NoO.2 =1.7314 ~1,0837 -0.4360 dk%
SCHOOL KO.7 =~ SUHOOL RO.4 wl,4314 =0,B8280 =0,22086 *uk
0.3 ~0,6828 «{(,0608 C.B612

SCHOOYL NO.7 ~ SCHODL N



APPENDIX R2

PHASE 2: COMPARISON OF ALY, SCHOOLE RESULTS THAT DELAYED TEACHING
QN THE STANDARD B REACTIVIPTY QUESTIONNATIRE

General Linear Models Procadure
clase Level Information
Clags - Levels Values

SCHOOL 4 HCHOOL NO.3 SOHOOL NO,7 SCHOOL §O.4 SCHOOL NO.2
Humbey of observations in data set = 357

General Linear Models Procedure

Dependent Variable: TOTTWO

sum of Mean

Source DF Squares Baquars ¥ Value Pr > F
Madel 3 61.4428473 20.48092491 13.3) g.0001
Exror 353 543.2126148  1,5388459
Corrented 356 604 .6554622

Potal

R-Square c.v. Root MSE POTTHO Mean

0.101618 53.29234 1.240590 2.327713
Source 03 Typa I 88 Mean Square F Value Pr > F
ar jooL 3 6l.4428473 26.48094891 13.31 g.0001
Sourge DF  Typbe IXI 88 Mesn Sguare F Value Pr>T

ScHoOL k| 8l.4428473 20.4809491 15,31 0.000)
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APPENDIR 2

COMPARTSON OF STANDARD #'S RESULTS FOR PRASE 2 Ok THE STANDARD &

REACHIVITY QUESTIONNAIRE

f!baching undeflayed (newy N=84) with tesching delayed, (hew: N=i2d))

TTEST PROCEDURE

Variable: TOTTWO

gtudent’s t-test

GROUP ! Maan gtd pev gtd Error
DELAYED 124 %,77419355 1.15356436 0.10359314
NOT PEL B4 2,00000000 1.20240722 0.12118338

Variances by bF Brab>|7|

Unagual -1.,35808 173.3 0.1785

Bgusal “1,36.7 206.0 0.1748

For HO: Varjances ave egual, Ff = 1.09 DF = {83,123) ProhsF/

e G.6702
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APPENDIX ¥2

COMPARISON OF STANDARD 8°5 RESULTS FOR PHASK 2 ON THE STANDARD B

REACTIVITY QUESTIONNAIRE

[Peaching delayed (old; N=233) with Leaching delayed, (new; N=l24})

Stndent'e t-toat

TTEST PROCEDURE

variable: TOTIWC

T¥PE W Mean gtd Dev Btd Erxror
NEW 124 1.77419355 1.15356436 0.10355314
OLD 233 2.62231780 1.284462377 0.0841479%
variances T - DF Probs |1}

Unegual -8, 3547 275.3 0.0001

Egual ~6,1497 355.0 0.0000

For HO: Varlances are aqual, ¥’ = 1,24 DF = (232,123) Erob>p

= 06,1830



chi-gguare test

8CHOOL=8chopl no.d

TAMLE (OF PHASE BY Q4

PHASE Q4
Freqguenay
Parcant
Rew Pot :
Qol Pct ol 1] 'Total
1 30 18 18
14.02 g.41 22,43

62.50 37.50
28.30 156.587 °

2 76 90 166
35,51 | 42.06 | 77.57
45.78 | 54.22
71.70 | 83,33

Total 108 108 214
49,53 50.47 100.00

BYATESTICE FOR TABLE OF PHASE BY Q4

statiatio by Value Prob
chi~8quare : i 4.162 0.041
Tikelihood Ratio chi-Square 1 4,195 0.041
Continuity Adj. chi-Bquare i 3,521 0.061
Mantel-Haengzal Chi-Sguare 1 4.143 0.042
Fisher’s Bxact Test (Lefit) 0,987
: {Right} 0.030
(2-Tail) 0.049

Fhi Coefficient 0.138

contingency Coafflolent 0.13@

Cramek's ¥ 0,139

Effective Zample Size = 214




ScHoOL=8chool no.4

TABLE OF PHASE BY Q3

Chl-geguare test

PHRAEE Q3
Frequenay
Porcent
Reow Pet
¢ol pot o] i total
Y 45 | 3 48
83,75 6.25
28.66 5,28
2] 112 | 54 166
52,34 25,23 77,57
67.47 32,583
71.34 9%.74
Total 157 87 214
13.36 26,64 100.00

STATISTICE FOR TABLE OF PHRAEE BY Q3

stavlotic DE Value Brob
chi«sSquaxe 1 13,160 0.000
tikelihvod Ratio Chi~Square 1 16,199 0.000
centinulty Adj. chi-square 1 11.84% G.00%
Mantel-Haenszel Chi-Sguars 1 13,006 0,000
Floher's Bxact Test (Left) 1.p00
. (Right} 8.6LE-05
. (2-1adil)} 1,50E-~04
Fhi cosfficient 0.248
contingeney Coafflulent 0.241
Cramer’s V 0.248

Bffsative Sample Size & 214



SCHOOLEScheal no.é

TABLE OF PEASE BY Q2

Chi-Sguare test

PHASE Q2
Fraguency
FPercent
Row Pet
Qol Pot 0f 1{ Total
1 ] 22 26 | 48
10.28 12,15 22,413
45,83 54,17
28,41 19,12
2 56 110 lad
26.17 51,40 77.57
33.73 66.27
11,18 80.84
: Wt ra e +
Patal 78 138 214

36,45

63.56 100.00

STATISTICS YOR TABLE OF DHASE HY Q2

Effeotive Bample 8iza = 214

gtatistiec bF Value Prob
Chi~Sguata bl 2,353 0.125
Likelihoved Ratle chi-Sguare 1 2,308 0.128
. centinwnity Adj. chi-sSguare 2 1.8%9 0,173
Mantel-Hasnazel Chi~Square i 2.342 0.126
Figher's Exaat Test (left) 0,985
(Right) 0.087
(2=Tall) 0,130
Phi Coaffioient 0.105
Continganey Coofficient 0.104
Cramax‘n V 0,105



SCHOOL=School no. 4

YHBLE OF PHASE BY Q1

Chi-Square test

PHASE Q3
Froquenay
Pereant
Row Pot
ol Pot of 1l
1 44 4
20,56 1,87
91,67 9.33
23.04 | 17.38
2| 147 19
48,65 8,98
88.55 { 11.45
76.96 | 82.61
b Ly 4
Potal 191 23
89.28% 10.78

Total

48
22.43

166
77.57

214
100,00

BTATISTICS FOR TABLE OF BHASE EY QI

‘gtatlotieo by Value Prob

Chi~gguare 1 0.376 0.540

Dikelihood Ratie Chi-fiquare 1 0.396 0528

Continuity Adj, chi~Sguare 1 0,122 0.727

Mantel-Haenazel Chi-Square 1 0.374 0541

Floher'o Exact Teat (Left) 0.807
{Right) 0,377
{&~Talil} 0,791

Phi Coefificlent 0.042

Contingancy Coeefficlent 0.042

Qramexto V 0,042

Effuctive Bomple Siza = 214



sgHOOL=8chostl no.2

PABLE OF PHASE BY QB

Chi«Sguare test

PHASE Qe
Fraeguency
rarceent
Row Pot
Col Pet ' o| 1| feotal
. b, , e
1 108 10 115
57,69 5.49 E1.18
81.30 8.70
65.63 45.45
2 551 12 67
30.2% 6.59 36.81
B2.08 17.91
34.38 54,55
Total 160 22 1g2
87.91 12.0% 100.00
STATISTICS FOR TABLE OF PHASE RBY (8
gtatintic )3 Value Prob
Chi-8quare 1 3,583 0.066
Likelihood Ratio chi-Sguare 1 3.262 0.071
Contlnulty Bdj, chi-sguare 1 2.571 b.10%
Mantel-liaengzel Chi-Bquare 1 3.364 0.087
Flgher'n Exact Test (Loft) 0,280
{Right) 0.056
{2~Talil) 0.057
Phi tmeffiolent 6.135
Contingenoy Coafflolant 0,135
cramerts ¥ 0,136

Bffeootive Sample Blze o

182



Chi-Square test

ScHooL=8chosl no.2

TABLE oF PHASE BY QY

PHASE a7

Fraquenay

Eorcent

Row Pot

cel Pot | 0| 1{ Tetal
| 1 94 21 118

51.65 11.54 67,19
g1.74 18.26
63.51 61.76

29,67 7.14 34,81
80.60 15.40
38.49 a8.24

Potal 148 34 1e2
81.32  18.68 100,00

STATISTIOE FOR TABLE OF PHASE BY Q7

- 8tatistle pr Vvaiue Proh

Chi-gguare i 0.036 0.848

Likelihood Ratle Chi~Sguare 1 6.036 0.849

Continnity Adj, chi-sgquare 1 0.000 1.000

Mantal-Haenszel chi-Square 1 #,036 0.849

Floher’s Exact Test (Left) 0.654
- {Right) 0,498
_ {2~Tall) 0,846

Phi. Coefficient 0.014

Contingenoy Coefflcient 0.014

Cruver‘s V

Effective Soample 5ize = 182

Ciwg . n

0.012




BCHO0L=Schosl no,2

PABLE OF PHASE BY Q6

chi~Syuars test

PHASE 6
Fregquency
Pargant
Row Pot
tol Pot 0| 1
1 92 23 |
50.55 12.64
80,00 20,00
0,93 74,18
2 59 8
32.42 4,40
H8.06 11.94
39.0% 25,81
Total 181 a
82,97 17.03

Total

118
§3.19

67
36.81

182
100,90

STATISTICS FOR TABLE COF PHASE BY Q6

Statlstic bF Value - Frab
Chi-Byuare 1 1,846 0.283
Likallhood Ratio Chi-8quare 1 2,032 0.154
Continuity Adj. chi-Squars ) 1.417 0.234
Mantel-Haenszel Chi-8guare 5 1.938 0.164
Flgher'o Exact Test (Left) 0.116
(Right) 0.948
{2-Tail) 0.220
Phi Coefficlent ~0.103
Contingency Coeffleient b.10a
""0 [ 103

Cramer's V

Effective Sample Size = 182



SCHOOL=School no.2

TABLE OF PHASE BY Q5

Chi«Bquare test

PHASE Q5
Freguency
Peraent
Row EBot
col Pot 0| 1}
i 1o7 8
5&8.79 4.40
93.04 6.96
68,15 az.go
+ +u s
2 50 17
27.47 9.34
74.63 25.37
31,85 68.00
Total 157 25
BG6.26 13.74

Total

il5
63,18

&7
36.81

182
100.00

STATISTICS FOR TABLE OF PHASE BY Q5

statlstie DF Value Prob
ChiuByuare . 1 12,118 0.000
Likeliheod Raetle chi-Sguare 1 11.674 0.001
Continuity ady. chi-sguare 1 10.612 0.001
Mantel-Haenszel chi-square . 1 12.05) 6.001
Flsher/s Exagt Test (Left) 1.008
{Right) 6.82E-04
: {2-"rail) 7.50E-Q4
bhi Coefficlent : 0.258
contingencay Coafficient - 0.350
Cramertes ¥ 0.258

Bfffective Sample size = 182




SCHOOL=8chool no.2

T'ABLE OF PHASE BY Q4

¢hi-gquara test

Effective Sample Size = 182

PHASE o1
Frequency
Fercent
Row Pot
Col Pot | | mTotal
1 68 47 115
37.36 25,82 63.19
59.13 40.87
88,31 44,76
.2 -] 53 67
4.95 31.87 -36.81
13.43 86,57
1l.69 55.24
Total 77 108 182
42,31 57.69 100,00
STATISTICS FOR TABLE OF PHASE BY Q4
Btatlestic DF Value Prob
Chi~-Square 1 36.220 0.000
Likellhood Ratlo chi-Square 1 39.546 0.000
continuity Adj. chi-Sguare 1 34,372 0.000
Mantael-Haenazel chi-Sguare 1 36.021 0.000
Ficher's Exact Test [Left) 1.000
_ {Right) 5, 15E=10
{2~Tail} 6,298=10
Phi coefficilent 0.446
Contingenay Coeffialent 0,407
Cramer’s ¥ G.446




Chi-8gquare test

S8CHOOL=8chool no,2

TABLE OF PHASE BY Q3

PHASE Q3
Frequency
Percent
Row Pot
col Pot ] 1]
1 a7 iR
53,30 5,88

84.35 15.65
67.83 46.15

2 46 Z1
25.27 11.54
68,86 31,34
32.17 53.85

+

rotal 142 19
78.57  21.43

Total

1156
63,19

67
36.81

182
100.09

STATISTICS FOR TABLE OF PHASE BY Q3

Statistic DF Valua .Prob
chi-square 1 ¢ 1921 2,013
Likelihowd Ratio chl-Sguare i §.016 0.0:4
cotitinuity Adj. chi-Sguare 1 5.204 0.021
Mantel~Haenazel Chi-Equare 1 6.157 0,013
Fisherts Exact Test (Left) G.996
{Right) 0.011
- {2wail} 0.015
Phi Coefficlent 4,184
Contingency Coefficient 0.181
Crame>'s V 0.184

Effective Sample Slze = 182



SCHOOL=School no.2

TABLE OF PRASE BY Q2

chi~-Square test

PHAYSE 2
Frequancy
Percent
Row Pot
Cal Pot o0l 1]
1 18 &7
26.37 36.81
4l.74 58.26
76.19 56.30
2 15 52
8.24 28.57
22.39 77.61
23.81 43.70
' o+ + L
Total 63 118
34.62 65.38

Total

115
43,19

67
36.81

ig2
100.00

STATISTICS FOR TABLE QF PHASE BY Q2

gtatistic DF Value Prob

chi-~sSquare 1 7.004 ¢.008

Likelihood Ratio chi-Sguarxe 1 7.264 0.007

Continulty Adj. chi-square 1 6.178 0.013

Hantal-Haenszel chil-Hguare 1 6,966 o.008

¥lsher's Exact Test (Left} ¢,998
(Rlght) 5.87E~03
(2-Tail) 9.67E~03

Phi Coefficient 0.196

Contingency Coefflaient ¢ "3

Cramer's V Q.00

Effactive Sample 5ize

= 1B2



FREQUENCY TABLES FOR BSCHOULS OF PHASE 1 & 2 OF THE ON THE SID. 6
REACTIVITY QUESTIONNATRE.

chi-sguare test

BOHOOL=Schnel no.2

TAHLE OF PHASE BY pl

PHAEE ol
Fraquency
Percent
Row Pot -
Col rot 0| 1]
3 103 14
B5.49 7.69

87.83 1z2.17
62.73 66.67

p 60 7
32,97 3,85
89.55 10,48
37.27 33,33

+
I.
+

Total . 161 21
8g.46 11,54

Total

1i5 .

63.19

&7
36.81

182
100.00

STATISTICS FOR TABLE OF PHASE BY Q1

Btatistic b value Prob
Chl-sguare 1 0,124 0,725
Llkelihood Ratio Chi~Square 1 0,125 0.724
Continulty Adj. chi-Square i 0.012 0.512
Mantel-Haenszel Chi-Square 1 ¢.1232 6.728
Fisher's Exdot Test [Left) 0.463
(Right) 0.71%
{2-Pail} 0,813
Phi Coefficlent ~0.028
Contingency Qoafflciant D.026
Cramer's V ~0,026

Bffective Sample Size = 182

._.‘._. ty N |



SCHOOL=8chaol no.5

TABLE OF PHASE BY Q8

chi-Square tast

PHASE Qs
Frequency
Parcant
Row Pot
Col Pot 0] 1| ‘fetal
1 38| 35 74
' 30.47 27.34 57.81
52,70 47 .30
48,75 | 72,92
2 41 13 54
az.03a 10,16 42.19
75,93 24.0%
51.25 | 27.08
Total 80 8 128
62,50 37.50 100.00
BTATISTICS FOR WABLE OF PHASE BY Q8
gtatistic b Valua Prob
Chi-Bqguare 1 7.184 0.007
Likelihood Ratio Chi-8Sguare 1 7.382 0.00%
continuity Rdj. chi-Zquave 1 6.227 0.013
Mantel-Haenszel Chi-sSgquare b 7.128 0.008
Fisher's Exact Test (Left) 5.85E«03
{Right) 0.998
(2-Tall) 9.548-03
Phi Coeffivient =0,237
Contingency Coefficlent 0.231
Cramexr'e V -0,237

Bffootive Sample Bize = 128

- .




SCHOOLmSchool no.5

TABLEZ OF PHASE BY Q7

Chi-gquare test

PHASE Q7
Fragusnay
Pesoent
Row Pot
Col Fat 0| 1| Total
1 Bl 23 14
39.84 | 17.87 [ 57.81
66.92 { 31.08
§3.13 { 71.88
2 45 5 54
35,16 7.03 | 42,19
83.33 | 16.67
46,88 | 28.13
rotal 96 12 128
75,00 25,00 100,00

STATISTICS FOR TABLE OF PHAME BY Q7

Effective Sample Sipe = 128

Statlstic DF Yalue Exob
ChiwSquare 1 3.459 0.063
Likelihood Ratlo Chi-Sguate 1 3.578 0.085
Continuity Adj. Chi-square i 2,733 0.088
Mantel-Haensgel Chiwsquars 1 3,432 0,064
Flsoher’s Exact Teat (Left) 0.048
{Right) 0.982
{2-Tail) 0,067
~ Fhi Qoefficlent ~0,164
eantingancy Coeffiolent 0.162
oramer's ¥ 0,164



BCHODL=Eahool no.5

TABLE OF PHASE BY 06

chi-8quare test

PHASE Qe
Fraguency
Faroent
Row Yet
Col ¥ot | 1]
' 2 49 25
38,28 19.53
66.22 33.78
50.00 83,33
2 49 | . 8
38.28 3.91
on.74 8,26
5G.00 16.67
Total o8 30
76.56 23.44

Total

74
E7.8}

54
42.19

128
100,00

STATISTICE FOR TABLE OF PHASE BY Q6

statlstic PR Value ~ Brob

Chi~ggquare 1 10.464 0,001

Likelihood Ratio chi-Sguare 1 11,417 0.001

Continuity Adj. chi-Square 1 8142 0.002

Hantel-Haenszel Chi-Sguare 1 10.382 0.001

Fioher's Exact Teot (Left) B.75E-04
{Right) 1,000
(2=Tall} 1. 34E-03

Phi Cocfiicient ~0.288

Contingency coefficient 0.27%

Cramerta V 0,286

Effective Sample Sive = 128




Chi-square test

soHoOL~Eshool no.b5

TANLE OF PHASE BY 05

PHASH 08

Froguenoy

Peroant

Row Poi

Col Pot | 1] fTosal
o 63 11 74

49,22 8.59 57.81
85,14 14.86
64.29 36.67

2 a5 19 | 54
27.84 | 14.84 | 42.19
64,81 | 35.19
35.71 | 63.33

Potal 98 30 128

76.56  23.44 100,00

STATISTICS FOR TABLE OF PHASE BY QF

Btatlatie Dy Value Prob

chi~ggquare ' 1 7.184 G.007

Likelihood Ratioc wid-Sgquare 1 7.134 8.008

continuity Rdd. chi-8quare 1 6.056 0.034

Kantel-Haenszel Chiusguare 1 7.128 0,008

Plyherts Exact Test (Laft) Q.4%98
{Right) 5.94E~03
{2~Tail} 0.01%

Phi Qoeffleient 0.237

Contingenay Comfficlent 0.231

Cramer's V 0.237

Bffective Sample Size = 128

I et e rp———— = i g



SCHoonﬂﬁchaol

TABLE OF PHASE BY Q4

no.s

thi-Square test

PHASE o4
Frequency
Parcent
Row Pot
o). Fot 1| ‘rotal
Al 28] 46| 74
21.88 a5.94 57.81
37.84 62.16
44.44 70,77
2 Cas | 18 54
2734 14.84 42.19
64.8) 35.19
55,56 25,23
Total 63 65 128
49.22 50.78 100.00

STATISTICS FOR TABLE OF PHASE BY g4

8tatistie b Valua ¥Frob
Chi~Squire 1 9,080 0,003
Likelihood Ratlo Chi-fguare 1 B.204 0.002
Continuity Adj. chi-Square 1 8,042 0.008
Mantel-Haenszel Chl-Bquare 1 9.019 0.003
Fisherfe Exact Test (Left) 2,188-03
(Right) 0,599
. . (2-Tail) 4 00E~03
Phi Coefficlent ~0.266
Contingancy Goofficient 0.258
Cramerts V ~0.266

Bffective Sample Size = 128

SL. Tm N s e i —————— ¢ g s G



SCHOOL=Sohool no.5

TABLE OF PHASE BY Q3

Chi-Sguare test

PHASE Iok]
Freguanay
Paycent
Row Pot
Qol, Pot 0| 1)
1 g8 £
B3.l13 4,69
51,99 g.11
68.62 | 80,00
2 48 . &
37.50 4.69
88,89 11.11
41,38 50.00
rotal 116 12
90,83

9.38

Tatal

74
57.81

£4
42.18

128
100,00

STATISTICS FOR TABLE OF BHASE BY Q3

Statisotic pF Valus Prob
Chi~Bguare 1 0.331 0,568
Llkelihood Ratlo chi~Squaxe 1l 0.320 0.867
Continulty Rdd. chi-gquare 1 0.072 0.788
Mantel-Hagnszel c¢hi-Squara 1 0.328 0.568
Fleher's Exact Tept (Left) 2.812
' {Right} 0.380
{2-Tail) 0.760

Phi coafficient 0.081

Contingenay Coeffleiont 0,051

Cramexr's V 0.051

EBifeotive Sample Sige = 128



BCROOL=Eahon),

TABLE OF PHASE BY 2

no.5

thi-Square test

PHASE Q2
Fregueney
Percent
Row Pot’
Col Pot 0] 1} Total
1 18 56 74
14.06 | 43,75 | 57.81
24,32 [ 75.68
45.00 | 63.64
2 22 3z 54
17.19 | 25,00 | 42.19
40.74 | 59.26
55.00 | 36.36
Total a0 88 128
51.26 68,75 100,00

STATISTICE FOR TABLE OF PHASE BY Q2

Statietic nF value Prob

ChiwBquare 1 3.916 0.048

Likelihood Ratio chi-Squa:e 1 3.882 0,049

continulty Adj. Chi-gguare 1 3,189 0.074

Mantel-Hagnegel chi-sguare 1 3,885 0.049

Ficher'n ExXaot Test (Left) 0,037
{Right) 0.985
{2-~Tall) 0.055

Phi cosffialant =0.175

Contingenay coeffiuient G172

Cramex’s ¥ =0.176

Effective Sample Sige = 128




SCHOOL=School no,.b

TABLE OF PHASE BY 01

Chi-Bquare test

Effective Sample size = 128
Froguency Miosing = 20

PHASE Q1
Fregquency|
Percent
Row Pot :
Col bGt ol 1| Total
1] mn 3 74
55,47 2.34 57.81
95,95 4,05
59,668 33,33
2 40 6 | 54
37.50 4.69 | 42.19
| 40,34 | 66.67
Total . 1148 9 128
92,97 7.03 100,00
STATISTICE FOR TABLE OF PHASE BY Ql
Btatistic pF Value Frob
Chi~Square 1 2.378 8,123
Likelihood Ratio Chi-Square 1 2,358 0.125
contlnulty Adj. chi-sSguare 1 l.421 0.233
Mentel-Haenszal chl-Square 1 2,360 0,124
Pisgher'p Exact Test (Left) 0.971
{(Right) 0.117
: {2=Tail) 0.166
Phi Coeffialent 0.138
Contingency Coeffiocient 0.135
Cramex’s V 0.138




BCHOOL=School no.4

TABLE OF PHASE BY 08

Chi-Byquare test

PHASE Q8
Frequency
Peroent
Row Poct
col Pet | 1| Total
1| 43 5 48
20,09 ¥ 2.34 22.43
BY9.58 | 10.42
26.00 | 1l.90
2 129 | 37 166
60.75 | 17.29 77.57
77.7%¢ | 22.29
75,00 | 88,10
Total - “l72 42 214
B0.37 19.63 lo6,00
STATISTICS FOR TABLE OF PHASE BY Q8
Statistic b VYalue Proh
Cchl-8guare i 3.327 0.068
Likelihocd Ratio chi-Square 1 3,717 0.084
Continuity Adj., chi-Sguare 1 2.617 0.106
Mantel-Hasnmzel Chi-Square 1 3.312 0.069
Fipher’s Exackt Teat [(Left) 0.984
{Right) 0.048
. {2~Tall) 0.007
phl Coeffloient 0,125
Centlngency Coeffilcient 0.124
Cramer's V 0.128

Effactive Sample Size = 214




geHool=Sahool no.4

TRBLE OF PHASE BY Q7

Chl-Square test

PHABHE Q7
Freguency
Percent
Row Pot
col Pot o il
e o o +
1 as ]
- 18.22 4.21
81.25 18,758
24.22 16.98
2 122 44
57.01 20,56
73.49 | 26.51
75.78 83,02
Total 1sl 53
75.23 24.77

Total

48
22.43

166
7167

214
1o0h.00

STATISTICS FOR TABLE OF PHASE BY Q7

Btatistivc bF Value Prob

chi-gquare 1 1,202 0.273

Likelihood Ratio Chi-Square 1 1.257 0.262

continulty Adj. Chl-gquare 1 0.822 0.365

Mantel~Haanszel Chi-Bguare 1 1.186 0.274

Figher'e Exact Test [Left) 0.903
{Right) 0.183
{2-Tail) 0.344

Phi Coefficlent 0.075

contingenay Coafficient 4.075

Sramer‘s V &.078

Bffective Sample Size = 214

o P P,



SCHOOL=Sahool no.d

TACLE OF PHASE BY 06

Chi-Square test

PHASE g6
Freguency
Fercent
Row Pot
Col Pet | | Tetal
. + e +
1 46 2 48
21.50 0.93 22,43
95.83 4.17
23.59 ig.53
] 149 17 166
89.76 10.24
76.41 89,47
Total b)) ig 214
81,12 8.88 100.00
STATISTICS FOR TABLE OF FHASE BY Q6
statistic ' DF value Prob
Chi-8quare 1 1.598 0.193
Likelihood Ratio Chi-sSquare 1 1,877 0.160
Continuity Adj. chi~Square 1 1,030 g.3lc
Mantel-Haenszel Chi-~Square 1 1.690 0,194
Flsher’s Exact Test (Left) 0.955
{Right) 0.154
{2-~Tall) 0.256
Phi coefflolent o.089
Contindency Coafficient 0.u89
Cramer’a V 0.089

Bfifective Sample Size = 214

Fraguency Missing = 118

“ay



Chi-gquare teat

g¢HOOL=Echool no.d

TABLE OF PHASE BY 05

PHASE Q5
Fraguenay| -
Percent
Row Pot
ool Pet _ o] 1| matal
b 42 é 48
19.63 2.8B0 22,43

87.50 12.50
26.92 19,34
2 114 52 -
§53.27 24.30 Tiund
68.67 | 3l.33

+
i.

Total 156 58 214
72,90 27.10 100,00

STATIETICS FOR TABLE OF FHASE BY Q5

statistis DF Value Frob

chi-square 1 6.679 0.010

Likelihood Rotio chi-Sguare 1 7.504 Q.008

Continuity Adj. Chi-Square 1 5.760 0.016

Mantel-Haenszel Chi-Square 1 6,648 0,010

Flgher's Exact Test (Left) 0,998
{Right) §.08E-03
‘(2~Tail} 9.65E~03

Bhi Coafficient 0.177

Cantingency Coeffigient 0.174

Cramex'd V¥ 0,177

Effective Sample Slze = 214

R T
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PHASE 2: FREQUENCY TABLES BY SCHOOL

Cumulative Cumulative

THO5  Frequensy YFercent  Freguency Parxdent
-1 is 48,0 18 45.0
B 1 2,5 19 47.8
ac 2 5.0 21 52,5
b 7 17.5 28 70.0
¥E 12 30.0 40 100.0
cumulative cumulatlive
TWO6  Freguency TPercent  Fraguency Paraent
3 10 25,0 10 25.0
. 19 47.5 28 72.5
#D 9 22.5 as 98,0
B 1 2.5 k]:) 47.5
X 1 2.5 40 106.0
cumplative cumulative
TWO7  Prequency Percenkt  Freguency Peurcont
A 9 22.5 5 2.5
B 10 25.0 15 41.5
#c 1o 25.¢0 2% 72,5
] [ 15.0 35 87.5
E 5 12.5 40 100.0
cumulative Sumulative
TWOR  Preguency Persent  Fraguency Parcent
A 8 20.0 8 20,0
B 13 32.% 21 52.5
Q. 3 78 24 60.0
D 14 35.0 kL] 98.0
#B 1 2.5 39 97,8
b4 1 2.5 40 200.0

. PHABE 2: FREQUENCY TABLES BY BCHOOL
SCHOOLmSchool no.6

cumulative Cuomulabive
THOl  Frequency  Percent Freguaency Peroent

A 39 88.6 39 86.6
B 1 Z.3 40 90,9
c 1 2,3 . 41 93,2
#D 2 4.5 43 7.7
B 1 2.3 44 100,0



PHASE 21 TREQUENCY TABLES BY SCHOOL

gukooL=gehenl no.l

: : cupulative Cumilative
TWO7?7  Freguency  Povcanpt  Freguency Pergent
A 19 2B.4 19 28.4
C 22 3.8 41 61.2

#C 14 15.4 54 0.6
] & 9.0 €0 89.6

S 7 10.4 87 100.0

cumulative Cumulative

THWO8 Freguency Percent Fragquancy Poercant
A & 7.5 5 7.5
B 3l 46,3 36 53.7
[+ 1 1.5 a7 §5.2
b - 16 23.9 53 79.1
#E 12 17.8 &5 47.0
b4 2 3,0 67 100.0

- PHABE 2: PREQUENCY TABLES BY SCHOOL

cumulative Cumulatlve
™HOl  Pregquency  Peroant Fraguensy Panrtent
A a2 8G.0 32 80.0
#D 2 5.0 a4 BE.0
<) ] 15.0 40 100.0
cumulative Cumulative
02 Frequency Percent Fragusnay Paroant
A 1 2.5 1 2.5
#8 36 90,0 3t 82,5
o] 2 5.0 39 87,5
E 1 2.5 40 100.0
cwnulative Cumulative
THOZ  Froeguenty Percent  Froguonoy Parcent
:] 1 2.5 2 2.5
€ 22 55,0 23 57.B
b 14 38.0 L 92,5
#B 3 Y- 40 100.0
Cumulative cumulativa
THOd Frequency Percant  Freguenay Porcent
o 18 37.5 15 37.8
B 7 17.% 22 55.0
[+] 10 25,0 3z 80.0
0 1 2.8 33 82,8
B ? 17.8 40 100,0



BeHooL=School no,.2

PHASE Z2: FREQUENCY TARLES BY SCHOOL

_ _ cummlative Cumulative
Mol  Freguenoy Peroent  Frequency barcent
A 55 82.1 13 81,1
#D 7 10.4 62 92,5
B 5 7.5 67 i00.0
cumulative cumulative
™o2  Freguency Percent  Freguency Yerpenth
A ] 13.4 9 13.4
#B 52 7.6 61 5.0
4] 1 1.5 62 92.5
[ 3 4.5 65 97.0
B 2 2.0 67 100.0
. Cumulative Gumulative
THO? Freqguaney Parcent Frequangy Parcent
A a 4.8 3 4.5
B 4 4,5 6 9.0
¢ 26 39,8 32 47.8
o] 14 20.9 46 68.7
#B 21 34,3 67 100.0
. cumulative ocumalative
THO4  Freduency  Perdent  Freguency Patoeht
#A 58 B86.6 58 86,6
B8 3 4.5 81 8.0
¢ i 4.5 64 95.5
curulative cumulative
THES  Freguensy Porcent  Fraguency Perxcant
A 27 40,3 27 49.3
B 5 7.8 32 47.8
¢ 4 6,0 k1] 83.7
D 14 20.9 1] T4.6
#B LY 28.4 87 100.0
Gumulativa Cumulative
THOS  Fraguency Parcent  Freguency Faroant
A 3 4.8 3 4,5
B a8 5§.7 41 6l.2
Q 13 19.4 54 80.6
#b 8 11,9 62 82.5
B 5 7.8 67 ino.0

*



PHASE 2: FREQUENCY TABLES BY SCHOOL

cumylative cumulotive
w4  Iroguency Pereent  Fregquency Porcent
#A a0 4.2 20 4.2
B 12 7.8 103 62.0
c ab 21.1 138 g83.1
D 21 12,7 159 95,8
g 5 3.0 164 89g.8
% 2 1.2 166 180.,0
cumtlative Cumnlative
THOS  Frequency Pereent  Frequency Pergont
A B3 3a.e 53 31.9
B 12 7.2 65 9,2
¢ 15 $.0 80 48.2
5] 34 20.5 - 114 68.7
w0 B2 1.3 168 100.0
cumilative Cumulative
THOE  Froguancy Fercent  Fregquonsy Pordent
A 12 7.2 12 7.2
B 1] 30.1 62 37.3
c 48 28.9 110 66+3
#p 17 0.2 127 76.8
B - a9 23.5 les 160.0
o cumulative Cumulative
IWOT?T  Fraguenoy Pevdent  Freduonoy Parcant
A 28 15.1 25 15,1
B 53 31.9 78 47,0
¥o i4 28,5 1223 73.5
L 15 9.0 137 82,5
d 29 17.5 166 100,90
cumulative CQumulative
THOE  FProfuanay Porcont  Fregquohoy Parcent
1 a8 21.1 38 21.1
¢ 12 7.2 92 56,0
v} 35 21.1 izs 771
E 37 22.3 165 o9%.4
X 1 0.8 166 100.0

VU



FHASE 2: FREQUENCY TABLES BY SCHCOOL

THOE  Freguencoy

cumulative cCumulative

Percent Freguency bereent

A 4
B 7
¢ 1
#0 2
B 4

THO?  Froguensy

22.2 4 22.2
3g.8 11 6l.l

B.e 12 68.7
1.1 14 17.8
22.2 ig 100.0

cumulative Oumulative
Payoont  Froguency Parcent

B 7
X 1

HOE  Fresuenoy

8.9 7 38.9
61.1 16 100.0

. cumalative Cumulative
Perdent Yrequenoy Perovent

A ' 4
B 1
D 13

22.2 4 22.2
5.6 ] 27.8
72.2 18 loo.0

PHASE 2t FREQUENGY TABLES BY SCHOOL

scHooL=8choal no.4

TWOL  Pregueray

Cumnlative Ccumulaktive
Porcent  Freguensy Foraent

A 151
e 1
#D 19
E 18

THOR  Froguanoy

-

78.9 131 78.9
0.8 132 79.8
1.4 151 91,0
9.0 168 100.0

cumilative Cumulative
Porgent Y¥reguency Pareent

A a5
#B 110
c b
D il
H 18

THOY  Frogueney

15.1 25 16,1
66.3 135 . Bl.a
3.0 140 €4.3
6.0 181 81.0
2.0 166 100.0

Cumulativa Cumulative
Porcant  Fregquongy Porcent

7
?
87
11
B4

EHOOW

4.2 7 4.2
d.2 14 8.4
34.3 7} 428
247 112 67.5
00.0

F 166 1



PHASE 2: FREQUENCY TRBLES BY BCHOOL

cumalative Cumulative

WO  Frequengy [Fercent  Freguenoy Percent
a 7 6.6 7 6.6
B 56 82.48 63 69.4
e 7 6.6 70 66.0
D 23 19.8 91 B5.8
] i4 13,2 105 99,1
X ! 0.9 108 10G.0

_BeHOOL=school ha.?

PHASE 2: FREQUENLY TABLES BY SCHOOL

cumulative Ccumilabive
TR0l Fregquency Percent  Freguency Parcent
A 17 94.4 17 94.4
#D 1 B.6 18 100.0
tumslative ocumulative
THOZ Freguengy Percant Freguenoy Percent
a ' 2 11,1 ' 2 11.1
#8 12 66,7 i4 77.8
€ 4 22,2 28 100.0
_ Cumulative Cumulative
TWO3 Freguency Percent Fregqueney Porcent
B 1 5.6 1 8.6
Q 4 22.2 B 27.8
o 8 44.4 13 72,2
#E 5 27.8 18 i00.0
cumtlativa Cumulative
W04  Frequeney Parcent Fregueoncy Poroont
¥a 4 2342 4 22.2
B ] 8.9 2l Gl.1
D 4 22.2 15 83.3
B a 16,7 1e 100.0
cumulative Cumulative
THOS  Praguency  Pereent  Freguency Fercent
#z 7 38.9 7 38.9
X 11 6l.1 18 10G.0



PHASE 2: FHREQUERCY TABLES BY SCHO'L

cunulative <Qumulative
T™O3  Freguehey Percent Freguency Percent
A 15 4.2 15 14.2
8 4 3.8 19 17.9
-3 43 40.8 62 58.5
D 26 24.5 B8 93.0
#B 18 17.0 106 100.0
. cumulative Cumulative
T™Ho4  Freaguency Percent  Freguehey Percent
#A 50 47.4 59 47.2
B 18 17.0 68 4.2
c 16 15.1 84 79.2
D 7 6.6 8l 85,8
E 14 13,2 108 99,1
X 1 0.9 106 100.0
cumulative cumulatitve
TWOE . Fraquency Percent Freguency Perceant
A 26 24.5 26 24,5
B 1 0.8 27 25.5
(o] 18 17,8 46 43.9
b 24 22.6 70 66.0
#8 35 aa.n 108 89.1
X 1 0.8 106 100.0
' : cumalative cCumulative
TWOE  Frequensy Percent  Freguency Pervent
A 4 3.8 4 3.8
B 23 21.7 at 25.5
Q 58 54.7 a5 80,2
#0 7 6,6 92 86.8
B 14 13,2 106 100.0
. cumulative Cumulative
TWe7  Frequency Percent  Frequenay Papoent -
A 6 8.7 g 8.7
B a8 36.8 45 42.5
#C 12 11.3 57 53.8
n 13 12,3 70 66.0
R 34 32.1 104 98.}
X 2 1,4 108 00,0
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PHASE 2: FREQUENCY TABLES BY SCHOOL

cumulative Cumnlative
™WGE  Fréaguenoy Percetit  Freguenay Parcent
A 4 7.4 P 7.4
B 10 18.5 14 25.9
] 25 45,3 39 72.2
#b B 9.3 44 gl.5
E 10 18.5 54 100.0
_ Cumulative Cumulative
THO?  PFrequenoy - Percent  Fraguency Percent.
A & 11.1 6 11,1
B 21 38,5 ar 50.0
#c 9 16.7 36 66.7
D 8 14.8 44 §L.5
B 10 18.5 &4 100,40
. cumulative cumulative
THOE  Fregquency  Percant  Fretuency Farcent
A 21 38,9 21 3.9
B ( 13.0 8 51.9
c 3 5.6 a1 57,4
D 10 18,5 41 75.9
#& 13 24,1 54 150,90

SQHOGL=Sehool no.3

PHASE 2: FREQUENCY TABLES BY SCHOOL

Cumulative Oumulative
THOL  Frequenoy Percent Frequency Parcent
-} 87 91.5 87 91.8
e 1 0,9 -] 52.8
#D 3 2.8 10l 85.3
] 5 4.7 106 100.0
: _ Cumulative oCumulative
'WOZ  Frequency  Percent  Frejuesnoy Parcent
A 21 lg.8 21 19.8
#8 50 47,2 71 §7.0
¢ 4 3.8 %5 70.8
v 18 17,0 93 87.7
E 11 10.4 104 98,1
X 2 1.9 10s 100.0
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PHASE 2: FREQUENCY TABLES BY SCHOOL ON THE &4D. 8
REACTIVITY QUESTIONNAIRE

PHASE 2
SCHOOL=8shool no.5

cumulative cumulative
T™WOlL  Freguency Percant  Fraguehcoy Percant

A 40 74.1 40 T4.1
¢ 1 1.5 41 75.9
#0 8 11.1 47 B7.0
E ? 13.0 64 100.0

. cumulative Cumulative
TWOZ Fregquenoy Percent  Freguency Pergant

A 7 12.0 ? 13.0
#B 3z 59.3 39 72.2
c 3 5.6 42 77.8
b 4 7.4 4i 85.2
B g 14.8 B4 100.0

cumulative Cumulative
PHO3  Freduenoy Perecent Freguency Parcent

i fan -

A 4 3.7 2 3.7
B 41 7.4 & 1.1
¢ 33 €l.1 39 72.2
R 8 6.7 48 BA8.%
#E é 11.1 54 100.0

Cumttlative Cumulative
THO4  Frequency  Percent  Preguenocy Perewent

#A 19 a5.2 19 35.2
B 8 Ja.8 27 50,0
1] Y 33.5 44 Bl.5
D K 13.9 51 54.4
B k) 1.9 B2 96.3
X 2 3.7 54 150.0

SCHOOL=8ahool no.B

Cumuiative cumulative
TWOS  Frequenuy Poercent  Frequency Percent

A 18 33.3 18 33.3
B 4 7.4 22 40.7
c 4 5.6 25 46,3
D 10 18.5 35 64.8
#B 19 35.2 54 100.0

.
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PHABE 2

gcHOOLvgehool no.6

Variable N Mean 8td Dev Mindmum Maximum
Mozl 44 0.04545458 0.2107071 ¢ 1.000C000
Mogz2 44 0.5227273 0.5052578 0 1.0000000
© MOQ23 44 0,0227273 Q.1507557 0 1.0000000
HCRQ24 44 0.4545455 0.50246862 4] 1.0000000
MeRah 4 N.4545455 0.5036862 Q 1.0000008
¥on2e 44 0.1136364 0.3210382 Q 1.006000040
Magat 44 0.1500909 0,3699894 0 1.0000009
Mep28 44 0,0454545 0.210707)1 ] 1.000000§
TOTTHO 44 1.8181681A L, L66A473 1] 4.0000000




PHASE 2

SCHOOL=8chool no.4

variable W Mean Btd bev Mindmuimn Maximum
MeQ21 166 0.1144578 0.31583298 4] 1.0000000
MCQ22 166 ' 0.6526506 0.4742358 0 i.0000000
MoQRa 186 0,3253012 0.4659048 0 1.0000000
McQ3d4 166 0.5421687 0,4907261 4] 1.0000000
MTQ25 185 0.3132530 0.4652197 1] 1.0000000
MoQ26 154 0.,1024096 0,3041036 1] 1.0000000
HEQ27 1886 0.2650602 0.4427007 0 1.0000000
MoQ24g 154 0,2228916 0.4174454 o 1.4000000
TOTTHO 186 2.5481928 L.2336655 0 7.0000000
SCHOOL=School fio.2

Variable N Mean gtd Dev Mindmum Maxlmum
HCQ21 67 0.1044776 0,3081877 0 1.0000000
MCQ22 67 0.77611%4 0.4199890 1] 1.0000000
MCQ23 a7 0.3134328 D.46728508 0 1.0000000
MCQ24 a7 0.8656716 0,3435784 0 1.0000000
HCp25 67 0.2537313 0.4384298 o 1.0000000
HEQR6 67 0,1194030 0.3267094 V] 1.0000000
MoQ27 67 0.1540259 D.39B4366 o 1.0000000
HCQR2E 67 0.1791045 0.3863337 v 1.0000000
TOTTHO 67 2,8059701 1,3852170 +] 7.0000000
SCHOOL=School no.l

Variable W LR gtd Dav Minimum Maxlmom
MeQ2l 49 0.0800080 6.2207314 ] 1.0000000
MCQ22 414 0.9000000 0.3038218 ] 1,0000000
MEQ23 [ 11] 0.0750000 0.2667468 0 1,0000000
MCOZ4 40 0.3750000 0,4902893 1] 1.0000000
Moo2B6 40 0.3000000 0.4640958 1] 1.0000000
MEQ26 40 0.2250000 0,4229021 1] 1.0000000
Mogz7 40 G.2500000 0,4385290 0 1.0000000
Hag2e 40 C,0250000 0,1581139 1] 1.6000000
TOTTHO 40 2.2000000 1.223697¢ 0 5.0000000




©HASE 2: OVERALL RESULTS FOR ALL SCHOULS ON THE STDR. 8

PHASE 2

REACTIVITY QUESTIONNAIRE

ScHOOL=School no.5

Variable N _ Mean Btd Dav Minimat Maximum
HEo21 54 0.3111111 0.3172206 . 1.0000000
MOQ22 54 0.5925926 0,4859655 H 1.0000000
Meg23 54 0.,1111111 0.3172208 ' C.O000oDoOD
MCO24 54 0.3518%19 0.4820322 0 L.G000000
MCQ25 54 0.3518519 0,4820322 4] 1.0000000
MEQR26 54 0.0925926 0.2925824 0 1.0000000
MeQ27 S4 0.1666667 0,3761774 0 1.0000000
Mep28 54 0.2407407 0,431547% 0 1.00000400
TOTTHO 54 2.,0185185 1.1072785 0 5.0000000
SCHOOLRSchool no.ld

Vaxiable N Hean std Dev Minimum Haxdmum
wogRl - iloe #,0283019 0.1666217 0 1,0000000
- MeQ2a 108 0.4716981 0.5015699 0 1.49000000
MCQ33 106 G.16%8113 0.37172507 0 1.0000000
Meo24 1ce 0,4716981 0.5015699 0 1.0000000
Moo2s log G.3301887 0.4725150 0 1.0000000
MCQZa 106 G.0660377 0.24952748 0 1.0000000
Hog? 106 0,1132075 0.3183515 [+ 1.0000009
MEQ28 106 0.1320755 0.340181.2 4 1.6000000
ToTTHG 106 l.7830189 1.,11273%7 0 5,0000000
SCBOOLw8chool ne.7

Variable W Mean gtd Dav Mindmum Maximen
Megzl i | 0.0555566 0.2357023 4] 1.0000000
Moga2 la 0b,6666667 0.4850713 ] 1.0000000
MCQ23 18 0,27777178 0,4608886 0 1.0000000
MoQ24 18 0.2222222 0.,4277926 v} 1.0000040
HeQ2s bR :] 0,380888% 0,5016313 1] 1.0000000
MeQ26 18 0.1111111 0.3233808 G 1.6000000
MCQ27 14 0 o] Q ¢}
MeQ28 18 ] 0 ¢ ]
roMIHO 18 1,7222222 1.4061025 ] 4,.0000000
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APPENDIX F2

PHASE 2: INDIVIDUAL STUDENT RESPONSES TC THE STD. 8 REACTIVITY
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PHASE 2: FREQUENCY TABLES BY SCHOOL

: : cumplative cumulative
YWO7  Fregquenay Percent Frequenay Percent

A 6 13.6 6 13.6
B 17 8.6 23 52,3
#e 7 15.9 30 68.2
D 8 18,2 38 86.4
B 6 13.5 44 160,0

_ Cumulative Cumulative -
THOE  PFregquency |FPergent Frequency Parcent

A B 20.5 9 . 20,5
B 12 27.3 21 47.7
G 3 6.8 24 54.5
B 18 40.9 42 85.5
#E 2 4.5 44 i00.0



PHASE 2: FREQUENCY TABLES BY SCHOOL

Cumulative Cumulative
o2  Frequency Percent Frequency Fercent
A 10 22.7 10 22.7
#B 23 52.3 33 5.8
+] 3 6.8 36 BEl.8
il 2 4.5 36 86.4
E 2 4.5 40 20.9
X 4 9.1 44 100.0
cumulative Cumulative
O3  Prequanay  Percent | Fregquency Parcent
A ' 2 4.5 2 4.5
B 1 2,3 3 6.8
c 37 84.1 40 . 90.9
D 3 6.8 43 97.7
#B8 1 2.3 44 100.6
cumulative Cumulative
THo4  Freduency Percent  Fregquerncy Parcent
#A 20 45.% 20 45.5
B | 6.8 23 52.3
< 11 25.0 34 77.3
D B 18.2 42 - 98,5
E 2 4.5 44 100.0
cumulative Cumulabive
THOS  Fregquengy  Percent  Freguenoy Perdent
A Y 25.0. 1 25.0
B 3 “ 6.8 14 31,8
o 2 4.5 18 36.4
b 7 15.9 23 52.3
#B 20 45.5 43 97.7
X 1 2.3 44 100.0
Cumulative aumulative
THOE  Fregquenoy Percent  FraTienoy Pereent
A 7 15.9 7 15.9
B 13 28.5 20 45.5
¢ 10 22.7 30 68,2
#D 5 11.4 a5 78.5
8 9 44 lub.0



3597 ~ DELAYED AGAINST 136 - NOT DELAYED: @7 CORRECT ANSWER E
Chi-ggnaxe test

ueQ2a? GROUP

Frequency
Earoent

Row Pot

Col Pek [DELAYED |NOT DEL | Total
G 280 117 as7
56,57 23,94 80,20
70.53 29,47
78,43 ] ©4.78

o wh

1 (ki 21 o8
15.54 4.24 19.40
78.57 21.43
21.57 18.22

wotal 357 138 495
72.12 27,88 100,00

STATISTICS FOR TABLE OF MCG27 BY GROUR

statletic DF valuea Prob
Chi-sgquare 1 2,528 g.112
Likelihood Ratio chi-8quare 1 2,635 4,105
Contiinulty Adj. chi-gquaxe 1 2.144 0.143
Mantal-Hasnozel ChleSguare 1 2,823 0,112
Flehor’a Bxaot Test {Leoft} Q.0%0
(Right) £0.959
' {2=Tail} © 04131
Phi Coefficient _ =2.071
Gentingency Ceofficlent 0.071
Cramer's V ~0,071

Bample Hize = 495



APPENDIX Li
ALMERNNDIIVE COMPARISON OF PHASE 2 DELAYED & UNDELAYED GROURS ON THE
STANDARD 8 REACTIVITY QUESTIONNAIRD
[Taaching delayed, (old & nowy N=357) with teaching undelayed, (old
& nawy N=l2&}
Studant’s te~tagt
TYEST PROCEOURE

Varinble: TOTTHOS

GROUP N Moan std Dov Btd Eryoer
DELAYED 357 2.06162465 1.14735193 0.06072430
NOT DEL 1a8 1.60B6066S 1.035839385 0. 08013859
variancea T BF  Preb>|Ti

Unegual 4.2317 274.2 3. 0003

Equal 4.,0439 453.0 €.0001

For HO: Variancep ore egual, Ff = 1.23 DF = (386,137) Prob>»F’
= 0,1618 '

[Toaohing delayed (old; ne233) with teaching undelayedinew p n=5{):
fuestions 1,2,§8 ecxeluda}

gtudent's teteoot

TPEST PROCEDURE

vardable: TOTIHOS

GROUP N Mean atd Dav gtd Reror
DELAYED 233 2.12017167 1,11162891 0.07281868
NOT DEL 54 1.75925926 1.02672193 0.13971816
Vari..ugen T DF Probx (T

Unequal 2,2907 84.3 0.0245

Baual 2,1798  288,0 0,0301

Fox HO: Varioheat are ogqual, F' = 1,17 DF o (232,53} ProbsF!
o 0,4876
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[Phaze 1, (N=4l1l1) with teaching delayed phase 2, (N=357})

students t-test

TTEST PROCEDURE FOR B MCQ‘S

variable: TOTAL

PHASE N Mean std Dev gtd Error

1 411 1.91240876 1,22060233 0.06020787

3 as7 2,32773109 1.30325377 0.06857550
Variancas T DF Praby | T|
Unequal  -4,5362  734.8 0.0001
08,0000

Equal ~4,85872 766.0

Foxr HO: Variancea are egnal, F' = 1,14 DF = (356,410) Prob>F!

= (.1808

Students t-test

"IHET PROCEDURE FOR B MCQ'S

Vaxiable: TOTAL

PHASE - N Mean gtd Dev 8td Errow
PEL asy 2.327714109 1.30328377 0.06097550
HOT DEL 139 2.00724638 1.16202929 0.098918580
variances T bF robx|T|

Unegual  ~2.6576  277.4 0.0082

Egual w2,.5263 193.0 G.GLLR

For H{s Varlances are sgqual, F’ = 1,26 DF = (356,137} Probsy!

= 0.1182



APDENDIX M2
ALTERNATIVE COMPARISCN OF.PHASB 2 DELAYED & UNDELAYED GROUES WITH
PHASE 1 GROUP ON THE STANDARD 8 REACTIVITY QUEBTIONNAIRE.
{Phase 1, (N=4ll) with teaching delayed phase 2, N=357}; Excluding

gquegtions 1,2 & ,6)

Btudent’s t-test
TTEST PROCEDURE

Variable: TOTAL

PHASE N Maan Std Dev std Brror
1 4ul 1,16058394 0.88538466 | 0.04367280
2 387 2.06162465 1.14735193 0.06072430
Yariances ) pF Probx|T|
Unsqual ~12,0463  §65.0 0.0001
Egual ~12.2693  766.0 0,0000

Far KO: Variances are agual, F' = 1,66 bF o (356,410) Probxp’
= 0.0000

[Peaching undelayed, phase 1, (N=¢ll) with teaohing undelayed phase

2y N=l3g)s Equuding gitestiona 1,2 & ,6]

Student's t-teot
TFEST PROCEDURE

varlable: TOTAL

PHASE N Mean 2td pev 5td Brror
1 41 1.16085394 0,88538466 0.04367280
2 138 1.60869565 1.,03539385 0.080813585%
Varianaas T By Prob> | T}
Unoqual  ~4.5556  208.3 0.0001
Bgqual ~4.9227 547,0 ¢.,00064
For HO: Variances are equal, F! = 1,37 DF = (137,410) Praobhsp

a 0,0203




ACPERDIX M2




l@eneral ILinsar Models Procedure

School
Behoo)
Sahosl
School
School
Bohool

School
Bchool
School,
School
School
School

HEHOOL
Comparison
no.? = School
ho.? = School
no.7 ~ Sahool
no.? - Bohool
ne.7 - School
ne,? - School
ne.t - School
po.l - Sohool
ne.l = Bohool
no.l - School
na.l ~ School
no.l = School

‘no.2
no.4
ng,a
no.5
no.b

ne.l

no.2
ne. 4
no.3
no.5
na.6
ne.?

Lower
tonfidence
Limit

-1.2783
«1.0539
-0,7994
«0.6478
-3,4907

-1.2661
~].0268
-1.0000
-0.7908
~0.6441
~007§13

Diffarence
Betwaen
MHeans

~0.69682
~0,5107
-0.4633
-0.2037
'-U 10354

0.1308

=0.8287
-0.6413
=0.5938
-0, 3343
-0,16482
~0.1306

Uppegr
confidenase
Limit

~0,L171
0.0325
0.35920
0.5771.
¢.75%8

~0.3914
-032557

~-0.1877

0,1224
£.3123
0.4807

"y

wh
ik
31



l@enaral Linear Models Procedure

T taste (LSD) for varlables: TOTIWOS

NOTE: Thie test controls the type I comparisonwise error rate not
the experimentwlpe error rate,

Alphas 0.05 CQonfidence= 0,95 df= 488 MsEs 1.241078
Critloal value of T= 1,86484

comparigons significant at the 0.05 level are indidated by fekks,

school
Sohaol
gchanl,
sohaol
gsahool
Schaopl,

fichosl,
School
Scheol,
Seheol
School,
School

gchool
gchool
Suhoal,
school
Beheal.
Buhonl

8uhool,
guhool
gchool
fahaol
School
Sahool

schaol
Bchool
Schoa),
School
School
School

SCHOOL
Comparison
ne,2 - Scheol
a2 - Sohool
no.2 - Hochool
ne.2 - Sshool
ne.2 ~ gohaol
no.2 - schownl
Ho.4 « Sshool
na.d - School
no.d - school
ro.4 ~ 8chool
no.4 = School
no.4 = school
ne.3 ~ gohool
ne.3 - sSchool
no.3 =~ gshosl
no.3 » School
no.3d ~ School
no.3 - Sehool
no.5 = Bohool
fho,5 « School .
no.8 - School
ne.5 -« Sshool
no,5 =~ 8ghool
no,5 ~ Bghool
nho.& « Schogl
DO.G - Schbbl
ne.& -~ Soheel
ne.8 =~ Scheol
ne.6 « School
ne,§ -~ HSchool

no.4
no, 3
no.b
no.6
ne.?
ne.l

no.2
ho.3
no.5
ne,é
no.7
ne.l

ne.2
ne.d
no .5
ne.6
ne.7
no.i

ne.2
no, 4
no.3
no.é
N ?
ne.l

no,2
no. 4
no.d
ne. %
ho,?
no.l

Lower

¢ “idence

Limit

=0.1294
~0.1068
0.0942
0.2381
0.,1171
0.3914

~0.5043
wi) 0224?
“OQOSEQ
0.1042
=0,0328
0.2557

~0. 6765
-0.3195
~0.1064
Q.0354
~0.0947
Q.1877

~0,8948
~0.64920
“016256
~0.2742
=0,3520
-Df1224

~1.0B76 .
=0,B465
=D.B8205
~0,6129
=0.5771
=0.3123

blfference
Botwaen

Meaha

0.1875
0.2349
{.4945
0.6628
0.6942
0,8287

-0.187§
0.0474
9.30740
Q0.4754
0.6413

~0.2348
-000474
0.2586
0.42580
0,4633
0.5939

w0.4945
=-0.3070
-0.2588
D.1604
0.2037
0.3343

~0,6628
~0.4754
w0,4280
~0,1684

0.0354

Uppes
Confidence
Limit

0.5043
0.5768
0.8948  wr
1.0878  wuw
1.2793  www
L.2661  wew

0.1294
0.3185
0.649%
Q.B465  www
1.0538
1,0268  #xx

0.1068
0.2247
0.,625¢6
0.B2DE  kax
1.0213
1,0000 - dwk

w0 D842 ern
0.0359
0.1064
0.6128
0.7994
0.7909

«0,2381  wwn

~0.1042  *w

~0.0354  w¥w
0.2762
0.6478
0.6441



ALTERNATIVE COMPARISON OF ALL SCHOOLS RESULDS -DRDELAYED k UNDELAYED:
iGeneral Linear Models Procedure
Clags Level Information
¢laps lLevolpg Values
SCHooL, 7 Schoo) no.8 School no.3 Schaol no.? School no.d Schioal
ne.? School ne.l School ho.6

_ Nuwber of ebservations in data set = 495

léenaral Linear Models Provedure

lependent Vaxiable: TQUTHOS

. Sum of Maan
Sourue pF Squaraes Bguare T Value Pr » F
Modsl [ 30.2882190 5,0475365 4.07 0.0005
Error 488 . §05.6480841 1,2410781

- Corrected Tosal 494 635.5313131

ReSguare B+ 1 Root MBE TOTTHOS Mean

0.047623 B7.56245 1,11404 1.93538

fouroe oF Type I B8 Meanh BSguave F Value -
BCHOOL 6 30.28%2150 5.0475365 4,07 0.0005
fource DF  fype IIX 88 Mean gquaxe F Valus Br > ¥

SCHOOL 6 30,28523150 5,0475365 4.07 0.0005



iGeneral Linear Models Procedure

T tests (LSD} for variable: TOTTWOS

MOTE: This test controls the type I comparisonwise error rate not

the experimentwise error rate.

Alpha= 0,05 Confidence= 0,945 dfe 353 MSE= 1.306981
Critical Value of = 1.96671

Comparioone significant at the 0,05 level are indicated by f#dxr,

8chaol
school
gchool

School
Schowl
Behool

gohopl
gohool
sahonl

School
Schonl
School

SUHOOL
Comparison
1o.2 Bchool no.d
no.2 School ne.d
ho.2 Behonl no.?
no.4 - 8chosl ne.2
no,.4 - gschool no.3
no,.d Seheol ne,.?
no,3 ~ Sphonl no.2
no,3 = Behool no.éd
no.3 | = School no.7
ne.7 = Schonl ne.2
na,7 - Behool ne.4

no,7

8cheol nod

Lower
Cenfidunos
Limit

-0,13680
‘0!1161
0,1013

~0.5129
=0,2321
-0-04?2

~0.5858
-0 3268
0,109

~1.2851
~1,0687
~1.0365

Difference

Batwegn -

Means

0.1875
0.2349
0.6862

~001375
B.0474
0.5107

~0.2349
~0.0474
0.4633

=0.6982
=-0.,5107
"0 04633

Upper
Confidence
Limit

2,549
0.5858
1.2951

0.1380
0,3269
1.0687

0.1162
0.2321
1.,0368

~0.1013
0.0472
0,109%

ik

*w



ALTERNATIVE COMPARISON OF SCHOOLS RESULTS-DELAYED TERCHING ON THE
STD. 8 REACTIVITY QUESTIONNAIRE .

ldensral Linear Models Procedure
clase Level Information

Clags Levels Yalues

BECHOQL 4 School no.3 Schoo. no.7 School no.4 School no.2
Nunber of cbasarvations in data sat = 357

lGeneral Linear Models Procedure

bapendant Variable: TOTTWOS

sum of Mean
Source DF ‘Sguares Sguare F Value Pr > F.
Mode) 2 7.27989761 2.42663254 1.88 0.1386
Error 383 461.36436010  1.30698119
Corrected Total . 356 468.64425770
R=Square c.v, Root MaK TOTTWOS Mean
0.015534 55.45300 1.14323 2.06162
Sonreo " DF fType T 86 Mean Sguare ¥ Value Pr > F
SCHOOL 3 7.27209761 2.42663254 1.886 f.l366
Bource bF Type LTI $§  Mean fquare F vValue Pr > ¥

8CHOOL 3 T.27583761 2.42663254 1.86 0.1368



ALTERNATIVE COMPARISON OF SCHOOLS RESULTS ON THE STANDARD 8
REACTIVITY QUESTIONNAIRE

I Pesching undelayed (old; n=54 with teaching undelayed (new;
n=84) :Excluding gquestions 1,2 & &}

Student’'s t-test

TTEST PROCEDURE

Variablei TOPTHOS

TYEE N Mean gtd Dev gtd Error
NEW 64 1.511%0476 1;035444#0 0.11297628

- OuLb 54 1.759254926 1.02672193 6,13971491e
Variances T br Prob>|T]
Unegual  -1.3766  113.9 0.1713
Equal ~1.3711 136.0 0.1%17
For HO: Variances are sgual, F' = 1,02 DF = (83,53) ProbsFr =

p.96086

[Teaching delayedfold; n=233) with téacbing delayed, (newy ne=l2d):

Excluding puestions 1,2 & 6}

Student’s t-test

TTEST PROCEDURS

vVariasble: TOTTHOS

TYPE N  Mean Btd Dav gtd Exrox
NEW 124 1.95161290 1.20874079 0.10854813
GLd 233 2.12017167 1.11152891 0.07261868

Varlancan T bR Erobs|T|

Unequal  ~1,2896  233.5 0.1985

Eqqual ~1.3230  35§,0 0.1887

DF = (123,232)  Brob»F!

For HD: Varlanoces are nsqual, F' = 1,18

= 0.2774



ALTERNATIVE COMPARISON OF SCHOOLS RESULTE ON THE ETANADRD 8
REACTIVITY QUESTIONNIIRE

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

Chi-Stuare test

MCQRB GROUP

Fregquenay

Percent

Row Fct

gol ¥et |[DELAYED |NOT DEL | Total
0 182 44 226

63.41 15,33 78,75
80.53 10.47
78.11 Bl.48
+ - + L3
1 &l 1o 61
17.77 3.48 21.28
83.6} 16,39
21.89 le.52

+
+

Total - 233 54 287
g1.18 ig.nz2 100.00

STATTSTICS FOR TABLE OF MCQ2B BY GROUP

gtatistic DF Value Brob
chi-gquare 1 Q.297 0.585
Likelihood Ratlo chi-sSguare 1 0,305 0,581
centinulty Rdj. chi-square 1 0,130 0.718
Mantel-Haenszal Chi-Bquare 1 D.296 0.586
Pisher's Exact Test (Left) . 0,387
(Right) ¢.764
_ . {2=Tall) _ 0,713
Ehi coefficlant -0,032
contingency Coefflelent D.032
Cramer's V ] ~0.032

Bample Size = 287



1357 -~ DELAYED AGAINST 138 - NOT DELAYED: (8 ANSWER D

chi-Square test

NCQ28 GROUP

Fregueney

‘Percent

Row Fot ) :

cel Pet (DELAYED {NOT DEL |
0 272 96

54,95 19.3%
73.91 26.0%
76..9 63,87

+
+
3

11 85 42
17.17 8.48
66.93 | 33.07
23,81 | 30.43
Total 357 138

72.12 27.88

Total

268
T4.34

127
25.66

4958
10a.00

ETATISTICS FOR TABLE OF MQQ28 BY GRAUP

Btatistic DF Value Prob
chil-sguare 1 2,290 0.130
Likelihood Ratlo chi-Square i 2.240 0.134
Centinulty Adj. chi-sSguara 1 1.956 0,162
‘Mantel-Haenagzel chi-Square 1 2.286 0.131
Fisher’s Exact Test (Left) ' 0.947
: (Right) b.082
(2-Tail) 0.137

Phi Ceoeffleient 0.068

contingency Coefficlent 0.06s

Cramer's V 0.06¢

Bample Bize = 445



233 - DELAYED AGAINST 34 — NOT DELAYED : Q7 CORRECT ANSWER E

Chi~Square test

‘Meg2? GROUP

Fregquenay
Percent
Row Fot

¢ol pet |[DELAYED [NOT DEL |{ Total

o
T

L}

0 187 44 241
68.64 15.33 63,97
Bl.74 18.26
84.55 81.4¢e

+

1 36 10 - 46
12.54 3.48 16.08
78.26 21.74
15.45 18.52

Total . 233 54 287
Bl.18 18.p% 100.00

BTATISTICE FOR TAHLE OF MCQ27 BY GROUE

statietie DF Value Prob
Chi-Square 1 0.307 0.58D
Likelihood Ratio chi-Sguare 1 0.297 0.585
Continuity Adj, chi-gguare 1 0,123 0.728
. Mantel-Haenszel) chi-8guayxe. 1 0.306 0.580
Fizhar’'s Exact Teat (Left) 0.768¢
(Right) 0.355
: - {2~Tail) 0.544
Phi coefficient 0.033
dantingency Coefiicient 0.033
Cramar’'e V _ 0.033

Sample Size = 187



THE EXPERT OR SCIENTIZIC VIEW OF REACTIVITY IN THE
FRE~COURSE SITUATIONS

BOMEWORK QUESTIONNAIRE

6, g8 3 - ' v
ANSBWERS TO HOMEWORK QUESTIONS
ONE MORE REY IDEA ABOUT REACTIVINTY
SACTIVITY CARDS
~ L. SPONTANEOUS REACTION
2. SOME ANCHORING ERXAMPLES
3, SOME BRIDLING EXAMPLES
4. SOME BRIDGING EXAMPLES
5, SOME ANCHORING EXAMPLES
6. SOME BRIDGING EXAMPLES

FORMULATING AN EXPANDED CONCEPTION ABOUT SPONTANECUS
REACTION ~ MOVING TOWARDE THE SCIENTIFIC VIEW

SUMMARY OF IDEAS ABOUT CHEMZICAY, REACTIVITY DEALT WITH
S0 FAR-SESSIONE 1,2, & 3

HOMEWORK QUESTIONNAIRE

7. SESATON.4
ANSWERS TQ HOMEWORK QUEBTIONS

SUMMARY OF SESEIONS 1,2,3 AND ¢

65

6%

72
73

71

gg

90

93
94

b8




1-

2.

3.

5.

CARD 1

CONTENTS
PRE-COURSE WORK: ELYCITING CHILDREN’S VIEWS
PROCEDURE 'O FOLLOW WHEN INTERVIEWING:

. . _
THE REACTION QF METALE WITH WATER

1

CARD 2 ~ THE REACTION OF METALS WITH OXYGEN

CARD 3 ~ THE REACTION OF METALS WITH AQUEQUS
SOLUTIONS OF METAL SALTS

CARD 4 - THE REACTTION OF HALOGENS WITH AQUEOUS
SOLUTION.” OF METAL HALIDES

SESSION 1 -REAGTIVITY

PREVIOUE RESEARCH ON PUPIL'S VIEWZ ABOUT REACTIVITY

TLENTIFYING PUPIL‘E VIEWS ABDUT REACTIVITY-
PRACTICH EXERCIBE

PREVIOUS RESEARCH ON SECONDARY TEACHERS V.LEWS ABOUT
REACTIVITY -RELATED QONCEPTE (RATE AND EQUILIBRIUM)

THE CONSTRUCTIVIST MODEL: AN APPROACH TO LEARNING
SCIFENCE

AQTIVITY. CARDH

1. THE TARGET BROBLEM

2. BOME ANCHORING EXAMPLES
3. SOME BRIDGING EXAMPLES

4, FORMULATING AN EXPANDED CONGEPFTION OF
REACTIVITY ~MOVING TOWARDS THE SCIENTIFIC VIEW

SESSTON, 2~ REAGTIVITY

THE EXPERT OR SCIENTIFIC VIEW ABOUT REACTIVITY
AQTIVITY CARDE

1. FIRST APPROMCE FOR MEASURING REACTIVITY

2. SECOND APPROACH FOR MEASURING REAQTIVITY

3. THIRD AFPROACH FOR MEASURING REACTIVITY

SUMHARY: THE EXPERT OR SCIENTIFIC VIEW ABOUT
- REAGYTIVITY

PAGE
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28
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student'e t-temt

TPEST PROCEDURE

SCHOOL=School no.bk
(S TITILEISTIL T LSS LRI T L N P R LA R R L S A R s ]

variable: TOTAL

PHASE ] Mean std Dev gtd Error

1 74 2.70270270 1.10701041 6.12868735
2 54 3, BEE55556 1.14275526 0.15664538
Yariances T DF Prob> |7}

Unequal 0,7286  112.2 0.4678

Equal 0.7524  126.0 0.4653

For B0y Variances arae sgqual, FPf = 1.07 . DPF = (5§3,73) Probep? o
0.788l

g0HOOL=Sghool, na.4
(1L LTI AR I RS T LRI A P TSRS R TS TS R

varisblae: TQTA.

PHASE - N Mean std pav gtd Erver
1 48 - 0,85416667 - 0,71427838 0.10309735
2 166 1.66867470 1,19310061 0.08861721
Varianoces T _ DF Probs|T|

Unegqual =6,0778 11B.2 o.oooi

Equal -4,8270  312.0 0.0000

For #H0: Varlances sre egual, ¥/ = 2,39 DF = [165,47) Prolr=p!
e 03,0008

e T Ly,



 BPPENDIX N2

ALTERNATIVE AND ORIGINAL COMPARISON OF THE OVERALL RESULTS OF PHASE
1 GROUY WIMH TEE FHASE 2 GROUP TEACHING DELAYED AND UNDELAYED GROUPS

ON THE STANDARD B REACTIVITY QUESTIONHAIRE

[Peaching delayed, (old & new; N=357) with teaching undelayed, (old

& new; N=138}

Student’'s t-test
TTEST PROCEDURE FOR 5 MCQ's

Vorlabhles TOPTWOS

GROUP N Mean bey &td Error
DELAYED 387 4.06182465 1.14?35193 0.06072430
NQT DBL 138 1.60B89565 1.03539395 0.0881385¢%
variapges 1 DF  Drob>(m|

Unequal 4.2317 274,32 D.000L

Bqual 4.0438 493.0 0. 0001

Yor HO: Variances are egual, F! = 1.23 DF = (456,137) Prob»r’

= 0.1618
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10HISQ 08 FOR ANSWER D 411 v 138

TABLE OF PHASE RY Q8

PHASE o8
Freguancy
Parcent
Row Pot
Col Pot 0| 1| Total
1 230 161 411
41.89 32.97 74 .86
55,96 44.04
70.55 B1.17
2 96 42 138
17,49 7.65 25,14
69,57 30.43
29,45 18.83
Total 326 223 549
59.36 40.62  100.00

STATISTICE FOR TABLE OF PHASE BY QB

Statistic bF Value Prob

c¢hi~gguars . . 1 7.927 0,005

Likelihood Ratio Chi-sguare 1 8.122 0.004

Continuity AdJ. chisquare 1 7.373 b.007

Hantal-Hasnszel Chil-Square b 74913 0,005

Flpher's Exact Test (Left) 3,05E-03
{Right) 0.%08
{2-Tail) 5.04E~03

Phi Coefficient _ -0.120

Contingeney Cosfileient 0,119

Cramex's V -0.120

Hffectlve Sample Size = 549




1CHIEQ Q7 WITH CORRECT ANSWER E 411 v 138

TARLE OF PHASE BY Q7

PHASE Qi
Fragquency
" Percent
Raw Pct
col pot 0| 1§ Total
'y o, ke
1 373 38 411
67.94 6.92 74.86
80,78 8.25
76,12 64.41
2 117 2] 138
21.31 3.83 25.14

84.78 15.22
23,08 35.5%

Total 450 59 549
#9.25  10.95  100.00

BTATISTICS FOR TABLE OF PBASE BY Q7

&tatiatia _ DF Value Prob
Chi«8qguare i 3,841 0,050
Likelihosd Ratioc Chi-Square 1 3.592 0,058
tontinulty Adj. chi-Square 1 3.244 0,072
Hantel-Haenszel Chi-Square 1 3.834 ¢,050
Fleher's Exact Teet (Left} 0.980
: {Right) 0.039
{2-Tail} 0,057
Phi coefflecient : 0.084
Contingency Cosfflolent 0.083
Cramer's V 0.084

Effective Sample Blza = 549



1CHISQ Q8 FOR ANSWER D
TABLE OF PHASE BY QB
PEREE Q8
Frequehoy
Percent

Row Pot
Col Pet 0} 1

1 230 181
29,95 23,57
55.96 44.04
45.82 68,05

2 272 85
35.42 11.07
76.15 23,83
54.18 31.95

Total 502 266
65.36 34.64

Total

411
53.52

357
46.48

768
100.00

STATISTICS FOR TABLE OF PHASE BY (8

statistic DF value Praob
chi~Square 1 34.534 0.000
Likelihood Ratloc Chil-Byuare 1 35,159 6.000
- Coptinuity Adj. chi-Sguare 1 33,647 0.000
Mantel-Kaenszel Chi-Square 1 34,489 0.000
¥Fisher'a Exact Tast (Left) 2.46E-09
: {Right) 1.000
{2~Tall) 4.078-09
Phi Coefflclent -0.212
Contingenay Coefficient 0.207
Cramer’s V ' -0.212

Effective Sample Size = 768



1OBIEQ 07 WITH CORRECT ANSWER E

TABLE OF PHASE BY Q7

bPHASE Q7
Frequancy
Percent
Row Potb
Gol Pet o a] 1
} . 2y
1 373 k]
48,57 4.95
90.75 9,25

57.12 33.04

2 280 17
36.46 10.03
78.43 21.57
42.88 66.96

653 115
85,03  14.97

Total

Total

411
£3.52

35%
46,48

768

100.00

STATISTICS FOR TABLE OF PHASE BY Q7

gtatistic bF value Prok
Chi-Sqgitare 1 22.787 0.000
Likelilood Ratio Chi-Square 1 22,982 0.000
Contdnuity Adj. chi-square. 1 21.829 0.000
Mantel-Haenszel Chi~Sguare 1 22.787 ¢.000
. Fisher's Exact Test (Left) i.000
{Right) 1.37E-06
{2~Tail} ., 40E-06
Phi coefficient 6.172
Contingency Coaffiaient g.170
Cramet’s V 0.172

Effective Sample 8ize = 768



Student s t-tast

sCHoOL=School no.2

*kﬁ*l‘#******t*****w***ﬁ***#**#***#****************ﬁ******

Varlable: TOTAL

PHASE N Mean std bev std Brror
1 116 0.90434783 0.79443142 0.07408111
2 87 - 1.805%7015 1.20904137 0.14770796
Variances " DF  Erob»|T|

Unagual -5.486" - 0.0001

Equal ~5,0647  180.0 0.0000

For HO: Varidncee are equal, F* = 2,32 DF = (&6,114) Proh>Ff

= (.0000

s e



12

RUNNIKG THE ACTIVITY-SESSION 3

Have Sepsion 2 handouts (9«18} ready to distribute,

Put oot all the eguipment and chemical seiutions for the activity
cards on spontanacus reactions.

+

14.] Give out handout (P) and agk the teachers to ahéck the
answers againet thelr own and those of any other adults
whe tried the guestionnaire, '

Agk the teachers:

(1} to identify in handout (8} any of the featurep of

{2} the childrenfe or teachers! views they were introduced
to in sesaion 2.~ reagtivity considered aniwmistloslly

(3} to dipgues any coxrect poientlfie statements from
handout {9) whigh give them particular conceptual
difficulties ox which they Eind diffioult to accept.

15.| Give out handouts (1016}«
Ask the teachers to read through handouts (10«11}

hek teachers to complete the astivities in handout (12)
pertaining to spontansous processes, Dlsouss ottaome.

Aok tesachers to complete the experiments on

- bandouts [13-14) gbout sndothermls and exethermie
reagtlong are spontaneque and answer the guastions
that follow.

!
v

16.] Complete and'diauusa the contents of haﬁdoﬁt (15} where
the use of analogies indicate that rate lg not an
indicator of a gpentaneaus reaction.

Dlaousa the contents of handout (16) and compare this
handout te handout (15)




11

Y
|

p ———— ¥

e, b
" 12.|eive ont handout (7) and ask the teachers to read
fthe expert or saientific view in the pre-gouxse
fwork,
! .
i
Jr

13, |6 ys out handout (8) for “homewerk".

Ask teaschare ¢o read handout {7} and use it, togaﬁhar
|with.othar sesoion 1. & 2 handouts to complete handout (8),
a "ppot the axpart view" questionnaira, bofors sespion 3.

e,
T

o e




"RUNNIRG THE ACTIVITY-SESSIOR 2
Have ssaslon 2 handouts (5-08) ready to digtribute.

put out all the oquipment and chemical solutlons for the activity
cards on reastivity.

e ey

7.| Give out handout (Sa-5d)

|
| hsk teachers to read through handout (5a)
|

o

g ————

Y

e,
T

8. _
| Ask them te perform the task on handeut (5b)-Firat approach
far measurlng rractivisy - reaction rate measuzements.

| pipeund the outcome,

——

é;

8, . .
Ask them to perform ¢the task on handout (5c¢)-Sezond approach
or moapuring reactivity - enthalpy massurementsa.,

 ——————

£
nleousa the outcoms.

e — 3

.p+.....u

e
T

10, :
Ank them to perform the task on handout {B3d) ~Third appreach
for measuring reactlvity - voltage measurementeo,

Dilscups the outcome,

o,
¥

afu,

| N
11.[Give out handeut (&)

Briefly oummorise the semsion-handout (6)

.
L)

!
l.
%



4.,| tive out handeut (2)

Dlecugs how the view of 88TS compare with thoovs of
ohildren

{khis raises directly the guestion of courne membara<own
undoerstanding ~ 1f alarm is expressed reagsure them that
they are not alona)

|
-

5.] Give out handeut {3

Briefly ge through it, cmphaosizing the four stogen
phown in the liluctratlon

1. 0dicitation

R, awareness abhd dissatisfaction -
J. ganeration

4. understanding.

i, iy o
T T'=

v

. L
T

6. Give out handeut (4da-4d)
| Ask teachers te read thyough 4n and toe try soms of
| the taske in 4k and 4u and dipouss the case made in
| 44 fox reaotivity, where different inctrumente

I 4re used to méasure difforent cubtoeomoon.

[ T ———



RUNNING THE ACPIVITY-SESSION 1

Have Segsien 1 handouks (1-4) veady to diptributa.

Procedore:

1.

e

a3

e,
T

+

Briefly map out the coursa (wne the course summary);

gtresg that the course ls chiefly ooncerned with
teachers’own understanding, rather than that of ahildren.

i, . o
¥ g T

\ %

* :

Glve out handouk (l)~ go thfnngh lt, stresoing the featuren
of children’s views whish are lioted:

| Reactive wmotals have "must'

A metal lg reactlve it reacts with vigour.

bPlpougn whathexr the exumples glven de Llluctrate each
feature

[Teacharn may do the eptisnal sxyercise here - follow
the prooedurs in 3. below using the examples of childrens
regponsas on handout la]

wha.
T

whe
T

\

L . - u -

et tha taaéhura'to:

{1) Tdontify featureo of children's viowo demoribed In
hondout (1) whieh they can sea in thei: own childrens
repponsas writtos down nn the reverso pide of eash interview

- oord.

{2)Copy an axanple of sach foature- write the childe actunl
wordo onte a separate ulip of paper or sut them from the
interview card.

{3)Collect examplen of each partioular feature from eagh
cource membor and display them so that numersus éxamplen
of anch fonture owe oeen by the whole wonrsa.

+—+




Sasoion 1

Sersion 2

Sepajon 3

THE AUTIVITY CARDS

Agtlyisy card 1:
Rotivity card 2:
Activity card 3:

Atlvity card 4

Activity cvord 1
Activity eaxd 2:

Activity card 3i

Agtivity onrd 1:
Activivy card 2t
Agtivity card 3:
Agtlvity card 41
Aebtivity cord 5:

Activity card 6:

neactiviﬁy

The target problem

Reactivity - Bome anchoring examples

Reactivity - Some bridging examples
Reactivity - Pormalating an expanded
ponoaption - moving towarde the
pelontific view.

Piret spproach for measuring
reactivity - moving towarda the
galentifle view.

Sagond approach for measuring
reactivity = moving towards the
uelentifis view.

Third approach for measuring
reactivity - moving towards the
scientific vieyw.

Spontansous reastion-The target
problemn

gpentanecus reaotiun-some aﬁchbrinq
examples

gpontapeous reaction-p bridging
gxample

Spontaneous reastion-a brldging
exampla

Spontangous roaction-~Some anchoring
examplos

gpontaneous reaction-gome bridaing
axamplen



eroup getivity and discusaion:

Hemework! tapks
Activity:

SESETON 4

bDlequsaion

Handout [11-16}:

Aetivity ocard 1~
Activity card 2«

Activity card 3~
Aotiviey card 4~
Activity card 5=

Activity oard 6.

Target problem
Eome atchorihg
examples,

Bome bridging
examplep

gome bridging
axatoples.

Some anchoring
exsrples

gome bridging
axamnples .

Handout {17): Formulating an
expanded conaeption about

gpontaneous reaction- moving
towarde the seientlfic viaw.

Handout (18)18ummary of ideas dealt
with in tlie course sa far.

Bandeut (19): "Spot the expert
view" questionnaire.

Answers to homework gquestiepnalre

of session 1.

summary of key congepts of senslon

1,2 and 3.

questlonnaire.

Handogut {20): Answers %o sesolon 3

Handout {21}: Summary about the
ldans dealt with in sesaion 1,2 & 3



 SESSION 2

Variouz experimenta) approaches to
measure reactivity.

Bapert view about wveactivity in the
pre-course work. '

"spot the expert view" questionnaire.

Group activity and discussion: Handout{5a-53):

Homawork' taake
Reading:

Activity:

SHSSXON 3

_ biscussion:

Pilgcugadon:

Roetlvity card l-the expert or
scientifle view
about reactivity .
Actlvity card 2-First approach for
_ measuring reactlvity
Activity card 3-BSecond approach for
measurihg reactivity
Activity card 4-Third approach for
measuring reactivity
Handout (6)}: Summary of ideas dealt
with about reactivity in sesslon 2.

Handeut (7): Expert view about
reactivity in the pre-course werk
pituations.

Handout (B8): "Spot the expert view"
guestionnaire

Mora key ocientific ideas about
reactivity:

Spontenecns xeaotion:

Spontaneous exothermic reaction.
gpontanecns endothermis reaction.
Formulating an expanded conception
about spontancous reaction.

Handout {9}t Ancwers to the pession 2
quastlonnaire

Handout (10): One mera kay idea about
reastivity-spontanesus reaction



SUMMARY OF THE COURSE WORK

PRE-COURSE WORK

Activity:

clagsroom based engquiry:

EESSION 1

Discussion:

Courae nembers’ own perscnal views
about reactivity and related concepts
Blieiting children’s views

Peachers coneidering their own
personal views about reactivity

taining an ineight lnto shildrens view
about reactivity

children's views about reactivity
Secondary teachars views about
reactivity and related concepts

A constructivist mode) for learning
seience

Rey aspecte of the scientific or
"expert” view:

1. ngﬁctivity

Handout (1}: Pupil’s ideas about
reactivity ~rasearch evidence

érnup ackivity and discussion: Handout (la}: Identifying featnres

Discussiont

bilsousaion:

about your pupil's viasws about
reactivity (opticnal practlce
exprolige},

Handout ({2): What is known about
secondary teschers ideas about

regativity and related cencepts:

evidenca from Wits resesxrch team,

Handout (3): An approach to learning
aclence ~ ths conatrustivist model

Group activity and discussion: Handout{da-4d):

Actlivity card l-Target problem
Actlvity card 2-anchoring examples
Activity card 3-Bridgilng examples
Activity card 4-Formulating an
: expanded conception
ghout reactivity-
moving towards the
sclentifie viaw..



OUTLINE PLAN OF THE COURSE

+ +
! PRE-COURSE WORK |
| I
| tourse members’ own personal views |
| about reactivity and related concepts |
| Elicviting ohildren’s views I
I
!
SESSION 1

+

Pupil’e views about resctivity

Secondary teachers' views about
reactivity and related concepts

A constructivist knowledga for
learning science.

Key aspacts of the poientific ox
"expert" wiew:
1. Reactivity

+

N

|
SRESTON 2

Key aspeats of tha sclentifie or
*axpert” wview:

1. Reactivity (continuation)

g

SESSION 3

More key gelentific ideas about
reactivityi '

1. Spontansoup roactlons.

+

o

+

SESSION 4

Anawerg to homework guestionnaire
on spoataneous reaction.

gummery of smasslon 1,2 and 3




URDERSTANDING

REACTIVITY

Course leader’s gnide

Secondary School Teachers and Science (8878) project




TRTRODUCTION TO THE FACK

The material in thlie pack has been designed tc help ' - Jary o
teachers develop their knowledge and undersgtanding . . oo tivity. It
deals with chemical concepts found in the etandard - i [ al

sclenve eyllabus.

The material is flexible and can be used:

for school basad INSET in one schoal

by staff of a gluster of sohools or interested individual
teachers from a number of schools.

for in-servige work in tescher training institutions

for initlal teacher training, where it is partioularly helpiul
in that 1t involves work with ahildren as well as institution
bamed messions.

1

I

1

It is different from other material in that it starte from ideas
about reastivity that secondary school teachers already have and
bullds on them.

Four sessione are reguired,

The pack highlights certaln aspects of the selentifie view of
reactivity which are known from ressarch to provide particular
dopceptual difficulties. Course partlcipants are introduced to the
misconaeptions which puplils and many secondary teachers have and
become avware of the nature of their own intuitive vlew about
chemical reactivity. Thay arae presented with the selentific
interpretation of reactivitr .sd perform a ceries of activities
designed teo persuade them ov .d’s validity. The ewmphasis throughout
the course 1B on tha personal econstruction of knowledge by each
teacher at & laevel that ls appropriate for that individual,
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CONDUJTIRG YOUR ERQUIRY:

Flrst arrange and test your tape recording eqny'  ot. Make suras that
the pupils are asltting clere eneugh to the reosr iLy eguipment fnr
thelr somments ta ba picked up clesrly.

You should coimence by explalning to the pupile that you are
interested in the meanings they have for the werd “reactivity®
Bxplain to the pupile that you will be demonstrating four
ekxperiments. Then you will be asking them some questlons about
reactivity in emch of the situabions shown.
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PRE-CODREE WORK: ELICITING CHILDREN'S VIRWS

Children arve not empty vesnels = they have been shewn to have a
whole range of ideas about the world which may be firmly held and
which can differ from thope of ecientliote. Examples of such
children’s seience aret

A metal is reactive only Lf it reacts with "zast", (18 yr old)

A metal is reactive L1f dees not take lt’s own sweat time to react.
{15 yr eld)

A ppontanacus reaction 1s one that takeo place lmmediately and
without delay. ' (15 yr old)

Ao an introduction to thip course, in crder to provide ysu with an
ingight into the ldeas about reactivity and the meanings for the
word "reaotivity " and related conmepta which whildcen posssms, you
are asked to perform a small elasarcom based engquiry in which you
interview a group of & or 6 bays and glrls from your class,

¥You are rdquested to make a written resord of the pupil'c responses
to the situaticna on the sards previded (in our experiense the uce
of a tape recorder ls advinable), using the spase provided enh the
revarse slde of sach card, Write down quotes {i.e. actual words

. pupils uped} which you think are representative and particularly
interegting. Bring them (plus ony other evidence, tapos, document,
drawings ete.) to the firet 578 session where they will ko collated
and displayed with those of your colleaguaes for disgusslon.

The coursae will then be going on to albo explore the viewn whith
adulta (euch as 8 tondary nchool teachors and sclentistp) have about
roactivliy ond pelated concepts eince these yelate to the demands
made of pecondary teachetn by the matrie phyasical selence pyllabuo.
Before starting with the pupils you are reguaested te conglder
your own peraohal view about reastivity In the pltuatlions on tha
cards which you will be presenting te them. Writeo your idean on
the reverse of aach sard. Flease wrlite your own individual view,
not that of your speuse or solleagues or an explanation from a
book.

The purpece of the exercise will bocome apparent towarda the and
of panolen 1 where the model for the learning of seienee upon
which thio courre ls based will be presented ond discusped, Xt
will be peen from thie model that a pro-gegquisite for learning tha
ddeae of golencs le op awareneas of ohes existing ideas prlor to
lnotraetien.




SBSSION 4

Admn of 9aaaiqn 1

%, To discuss the selentific explanations of a spontaneous reaction
in the instanwues presented in esssion 3 of the homewerk
gquestlionnalize.

2, 'To ralate wtatements in peasion 3 homewerk guestionnaire to the
foaturen of children’s and teachers’ views discusped in session 3

3. o pummarize the salisnt agpects of reagtivity-related concepts
of geaslion 1,2,and 3.

Resources provided by the courss leader for the gronp.

Bandoutn: (20=21)

{20) Answers to homewerk gueatlonnaire.
{21} Summary of pesaien 1,2 and 3.

Timing:
i. Anewsrs to assslon 3 homework queastleonnaire: 25 ming
2. summarising ldeas dealt with in the course: 5 minse.

MOTAL TIME: 30 minas.,
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Bandouts: (9-19)

(9) Anewers to sesslon 2 homewrk guestionnalre.
{10) One more kay ldea about reactivity: Spontancous reaction.
(L1-16) Activity ocarde {1-8)
(17) Pormulating an expanded congeption aboubt sponhtanecus
reaction-moving towaxds a scientifie view.
{18) summary of ideas dealt with in the coursa so far,
{19) Homework guestionnairxe.

HotleworX task, Session 3 “apnt tha expert" view homework

guestionnalre
Tiing:
Anewexrn to sesslon 2 homework guestionnalie: 15 mine
Activitiea about snexqy changes in Bpontanecus
prosessany 20 mina

Exparimant spontanaoua exothermie reactions: 20 mins
Experiment: Spontanscus endothmrmle reastions: 20 mins
- Analegy of ppontanesus process in mechanleal

gyotems: 10 mine
Recognising mpontatecus/nan spantaneoua

reactlona: _ 1% mine
sugmardsing ldeas dealt with in the sourae: 10 mins.

TOTAL 'FIME: 1hr abd 45 mina.



SESS5ION 3
Aims of pession 3

1. "o disouss the pclentiflc explanatione of reactivity in the
instances presented in ceseion 2 of the homework gueptionnaire.

2, To relate gtatements in sesgion 2 homework guestionnaive to the
features of children's and teachers’ views discussed in pession 2

3, To Latroguce further aspect of reactivity-related concept:

a. an endothermlic xeaction can be a spontanecus reactlon
" b, an exothermie reaction can be a spontanecus reaction
¢« time iz not a oriterion for a spontaneous reaction.

Resources provided by the course leader for the group.
Work cards: Activity ocards (1-6).
The activity cards are seguenced in the following way:

1. Spontancous reastion<The target problem.

2. Spoutaneous reaction-Some anchoring examples.

3. spontaneous exothermic raautiuns-moving towardo the
naientific view.

4. Spontanecus endothermis reactions-moving towards the
golentific view.

5. Spontanecus reacticnp-scme anchoring examples.

6. Spontanecus reéactlons-soms bridging examples.

Bguipment ligt: Raquipment assoclated with the follwing astivity
eards1

Activity 3: a. lg potassium permanganata
B, lem® glycerol
¢. acbestos mat or tile

Activity 45 a, 32g barium hydroxide [Ba(OH}g.Bﬂzol
b, 179 ammonium nltrate
¢. 250 om?® conieal £laok .
d. Thermometer that allews measurement
of temperature less than 0°¢C
e, bmall block of wood,
f. glasa stirring rod,
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Activity 3: a. Fresh potato
b, Voltmeter
¢. Metal atripa—coppar,zinc, mngneaium
and lead.
d. Bleutrical leads and crauudile alips.

Handouts: (5-B)

{5a) The expert ecientific view about reactivity.

(5b~5d) Astivity cazds 1-3.

(5) Summeiy: The sxpert or gcientific view about xeactivity.

{7) The expert or scientific view about reactivity in the
pra~colurse work,

(8) Homemork gquestionnaire.

Homework tasks: a. The expert aclemtifie view shout reactivity -
aasgion 2 summary
b, The expert or sclentific view of reactivity in
the pra-course work
€. "spot the expert view" guestionnaire

lining:

8acondayy teachers’ wiews about reactivity: " 10 mine
Pirst approach for measuring reagtivity: 25 ming
Garond approach for measuring reactivity: 30 mine
Third approach for maasuring reastivity: 25 rine
summary of mesalont 10 mine
. Dipcussion of pre-course sliivetisus: 15 mina

TOTAL: 1 hx and 55 nins,



EESSION 2
Aims of session 2

l. Ta expand teachers conceptions of reactivity towards the
"expert” or soientifio viaew that:

{a} different approashes can be uped to measure
reaotivity

(b) a "falr test" for memsuring reactivity should be
used.

2. To explain the pre—caurse gituations in tetms of thia
expanded view.

3. To ask teachers to distinguish between scientlfic and
averyday usage of the ternm "reactivity" and to make
judgments about the correct pcientific use of the word
in varioue sltuations.

Resources provided by the course leader for the group.
Work cards: Activity cards {1-3)
The actlvity cards are saguenced in the following way:

1. First approach for measuring reactivity - Meoving
towsrds a seientific view. _

2. &scond approach for measuring reastivity - Moving
towarde a soientific view.

3. Third appreach for measuring reaativity - Moving
towards a sclentifie view,

Bguipment list: Equipment assosiated with eash activity.

notivity 13 u, Stopwatch
b, caleium granules an calecium powder
©. 250 om?® beaker
d. Test tube
e. Glass funnel

Actlvity 2: a. Polystyrene oup
b, Thermemeter « range 00¢ to 500g
~@. 29 zine powder
d. test-tube
&, 100 om® of 0.2M copper sulphate
solution.
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Tinming:

Mapping out course: . 5 mine
Children views: 25 mins
Collating own children’s views: 20 mine.
Taashers’ views: 20 mins,
A construotiviet model for learning scichce: 10 mius.
hetivity ocards (4da-d) 25 minz

WOTAL : 1hr and 45 mins.



le

SBSSION 1

" Afms of session 1

1‘

4

LN
6.

7.

To map out the coursa for participanta{see course
BUMMALY) .

o introduce tenchers te what iz known from research
abeut pupil<s ldeas about reactivity and related
concepts, mainly when dealing with chemical reactione.

To enabie teachers to ldentify features iln their pupll’s
regpongss which are knowr from reaearch. to ba commonly
«ald by most other pup. 8.

To become awars of features prasent in views of children
interviewad by other course nembera.

To dause teachers to contwast thelr own views with those
of ohildren and to begin te evaluate thair awn :
understanding.

Ter enabia teachers to compare thelr own views abouth
reasotivity with those known from, research to be held hy
other pecondary school teachers,

To introduce teschers te the constructivist model for
the learning of acience.

Regouxces provided by the course leader for the group.

Work vards: Rotivity cards (1-4)

The ﬁctivity vards are sequenced in the following wayt

1. Reactivity -~ The texget problem.

2. Reactivihy < Some anchoring examples.

3+ Reaotivity « Bome bridging examplea.

4. Reagtivity - Formulafing an expanded
conception-moving towards the acientific
viaw.

Handouts: |1-4)

{1} puplls ideas about reactivlity- ressarch svidence,

(2) Becondary tenchers’ideas about reagtivity and related
gonsapis.,

(3) An appreach to learning sciana-~ the sonstructiviet moedel.

{4a~d) Antivity cazds (1~ 4)
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PRE-COURSE WORK

Alms of the session

i. To elizit the teachers’ own views about reastivity and
related concepte.
2. To elicit pupilis views about reastivity

Resonrces to be provided by course leader for the group.

Instruetion sheet for copducting an enauiry into
children’s views

_Interview card 1 to 4

Ranber of participantp
i teacvhar and'd childres
Rupning the aotivity

Preparation: Have one sat of cotrse materials to give to eash
teachar.

Procedure:  Distribute the folders.

Point cut %o the teashers that full instruchiona are
given(page ?) doncerning:

{a} The conditions under which teachers themselvas
are to respond to the instances (l.e. provide their
own views about the role of reactivity-related

concepte In the situations shown on the cards.)

(b} Practlcal arrangements for conducting the enquiry
with ehildreen.

(@} Procedure to follow when interviewing.

Bxpérience has shown the use of a voles oparatad tapa
revorder ls adviaabla.

The importance of tesachers making a written record of
their own and childreti's views on the reverse of sach
interview card should be peinted ont(ir will be
lustruetive fox them to return te these inltial views
and evaluate any develépment that has taken place in
thelr understanding laker in the aourse,

Timing Distributing folders and disoussing

. thelr contenta: 10 mins.
Teadhera writing own views) 20 mina.
Conduoting interviews with puplls @ 45 mine ~ 1 hr

TOTAL : lhr and 30 mins,
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RUNNING THE ACTIVITY-SESSION 4

Bave session 2 handouts (20~21) ready to distribute,

19.] Give cut handout (20} and ask the teachers ke check the
anevers against thelr own aud those of any other adults
who tyled the questiennalze.

Diseuss any correct soientific stetements from
+ handout (20) whioch give them particular conceptual
diffloulties or which they f£ind diffioult to acoept.

— \}

N . oL
-t

20.]Glve ont handout (21}

Briefly summarise the pession-Handout {21},

. : . "
b T

i R




Y

e — 4

17.] GiVa ont handout {17) and diacuas the axpandad conception
| abouk mpontanecus reaction.
Gilve out handout (18) and ask-teachers to read through
summary of ldeas on handout (18)

—

Fo——

B |

18.| Give out handout (19) for "homework".

Ask teachers tu complete handout (19), a "spot the
axport view" guestionnaire, before session 4.

e

F — e —

s
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5. Reactivity series ip ;nvnriant {Order of alementep doeg not
ahange)

gome puplls see the erder of the mlemants in a roeactivity series
as lnvarlant irrespective of the type of subotance the elaments
reagt with.

“ rhe erder of the vlements in the reactivity series does not
change"” .

The notlons illustrated above are Rnown, from repcarch, to be
sharacteristie of pupil’s views about reactivitw, They are provided
here as a guide to enable you to idantify the kapd of responbes,
your puplls may make when dissucaing the situations prepented to
thom.

Tn-aummnriaa they ara:

1. Hethodo uped to peasure reactivity unsleay

2. Reaativity fa aonsidered anthropomorphically

3. Renctivity series -« A cldeular densription

‘4. A wppontansous reastion linked to wote

5. Reagtivity mevies in Ilnvariant (Order of the slemants neover
changas)

fi. Other wviews

In haendoud 1{a) that follows, you will be raquested to ldentify
foxturee such as thosa abdve in the views of childwen which you
chitained 1ln the pre-course work. ¥You schould de thin in groups oo
that you can dompare the viewn obtainod by vellsagues with thobe you
. gollacted,



REACTIVITY « SRSSION 1 « Handowt (1)
PREVIOUE RESKARCH ON PUPIL’E VIEWS ABOUT REACTIVITY

the information pupils use te eunstruct thelr concspts comes from
different poursas: public knewledge as presented in texts and
lectuxes; and informal prior knowledge from everyday experlence,
parentc, peers, commersisl products and the sommon meanings of
relentifioc tarma. Thus puplls have already developed a ange of
ideap pometitmas salled children’n sclence which are sften stubbornly
held and resistant to change and may adversely affect children‘s
offorts to understand the orthodox soientific view.

Reécant research studies have investigated pupil’s views about the
‘concept rasctivity and related concepts. Some Lindlngs fref thene
studlen are shown below, The guotations are std 8 pupll’s remarka
made during an interview sepnion after the puplile had completed the
axporimental work on reastivity. certain features of thelr netlons
abiout reactivity became clear from thelx interview respenaest

1. Metbods used to measure roastivity uncleax.

Mony pupils did net knew what the oxperimental basls for
weasuring pesctivity was. BSome gquetabiens to illustrate the
above are glvens ' :

" tthe brightness of the flame and the vigour of the reactlon
fives the yeactivity"
" the readiness of the resction indicates the reactivity"

2. Resctivity is considered anthropomorphically (Desuription uses
human characteriatics).

Many uhildren hod & human centered view of reactivity.

A metal ip reastive if it reacte with zast',
"s metal lpo reaptlve if it reacts with vigour“.
"4 metal ip reacti o if the reaction la powarful”

2. Rengtivity series ~ A ciremlar description

Mony pupils desoription of a reactivity saries wan oimply a
seriea roflecting how remetive a metal is without understanding
what the term reagtivity meant.

" & reactdvity serles is & series avrranged from highest
reantivity to lowent reactivity..err.. from the strongest te
the wenkest,

4, I apontaneous seaoction linked to rate:
* A opontascous yeastion i a fapt resotion”,

" A ppontancoup roagtison takep place wltheut delay"
" A opontanecous reactlon doea not reguire a eatalyos"



Handout 1
Handout Jla

Handout 2
Handout 3

Handout 4a
Aondout 4b
Bandout 4c

Hapdout 4d
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SBESION 1

Previous rasearch about pupil’s views about
reagtlvity.

Identifying pupil’s views about reastivity.
practice exercloe.

Previcus repearch of seccndary teachers’ views
about reactivity-related concepts (rate and
aguilibrium) .

The constructiviot modely an approsch to
learning seience.

Activity card 1- Reactivity

Aotivity card 2w Reschivity

Activity card 3~ Reactivity

hetlvity card 4« Fermulating an expanded

tonception of reactivity-moving towards the
solentific view,



GARD i - THE REACTION OF HALOGENS WITH AQUEODS SOLUTIONS OF MITAY,
HALIDHS .

1 - teacher’s view

({ts be completed before interviewing pupils)

2 —'pupilta) views

o . -
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CAMD 4 « THE REBACTION OF HALOGENS WITH AQUEOUS SOLUTIONS OF METAL
BALIDES.

Explanations

"I am going to he demonstrating the reaction of halogens named on
your card with excess dilute aqueous solutlons of metal halides.

Indioate with a tick if a reaction takes placa; I want you to tell
me about reactivity and jet down your cbservations in the spaca
pravided.”

The teacher insarts indicated guantities of the halogens tabulated
- below inte three sets of metal halides solutions of approximately
mnlar cohosntrations as shown in the diagram

. s o
| Halugens | rel{aqg) | EBr{ayg) | KI{aq) |
|5 omd= uhluriﬁé water | | | |
|5 om®~ Bromine water [ { { I
whe, . - e -
|5 emd~ Iodine water | ] | t
*+ * o+ + +
Experiment:
et 1 Set 2

a1y (ag) el {ag) Br (ag) Bry{ag)
RBx (ag} | Xi(aq) | KCl{ag) KI{ag)
Bet 3

Is{aq) Ip(aq)

KCl{aq) KBz {aq)

Fooun guaeshions:

1. "&lve the order of inareasing resctivity of the halogens with
selutions of metal halldes."®

2. "How did you arrive at your choice?"

3, "Is thors any visible reaction of iadine with potagaium ghloride
polution? Is there any way of tellilng?"

Remember: Moke a written record of shildren's typleal, interesting
pr unuoual reuponben (guoting childron’s actunl words).
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CARD 3 - THE REACTION OF MHBTALS WITHE AQUEOUS SOLUTIONS OF METAL
BALTE.

1 - teacher’s wiew

(to be completed before inteﬁiwing pupils)

2 « pupilie) views




CARD 3 . THE REAGTION OF METALS WITH ADUEOUS SOLUTIONS OF METAL
SALTS.

Explanation:

"I am going to be demonstrating the reactionh of the metals named on
your card with aguecup solutione of metal galte of eguad
coneentratione.

Indieate with a tick if o reactien takes place; I want you to 1¢il
me about reactivity and jot down your obgervations in the space
provided.”

The teacher inserts indicated guantities of the elements tabr.ated
balow inte three sets of agueous solution of matal salts ot
approximately molar conecantratiens as shown In the diagram.

iBlenanhi uantity i 'copper i gine | Feprous i
| 1 | i aulpygtgl Sulphate 1 Sulphate l
Izinc i 1 om square pleces foilj i l . i
lIron i 3 am lron wire or nall i_ l i i
icopper | 1 am sguare pisces foill i [ i
;xparimants i
Set 1 . 8et 2
Zn(s) Fa(s) ' Fe(s)
cuso,(ag) [ . |cuso,(aq) ;:;;:ﬁ;;;
gek 3
Zn{s}) cu(e)
et e O

Teso, (4q) Festy(ag)

Focus qguastionss

1. "Which is the most reactive metal?"

2, "Give the order of increasing reactivity of metale with solutiona
of metal salts."”

3. "How did you arrlve at your chol: =?"

4. "Is there any vieible reasction of copper with iven sulphate
solution? Iz thaze any way of tellinge"

Remgmber: Make a written rocord of children‘s typiecal, interesting
or unusual regponson {guoting shildrentse astual werds:,
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CARD 2 - THE REACTION OF MBTALS WITH OXYGEN

1 = teacher's view

(to be completed bafore interviewing pupils)

2 ~ pupll{s) views

- e
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CARD 2 ~ THE REACTION OF METALS WITH OXYGEN
Explanation:

_ "® am going to be demnhstrating the reaction of the metals named on
your card with oxygen. I want you to fell me about reattivity and
jot dewn your obpervationa in the space provided,"

The teacher dennnatr tes by aucoassively heating indicated
guantities of the elements in a deflagarating spoon and then
ingerting it inte a gas jar already #ull of oxygen as shown in the
diagram.

;Eiement , Quantity and state ’ Ohservation ;
iscdium i Znm ouba i ' ' ;
inagnaaiuﬁ —i 10 um ribhoﬁ i i
iPataaaiﬁm i 2mm auba. i i
icaleium .i lom loﬁg turning } ?

.
o

. o o i P

Hg{a)

Feaus guesticns:

1. "Which ins the most reactive metals™

2. "Which ia the least reactive metal?"

3. "Give the order of the metals in terms of increasing reactivity
with oxygan".

4. "How did yeu arrive at the order in (2)2"

Remember: Make a written record of children’s typiesl, interesting
or unuenal responces (quoting children‘s astual worde).



CARD 1 - THE REACTION OF METALS WITH WATER

1 « teachex's view

(to be completed before interviewing pupils)

+

2 ~ pupll(s} views

—




PRE-COURSE WORK

CARD 1 - TEE REACTION OF MBTALS WITH WATER

Explanation:

T am go.ing to be demonatrating the reaction of the metals named on
your card with water. I want you to tell me absut reactivity and jot
down your observatlons in the space provided."

the teacher demonstrates by inserting esuccesslvely indicated
guantities of the metale tabuléated below in water as ashown Ln the
diagram '

+ " . + +
_ il!lement | Quantity and state "i ohsgrv_ation [
iséaium i 2rm cube j i
iuégnaaium J 10 em xribbon | {
i?otaasium l 2imm oube i }
Taaleium i igm long turning T . T
1 ! ) !
“cats)

Raie)

Foous guestions:

1. "Whieh ip the most reactive metal?"

2. "Which i3 the least reactive metaly"

3, "Give the order of the metals In terms of increasing reactivity
with water.®

4, "How did you arrive at the order in (2)%"

Remember: Make a writtsn record of children’s typleal, Interesting
or unuayal responses (quoting childrens actual words),



PROCEDURE TO FOLLOW WHEN INTERVIEWING:
(Remember to awltoh on the tape recorderl)

Exanmple: Card 1-The reaction of metals with water
show the pupils card 1 and tell them what you want them to doy

"I am going to ba demor itrating the reaction of the metale Qppearing
on your card with water. I want you to tell me about reactivity and
jot down your cbservetlons.”

Aok the fooue guestions:

1. "which ig the meat reactive metal?*

2, "Which is the least reactive metal?’

3. "Bive the ordar of the metals In terms of incrsasing resceivity
with water." _

4. "Bow did you arrive at the oxder in (3)2"

You must be patient and allow the puplls time to answer after
putting each question to them. If puplle are very doubtiful give
epcouragement by repeating or rephrasing the guestion, and
emphaslging again your interest in thelr understanding of
reactivity.

Rerponsss for aébh-toaus question can he probed further by asking:

That’s intereeting -why do you say that?

or by asking any other guestion (neutral, not leading; penetrating,
not guperfielal) you think nacessary to clarify in your own miud the
nature of the pupil‘s views.

be not be Judgmental, Resist the urge to teach the puplls. Try to
eliminate bhiap inherent in your tone of volce, gesture or faclal
expresslon and try to strike a balance between friendliness and

- ghjectivity.

Ensure that all views of pupils have been chtained by asking:

5. "Anything else you would like to say about reagtivity related to
the experiment?s"

Later make a written resord of the pupllfs responmes [on the revorse
of the card) pleking out views whioh are typieal and thepe that seenm
particularly interesting,

(Nate: all pupils do net have to answer all the guest cns hut
encouraga as mahy as pospible to respond in each casu:,

Repeat this procedure with engh of the remaining carde; use the
recommended initial focue queestions shewn on each card about the
understandine of reactivity in the different experiments.

Ask any furtaer gquestions that you think are necessary in order to
make clear ihe nature ¢f the pupil’s views.
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{e) €Cell voltage.

Reaotion 2n{s) + QUS04 {uaq} mmawum
b ‘}'(“N‘\-—- N
- o/

> 2n804{aqg) + Qu(s)

Zn

-

ZnE0y(aq)

Cug0, (aq)

{f) The reaction of dilute hydrochlorig acid and sodium
thiosulphate produces a precipitate of sulphur.

‘Roaction NayS;0; + 2 HCL ww-> 2 NACL + 8 + S0, + Hy0

cross ho longer

beakay white paper on card
' viaible

I
X0

it

B
ras 4

gtart of reaction after A short | time noted as soon
) ' timea as cross iy not
vipible

A crose marked on thé card becomes less visible with time when
vigwed from above, fThe time taken for the disappearance of the

cross when viewad from above is noted.
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{d} Prassure of oxygen decreasing with time(assume temperature
constant)

Reation 2 Mg{a) + 0y(g) ==wuw> 2 MgO{s)

deareasing

' _l. pressure of oxygen
with time

) ) water bath.

{d) The final temperature after the reastion is
completa ’

Reagkion 2 Mg(m) + Oplg) =w=w- > 2 Mgo(s)

- thermometleay

insulated




{b) calorimetric measurement

Reaction #n(s) + CuSO,(aq) m—mm~> BnSO4(ag) + Cu(e)

Before Inmedlately - Eome tine
reactien after after
reaotion reaction
b ?h ol
% |

100 amd of Reactlon is Apparatus

0.24 Cusg,(ag) complete and and eontents
and ppt. of copper gooled Yo room
hap formed in texperature,
aoleuxrless
EnsCy (ag)

{¢) Pressure of €O, measured at various times,

Renctijoh 2 HCL + Catly ~wwws>CaCly + Hp0 + COp

prasgure gauge




REACTIVITY - SESSION 1 - Handout {do)
_ncwrviwr CARD 3
BOME BRIDGING EXAMPLES
An attempt is made here to bridge the gan between dighelief (in the

gage of the target problem) and ssceptancs of the anchoring examples
by coneldering aimllar aspects when dealing with chemical wvenstiona,

What to do

The astivities described on the anchoring problams were related to
daily taske. This card prepsits a serles of exanples related to
chondeal reactlans whieh may appear to Le uaralated to the darlier
axamplen. Howaver clessr serutiny will indizate otherwise,

You are asked to lock at the examples given. Then ask yourself:
Which putecome is of intereat? '

{a) How fanpt? {k} How far (extent of reactlon).

{a) Hydroger released at various time intervals.

Reachion MY(s) +2 HyO-w-m> Mg(OB)glag) + Hg(8)

teds
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REACTIVITY - SESSYON 1 — Handout (4b)
ACTIVITY CARD 2
SOME ANQBORING EXAMPLES

A degeription g givan here of some anchering examples Invalving
concepls related to sporting evente which will latar be related tao
reactdvitysrolated conceptsz., These axamples ave In agreement with
mogt peaples intultive beliefs and alse correspend te the selentific
view, :

There are many activities which are perfornsd sometimes durxing cnes
lifetime. Sush activitiez are given helow.

ey eehaeptualiaing or performing aome of the jobs deseribed belew
and ask yoursalf what you are measuring in each caseo.

In the exanples given below; which autecome in of Anterast:

(e} How faoh? {b) How fox? (extaent)

(a) B aprinter sprinting 100m

{b) An athlete throwing a dlucuss.

{e) An athlate throwing a javelin.

. {d} An athlete doing long Jumps
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Another way of looking at the problem

In order to disgal these views it is neceéaary to expand ones view
of the meaning of the term reactivity.

What le the nature of thip expanded view? ‘

e shall start by developing the notion that thers are a pumber of
gifferant aspects of a chemical reaction we would want to know
about.,

We would like te knowi

Whather o reaction can ocour?

How fagt doae the reaction osour?

Bow far dees the reaction go? (Tha extent of the reastion)

heactivity is an idea that in related to a uhamiaal roactlen,
arising from the abova we wil)l giva an idea as to tha exﬁerimental

ppproschas that can be used te measura reactivity, mo as to inltliate
an underatanding of the concapt readgtlivity.
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REACTIVIIY ~ SESSION 1 - Handout {4a})
ACTIVITY CARD 1 » REACTIVITY
THE WARGET PROBLEM
This card describes a target problem concerning reactivity-related ;
convepts which some people ritd difficult. _ ;
The problem
The Wits rescavch team found evidence that some teachers have . _
diffioulty in distinguiching questions of rate from guestions of :

equilibrium, Example statemants to illustrate the above are eited
balows

1. A ppontansous -edction iz a fast reaction

2. EC valuss assumed to give kinetie information
3. /\E values give kinetic information

4. ERlectroshemienl series is a rate series

Possible causes of the problen

Major pourseés of ipstruotien.

Teachars and textbooks provides amblguous and incorreet maaaageé
about reactivity at a standard 8 level. Reactivity ie explained

anthropomprphically by many texthook authaors. (Description uses
human oharaotariatiaa]. %

Exparimental appraaehes used to meapure reactlvity ara not alearly
differentinted and do not emphasize the distinction betwsen the rate
{kinetic) and enexgy (tharmedynamle) aspects of resctivity iv a
meaningful way.

The gpllabus,
The standerd & physlcal selehes syllabus does net link the concept

of ronctilvity dealt with at that level to the cohcepts of rate and
equilibrivm dealt with at a standard 10 level and vice verna.

Technical use af words in sclence and sveryday use of words probably
not emphaslged,



a

{a) had falled to enable the teachers to fully distinguish questlans
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 rangs of
situations.

In terms of the constructivist model described above the researcher
as teacher had achieved atage 1 (eliciting the learner’s wviews) and
the teacherfs as learners might be sald to be at gstage 2 (aware of
their existing ideas and dissatisfied with them).

Ap a restult of the pro-course work and ‘hese early dissussions in
the first sesslon you may feel yourseli to be in & similar pesition
ag thile. Having reflected upon your own views about reagtivity, in
the light of those expressed by your pupils, and having now
consldered the views held by other secondary teachers, you may also
fael some dlssatisfactlon with the existing state of your knowlaedge.

In this and sater dessieohs we hh&ll be going on to stage 3 and 4 of
tha aconatructivist model and wil) be providing you with some
activities in which the expert view can he explored,

What s this "expert" or scientific viewy

In session 2 you will be given handouts in which some key aspects of
the solentific view of reactivity are explained. You will be asked
to answer & varlety of questions about reactivity using the
saientifie wview to answer them. A handout interpreting the
instances you presented to your pupils in terms of tha scientific
view will alsc be provided. You are asked to take thie away and
congider their contents as preparation for session 3 of the course
when the ideas about reactivity will be developed further.

Une them also te help you with the other “homework task"- a
questiennalre containing statements about pitustions simllar teo the
ones you have locked at Bo far, in which yau ara asked to "ppot the
expart view".

In spasion 3 we will be discussing the ahswers to this
guestionnalre, performing further actlvities to develop the
selentifie view of "spontanecus reactien” -a reasctivity related
coneept-~and considerdng the difficulties raised by this view,




This model fotr laarning of solentific ideas can be surmarised as

faliows:

| BLICITATIOR of leérners |
| views from discussione |

.| and experience provided F— |
| by the teacher | i
J I

AWARENESS by teacher and ! ;—"‘a\!
learner of inadeguacies | oL P‘;"
from discussions and e e T -
experiences~ | el Fo
DISSATISFACTION arisca In T s 1 ' F“’: .
learner | N o
Y + - . ; .
% o ?.-‘;‘q
WV R
+ + oy
| ¥4
GENERATION of a better view |
by the learner from discusalons |
of and reflestions about ] o \
previous experiences and new J T—— LA G AR
G, fT o
onas i mmm Cans pomsjeras
! &S G
F— : - . AR
=
+ + A/
. } .
MOVING TOWARDS A BETTER UNDER- | e
STANDING of the scientific view | —_—
and value iln a wide range of S !
eituations : ] i
! A
theismm ot G~
Pt

How ecan this model he applied te the secondary teachar who seeks to
improve his or her cwn understanding of reastivity?

The firat stage is for each ieacher as "learner" to become aware of
his or her own parsonal viewe about the concept reastivity in a
variety of chemical reactions.

Seme recent research into secandary teachers’ ideas about
reactivity-related cencepts lnvelved the asomplation eof an in~depth
gquestionnaire, For a goecd number of teachers an outcome of thelr
partloipation in the research was that many of them became aware of
gaps in thely understanding of consepts related to reactivity. They
expressed dissatisfaction with thelr existing ideas eipue these:

RS

b



REACTIVITY - SESSION 1 - Handout {(32)

THE CONSTRUCTIVIST MODEL: AN APPROACH TO LEARKING SCIEKCE

‘The aim of this course is to help you develop views abaut yeactivity
which correspond more clogely to the scientist's. The course draws
upon a view of laarning in whink the learner actively engages in the
construstion of meanihg from experience and takes responsibility for
the development of his or her own underetanding.

A constructivist model for learning about reactivity

It is a basic principle of the appreach to learning whiash underpins
this course that, for an understanding of reactivity to be davelaped
it is neceseary for both teachey and learner to:

(1) firgt beoome aware of the ideas about reactlvity whieh the
learner alrwady passessas.

Instruction then consiats, hot merely of sdding on new bite of
knowledge to this prler knowledge but of fauilitating development of
the learner‘e existing ideas.

This developmant may lnvelve:

{a) the changing of esisting views,

(b} the discarding of them in favour of new views; or

{c} the acceptance of new viewe which co-exist with previously
held viewr but are aspplied only in a sclentifi¢ context.

(2) Thig development of ldcas is facilitated hy:
providing experiences and discussions which cause the learner
to consider any inadequacies in his or her existing views and to
" bewenie dissatisfied with them;

{3) Providing experiences and discussions which enable the learner
to conatruct an ldea or explanation which is more natisfactotry
end makes better sense of the experiences,

{4) Moving the learner as he/she engages in the “rocess of
congtruating new knowledgs, towards the scientific view by
presenting the latter in sueh a way thet:

{a) it céan be underatood,

{b) it is believable,

(e} it is meen to apply consistently to a wide range of
sltuationa= not just In one limited gontext or in 2 few
partizulay situations,

{d) it seanmr to be useful for the solving of problems,

{e) it ig akle to explalh situations mere patisfactorily than
previously held viaews.

L e o
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REACTIVITY — SESS5TON 1 - Bandout (2)

FREVIOUS RESEARCH OF SECONDARY TEACHERE VIEWS ABOUT REACTIVITY-
RELATED CORCERTS (RATE AMD. BQUILIBRIUM]).

You are asked to rxead through this brief account of some findings
from research inte secondary taacher’s views about
resctivity-related concepts (i.e. rate and equilibzriuom}, A range of
levels of understanding was found amonget the teachers who took part
in the research. Co.-sider how your own views compare with those
ghown below - how would you pssess your own level of understanding?

The research was conducted in 1989 by the University of the

- Witwatersrand teem. Ideas which some secondary teachers and standard
10 students have about ratee and sguilibrium were investigated.
Twenty teachers and approximately 200 standard 10 puplls responses
were elicited using a multiple-choice gnestionnaire. ' '

The outcomes below lead to a focus on the goncant of reactivity
dealt with at a standard B level as many of these misconceptions are
implicitly related to the term reactivity. These views emphasizs the
difficulty teachers and pupils have in distinguishing guestions of
rate from queptions of equilibrium. This may be becausze these
aoncepta were not meanlingfully 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 sBimilar to these which are
known to be prevalent amongst standard 10 pupils:

1. A spoptaneous reaction is a fast reidcticn

2. B values assumed to give kinetic information
3. /\H values give kinetic information

4. Rlectrochemicul series is a rate series

5. A catalyst affecte the yield of a reaction.

4

It iz likely that ipdividual intuitive views shout reaativity, sueh
ag those described above are held by many secondary teachers and
standard 10 pupils ox other members of the adult population who have
not gpecialised in science duxing their education. Some of these
idgaz were regarded as correct by secientists livii g in earliex
times. '

It may be comforting to know that these views have also besn found
amongst university students whe have recelved a -oecialist education
in science, This is probably due to the difficulcties people have in
{a) grapping the more rigerous, scientific meaninge of the tamrm
reagtlvity and (b} dissociating these scientific meanings from the
wealth of other meanings the woyd has acquired from everyday seccial
upage.



RRACTIVITY - SESSION 1 - handout 1({a)
IDENTIFYIRG PUPILS' VIEWS ABOUT RRACTIVITY - PRACTICE EXERCISE

This document gives you some practice in sorting out featurse of
children'e regponses which have been described in handout 1 by
giving you further extracts from interviows conducted with studente.

You may wvare to conslder 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 procaas
with other colleagues since the purpese of the exercise is to
femiliarise you with the main types of response ar kinds of ideas
that. are evident in your studenta.

i If you feel able to proceed directly, without practice, to
identify features of your own student’e interview responses which
you pbtained in your pre-course assignment, this section can be
omitted.)
¥xamples:

A reactive metal ls one that reacts with power.
The student’s reeponse shews an anthropomerphic view of reactivity
(feature 2).

A reactlve metal is higher in the serles than one that is

less reactive.

The student's response indicates a cirevlar description. The meaning
of the term reactivity iz not explained,{feature ).

Now try to identify any of the features from handout 1 present in
the responses made by your student’s during the interviews.




REACTIVITY ~ SESSION 2 handout (5d}
ACTIVITY CARD 3

THIRD APPROACH FOR MEASURING REACTIVITY-HOVING TOWARDS THE
BCIENTIFIC VIEW

‘vhis approach lnvelves an chservation of whether the reaction will
take placge or not., Again it tells us nothing about the rate at which
the reaction will take placa.

4 sownario s depicted here

A 11 year old ohild who is already a keen sclentist. He saw MacGyver

in one of his favourite televislon programmes obtaln anp electria
vurrent by sticking two wires into a nearby eactus. He wantad to
know if he eould do the same. .

This led to a perles of experiments with varlous plants and
vegetables. The hiuynest veltage was obtalned by sticking his wires
into a petate, 80 I suggested that he then try various other motal
wonbinations; sach with a potatn. He carefully recorded the
resultant cell BMF‘s in a suitable grid with a sign to indicate
which way the current flowed. His results with copper, zine, lead
and magnesium were sufficlently conglstent to provide a reagtivisy
sexian showing an sase of electron loss in the order Cu<dPh<in<Mg.
His maximum reading was for the Mg-potato-Cu eell, the electrens
#lowing round the external clrcuit frem the magnesium,

These vell EMF's dlffer from thase ohtained under standard
conditione but the resulte give the right order of reactivity for
sucesesful predictions of redoy roacticone ketween the four metals
ahd aguecus solutions of thelr metal =salts.

Pask

Measure the voltages betweeh pairs of metal electrodes and tabilste
your results in the table provided,

ITtemeg ragqulred

1. Prezb potato

2. voltnmeter.
3, gopper, zlnc, magnesium and lead strips.
4, laads .
- Voltmeter.
copper magnenium

POTATO




STUDY THE FOLLOWING ANALOGY SHOWING THE DISTINCTION BETWEEN RATE
SND BNBRGY CHANGR .

ERERGY VS RATE
Height wvs path

_Height versus Path .

,W " aohANNESBURG

X, :':TG""'.

AHeIght .

DUREAN

-

Anslogy that contrasta enthalpy change with a rate pasthway

The epthalpy difference between the reactants and products can be
vompared to the altltude difference betwsen twe geographie points.

No matter how one gete from one point to another the f£inal

difference in aliltude romains the dame, junt az the enthalpy

difference between initlal and final states of a reastion mizture is
fixed.

o the other hand, very different amounts of time and werk may be
neaded to agtually travel from one place to another depending on the
route taken and the mode of transportation used. The time requiraed
"for the change and pathways that are followed hoth relate te the
rate of the change,

Thus for a destinatlon to be reached various paths ¢an lead teo the
ssma end, Simllarly a reaction can be fast or the reaction can ke
slew but the difference in energy botwesn a particular zet of
products and reactante will alwaye be the cama,

Different Informatlen is obtained from the different experimental -
techniques {l.e. tasks 1 and 2 respestively). The one measures rate
and this is relatad te the path taken by the reastion., The other
gives informatlon about the tetal amount of enexgy transfered in a
tesgelon and this is related to the difference in energy betweon
reactants and products.

.“ EIE Lo -:* .
. .




Tamperaturg of mixtute lncranses, Daniell gall Heuating slamdnt in water
218 kJ traneferred te wurroundings  Temparatuto of gel! increases. VWater inctoasas in tamperatyig
18 kJ trantiorred to suoundinge 200 kd tronsferred fo swrrsundings

The table below showa tha heat energy lost to the surroundings when
two moles of electrono are transferred per mole of cu?* ions
dischayrged frem varleus metals.

FAY K]
Magnesium Mg(s) + CUEO (ag) —==<> Culs) + Mg8O,{aq) - 826 kO

Aluminium 2AlL(s) + ICUSOy(ag)men- 3CU(A} + Ala{E9y)z(aq] « 414 kT

Zing Zn(e) + MB04{ay) ~===> Cu{p] -+ ZEnS04(ag) « 216 k3
Ixon Fe(a} + QusQglag) =-=~-» Cula} + FelBOy{ad) - 152 ka2
Lend Fb{a) + cusO (ag) =~-=> Cu(s) + PbEO4(aq) - 63 kX

All the ymactlons above invelve the came hnlf reactlon: the transfen
of 2 molen of electrons to Cu?*(ag) ieons. The heat energy in thinp

© half reacclon makep s constant contribution to the total heat enesgy
change in each of the five raastions.

26+  Cutlag) wwews=>  QuiD)
Tha heat energy changers iu the other half reaction are different in
aach onse. The vomplets reaction woing magnesium is mest exothormic
because the mont axethermis of the half remctionn balaw lu the ona
invelving nagnesium. _
Hg{e) weae> Mg®t(ag) + 26 most exotharmie

_ half reactien
CALLE} me==> Al3*rag) 4+ 2e

n{B) s=-wd Zudt(ag) o+ 2a

Fe(5) ww=w> Fof*(ag) + 26

Ph{p) ==ww» Ph¥trag) + 20 \{/ least exothermic
nalf reaection.

The energy libarated in esch case gan be uoed o rank tha elements
in terms of thelr elenical reactivity,

et i mens e
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Representing the luformation by wmesns of an energy level dlagram.

M gn{a), Cuso.(ag) The raactanfs in thie
. - . _ rapotion are on a higher
Energy held ' mnezgy level
by

subigtances - :
. JAH = =218k Energy ip transferred in
this reaction to the
/ gurroundinge

cu{s), 2Zn50,(aq) The products in this
reaction are on a lowar
anargy level

tha total energy changs in thie reaction is alwaya 216 kU per moele.
This energy can appear ln mahy ways.

1. All the energy ocan appear ap heat energy whioh ie tranoferred to
the spurroundings.

2, Bume of the energy (but never more than 212 k¥/mole) can appesr
an alectrical enesgy. When this happens pome of the ensrgy (hut
never lesp than 4 kJ/mole) always appears ap heat. The
tomparature of the Daniell cell lngreases slightly and the heat
is transferred to the surroundings.

3. the electri¢al enargy {never more than 212 kJ/mala) can be
copvertaed te other forme of shergy such as light, sound, heat op
work.

Scma-ba the ways in which the 216 kI/mole can appoar ars chown
balew:

Ib transines em?u y aurmundlngn

kJ 85 ight, 203 kJ ag hest
Matue innraases In tempsrature .
16 kd uunmuw 1o sutroundings
Meving motar tesnafars
¥ &J to surroundings
s aoningd

" Danig!l syl Daniojl aqll v ey
Tamparature of eall ingrepses. Tomporature of goll invrassss, e Hoavy
& kJ lranglorrd to surrpbndinga 10 kJ tongtarred to aurtoundings Tl waight

e Y
. 190 kJ of work dong

Enorgy changes par mele of reaction in taising waht

Zn(s}#Cua‘(an wr Guis)+Zn?* {og}




=13

?or'hat&:-and.for dilute aqueocus golutions it is known that about
4.3 reulen of enaergy ls transferred to the purroundings when the
tempavature of lom? decrsases by 1%,

sources of ervor in the expariment

There are several oouraes of exror inm thie zimple experiment to £ind
tHe energy transfer to the surroundings during a chemical resctiaon.

the pources of srror include the following:

~Soma energy le transferred to the surroundings hefore the maxlmum
tomperature ib reached. If this energy tranefer aouls bhe pravented
the temperature ¥ise would be a little more than 100c

- Home energy is trensferred to the container and the thermemetsr as
thelr tempexature rises by 10%. This energy was not considered in
the ealoulation.

w The energy trancferred to the purroundings when the temperature of
lom® of an aguacus polution dreps by 1°9C io net exactly 4.20 .The
shargy transferred varien slightly frem solution te solution.

caloylatdion

= mase of water ¥ deacrsase in temperature x specliic haat capaslvy
of water,

= 100 X 10 X 4.2

= 4200 T

Thim 45 the energy lest to the surroundings when 0.02 mole of Cusg,
ia wsed. Therefore when 1 mele of the compound is used the energy
loat 1o 210kJ

Repeat the experiment but this time use the same mass of zino
grandlen instead of zinc powder,

If the sources of error are eliminated, iﬁ'is alwaye found that one
mele of copper and cne mele of agueoves zino sulphote contaln 216RJ
less energy than 1 mele of zine and 1 mole &f aguasus copper
sulphate at the same temperature. It does net matter whether the
zine granulee or powder is wsad.

© Weiting this infermation in equation form:

in{s) + QuE0o4{ag) ~=~~-> Cu(e) * Znsoy (ag) = <2168 kT
Questionn

1. How does tho amount of energy transferrad compare when zine
powder or zinc granules ote uged with the pame solutlon?

2, Wap the rate affected whan zlno granules instead of zing powder
was used? Explalin.
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Hethed.

A diagram indicating the stages duriny the experiment is shown.

belere reaction immediately after some time after
reactlon reaction

_Excesa In

20%
100cm3 reaction is completet apparatus and f
of pracipltate of gontants have
0.2M Cuso, ' copper and colourless cooled o room
. zine sulphate selutien temparature
hag formed

1. Record the temperature cf the selution befors the zing powder ia
added. '

Temperature of copper sulphate solution = %

2+ Pour the z2inc powder inte the pulyatyrena'cup ¢ontainlng the
' copper sulphate solution. Resord the maximat temperature,

¥ax temperature of mixture a !

3. Record the rise in temperature. = O

When the reaction Betwsen zine and aguecus copper sulphate e
complete the temperature has increaned by about 10%¢, The mizture
then gradually losers energy to the surroundings uand the temperature
goes back to room temperatura., The products of the reaction at reem
temperature {copper and agquecua zine sulphate) contain lesws enexgy
than the original reactanto at the same hamperature {(2inc and
aguectds copper sulphate). The energy has not disappesred: it has
been tranpferred from the reaction mixture to the surroundings and
the reaction io deecribed ap exothermic.
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REACTIVITY - SESSION 2-handout (5c)
RCTIVITY CARD 2

BHECOND AFPROACH FOR MEABURING REACTIVITY-MOVING TOWARDS THE
SQIBNTIFIC VIEW

This approach ie a measursa of tha anergy of the producta minus the
energy of the reastantn- i.e /AH.

In practice ppeed also comes into the visual judgement. For axample,
mopt puplle will #ay that that magnesium powder + oxygen reaectlien
lIlberates more energy, the magnesium ribbon + oxyyen, even if egual
masses of magnesium Have been used. The powder reacts faster than
the ribbon.

You are already familiar with snergy transfers in physical eystems.
The ldeas arising there will help you in determining the snergy
transfer in chemical eystems, _

The energy transferred during a chemleal reaction at oohstant
pfepsure is known as the cnthalpy change and the symbol for enthalpy
change ta /\H,

How dome one meapuye the energy trancferred during a chemical
reaction?

In mogt cases ecalorimetric measurehents are used.

hw a chemical reastion takez place there wvsually is a change ip the
temparature of the reaction mixture bacause bonds within molegules
are being broken and formed. When bends are broken enerqy is
abisorbad and when bonds are formed enargy ia released.

To help you along & small task im given whereby you zan determins &n
a practical and mere guantitative manner the amount of ehergy
tranpfer in a chemloal reaction.

Task

Apparatun and reagentz required.

The fallowing equipment lg needad,

1. polystyrene cup

2. thermometer

3 2g zine powdor (this sheuld he in excess)

4, test-tube,

5. 100 om® of 0.2M copper sulphats solution.

Determine the ensrgy releassd when exsese zinc powder has reacted
with 100 om® of the copper mulphate solutlon. The chemical squation
for the reaction is given te assist you with your caleulation,

In{e) + CusSOi{ag) ~emeud  Qu{s) * En30,(aq)

g
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Repultna

time nelght of'gas column { height of gaa column
in mes, with caloium granuies | with calcium powdex
|
I

o -n

10
29
30
4¢
25

Give poseible ways in which the rate of this reaction can be
datined.

(i} rate of chemical reactlon &=  =mra.

(i1) rvate of chemical reaction = «

=

{iil)} rate of chemiscal reactlon = mmwaa
A

Quentions

1. Is the rate of the reactlon affected by whether a caleium granule
or caleium powder Lls used?

o, - . . - i 3
T v - T

e AL AT i, K LR Ak @ U L Ay PR s im - e
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- REACTIVITY ~ SESSION 2 handouk {5h)
BOTIVLTY CARD 1

an axpnsiticn of the three differont approaahas for measuring
reactlivity ig given.

FIRST APPROACH FOR MEASURING REACTIVITYHHOVING TOWARDS YWHE
BECIENTIFIC VIEW

This approach is clearly connzcted with reaction rate. The speed
{rate) of a reaction is linked with tha path the reaction tekaes but
has no link with the total amount of energy transferred duxing a
reaction,

fl} What is meant by the term rate?

fa) The term rate means the number of cacurrenves of sote évant per
unit time. The units of rate always include (time)*l,ag s~1(per
groond),
' Different events occurring per unit time are indicated haldw:

{1} speed = /A position//Atime l.e rate at whieh pesition
changas.

(i1) Prower = amount of work done/time taken
{iii) current = amount of charge moved /time taken

Tn each of the above situaticns, what is the common variable uaed to
maagurea rate? rawba e s A RRE by

Which instrumsnf is used to measuie the above variable?

LR N A I I R B B

Wow how would you define the rate of a chemical reaction? Some
measurable property of the reaction must be changing per unit time.

To halp you along a small task &s given, together with the chemical
squation for tha reaction.

Ca(s) + 2HyO(g) memmwud Ca(OH)p(E) + Ha(§)
Task

Arrangs the beaker, funnel and test-tube as shown in the dlagram.
Mark tha test tube by usihg a flow marker in intervals of 1 om,

Place emall places of calelum granules of known mass in a beaker
halfwfilled with water, It will eink and a4 stream of bubbles will be
eseqn coming to the surface. Measure the volume of gas that le given
of every 10 sacoends.

Try the same tagk using the same mess of calclum powder and compare
the rate of the reaction with tha earlier one.
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 REAUTIVITY - SESSION 2 handout (5a)
YR EXPERT OR SCIBNTIFIC VIEW ABOUT REACTIVITY.

In seasion 1 the constructivist model was drawn to your attention.
You also becams aware of the student’s and your owm views about
reactivity. Towards the end of session 1 your attention was drawn to
why the understanding of hemieal reactivity is lmportant.

Sencondary teachers ideas about reactivity (Rate and eguilibrinm)

a'large number of twachars could not clearly distinguish guestions
ef rate from those of eguilibyrium:

«Tha elsctrochamical series was parceived to give rate Information.
=/\¥ values ware interpreted to give kinetic infurmatien,

~ Only exothermic reactions were considered to be spontanecua.

The mcientific view about reactivity.

Reactivity le the tendenocy or not the tendency of a reactant te form
products in a chemloal reaction.

The word tendéncy implies that the system is poised to undergo a

gertain natural change. Although poeised for change the change may
not be reallsed and furthermore the rate at whiech the change will
take place is npot refsrred to.

Tendency or readiness can be interpreted in either a kinaetic sense
or a8 thermodynamic sense. '

The cbserved reaetivity of a suhstance ig freguently related to the
rate at which energy is liberated rather thap the total amount pf
anergy evelved aver the prolonged pericd of time.

How ls reactivity measured?

Three approaches to the measurement of reactivity bave besen used in
schools

-1, ¥ipual judgement of the epeed of the reaction.
2. Judgement of the heat liberated {warm, hat, red-bhot ete.)
3. Measurement of the voltage of a ceil.

No explicit distingtion is made in textbooke between the diffsreunt
approaches foor meauring reactivity. We shall attempt to give a
clearer distinotion ao am to initlate an understanding of the
different ways of massuring resctivity.

The approaches given are an attempt te examine the evidenca. It is
not intended that this material should be taught; it le intended to
be consldered by teachers so that what is taught will be closer to
the truth than would ba otharwise.
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SESSION 2

'Reactivity: the expert or

scientific view about reactivity
Aotivity card 1- reactivity
Activity card 2- reactiwvity
Activity card 3- reactivity

summary: The expert or secieptific wiew
about reactivity

Handout 7 The "expert or scientific view about

reactivity in the pre-course situation.

Handeut 8 Homework dquestionnairve.



REACTIVITY - SESSEION 1 ~ Handout (44}
ACTIVITY CARD 4 - RERCIIVITY

FPORMULATING AN EXPANDED CONCEPTION OF REACTIVITY -MOVING TOWARDS THE
SCIENTIFIC VIEW.

The Implications of the exercise undertaken previously are discusaed
and related to the sclentific view about reactivity.

An axpanded view mbout & chemical reactivity.

What aspects of a chemical radction de we went to know about?

If you have considered the reactione 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 in a given dirasction (energy
change in & reaction & extant of reaction)

In the case of the sporting events different outcomes were being
meagsured and different instruments used:

Oatcome spead digtance covered
Inatrament *r toh : ruler/tape measure

Similarly different outcomes are alsc measured during s chkemicdl
redction:

outeome rate anergy change
Ingtrument watch thermometer

A digtinction ¢ made between rate and energy change aspects when
dealing with chemical resctlong, Energy change falls in the domain
of thermodynamics and cannot tell you anything about rate, whick
falls in the domain of kinetiea,

the scientific view sbout a chemical xeactivity.

A useiul starting point would be te think of reactivity being
measured by different techniguas. Each provides specific
information.

Why is understanding the %ype of information chemical reactivity
gives important?

careful consideration of reactivity is important because it helpz to

differentiate betwsen the more yeneral concepts such as rate, energy
. thange and eguilibrium that are dealt with in standard 16. The

concepts ares '

Rate _ Energy change
{1} rates of reaction {1}exothermic and endothermic reactions.
Bquilibrium

{i) chemical equilibrium
(il) electrochemistry
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aAugwers to session 2 homework guestionnaire,
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SESSION 3

One mors key idea about reactivity:
spontapestug reactlion.

Aotivity card 1=
activity card 2-
peotivity carnd 3-
potivity card 4-
Activivy card 5-

Activity card 8-

Bpontaneous
spontaneous
Spontanaoud
Spohtaneoun
Epontansoug

Spontanecus.

reactlon
reaction
reaction
reaction
reaction

renction

Formulating an expanded conception about

spontaneous reagtion-moving towards a

pcientific view.

Suumary of ideas about chemical reactivity

Homework questionnaire

Answero to mession 3 homework guestionnaire.



73

12, Equal numbsrs of moles of lead and zinc are placed in the same
coneentrations of copper sulphate polutions in respective
beakers. (see dlagram}

Zn . Pb

cuéoqtaqi ' CuE0, (ag)

(1) Bt
A En(s) + CUEO4{AY)  mmamened 4ns0q{aq) + Ou(o)
B: bbi{s) +  CuS0z(ag) mwmmmen> Pb80{ay) + cCu(s)

2inc will resst facter then lead with the qoppor sulpha&e
selution.

NO YES

13. copper will be depopited more rapldly in beaker (1) than in
baakey (2) hessuse zine displaden cepper. innn fanter than lead
does.

NOQ YES

14, chlorine is bubkled at the samo rate through solutions of Ki and
KBr, in the respestive test tubec (1) and {2}. The soclutious are
of agual ¢oncentrations and equal volume. From the halegen
reactivity sories based on enargy changa, tha following can be
cénaluded:

ela i) clyig)

Halogen Ypagtivity series
Fq
el,
51‘2
Ia

xrtag) Rez{ay) |

ey Ey

Reagtion in tept tube (1) will take place fapter than in taegt
tube {2} becavse broming io mere reactive than lodine,

No - YES

15

-

Cell voltageo lndicate the direstion which the averall reastion
will prosacd,

Ne YES

[Remonbor, In thage examples, you ring "No' IF tho atatament io

selepkifinally fnenproct or 19 & ptatement epher than a gelentifis
ghel
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3.

6.
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Zing is mara reastive than copper because zine reacts with copper
stlphat~ solution and gopper does not react with zing sulphate
selution.

NO YES

Reaction in bsaker A indlcates that the forward reaction 1ip
favoured but not the reverss reaction. Therefore the reagants in
bankar B do not react.

Ho YRS

gins is more reactive than copper because zine veacts with more
zagt,

No YES

2ine ls more reagtive than copper bessuse zine ia moxe powsrful,
No  YES

Enthalpy changes give rate infoymation,

No Yes

Leoking at the followlng balansed. nguation.

4HR{B) . +  Oy(g)mmee> UNE;0{B)

doubling the amount of Na would douhle the speed of the reastlon.

N YES

B.

9,

1o,

1%,

The reaction of zine powder with hydrochleric awid will be faoter
than the reaction of zinc granules, becauss zinc powdet hoo &
lerger purface area.

NG YEg

When the same masp ef calolum pewder or caleium gramilesn roast
with water; the enorgy change in the reppoctive reactione diffey,

NO YBE

A reaotivity serles io a sarles reprepenting an appr@ximate
"batting order" of matalp. The opder of the metals depend on the
crliterion used to measure po-called reactivity.

No S |

Tha eell veltage indicatas the rate of the overall or net
reaction,

HO YES
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REACTIVITY ~ EBSSION 2 handout {B)
HOMEHORK QUESTIONNAYRR

Phe gonl of this exersise Jo to introduce ysu te a ranga of viewo
about the soncept rsastivity as related to shemies) raactions like
thooe you lave already met, inuluding “eupert" or "salentific"
explanations,

Thie quautiqnna&re contalns pictures of peveral situations simllaw
to those which you encountered duxing your pre-~tourss engulry. Bach
drawing of a situatien is aoccompanled by a number of statementn
about it, Most of these ctatements will be poientificrlly
*ineervect" or the type of statement about which solence wannot make
& judgement, One or more of them will constitute an "expert” view
about reastlvity.

Your tagk is te ‘apat the expert view(s)" among the statements about
each n;tuntian.

You are aoked to try this yourpelf (without the kelp of yeur spouoce,
eolleaguas or a bosk). ¥You might alse like ether adulks te have a
go.

lhe, ad_guastionnalre to geasnien X whish will be
commencing with a discusalon of the xenponoes,

Put a ring avound YES if you think the atatement is & correct
oselontifie explanatien,

Ring RO if you think the otatement lo scientifically incorrect or ig
a type of ntatement other than o pelentifia ane. .

The diagram bolow relates e questions 1,2 & 3. _
Baokers B aud B contain copper oulphate and zinc sulphate
solutlona, 2inc and coppar are added rospestively to thu

- polutions.

gn _ tu

[ T Y

ouso, (aq) Zn80, {aq) |

— | B..
At En{s] b CUBO(BY) mmemwewd  GUiT} % ZNSOz(ag)
B1 gu{p) 4 Zns0, L 0g} --%XL-n-b ne reaction

1. Bine io more reactive thoan gopper sulphato,

wO YES

P

R
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CARD 4 - THE REACTION OF HALOGENS WITS AQUEOUS SOLUTIONS OF METAT,

HALIDES .
. Halogems | Kel{ag) | KBr(ag) | Ki(aq) |
L] - L3 - + -+ L2
ji emd= chlorine water | | 1 |
is om?~ Bromine water | ] | |
|5 emd~ Todine water | | | [
Exporiment:
sat 1 ' st 2
Cla{ng) Cla{ay) Br,(ay) ﬂl Brylaq)
XBr{ag) X3 (ag) | reicag) l XI{aq)
got ¥
Ix{ay) Ia(agq)
[ Kel(aq) KBz {agq)
& . .
piccusoion

Hrnoxgy viewpoint

Qualltatively the amsunt of energy glven off in a reactien is
difficult to judge. However calorimetric meacuremants (using
calorimoter and thermomoter} weuld indicate which reastion given off
the mept enorgy durling the dioplacement reactiens.

If oho usen the amount of energy given off durdng the displocement
as o exiterien for datermining reactivity then the oxder af the
elemento would ka: €Ly > Bry > Iy, Voltage measurements wWould givo
the aume order an well. Thin ordar will be the gamn vhother the
metals are in pewdar form or polid form. Por a reate comparieen the
coneentrationg of the palt solutlons and those of the helogens are
lmportant.,
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CARD 3 - THE REACTION OF METALS WITH AQUEOUS SOLUTIONS OF MEITAL

SALTH.
* + S " : \ : v
Element!| Quantity | copper | Zine | Perrous |
| | eulphate| Su)-hate | Svlphate |
~lzine | 1 em gguars places foll| ] | ' |
+ Y- : + + + -
Jtren ) 3 em iren wire or nail | | | |
+ " , + + ——— warh
|copper | 1 om square plecas felld| | | i
Experimanﬁ:
sat 1 _ set 2
&n(s) Fa(n) Fai{B)
cusoy(ag) | Cusdy(ag ). 2ng0; (ag)
Set. 3
n{a} cu{sa}
FedCy(ry) Faso, (ag) |
plocudsion

Total snerqgy viewpoint

Qualitatively the quantity of energy glven off in a reactien Ls
diffioult te Jjudge. However calorimetrie measurements (walng
calorineter and tharmometer) would indicate which reaction gives off
the most eheryy during the displacement reactlons,

1f ona uses the quantlity of energy given off during the dipplacement
#p A sriterlon for determining reactivity then the order of the
elements would w1 Fa » Zn > du. Veliage measuremente would give
the name order as well. Rowever /\R and voltage measurements de not
ngeassarlly giva the same order.

This aresr will be the same whether the metals are ln powder form or
selid form. For o rate comparison the physical ptaete of the metalp
uged ie important however,
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CARD Z ~ THE REACTION OF ELEMENTS WITH OXYGEN

Ris)] : éa{sjl

4 Na(s) + Oa(g)=ww~mn> 2 HasO(a)

2 Mg(e) +  Qplg)memcam> 2 HgO(s}

4 R(B) + Op{gf)mmmmwnd 2 Ky0(8)

2 0a(s) + Ou(glem=em=> 2 CaQ{B)
Diseusaion
Qualitatively the reactivity is judged according to the rate at
which heat is given off. An altexnative could be to judge according
to the total amount of energy released.
Rate viewpoint

rate of reactlon = [ energy tranpfer

Lytiime
The rate of reaction can be used 1f£:

{a) equal amounts of metals ars used
{b} eurface area of metals expomad to solutlon are the mame.
{9} the time is resorded acourately.

If onie usen the rate of energy releassd as & basis of comparison of
reactivity then the approximate order of the slements reactivity
wlith oxygen seema to be X » Wa » Mg > Ca indlcating that potasaium
ls the nmest reactive and caleium the lenst weactive,

Total energy viewpoint

Qualitatively the total quantity ef enorgy given off in a reaction
i diffieult to judge, However quantitatively calorimetric
measurements (uslng calorimster and thermometer) would indicate
which reactien gives off the most energy for the metal combustion
with one mole af oxygen.

If one uses the guantity of enetgy given off by the combustion as a
er. uerion for determining reactivity then the arder of the elementa
wauld be

Ga > Mg > K > No

Thio order will be the name whether the metals are in powder form or
golid form. By ecentrast the phyaical state of the solld metals uped
is important when ueing the rakte of energy reoleave in cemparing
reactivity.
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REACTIVITY ~ SESSION 2 handout {7)

THE "EXPERT OR SCIENTIFIC VIEW OF REACTIVITY IN THE PRE-COUREB
BITUANTIONS.

Hopafully our outcomas here may strengthen your tndorstanding of the
teim reagtivity ih each of the situations which you presented to
your puplls. .

In each case a chemical eguation is gi&en and thare i= a discussion
as heo what could be the measure of the reactivity.
CARD 1 - THE REACTION OF METALS WITH WATER

ek 1 Bl kS ok

E{s), Cals)

2 Na(8) 4 2 H0(L) mmevec> 2 NAOH(AH) + Hy(g)

Mg(s) + 2 HO(1) mwemes> . Ng(OH)plag)  + Hp(g)

v

2 R(B) 4+ 2 Hy0(1)

cemen> 2 ROH(BG) o+ Hylg)
cafa) 4 2 HpO{l) =-=-ue>  Ca(OH)z{aq) + Ha(9)
biwcusailon

In this came the concept reactivity could be viewad from either n
rate or an enargy viewpeint.

Rate viewpolnt

rate of zéaction = /\ volume of hydrogen produced

Htime
The rate of reaction can ba used if:

{a) equal amounts of metals are used
(b) surface areas of metals eéxpesed to solution are the pame.
(e} the time ip recorded ascurately.

If one uees the rate comparisen as a basis of reactivity somparison
then the approximate order of the elemente seeme %o be K » Na > Ca
> Mg indieating that potapsium is the most reactive and maghesium
the leant reastive,

Hydrogon seems to be given off fapter when potassium reacto with
watay than when oaleium reacto with water,
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'RRACTIVITY - SESSION 2 handout (6)
SUMMARY: THE BXPERT OR SCIENPIFIC VIRW ABOUT REACTIVIRY

In the this sessicn some key aspects of the sclentific view of
reactivity have beepn introduced and you have been agked to apply
them to various situations during the agtivities. 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 & chemical reaction. The word tendency implies that the
system is poieed to underge a certaln matural change, Although
poised for change the change may not be realised and furthermeore the
rate at whiah the change will take place is not referred to,

Tandancy or readihess gan he interpreted in elther a kinetic sense
or a theimodynamic sense.

Why is reactivity important?

The soncept reactivity is important hecause it is related to the
more general topiee such as rate, energy chane and equilibeium that
are dealt with in standard 10. The toples are:

Rate -
{i) rates of reastlon

Energy change
{l)exothermic and endethexmic reactions -

Equd librium
(i} chemlical equilibrium
{il) electrochemdstry '

Studies of reactiwity should at the very least make pupils aware of
the complexlty of factors governing a chemical reaction.

What approaches can be used to measure reactivity?
Various approaches can be used to measure reaptivity:

a) The spesed with which & substance reacta.

b} The total enargy used or released when a wpbhstance reacts.

@) Voltage measurements on a4 reaction of & subatance in an
electrochemical cell.

What ia a reactivity series?

A reactivity series ie a serlep in which the elsments are put in an
approximate "batting srdar®, The order of the elements in the peries
will be dependent on what the eriterioen for ordering was. Elther
apead or total snergy consideratiens may have buwen used for sxampls
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The metale are being compared for thelr ability to lose aleatrons.
They all form the negative tarminal of thelr cell because they all
lose eleotrons more readily than copper doea., The cell voltage is
highest with magnesium because magnesinm loses electrons mors
readily than any of the other metals.

Mg(g)}
Al(s)
an(s}
Fa(s)

Pb(a}

e
——
o
———

e e T

Mg+
Al3+
gn?t
Felt
ph2+

eu2+

+ 2e
+ 3o
+ 2e
4+ 2e
+ 2e

+ 2e

electrons most
readlly lost

aleatrone least
\/ readily lest

The electrons lost by the metall{e.g, magnesium} are transferred to
cu‘*{ag) ions which become copper atoms and henes aolid aopper. -

Mg(s)

> Mgt 4 2e

CU(8) <mmmm

cu?t 4+ 2o ae

q' . Blectrons arg transfarrved
to cut(ag) forming coppey
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Ueing the above apparatus, the cell voltages for the metal
electrodes used above show the mame increase in ease of electron
loss In the order cu, Ph, Zn and Mg. In addition the cell voltages
for aluminium and iron have also been included.

The following pbopertias of the cell can be readily deducedt

a} the emf of the cell

b) the polarity

&) the direction of the electron flow in the external sircuit
d) the assaciated cell reaction..

The table bhelow shows the maximum veltages under standard
conditions, tegether with the heat energy changes listed sarlier.

The eell allows us to meapure quantitatively the tendency for
elautron transfer to occdur and allows us to rank these wetals in
termg of thedr ability to aot as electroh donors and/or electran
acceptors. By using a voltmeter the voltage or EMF that impels this
flow ia measured. The EMF 15 net related to the rate at all.

: l | J !
|Mata1 Maximum voltage| Maximum electrical | Heat energy lomt]
being of gell formed | energy which can } to the i
testad | with coppar/ ¥ | be obtained per ! surrounding pexr |
Iaghinst | mole cu?t discharged| mole of cu3+(aq}|
coppar | | by metal/ kJ [ discharged by |

| | | metal /kJ i

o+ +. o N +
luagnesiaml 2,71 | 521 | 526 [
laluminium{ 2.00 | 523 i 414 |

.L vk e o+
izina | 1.10 | 212 | =18 {

* + + + . .t
|Ixon ] 0.78 ) 150 152 |
L — + .- + _ - +
|Lead I 0.4 | 31 | 63 |
The electrical ercrgy t - red per unit charge is large when the
heat epergy change per f - large. When the eleetrical energy

transferred per unit chargu i small the heat erergy changs per mel
in alzo emell.

Phe voltage of the cell ie a measure of the maximum electrical
enargy per unit charge which san be obtained from the elestron
tranafer reactions taking place in the cell.

.
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Hethod.

1, Stigk the copper and magnesium strip into the potato. Conneet the -
magresium etrip to the negative terminal of the voltmeter.
Measure the voltage on the veltmeter,

2, Keep the copper etrip and replace the magunesium with the, 2inc.
Contiect the zine strip to the negative termin.l of the voltmeter.
Measure the voltage, '

3. Kesp the copper strip and replace the zinc with ¢'- ', .« . Connect
the lead strip to the negative terminal of the wvoelu.:o:-
Measlre the voltage.

4. Check in which direction the voltmeter needle deflecta,

Ensure that the distance between the strips iz constant.

Table
i Cell i_ .Vaitage reading i
l Mg-potaténcu i | i
j Pbupntato-Cu. .i j
| sn-potato-cu | |
* + +

hrrange the above metale in a reactivity series.
Theory.

A more general apparatus for investigating electrical energy changes
in electron tranafer reactions le shown below.

Voltmetar =~~~ "ttt me - eemrena

Cooper 113 Salt brege 5| othor metol

it T Ear e
o

Molar s lution ol _ Maolar solution of
Cud* {ag) ions ions of other matsl
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RBACTIVITY - éﬂﬁ'!ﬂﬂ J-handout 15
ACTIV 'IY CARD 5
SOME ANCHORING EXAMFPLES
A deseription L& given liere of some examples involving spontanaous
Drogesses that take place of thelr own accord In meshaniecal systems.
Many people's iptuitive Interpretitions would conrain aspects of the
splentific wiew, Thase ldeas will later be related te a spontanedis
resction in chemical systems.
Try conceptuallsing the two analogiec gliven below:
a) A ball on level ground. _
“b) A ball at a glven helght above the ground it can reach ground
level via the different lhelines shown.

Answar the guestlons that follow and alee indlcate wheth.r the ball
oheuld have an observnble or measurable apeed.

20

Iz

Ball on a level tahle

Daer the ball have a ter doney to roll towards B?

TLavel above ground

] ?

Ground levael
Ball ralling down difforent inclines

Take note of the varicug slopen and acaume thot tho line
_ ropseoenting ground level is infinitely leng.

a} Does the hall have the tendoney to roll in oach caco?

b) Which inclino{pothwoy) will reoults in the longmct timg te roash
gronnd lavel? '

) Apoume that we make the nlepe of the ineline leby and lenn ptoop,
what would hoppon te the time taken by tho kall te reach ground
lavoly

d) Weuld the opood of the holl fer o given time intorval ho alwayo
eboervable spood lrpoopeetive of tho pathwoy?

o) Iv tho final onexgy ef the ball at ground lavel the pamo
irroopoctive of tho pathway? {apoumo purfacc {0 frietienlooo.)
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REACTIVITY ~ SESSION 3-handout 14
ACTIVINY CARD 4

SOME BRIDGING EXAMPLES

An activity Invelving & chamical reaction that is endothermic ia
glven here, The agtivity 1s an example invelving a spontaheous
provess, The reverse of this process is not spontanedus.,

" Task no 2.

To demonstrate a "bpontanecus endothermls reaction® which taker
place at reom temparature.

nﬁ(m};-ﬁﬂ:o{n] + 2RH WO, (8) m—=> Ba(HOg)a({e) + 2NHa(q) +0H#,0(1)
Raguiremonts

1. 32 g barium hydroxlde.

2. 17 g ammohdum nliérate

3. wonigal flapk

4. t?exmpmater that nllows measurements of temperatursza less than
. ple .

5, small block of wood

§. glogy gtirring rod,

Hetliod,

1, plage the pre-measured masses of solid boarium hydzexido and
oplld ammenium salt lh the seniral £lagk,

2, Shoke the flask gently to mix ¥ne reagents

3. Within about 30 geconds tha adour of ammenia can be deteosted and
a netiosable amount of Liguid farmo.

4. Cbberve tho drep in temperature uging a thermomater.

5. The drep in temparature may be displayed by wetting a omall
woodon bloak with a fow drops of watar and placing the cenieal
flack on it, The flank will stick teo the klock as the water
freezes and both may bo lifted togethet,

Guestionno,

1. Way the reaction imrediater

&. Rid the repetlon take place naturally?

3, Xo thin an oxothermiz or an endethermie resastion?

4. Wap tho zeactien fanus.

§. In thy above reaction opontansoun?

6. Dogo the temperature on a thermomoter yiso or drop for an
endothermis re.stlon?
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REACTIVITY = SBSSION 3-handout 13
ACTIVITY CARD 3
BOME BRIDGING EXAMPLES
An activity Invelving a chemical resetion thati iz exothermic iz
given hore. The activity is an example Involving a spentaneous
process, The reverase of this process s pet spontaneous.
Tank no 1.

To demonstrate a “spantanecus excthermle reaction" which takes place
at room temperatute,

| 148HnO;, + 4CyHg(OH)y ~~> TKyC03 4 1dMnO + 500, + AGH,0

Reguirements

- 1. 1 ¢ potapgalum permanganats

2. 1 en? glycersl
3. ashastos mat or tile.
Method.

Place about 4 g U KMnOy in a heap on a piace of filter paper on an
agbeptos' mat or tile.

parefully pour lom? of glyearine into a dent in the pile of KMno,.

Btand wsll back and wait.

© Questions,

1. #ac the reaction immediate?

2: Did the raaction take plase naturally?

3, In thie an exothermie or an endothexmic roaction?

4, Was the reaction fast?

5. Io the above reagtioh cpentancoun’

6, Doan the temperature on o thermemater rine or drop for an
axothermic reaction?



Initial state process . Flnal stata, (Eg~E})

ecards shuffled

partitien removed

sugayr dissolved
(heat glven off to surrsunding}|»-

water evaperates
(heat flows from dish)

W A\ B0

ball bounces

Ditection of spontunenss chunge -
L

TAY RS
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REACTIVITY ~ SESSION 3-handout 12
ACTIVITY CARD 2
SOME ANCHORING BXAMELES

A dageription 1s given Nere of some examples Invelving spontaneous
procesges. The reverge of these processen ars not spontanecus. Many
pecple’s inkuitive Interpretations would contadn aspeots of the
galentific view. Phase JIdess will latey be related to spontaneous
reactiens in chemieal systems.

The illustrations show ppontaneous processen, There seemn to be some
deep principla of nature at work. A ppontaneous change appears to
have somethitig to do with fate and net rate. :ndiaate in each cawe
vwhether that £ipal state has)

1. the #ame energy as the inltla) state.
2. more energy than the inltial stats.
3, Jegy enexgy thoan tha initial state.

Whera tha final state has the some energy as the initial state. Why
doan the prodess go in one direwtien but net in the reverps
direction. Uae thie as a clus te get an Indication of the direction
of spontaneols ohange,

Initial state _ Process _ Flnal stake. (Be-E2)
Heat f£lowp hatween
hlookse
1?‘ %FP sgro ' %EWS
£ .
9 g g Lhmayg
lee melts

{heat £lezws from watey)
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It would be confueing to talk in too formal terms about spontancous
and non spoiitanesus changes at & std,.8 level, However the absence
of any attempt te lay the basiz of the understanding of the

sclentific meaning of spontanelty, allows misconcaptisona to remain.

Furthermore the standard § phyeleal sclence syllabus does not link
the congept of spontanecus reaction dealt with at that level to
those of rate, égquilibrivm and alectraahemiatry dealt with at a
standard 10 lavel and vice versa.

Tachnical uee of words In s¢ience and everyday use of words probably
ot emphasized.

The everyday usagé of the word spentanecus may sbygest the meaning
"instaptaneous", in contrast te the solentlflc usage meaning "having
" the potential to cogur on lts own accord®,

Another way of locking at the preblem

In order te dispel these views 1t ls nevesgary to lock further at
the maaning of the term "epontaneous reastion®.

Thiz will be done by giving examples of spontaneous procepses that
are intuitively acceptaed.

Furtharmore the strong intultive belief that a spontansous reactien
is not orie that aboorba energy needs to be replaced by a view that
both exothermic and endethermic yeactions can be spontanecus,

Experimente showing that spontansous reactions can be actompanled by
the libera*ien of energy {exothermic reastions) as well as by the
absepptlon of energy {endethermic reactlons), will be demonstrated.

We shall continue by using anslogies and developing further the
notion that rate in not ar indicator of a spontanecus change.

Indeed, if a reactlon is not notizeably evident it dues not
negessarily mean that it neot spontaneous., The ranctlon ¢an be
extremaly slow,

Exn -les o  mpontanecus chonge in mechanical gyotems will be later
e tocded vo chemleal syatems.
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REACTIVITY~ SESSION 3 handout 11
ACTIVITY CARD 1 - SPONTANBOUS REACTION
THE TARGRT PROBLEM

Thig eard deseribeg a ta:geﬁ preblem concerning the concept
Papontaneous reactlen® whieh some people rind diffieult,

The problem

Pravicus research indicates that some teachers are of the opinion
that!
-Only reactiona that give off energy (exothermis reactlons) are
spontaneous,
~Reactions that absorb energy (endothetmic ranctiana} cannot be
Bpontaneocus.
« 8peed i an ihdlcator of &4 spontanecus reasztlon,

Pupile expressed the following views about A spentanecus reaction
during an interview sesglon.

"Wwhat I mean . that a few of them did not ilgnite spontaneoualy.
It took a long Edine before it dghited®.

s spontaneous Yeaction is one that takes plaue without &
aatalyst"

"A reactlon that takes place immediately”

"Reactions taking place with Zegt ang vigour are spontansous®,

® Spontaneous reactions begin at once as soon &g contact between
raactants 1ls made".

. Possible causes of the prohlem

Major sources of instruction.

Some teachers have wreny ldeas and many Lextbooks provide ambiguous

and incorrect messageon about the soncept "epontanesus reaction” at a

standard & level.

Spontanecus reactions ars deseribsd in ¢ imistie terms by students.

The syllgbusg,

The gtandard 8 physlesal science oyllasvuo mentiens the term
gporitaneous but dees net direetly distingulch between ppantanecun
and nou-spontanesus changen,
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REACTPIVITY ~ SBSSION 3 ~handout 10
ONE MORE EEY IDRA ABOUT REACTIVITY

Tha flrst Rey ldeas reléting to reactivity were introduced in
pegalon 1 and ameasion 2.

1. threa approaches to the meapurement of reactivity:

a, visual judgement of the speed of the reaction,

b, dudgement of the total guantity heat liberated (wasm, hot,
rad-hot etec, H )

¢. measurenments of the wvoltage of a cell.

‘We saw that to measure yeactivity eneryy as wall as rate
considerationg were important.

This gepsion looks at a further key idea "gpontancous feaction®
which is needed to develop a better understanding of the concept
reagtlvity. '

2. The features of ppontaneons reactions:

a. spontansous reaciions can abacrb energy {endesthermic
reactiono)}

b. speontanecus reactlons san give off energy (exethermic
réactions): '

¢. whethex oy not a reaction ls spontangous ie governed by the
way the enargy le distributed, if the reaction owoeurs.

Some teachers are of the opinlon that enly reactions that give
off energy are apontanecust, These teachers think that reactions
that abeorb etergy cannot be spohtaneous.

Some teachers think that spontanesug reactiuns are ones that
happen quiekly. This ls not correct, The epeed of a reaction ip
not an indicator of ppontanelity of a reastlon frxom a sclentists
paint of view. .
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13. Copper will be deposited more rapidly in beaker (1) theu in
beaker (2) bociuse zipc displaces copper Jdns Faster than lead

does .
Incorrect polentific statement.

Both zine and lead will dlsplace copper from a solution of
gopper sulphate. Zino will have & greater tendency to reast
than lead. The speed with which copper will be deposited aannct
bhe inferred from the raasstivity series based on energy changes.

14, chlorine is bubbled at the same rate through solutions of KI and
RBr, in the respective test tubes (1) and (2}, The selutions are
of equal conventrations and egual volume, From the halegen
resetivity st. ex based on energy changes given below, the
following car ve concludei

Cizig) Cla(g)
alogen reactivity series
Fa
C.l.z
KBr(ag) Bra
Iy

(1) _ (2)
Reactipn in test tube (1) will take hlaae faster than In test
tube (2) because bromine is more reactive than lodipe.

Ingorract seientifiec statement,

Bromine and iodine will be displaced in the reapective
beakers. The speed at which the reagtlons will take place
santivt be determined Irom the geries based on enexgy changes,

14, Cell voltgges Indicate the direetion in which the overall
reaction will proceed,

Correct eolentific statement.

Voltage meapurements indicate whethor a resotion ls peozoible o
not and the direction in which it will propsed.

(Rew&mberf In these examples, you ping "NO" If the statement la

ect 6r I§ & gtatement other thap 4 sclent)fic
ﬂﬂﬂi
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9. When the same mass of caleium powder or calcium granules react

with water, the enerqy abange Ffor the respective reactions
differ.

Incarrect peientific statement.

The total amount of energy transferred iz not affected by
particie size. The rate of reaction is,

10. A reactivity serdes is & series representing an approximate

1.

2.

batting order of metals. The ordsr of the metals depend on the
criterion used to measure so-called reactivity.

Correct geientific statement.

The order of the metals ls approximate. The srder will not be
iovariant. @t depends on ths specles it is reacting with and tiow
the gompaxisony arve done.

cell voltages are related to the rate of the overall or net
reaction,

Incorrect scientific statement.

VQltaga neasuramants give an indisation of whethex a reaction
il ocour o not, but Ltells us nothing about the rate at which
the reaction wiil ogoeur,

Bgqual npumbsr of moles of lead and zino are placed in the same
concentrations of copper sulphate solutions ip respective
beakers. (see diagram)

Zn P
~ N
CusSQy { ad) Culo,(ag)
A B

A Ehts) + Cuso,fat) B Engoyfag) + Quis)
Bt Pb{a)  + CuSO4ag) memm-mw>  PbSO,(agq) + CU(8)

Binc will react freter than lead with the copper sulphate
seluytion,

Inocorreat scientific mtatement.

The relative rates of the reactions cannot be determined. Beth
reactlons will take place bocause af thalr relatively bilgher
peoitions from copper in the reactivity serlea in which
comparisons were based on enargy chanqes.
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4.
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B,

14

fina 35 more reactive than copper because gine reacts with copper
sulphate solution and copper dows not react with zinc sulphate
solution.

Correct sclentific statement.

Reacticn in beaker A Indicates that the forward reaction is
Favoured but not the reverse reactlion; therefore the gubstances
¥n beaker B go not react,

Correct sclentific statement.

gine is more reagtive than copper because zinc reacts with more
zest,

Not a correct selentific statement,

Deseriptlon of reactivity is human centered. (animistic)

Rine 18 more reactive than copper because z2in¢ Ys more powerful.
Not a correct seientific statement.

bPeseription of reactivity is human centered.(animistic)

Enthalpy changes give Iaformation about the rate of the
reaction, '

Incorrect solentlfic statement.
The temperatura change in a resction givesa iuformation of the
enthalpy change of a raaction. A watch or a timing deviece is nat
used when the enthalpy of a reaction la measursd and thus the
rate of the reactlon ls not given by the enthalpy shange.
Looking at the fblloﬁdng balanéed‘aguarion.

dNa * Ogemund 28520
doubliny the amount of Na would double the speed of the resetiesn,
Incorrect solentific etatement.

Nething can be deduced akout the rate of a raaction from a
chamieal eguation. It can only be determined experimentally.

The reactlon af zine powder with hydrouhloric acid will be faster
than the reaoction of zinc granules because zine powder has &
larger surface area.

Correct selentific statement.

Partivie wlze nffeqts the vata of vhe reaction. If rata
comparisois are to bo uped as a grilterien of reactivity then the
alzas of parvicles should st tha very least have the same oruer
of magaitude,
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SESSION 3-handout 9
ANSHERS TO HOMEWORK QUESTIONS.
The purpose of the homework questionnaire was to introduce you to a

range of statementa about reactivity in situations analogous to
these you encountered in your pre-course enguiry with student’s.

You were asked to try this yourself (without the help of your
epouse,colleagues or a boak) and then parhaps ask some other adults
to Ha @ & go.

The "expert" response to each of the statements given below {5 at a
simple level and is lntended to:

{a} prompt dipcuseicn of your own and your solleagues’ respense to
the questionnaire;.

(b} present & simplified suienlific explanation in terms of aspects
of reactivity oovered in sessions 1 and 2

{c) encourages you to consider any ooncaptual difficulties that the
"expert* view presents f£3r you personally.

( Remember, In thesge examples, you ring "NOU IF the statement is
sglentifical

LIy _ineorrect or is & a_5;gnEuuLJazhec_zhan_é_gségnziiz_
ehe,]

tha diagram halaw relates to questlens 1,7 & 3.

Beakers §, and P contaln copper sulphate and zine sulphate
solutions. Zinc and copper are added respectively to the
solutiscns,

Zn <u

I
| .
| cuBoy, {aq) ngoy{aq)
A B

3: In(e) +  CuBO4fag)  mm—wwnnb Cuie) ¥ En30{ag)
Bt Cu(g) +  BnBO4(BY}  cmmmewe> ﬁo_reaction
1. 2ine s more reaptive than vopper sulphate,
Invorreot geientiflc statement
#ine is more reactive than copper and not ocopper sulphate. Zing

reasts with o copper pulphate selution but copper dees not reast
with a zinc sulphata salutiecn,
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Inoorrect selentific statement.
Energy aksorbed or given off is not a criterion for ppontanaity,

9. Dhe rate at whioh the resctions occur in test tube (1} and (2)
will Indieate whigh reagtion A8 Horn spontanepus.

Incorrect solentific mtatement.

The reactivity petles indicate whethar the reactien will ocoux
or not. It dozs pot give infermation about spaed.

10, A spontaneots reaction may correspond to the dispersal of
mattar,

Coxract sclentific ptatoment.
A gas mixes freely. A gas does not move on it1 own aceard £rom a
largexr volume to a smalley velume,
11. A opentaneous raactlion may cotrespond te the dispersal of
QRErEV.
Correct pelentific statement,
A hot coppar block eventually coals dewn.. The energy is
transferred to the surrounding where it spreads out. A sopper
block doss net suddanly got hot unde. there conditiono eon ite
oWl
12. A1l #atural pracesses are spentapsols.
gorroct noientific otatoment. A natural proceso id ppentanasus.
. Binte 1t dees not reguire the interventlon of an eXternal
agency.
Examplen 1Z-14 of varioun procenses ara'givan-belcwn
13, roe melting at 259C lo an examplo of a aspontanecds procods.
Correat soelentific statement.

Progess im npatural. In o refrigerator water besomes ige. This
progaas in not spontaneous. Work hap do he done in t.4p cane.

14, Gas mixdng o -n example of a spontaneous procegn
Correst geaentlfic otatomont. Process L5 natural.

15, Jee eream vendors het iee subliming fe ah example ¢f a nen
opontancous procoad,

Incerroct pelendific ctatement, 8ublimatien of dry lee in a
natural process. '



4., Both exothermlc and andothermie reaction can be spontanecus.
Cosrect solentific statement,

Both types of resstions ¢an be ayxe spontaneous. When aedd
dimsolves in water it prroeeds naturally und the reaétion is
aceompaniod by the Libevation of energy. When certain nalts
disaclve in water it progesds naturally by aboorbing energy

from the surroundings,

B. A spontaneous reaction In & fast reaction,
Incorrect scientlfic statement.
the gpesd of the reastien is not a writerlen for spontanslty.
A spoutonecus redctiod i 4 pesotion that has the potential te
prosasd naturally.

6+ A gpentanecus reaction may hot be observable hecause It
does not have a meagurabla rate.

Correct eoientific statement.

Spontancous resctionn may be faat o very aleow. The rate of Lhe
reaction if extramoly clow will not be uoticeable at all.

7. A pon spontansous reactlon can ke made apontaneous by the
addition of a eatalyst,

Invorxect selentifis statement.

A gsatalyst only spaeda up a teaction that is already a
spantanecus reagtion. If the reactlan cabnot ecour under
opaaified gonditions then a oatalyat will not epeed up the
resction,

8. Chlorine Js bubbled at the pame rate through solutions of KI and
KBr, In the respertive test tubes (1} and (2). The selutions are
of egual concentrations and egual volums. From the halegen
reactivity seiles given below, the fellowing can be concluded: .

clafg) Clafyg)

”~ o~ .
Halegen reactlvity seriss
Fy
' cly
KI{ag) XBr{ag) By
_ o Iz _
(1) (2)

Reactlon of chlorine with both the solutiens will not be
gpohtanceuz kecause no heat la sepplied,
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REACTIVITY - SESSION 4 handout 20

ANEWERS TO HOMBWORK QUESTIONS.

Tne purpons of tha homework quéstionhaira was to introduce you to a
range of statemants about yeactivity in situations analogous to
thoge yeu encountered in your pre-~gourse engulry with student’s,

Your tank was te ‘spot the owxpert view' (or views) among the
ghatemenkn about eaah aituatien,

You wers asked to try thip yourself (without the help of your
spoune, eolleagues or 4 book) and then ask eome other adults te have
a go.

The "expert' respenne to aseh of the ntatementa glven below e at a

simpla level and lo intended to:

{a) proapt discusslion of your own and your golleagumn’ respohze to
tlhe questlionnaire;. _

(b} present a simplified sclientifis explanation Iin terms of agpactn
of paactivity covered in sesaions ) and 2;

(e} encourage you to consider any conceptual diffieunlties that ihe
"axpers® view premenbtn for you personally.

{ivamember, Xn these examplesz, you ring "No® If the gtatenent iz
gaigprifieally incorrech or is a gtatement other than a selepntifie
one.l
L. All exothermic réactlons are spontansous,
fnoorrect selientific statement.
BEnezgy glven off during & reactlon is not a eritericn for
spoptaneity. The way the enerygy ca be distributed defiermines
whether a reaction is ppentanecus ox not.
2. All endethermic reactlions are non sponteneous.
Incorrect selentific statement,
Efiergy shoorbed during a reactlon %z not a criterien for
epentaneity. The way the energy con be distributed determines
whethey a reaction iz spon.anesus ox not.
3, If a reactien lg exothermie then It has te be spontaneocus.
Incorrget eedlentific statement.

Exothermielty is not a eriterien ior spontaneity.
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SESSION 4

Bapdout 20 Anewers to session 2 homework guestionnaire.

Handout 21 Suwmmary of ideas about ochemical reastivity dealt so far.
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"14. Gas mizing le an example of a ppohtancous process
No YES

15, fce oream vendore hot ice Bubliming it 8n example of a non
spentaneous protess. .

’e  YEsS

N series of examples axe given helow. Some take in enexgy from tha
suryveunding and scome give off energy to the surroundings.

16. Hydrated cappexr aulphate haated uortinuaualy is a spontanecus
reastion,

LUS04 . 5Ha0(8) wemmm>  CUSO4{R) *+ BHyO(L).
RO  YES8
17. Boffmans voltameter: Electrical energy is supplied continucusly
at 259% to decompuse water. This is an example of a
non spontaneous reagstion.
2Ha0{l} emomeced  2Hp{g)  + Op{g)
NO YBES

18. Butana gas burning frem a elgarette Jighter, once & spark is
provided is an exampls of a spontansous reaction.

204H10(g) + 1305(g) -~—a-> 800;(g) + 20Hz0(g)
NG YES
19, I spontansous reaction has to take place immediately.
NO YES
20. A spontaneoug reactisn takes place without delay,

i) YES

{Ramemberw In these axamples, you ring "No" Af the statement is
_ o or io a giatement other than a geyeptifi
ongl



¢, A Spontanhecus reaction may not be ochserved bacause it does not
have a msasurable rata,

NO  YBS

7. A non spontaneows raactlcn can be made spontaneous by the
addition of a catalyst.

MO YES

8, Chlorine le bubbled at the same rate through sclutions of K@ and
KBr, in the respective test tubes (1) and {2). The solutions are
of equal concentrations and equal volume. From the halogen
reactivity sories given below, the following can ba sonsluded:

elaig) Cla{g}
halogen reachlvity peries
Fa
e,
EBr{ag) Bry
Iy

L) : (2)

Reaction of chlorine with both the solutiane will not be
gpontanesoun becsuse no heat lo supplied,

No  ¥Es

%, The rate at which the reactions ocour In test tube {11 and (2)
will indicate which reacticn le more spontaneocus.

NG YRS
10. A spohtaneous reaction may correspond to the dispersal oif
matter.
NO YEE
11. A spontaneous reactlon may correspond to the dippersal of
enargy.
NQ YEE

12. All natural processern ale spontanecus.
NO YRS
Examples 12~14 of varlous procesass are given below:
13, Tue melting at 25°d 18 an example of a spentaneous process,
HgO[5) wmmmmdr Ha0{1),

NO  ¥ES

. o '
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 REACTIVITY - SBSSION 3 handout 19
' BOMBWORK QUESTIONNAIRE

The goal of this exercise s to introduce you to a range of views
about the concept apontaneity as related to chemical redetiona like
those you have already wet, inoluding “expert" or "meientlfic”
axplanstions,

Thie gquesticnnalre covers the work done in gessien 2. Se.~ral
statements are made in this questionnalre most of whick il be
seientifically “incerrect" or the type of statement about which
peience cannot make a judgement. One or moxe of them will constitute
an "expert view" about reactivity.

Your task is to "mpot the expert view(s)" among the stutements abont
each situation.

You are asked o try this youreelf (without the héip of your spouse,
colleagues or a book). You might ales like other adults ta have a
qol N

which will be

uommancihg'with é &ia&ﬁssian of the

responses.

Put a flng around YES if you think the mtatement !. - -wregt
 pelentific explanatior.

.Ring NO if you think the statement ! - seientifically incorrect or is
a type of statement othar than s sclentifls one,
1, all excthermio reactliens aye spontaneous.
NO YES |
2. All endothermic reactlons are non gpontanecus .
¥o  YEs _
3, %f a reastion is s#othe:ﬁic then it has to be spontﬁnaous.
NOo  ¥Es3
4. Both exothermin and endathermic reagticn can be s .. 4neocug,
N0 YES
5. A mpontanecus reaction is a fast reactlon.

No  vES
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The rate of a reaction can be inareased by use of a catalyst.

However if a reaction is not spontan.ous it would be futlle to try
to use a catalyst to spead up the reactian.

Al)l natural changes are spontanesus,
What types of reactien are Bpontaneous reactions?

(d) Reactions that absorb energy to form products san be spontanaous

_ (b) Reactions that releasse snergy when forming product can also be

spontaneous.

There is 2 definite direction ef epontaneous change, The reverse
propesses never procewd spontanecusly under the same conditions.

Each of the spontaneous processes lllustrated ecours of Lts own
accord. You will have notloed that the minimisation of energy is not
an adeguate priterlon for defining a aspontansous change.

The directlon of change which leads to the greater dispersal of
energy seems to undsrpin all tha epontanecus prooespesd!

s I .. § o=



KEACTIVITY - SESSION 3 hapdout 18
| SUMMARY OF TDEAS ABOUT CHEMICAL REACTIVITY DEALT WITH SO FAR.
Bession 1,2 and 2
£ESSION 1

Pupile are not empty vesszls and new knowlédga is not arbitrariiy
incorporated in their cognitive framework, Rew knowledge to be
acguired depends on the child’s exleting knowladgs.

SBSSION 2

Resotlvity is the tendency of a reactant to form products in a
chemical reaction. The word tendency implles that the pystem ia
rolged to undergo a cextain natutal change. Although polsed for
~hange the change may not be realised and furthermore the rate at
which the change will take plage is not referred ta.

Tendeney or readiness can be interpreted in elther a kinetie sense
or a thesmodynanie sgense.

Vvaricua approaches can he uged to measure the reactivity of a
Bubatance!

a) The epeed with which the substancs reacts.
b) The total enargy changes in a reaction.
a} Voltage measurements.

Reactivity series

A reactivity series is a serise in which the elements are put in an
approximata "battlng order”. tThe erder of the elements In the series
will be dependent on what the eriterion for orxdering was. Either

gpaad ar total energy considerationg may have been used for exsmpla.

SEESION 3

A spontanecuns roastian 15 a reactlon that may preceed without the
assigtance of an external agency.

A rpuction is deserlbed as epontanecus oy non-spontaneous without
refsrende to rate. The desariptions indicate whether a reaction may
take place or not. An excerpt of a prosody encempasses the aaliant
aspacte of apontaneity.

Prosody

Spontanedty has nothing to astate

When it comes to the guestion of rate
Any given reactlon may reach it’s fate
Twmbling fant or orawling willy nilly late.

The depsxiption apont&nanua roaction hao to de with fate not with
rate.



2 reaction is degcyibed as spontanecus or non spontansous wlthout
refersnce to rate. A referance ta spontaneity only indicates whether

- a reaction may take plage or not.

You may have noticed in the mechanlcal system that many pathwaya
(inclines) leadir: to the same ultimate state(ground level) ave
poseible, Purthermore the pathways dletate the rate.

The acientific view about a apontanecus reaction,

A ugefu) etarting point would be to think of a spontanesus reaction
ad a resction which has the potentlal to proceed without the
assistance of ah extarpal agency. It lmplies nothing about how fast
it will proceed under given conditlens. Indeed it may proceed so
elowly that it appears not to proceed at all,

The description spuntanenus reaction has to do with fate not with
rate.

why is upderstanding the term spontanecus reaction important?

The aoncelt of spontanecus reactien is impertant te undsretand
~ bécauaat

ve woeuld not place compatible reagente next to each othey -a
mpontzneous reactlon that 1s exothermis may lead te a Pire.

The rate of a reaction can be increased by use of a catalyat.

However if a r.action 1s not spontanecus it weuld be futile te bry
to upe a ocatalyst to gpeed up the reaction.

All natural changes must be spontaneous. Underatanding the term
spontanecus as a scisntiat implies understanding all natural
changen!

The divestion of spontanelty remaine a very impertant property of a
chemlcal reaction.
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FORMOLATING AN EXPANDED CONCEPTION ABOUT SPONTAWEOUS HEACTION
HOVING TOWARDE A BCIENTIFIC VIEW

An pxpanded view about spontaneous reactiom.

There gra common fentures exhibited by the processes in activity
eard 2, They all inoludset

1, there is a definite direstion &f spontansous change. Tha revares
processes never proceeds phontanecusly under the same conditiens,

a) Water never freezes at 259

b) shuffling the deck of cards nevar puts them in perfect opdex,
) A gas pever concentrates lteelf in half its contalnes,

d} Sugar never concentrates abd precipitates from a solutlien.

Bach of the spontaheous processes illuptrated occurs of its oum
accoxd, You will have notleed that the minimisation af energy is net
an adeguate critevien for defining whather a reactlen will ecasur.:

‘The directicn of change which leads to & more probable dibspersal of
energy of greater disorder seems to underpin all the spohtanecus
probesses: '

ordered cards become disordered
oorifined gas diffuses _

gugar cryastals disaolve and spread out
water in a dish evaporates

ball enexgy buasomea dispersed.

‘Hihat types of reaction are spontanscus reactiona?

If you have censidered the reanctions that have been shown in
activity tards 2 & 4, you would realise the #ollowing:

{4) Reactions that abporb energy to form products céan ha
gpontansous.

(b} Reactions that release enargy wheh forming product can aleo ba
spontaneoun.

(o) Speed 1d not an indicater of & spontanecus reaction and a
spontanecus reoaction doet necessaxily take place lmmediately.

In the cane of the axamples in the mechanical systam we saw that a
Bpelitanecus cllahge takas place on Its own accord,
{activity oayd 5 & 6)

When the ball was on o level table 1t had no tendency to méve, Az
soon ap there Ig a differonee In the level the ball gtarts to roll.
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ACTIVITY CARD 6
SOMP, BRIDGING EXAMPLES

An attempt L= made here to bridge the gap betwsen disbelief (in the
cage of the target problem) and accaptanca of the anchoring exanmples
by coneidering similar aspecta when dealiny with chemical reactions.
what to do
The aspects pertalning to the activities described on the anchoring
problémé wars related tasks that you intuitively accept. This card
pregents examples related to chemleal ayotems which may appear te
be unrelated to the eerliey exanples. However clorer serutiny will
indicate otherwise.
A number of examples of pozaible reactions are given balew.
Indicate with reasons which reastions you would conolder to hes
{a) Spontanecus
{kj Non-spontaneoua
(o) Mot sure whether spontanecus or non epontaneocus.
1, diamend emrw-~eeb graphite.

Thousands vf vears are taken before diamond iy eonverted

graphite
Z. 2}!2{9} + Qa\g} o o e e 21‘120(1)

A gaseous mixture of hydrogen and oxygen does not form

cbservable amounts of water abt woom temperatura

3. Bn(s) *+ CUSO(8q) —-—-> ENEOi(ag)  + CU(8]

zinc reaats with_ucppar sulphate solution to form ®=ing
sulphate solvtion 4 copper.

4. Cu(g) + ZnEC ({ag} w~~-=> ne reactlion
copper does not react with a sine sulphate s wtion o form
doppor sulphate + gine. (this is the reverse vsavtion ¢f the
above remaction)

B 2HpOr (L)mmmmmrmd 2HaO(L) + Oglg)

The Jacompesition of hydrogen persxide proceeds very elowly
but becurmes very rapid with a tiny kit of catalyst,



