


APPENDIX |

CHEMICAL EQUILIBRIUM -- KEY CONCEPTS AND
PROPOSITIONS

The tollowing table is based on the dissociation of Dinitrogen tetroxide,
N-2O4(g) into nitrogen dioxide, NO,(g).
—_
N,Oy4 = 2NO»y
Erom Initial Consideration o Equilibrium
. Molecules of reactant (N9O4) disassociate and form product INO»).
Molecules of NO> collide and reofrm N7Oy.
2. The concentration of product NO»(g) increases and reactant N7QO4(g)

decreases.

3. The rate of the
(a) forward reaction decreases as the concentration of reactant
decreases.
(b) che reverse reaction is initially zero but increases with the
concentration of the product.

Chemical Equilibrium
When a state of equilibrium is established

4. The concentrations of all species remain constant with time. Equal
concentrations are not necessarily formed.

5. The forward and reverse reactions

(a) continue to occur and

(b) have equal rates (r{=r,). This is a dynamic equilibrium.
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6. Equilibrium concentrations are based on reaction stoichiometry.
When stoichiometrically equivalent amounts of reactants or products
react, then the same equilibrium state is attained, starting eicher from
reactants or products side.

7. Artequilibrium the relative concentrations of reactants and products
are related by the equilibrium law of concentration action or the law
of "mass action”. This condition may be expressed by a value called the

equilibrium constant which takes the form of a quotient.

Product
Keq =
Reactant
(@) the value of Keq (Kc) is equal to a constant at a given
temperature.
®) the equilibrium product concentrations appear in the

numerator and reactant concentrations appear in the denominaror

(c) equilibrium concentrations of each species are raised to a power
equal to the stoichiometric coefficients of that species in the equation
(d) reactants and products that appear as pure solids or pure liquids are
not included in the equilibrium expression

(¢) equilibrium constants can also be expressed in terms of partial
pressures of gas (Kp). Kc = Keq when the total mol starting either
from reactants or products side.

(®) the reaction quotient (Qc) is a quantity that has exactly the same
algebraic form as the equilibrium constant (Keq) but involves non-

equilibrium concentrations. At equilibrium, Q =10rQ =Keq
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(@ the direction a reaction will go to reach equilibrium can be
predicted by comparing Q to Keq
Q > Keq = reaction goes to left
Q =Keq = equilibrium
Q < Keq = reaction goes to right.
Changing Equilibrium Conditions
8. Le Chatlier's Principle. Ifa chemical reaction at equilibrium is
subjected to a change in conditions that displaces it from equilibrium,
then the reaction adjusts toward a new equilibrium state. The
reaction proceeds in the direction that ar least partially affects the

change in conditions.

Changing the concentrations of one of the reactant or product species
After equilibrium has been achieved the N9Oy is increased (but the

volume remains the same).

9. The concentrations change in such a way thar they partially counteract
the imposed change. The system adjusts to reduce the concentration
of NoOy4 the NOj increases. The concentration ratio (Q) decreases
until it becomes equal in magnitude to Kegq.

10. When equilibrium is re-established the
(@ NO, will be higher than its initial equilibrium value.

(b) NoOy4 will be higher than its initial equilibrium value.

11. When equilibrium is re-established, the rate of the
(a) forward and reverse reactions will be equal.

(b) forward and reverse reactions will be greater than the initial

equilibrium.
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12. When equilibrium is re-established, the equilibrium constant (Keq) is

the same as under the initial conditions.

Changing the Volume or Pressure of the System

13.
14.

15.

16.

17.

After equilibrium has been achieved, the volume of the system is
decreased. A change in volume or pressure has no effect on systenms
with equal volumes of reactants and products.

The concentrations of all gaseous species in the system will increase.
The concentrations (and pressures) change to partially counteract the
imposed change (increases in concentration of particles). The system
adjusts to favor the reaction that produces the smaller number of
gaseous particles; the NpOy increases and the NO; decreases.

When equilibrium is re-established the

(@) NO; will be less than the original equilibrium value.

(b) NoOy4 will be greater than the original equilibrium value.

When equilibrium is re-established, the rate of the

(@) forward and reverse reactions will be equal.

(b) forward and reverse reactions will be greater than at the initial
equilibrium.

When equilibrium is re-established, the equilibrium constant is the

same as under che inirial conditions.

Changing the temperature of the System

18.

After equilibrium has been achieved, the temperature is increased.
The concentrations change to partially counteract the imposed change

(temperature increase). The system will adjust to favor the

endothermic reaction, the NO> is increased, the N7pOy is decreased.
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19.

20.

167

When equilibrium is re-established, the rate of the

(@) forward and reverse reactions will be equal.

(b) forward and reverse reactions will be greater than at the inirial
equilibrium.

When equilibrium is re-established, the equilibrium constant is

smaller than under the initial conditions.

Effect of Adding a Catalyst

21.
22.
23.
24.

25.

After equilibrium has been achieved, a catalyst is added to the system.
The rate of the forward reaction is increased.

The rate of the reverse reaction is increased.

Rates of forward and reverse reactions are equal.

The concentrations of N9oO4 and NO> are unchanged.

The equilibrium constant is the same as under the initial conditions.

(Adapted from Hackling and Garnett, 1985).
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APPENDIX K: ATTITUDE TEST ITEM ANALYSIS
EXAMINATION NAME: ATTITUDE
DEPARTMENT: CHEMISTRY COURSE: 1202
Students: 71 Date: Fall, 1992 Mean: 79.9

ITEM ANALYSIS BY PERCENTAGE

A B C D E

1. 49.2 40.8 2.8 4.2 2.8

2. 50.7 324 5.6 9.9 1.4
3. 67.6 254 5.6 1.4 0.0

4. 78.9 15.5 4.2 1.4 0.0
5. 73.3 23.9 2.8 0.0 0.0

6. 64.8 19.7 12.7 14 1.4

7. 2.8 19.7 12.7 42.3 22.5

8. 1.4 2.8 15.5 40.8 39.4

9. 1.4 42 7.0 42.3 45.0

10. 2.8 9.9 18.3 38.0 30.9
11. 1.4 7.0 2.8 38.0 50.7
12. 53.5 32.4 5.6 8.4 0.0
13. 18.3 21.1 26.8 18.3 15.5
14. 18.3 22.5 42.3 14.1 4.2
15. 29.6 26.8 25.3 9.9 8.5
16. 12.7 16.9 22.5 29.6 18.3
17. 49.2 26.8 14.1 9.9 0.0
18. 18.3 324 21.1 16.9 11.3
19. 42.3 49.2 8.5 0.0 0.0
20. 26.8 324 26.8 14.1 0.0
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
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10.0
10.0
35.0
40.0
26.7
16.6
16.7
10.0
1.7
6.7
8.3
13.3
36.7
1.7
6.7
3.3
26.7
10.0
26.7
8.3

EXAMINATION NAME: ATTITUDE

DEPARTMENT: CHEMISTRY

Students: 60 Dare: Fall, 1992 Mean: 69.8

COURSE: 1202

ITEM ANALYSIS BY PERCENTAGE

B
36.7

46.7
38.3
38.3
41.7
25.0
18.3
23.3
08.3
28.3
36.7
30.0
219
11.7
21.7
30.0
36.7
36.7
30.0
23.3

C
25.0

25.0
1.7

8.3
18.3
41.7
18.3
16.7
26.7
16.6
13.3
15.0
15.0
36.7
25.0
18.3
25.0
25.0
25.0

35.0

D
23.3

15.0

3.3
13.3

5.0
10.0
31.7
41.7
40.0
43.3
30.0
40.0
18.3
35.0
20.0
36.7
16.6
16.6
18.3

10.0

3.3
1.7
0.0
3.3
6.6
5.0
08.3
23.3
5.0
11.7
1.7
10.0
13.3
26.7
11.7
11.7
11.7
0.0
23.3
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10.
11.
12.
13.
14.
I5.
16.
17.
18.
19.

20.
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20.6
17.5

4.8
31.7
11.1
47.6
46.0
36.5
269

EXAMINATION NAME: ATTITUDE

DEPARTMENT: CHEMISTRY

Students: 63 Date: Spring, 1993 Mean: 72.2

COURSE: 1202

ITEM ANALYSIS BY PERCENTAGE

B
55.6

61.9
34.9
36.5
36.5
36.5
28.6
269

4.8
19.0
30.2
49.2
26.9
23.8
38.1
33.3
38.1
34.9
38.1
33.3

C
19.0

15.9
11.1
48
17.5
26.9
6.3
222
23.8
20.6
9.5
6.3
20.6
34.9
3.2
17.5
9.5
11.1
159

20.6

D
11.1

48
7.9
0.0
3.2
4.8
39.7
38.1
39.7
38.1
30.2
17.5
26.9
26.9
17.5
30.1
4.8
6.3
9.5

17.5

32
1.6
0.0
0.0
0.0
0.0
22.2
6.3
30.2
15.9
26.9
6.3
79
9.5
9.5
7.9
0.0
1.6
0.0
1.6
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.

10.3
15.4
43.6
43.6
15.4
10.3
15.4
12.8
10.3
10.3
10.3
23.1
38.5

0.0

7.7

5.1
333

2.6
10.3

10.3

EXAMINATION NAME: ATTITUDE

DEPARTMENT: CHEMISTRY

Students: 39 Date: Fall, 1993 Mean: 65.9

COURSE: 1202

ITEM ANALYSIS BY PERCENTAGE

B
41.0

38.4
38.5
33.3
38.5
23.1
30.8
30.7
02.6
28.2
28.2
25.6
20.5
12.8
15.4
20.5
46.2
38.5
53.8
25.6

C
17.9

17.9
12.8
12.8

2.6
17.9
12.8
20.5

5.1
23.1
20.5
15.4
17.9
33.3
20.5
28.2

7.7
23.1
20.5

30.8

D
20.5

17.9
2.6
7.7

15.4

38.5

30.7

30.8

38.5

23.1

41.0

17.9

12.8

23.1

28.2

35.9

15.4

07.7
5.1

12.8

10.3
12.8
2.6
0.0
02.6
07.7
10.3
0.0
23.1
15.4
0.0
2.6
10.3
30.8
28.2
10.2
2.6
7.7
10.3

20.5
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10.
11.
12
13.
14.
15.
16.
17.
18.
19.
20.

26.7
45.0
86.7
73.3
41.7
60.0

5.0
11.9

0.0

1.7

5.0
63.3
30.0
13.3
13.3

3.3
46.7
58.3
35.0
26.7

EXAMINATION NAME: ATTITUDE

DEPARTMENT: CHEMISTRY

Students: 60 Date: Fall, 1994 Mean: 77.3

COURSE: 1202

ITEM ANALYSIS BY PERCENTAGE

B
48.3

51.7
35.0
23.3
28.3
23.3
21.7
16.7

6.7
18.3

8.3
35.0
26.7
26.7
26.7
16.7
38.3
35.0
46.7

31.7

C
23.3

1.7
06.7
03.3
10.0
15.0
11.7
23.3
16.7
21.7
15.0

0.0
15.0
48.3
36.7
30.0
10.0

6.7
15.0
26.7

D
1.7

0.0
1.7
0.0
3.3
383
41.7
33.0
30.0
41.7
33.0
1.7
21.7
6.7
1.7
25.0
5.0
0.0
3.3
13.3

0.0
0.0
0.0
0.0
20.0
10.0
15.0
18.0
15.0
16.7
0.0
6.7
5.0
10.0
8.3
0.0
0.0
0.0

1.7
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

10.5
0.0
10.5
0.0
0.0
0.0
0.0
0.0
10.5
0.0
0.0
21.0
10.5
10.5
63.2
31.6
0.0
31.6
31.6

EXAMINATION NAME: ATTITUDE

DEPARTMENT: CHEMISTRY

Students: 19 Date: Spring, 1994 Mean: 54.2

COURSE: 1202

ITEM ANALYSIS BY PERCENTAGE

B
21.1

26.3
21.1
15.8
31.6

4.5
47 .4
47.4
21.1
36.8
63.2
26.3
36.8
10.5
10.5
21.1
26.3
42.1
21.1

10.5

C
47.4

21.0
21.1
21.1
36.8
25.3
21.1
21.1
36.8
31.6
26.3
42.1
42.1
36.8
42.1

5.2
15.8
15.8
21.1

26.3

D
316

31.6
36.8
316
21.1
52.6
21.1
31.6
211
211
10.5
10.5

0.0
42.1
31.6
10.5
10.5
31.6
15.8

26.3

10.5
21.1
21.1
10.5
18.5
10.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
5.2
0.0
15.8
10.5
10.5

5.2
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10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

APPENDIX L: FINAL EXAM ITEM ANALYSIS
EXAMINATION NAME: FINAL
DEPARTMENT: CHEMISTRY
Students: 177 Date: Fall, 1992
Std Dev: 14.91

A
0.8

4.2
59.9
34.9

6.2
15.6
443

5.8

0.4
30.8

1.7

29
70.7
69.0

2.3
19.5
91.1
942

25.8

Mean: 56.33
ITEM ANALYSIS BY PERCENTAGE

B
4.6

13.1
30.8
39.1
58.2
33.9

6.9
12.5
12.7
26.0
10.4

3.5
18.7

9.1
69.6
12.9

8.1

2.1

7.3

C
92.7

23.7

3.5
11.0
229
13.5
17.7
615
6l1.7
28.5
12.5
35.1

7.3

6.9

7.5
514
12.9

2.1

62.0

174

COURSE: 1202

D
1.2

29.7
1.9
11.2
10.4
33.5
13.9
10.8
10.2
10.8
64.0
11.6
1.2
6.0
11.4
15.8
568
1.0

2.1

E
0.6

29.3
4.0
3.7
2.1
3.3

16.4
9.1

15.0
3.7

11.4

46.8
2.1
8.9
9.1
0.2
2.7
0.6

2.9

Invalid
0.0

0.0
0.0
0.0
0.2
0.2
0.8
0.2
0.0
0.2
0.0
0.0
0.0
0.0
0.0
0.2
0.4
0.0

0.0
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20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

21.2
3.1
7.7

13.1
6.7
3.3

385

12.9

17.7

81.7

15.6

EXAMINATION NAME: FINAL CONTINUED

B
15.6
4.0
43.9
532
19.5
3.3
5.6
674
522
5.6
20.6

C
563
25.8
33.9
13.3

8.3
8.9
21.0
13.7
9.6
1.0

453

D
40
3.5
11.4

20.2
25.4
6.0
31.0
4.4
5.0
8.3
4.8

E
29
63.6
3.1
0.2
40.1
784
4.0
1.7
15.6
3.3

13.7

Invalid
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
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10.
1.
12.
13.
14.
15.
16.
17.
18.

19.

1.4
1.4
315
43.7
6.8
212
45.5
7.7
0.9
23.0
2.3
1.8
563
82.0
2.3
34.7
30.2
95.9
28.4

EXAMINATION NAME: FINAL
DEPARTMENT: CHEMISTRY
COURSE: 1202
Students: 227 Date: Fall, 1992
Mean: 57.19 Std Dev: 14.43

ITEM ANALYSIS BY PERCENTAGE

B C D
3.6 914 23
5.9 446 36.9
56.8 3.6 2.3
207 13.1 17.1
662 20.3 5.4
374 19.8 16.7
6.3 15.3 16.7
7.2 725 5.4
18.9 482 9.0
27.9 31.1 12.2
2.5 14.4 65.8
2.7 14.0 5.4
25.7 13.1 2.3
4.1 3.2 5.4
653 8.6 13.1
20.3 324 11.7
9.0 14.9 40.5
0.0 3.2 0.5
5.9 64.0 0.9

E
1.4

11.3
5.9
5.4
1.4
4.1

15.3
7.2

23.0
5.4
8.1

76.1
2.7
5.4

10.8
0.5
5.0
0.5
0.9

[nvalid
0.0

0.0
0.0
0.0
0.0
0.9
0.9
0.0
0.0
0.5
0.0
0.0
0.0
0.0
0.0
0.5
0.0
0.0

0.0
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20.
21.
22,
23.
24.
25.
206.
27.
28.
29.

30.

18.9
2.7
5.9
9.0
6.3
2.7

52.7

11.3

22.1

883

25.7

EXAMINATION NAME: FINAL CONTINUED

B
11.7
4.1
658
84.2
320
2.3
6.3
72.1
523
1.4

31.1

C
65.3
28.4
14.9

2.3
4.1
2.5

17.1

10.4
8.6
0.9

203

D
2.7
3.6
10.8
4.1
12.2
2.7

20.3
5.4

4.1
7.2

5.9

E
1.4
61.3
2.7
0.5
45.5
82.9
3.6
0.9
13.1
2.3

17.1

Invalid
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
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10.
11.
12.
13.
14.
15.
16.
17.
18.

19.

9.5
4.8
19.0
0.0
33.3
333
0.0
14.3
47.6
81.0
0.0
429
19.0
19.0
33.3
9.5
4.8

19.0

EXAMINATION NAME: FINAL
DEPARTMENT: CHEMISTRY

Students: 24 Date: Spring, 1993
Mean: 56.48 Std Dev: 15.55

ITEM ANALYSIS BY PERCENTAGE

B
23.8

4.8
85.7
429
19.0

0.0

9.5
19.0
23.8

0.0

9.5

4.8

0.0

0.0
238
19.9
90.5
57.1
619

COURSE: 1202

C
19.0

4.8
9.5
14.3
0.0
19.0
14.3
14.3
14.3
38.1
4.8
19.0
4.8
619
23.8
333
0.0
28.6
19.0

D
524

81.0
0.0
19.0
714
19.0
19.0
66.7
47.6
14.3
0.0
76.2
524
0.0
0.0
9.5
0.0
9.5
0.0

E

0.0
0.0
4.8
9.5
28.6
23.8
0.0
0.0
0.0
4.8
0.0
0.0
19.0
33.3
4.8
0.0
0.0

0.0

[nvalid
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0

0.0
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20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

0.0
42.9
33.3
33.3

9.5

4.8

4.8
23.8
14.3

9.5

4.8
429

9.5
14.3
14.3

0.0

9.5

EXAMINATION NAME: FINAL CONTINUED

B
762
4.8
9.5
9.5
0.0
714
0.0
4.8
57.1
9.5
4.8
19.0
28.6
9.5
47.6
9.5

19.0

C

19.0
28.6
429
429
9.5
9.5
38.1
0.0
9.5
81.0
9.5
19.0
4.8
0.0
14.3
0.0

4.8

D
48
9.3
9.5
9.5

57.1
0.0
0.0

2;8.6
19.0
0.0

81.0
19.0

38.1

76.2
4.8

81.0

28.6

E
0.0
14.3
4.8
4.8
23.8
14.3
57.1
429
0.0
0.0
0.0
0.0
19.0
0.0
19.0
9.5

38.1

Invalid
0.0
0.0
0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
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10.
1.
12.
13.
14.
15.
16.
17.
18.
19.

Reproduced with permission of the copyright owner.

23.0
I.1
18.2
0.0
15.5
658
8.6
2.1
64.7
615
5.9
21.9
16.0
144
22.5
1.1
7.0
17.6

EXAMINATION NAME: FINAL
DEPARTMENT: CHEMISTRY

Students: 194  Date: Spring, 1993
Mean: 63.48 Std Dev: 13.35

ITEM ANALYSIS BY PERCENTAGE

B
3.7

7.0
98.4
59.9

9.1

1.6

2.7

3.2
24.6

3.7
219

3.2

1.1

0.5
26.7
17.1
97.3
48.1

759

COURSE: 1202

C
13.4

7.5
0.5
4.8
0.0
3.2
11.2
13.9
7.5
2;8.3
15.5
9.1
1.6
67.9
8.0
353
0.0
39.6
4.3
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D
63.1

62.6
0.0
6.4

89.8

12.8
9.1

684

642
3.2
0.5

813

743
3.7
3.2

11.2
0.5
2.1

2.1

E
15.0

0.0
0.0
10.2
1.1
6.8
9.1
5.3
1.6
0.0
0.5
0.5
1.1
11.8
46.5
13.9
1.1
1.1

0.0

Iavalid

0.0
0.0
0.0
0.5
0.0
0.0
2.1
0.5
0.0
0.0
0.0
0.0
0.0
0.0
1.1
0.0
0.0
0.0

0.0
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20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
3L
32.
33.
34.
35.
36.

8.0
32.1
16.0
23.0

1.6

2.7

0.5

4.8
18.2
17.6

8.6
66.8
11.2

9.6
23.5

0.0

19.3

EXAMINATION NAME: FINAL CONTINUED

B
813
6.4
15.0
0.5
3.7
733
12.8
0.5
59.9
23.5
2.7
12.3
16.6
18.2
422
4.3

18.7

C
2.7
214
41.7
2.1
4.3
3.7
38.5
4.8
4.3
583
6.4
12.8
8.6
8.6
8.6
2.7

10.7

D
6.4
7.5

22.5
0.0

86.1
5.9
1.1

18.2

17.6
0.0

818
7.5
47.6

588

14.4

872

283

E
1.6
32.6
4.8
74.3
4.3
14.4
47.1
71.7
0.0
0.5
0.5
0.0
15.5
4.3
11.2
5.9

21.9

Invalid
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5
0.5
0.5
0.0
0.0

1.0
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Lol S

v e N o W

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

EXAMINATION NAME: FINAL

DEPARTMENT: CHEMISTRY COURSE 1202

1.1
9.1
11.8
13.4
30.5
20.9
I.1
46
1.6
10.2
5.9
2.1
8.6
1.6
6.4
9.6
6.4
9.6
28.3
16

Students: 202
Mean: 53.80

B
68.4
5.9
8.6

5.9
0.5
27.3
26.2

46.5

96.3

72.7

88.8
9.6
5.9

51.3
25.7
35.8

Date: Fall, 1994
Std Sev.: 4.71
ITEM ANALYSIS BY PERCENTAGE

C
20.9
17.6

6.4
9.1
449
62.6
52.9

15
18.7

13.9
2.7
71.7
71.1
3.2
16.6
35.8
25.1

D
5.9
12.3
36.9
69
12.8
2.1
18.7
9.6
3.2
20.9
77.5
0.5
2.7
6.4

5.9
15
19.3
3.7
19.3

E
3.7
55.1
35.8
0.5
5.9
13.9

3.2
68.4
14.4

1.6

1.1
0.5
0.5
4.3

7.5
67.4

3.2

5.9

3.2

Invalid
0
0

— o
<.‘\OOOOCDOOCDOV‘

=
. ©

0.5
0.5
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21.
22.
23.
24.
25.
26.
27.
28.

29

30.
31.
32.
33.
34.
35.

EXAMINATION NAME: FINAL CONTINUED

55.1
4.3
2.7
19.3
11.2
16.6
0.5
3.2
9.6
45.5
42.2
29.4
20.3
17.6
12.3

10.7
10.7
31
13.9
2.7
214
79.7
5.3
10.7
39
4.3
13.9
16.6
18.7
17.1

2.1
7
9.6
4.8
75.9
3.7
6.4
10.2
67.9
11.2
10.7
19.3
50.3
27.3
6.4

20.3
3.7
46

12.8
4.3

48.7
9.1

65.8
5.3
3.7

36.9

21.9
12.8
17.6
18.7

11.8 0
74.3 0
10.2 0.5
49.2 0
5.9 0
9.6 0
4.3 0
15.5 0
6.4 0
0.5 0
5.9 0
15 0.5

0 0
18.7 0
45.5 0
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1.

NP

hed

1.
12.
13.
14.
15.
16.
17.
18.
19.
20.

0.6
10.5
18
8.7
59.9
8.7

69.2
0.6
8.7
2.3
1.7

244
5.2

20.9

11
8.7

10.5

11.6

37.2

EXAMINATION NAME: FINAL

DEPARTMENT: CHEMISTRY
COURSE 1202

Students: 178
Mean: 60.25

Date: Fall, 1994
Std Dev.: 5.51

ITEM ANALYSIS BY PERCENTAGE

B
69.8
7
11.6
4.7
3.5
4.7
21.5
12.2
29
75
4.1
97.1
30.8
89.5
33.1
18
7.6
39
26.7
36.6

C
215
11

15.1
11.6
74.4
69.8
9.3
1.2
1.7
3.5

343
1.2
34.3
58.1
238
27.3
54.7
18.6

D
5.8
9.3

20.9
70.9
23.8

1.2
8.7
4.7
1.7
9.3

89.5

1.2
4.1
2.9
8.7
3.5

20.3

19.2

2.9
5.2

E
2.3
62.2
42.4
0.6
1.2

11

4.1
93.6
5.2
0.6

6.4

1.2

2.3

9.3
39.5
3.5

4.1

2.3

[nvalid

o O o o o o o

o O o o o o
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21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

EXAMINATION NAME: FINAL CONTINUED

70.3
7
4.1
22.1
5.8
16.9

3.5
15.1

22.7
4.1
18
8.1
57

9.3
12.2
28.5
19.2

0.6
27.3
83.1
10.5
12.8
81.4

1.7
14.5
16.9

9.3

11

1.2
5.2
5.8
7.6
89
5.8
6.4
4.7
58.7
9.3
7.6
18.6
43.6
134
8.1

8.7
11.6
59.3

7

2.9
41.9

6.4
64.5

7.6

2.3
65.7
43.6
21.5
15.1
15.1

10.5
64
2.3

44.2
1.7
8.1
4.1

16.9
5.8

2.3
19.2

53.5
7.6

©c O O O O O O o o o o o o

=)
(CTE N
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APPENDIX M

ENROLLMENT
Chemistry 1202 Enroliment
Spring/ 1992 - Fall/ 1994
Spring 1992 - 25/92

Section _ Instructor __ Initial Enrollment Final Enrollment

1. Williams 211 177

2. Williams 224 197

3. Reed 212 175

4. Reed 218 177

5. Reed 169 140

Summer 1992 - 3s/92

Section_[nstructor Initial Enrollment Final Enrollment

1. Johnson 127 97

Fall 1992 - 15/93

Section Instructor Initial Enrollment Final Enrollment

1. Henry 204 227

2. Reed 92 89

3. Reed 203 177

Spring 1993 - 25/93

Section_[nstructor Initial Enroliment Final Enrollment

1. Collins 230 194

2. Taylor 230 189

3. Wallace 191 135

4. Reed 230 204

5. Reed 192 150

6. Hoffman 75 24

Summer 1993 - 35/93

Section Instructor Initial Enrollment Final Enroliment

1. Johnson 113 84

Fall 1993 - 15/94

Section_Instructor [nitial Enrollment Final Enrollment

1. Taylor 204 165

2. Henry 227 229

3. Reed 196 193

186
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Spring 1994 - 25/94
Section Instructor Initial Enrollment Final Enrollment
1. Wallace 225 194
2. Mardn 222 201
3. Reed 156 127
4. Reed 219 211
5. Reed 219 177
6. Hoffman 78 22
Summer 1994 - 4
ion I r Injg llmen Fi rollmen
1. Johnson 108 107
Eall 4 -
ion_In r Inigial Engoll in llmen
1. Strahler 187 145
2. Henry 220 202
3. Reed 204 178
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APPENDIX N

ANCOVA SOURCE TABLE FOR PRE-POSTTEST

Dep Var: postt N: 52 Muldiple R: 0.257 Squared multipie R: 0.057
Analysis of Variance
Source Sum-of- DF Mean- F-ratio P
squares square
IGroup 50.941 1 50.941 0.494 0.48
{Pret 241.913 1] 241913 2.346 0.13
|Error 4022.373 39| 103.138 |
Dep Var: postc N:52 Muldiple R: 0.306 Squared multiple R: 0.094
Analysis of Variance
Source Sum-of- DF Mean- F-ratio P
squares square
Group 62.599 1 62.599 1.725 0.197
Prec 88.198 1 88.198 2.43 0.127
Error 1415.373 39 36.292
Dep Var: postq N:52 Multiple R: 0.240 Squared multiple R: 0.094
Analysis of Variance
Source Sum-of- DF Mean- F-ratio P
squares square
Group 0.125 1 0.125 0.002 0.968|
Preq 185.453 1] 185.453 2.377 0.131
Error 3043.118 39 78.029
188

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX O
PARTICIPANT CONCEPT MAPS

Chemical
Equilibrium

Equilibrium
Constant

.

is related to K by

Le Chatelier's
Principle

is epressed as

(A [B] is defined as

changes in the
system

Temperature

for example

cooling and
heating

Michelle

liquids are not

included

189
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Le Chatelier's

Principle

affected by stress

Add or subtrac
reactants or
products

) @ o
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Equilibrium

is affected by

hanges in React-ion
Equilibrium > Quotient
State Q

Add/subtract
reactants or
products

Temperature

Scott
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Reaction
Quotent Q/K

Products and
Reacrants

Shows direction
equilibrium goes

Concentrations of
partial pressure

affected by

temperature

Stress
(pressure, volume
concentration)

Richard
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endothermic
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apply stress

Le Chatelier's
Principle

affected llay

Magnitude
shows
direction

ldepends on if l

Exothermic Endothermic

Derek
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Le Chatelier's

Principle

Equilibrium

Constant

Stress
Reactants
Change T Change
Pressure emperature
Change
Volume
Grace
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described by
Le Chatelier's

principle

described by

Equilibrium
Constant

which can predict
effect of stress due to

Change in '\ /Change in
volume pressure

which is changes when

Ratio of
Reacrants and
Products

to show direction

of change which delpcnds on whether

Frank
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reversible

both reactions occur
simultaneously

rate f = rater

Le Chatelier's

principle

will not change with
stress unless temperature

changes

tells which direction is favored

4—— { Magnitude of K

determines whether a reaction will
go almost to completion or

vice/versa in an equilibrium situation Thermodynamics

Conceptual Teacher
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Le Chatelier

Precipation
(removal from
equilibrium)

Concentration

Traditional Teacher
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