Section ll: Free Response

Scoring Guidelines, Commentary on Student Performance for Each Question, and
Sample Student Responses

The answers pru-:n[cd here are acrual student responses (o the four free-response L]tlL'ifil.'rl'lb on the 1998 AP Environmental
Science Examination. The students gave permission to have their work re 11mn.l1u_|.d ar the time they ook the exam. These
responses were read and scored by the rable leaders and faculty consultants assigned to each particular question. The actual
scares that these students received, as well s a brief explanation of why, are indicated.
For each free-response question, there is first a discussion of students’ performance on the particular question based upon
the comments of faculty cansultants at the Reading followed by the scoring guidelines. Mext, three sample student responses
are presented, each fallowed by commentary,

Scoring Guidelines for Free-Response Question 1

Part (a)
L)
2)

)
4

Part (b)
1)
2)

4 POINTS MAX (5 points possible)

Mass of Warer : 10 gal % 8 Ihigal = 80 Ibs Water
Energy to hear Warer: 80 Ik ¥ 90°F » 1 BTU/F=lb = 7200 BTU
(AT

Energy to run dishwasher: 0.500 KNH = 3400 BTL/KWH = 1700 BTU
Total Energy for Dishwasher = 7200 BTU + 1700 BTU = 8900 BTU

2 POINTS MAX (3 points |11:R:«"l'|1||:]

Mass of Warer 2Wogal = 8 |l1.f1:=|;LJ = 160 |bs Water
Total Energy for Hand Washing = 160 b = 60°F * IBTU/Felb = 9600 BTU
(AT)

NOTES Parts (a) and (6):

L)
2)
3
.-';}
Part (c)

i)

Econ.

Env.

ii)

Econ.

Env.

If no calculations are shown, no poines awarded.

If student does nor show specific heat (1 BTU/SF=1b), bur siill gers carrecr answer — OK
If units are not shown — OK

Correct setup, incorrect addition or rn|1|1i;:]ir_':!li:n:m — 0K

4 POINTS MAX (8 points possible)

{1)
1)

(1)
setup (1)
correct final answer (1)

(1l
setup (1)
correct final answer (1)

Electric Dishwasher (internal 2 points max: 1 COST and 1 BENEFIT, either economic or environmental required)

COST (1) BENEFIT (1)
Manufacture  (materials, labor, natural resources) Uses less energy (cheaper)

Employs people (sales, production, transport)
Existence helps drive consumer economy

Disposal — (transport, fees, etc)

Saves time (must specify how related to economics)

Parts/Machine can be recycled (jobs, materials)

Acquisition of dishwasher (expensive)

Pollution (mining, refining, shipping, etc.)
specify type of pollution: air, water, etc.
on aquifers, etc.)
Solid waste/disposal (landfill, open spaces)
Detergents (high phosphates)

Water temperature higher (more sanitary)

Uses less energy (conserves fossil fuels)
Uses less water (treatment costs lower, less impact

Hand Washing (internal 2 points max: 1 COST and 1 BENEFIT, either economic or environmental required)

COST (1) BENEFIT (1)
Uses more energy (more expensive)
More time consuming (labor costs)
Not stimulating high-tech society

Uses more water (treatment, aquifers)
Uses more energy (more fossil fuels used)

Employs unskilled/handicapped labor
Non-acquisition of dishwasher (saves $$)

Substitutes machine power for human labor
Phosphate-free hand washing detergents

Longer lifetime (durability, replacement, repair)

Landfilling requires less space
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NOTES Part (c):
1) No credit for questioning assumptions

2) Just listing ideas = NO CREDIT; discussion of cost/benefit required.

Examples:

a. listing pollution (water, air, etc) is not enough; must discuss
b. in part (c) i), less water and (c) ii), more water = 0 pt.
c. simply stating “time saving” not enough; must relate to economy to get 1 pt.
3) Flippant answer = NO CREDIT; answer must relate to economics or environment
4) If calculations in parts (a) and (b) are reversed (e.g., dishwasher requires more energy than hand washing),
but part (c) is interpreted correctly based on these calculations, full credit allowed; no double jeopardy.

Commentary on Free-Response
Question 1

Students generally handled this question well; scores for
this question were higher than those for all the other
questions. They had the most difficulty in doing the
calculations [parts (a) and (b)] even though the calcula-
tions were simple. Many students seemed well prepared
to discuss the economic and environmental costs and
benefits of the two methods of washing dishes. Student
scores ranged from 0-10, with not too many 0-1

scores and not too many 10s. This question involved
demonstration of quantitative skills, i.e., calculations.
Many students missed points on the calculations in
parts (a) and (b) because they did not show their work.
Students need to understand that they may get partial
credit for doing the problem even if they don’t get the
correct final answer. Part (c) involved interpreting the
calculations from parts (a) and (b). Many students
missed points on part (c) for writing very vague,
generalized answers that did not specifically relate

to environmental or economic costs/benefits. Many
students had the tendency to just restate in words the
information derived from the calculations as opposed
to discussing the implications of the numbers, which
implies that many students demonstrated an inability to
draw conclusions from data. Many papers had great
essays and received the maximum points for part (c),
but received no credit for parts (a) and (b) because no
calculations were shown; these students thus received a
4 out of 10.

Some common mistakes and misconceptions:
B Calculations — parts (a) and (b) -
1. Not calculating the change in temperature.
2. Not understanding unit cancellation/dimen-
sional analysis.
3. Not showing EVERY calculation.

4. Not being able to do basic multiplication/
addition without a calculator.

B Essay — part (c)
1. Just listing ideas (dishwasher uses less energy)

and not discussing the environmental or
economic cost and benefit of this (0 points).

a. Just saying, “saves energy” for use of the
dishwasher. This received 0 points. Stu-
dents needed to state that less electrical
energy means less fossil fuels or nuclear
energy used which results in reduced
pollution (acid precipitation, thermal
pollution, radioactive waste, etc.).

b. Just saying “saves time” for use of the
dishwasher. This received 0 points. Stu-
dents needed to make the connection
between time and money (e.g., not paying
minimum wage to hand-washing laborers;
enabling women to work outside the
home, etc.).

2. Stating the opposite ideas/concepts for the
dishwasher and hand washing (it costs less to
run the dishwasher and it costs more to do
dishes by hand — 1 point, not 2). Students
needed to come up with four different
examples to get the full 4 points for part (c)
(1 cost, 1 benefit either environmental or
economic for dishwashers; 1 cost, 1 benefit
either environmental or economic for hand
washing). '

3. Stating that there are no manufacturing costs
associated with producing sinks. Some students
wrote a lengthy, detailed essay on the costs
of the dishwasher and the benefits of hand
washing but failed to discuss a benefit of dish
washing and a cost of hand washing. This
type of essay only received 2 out of a possible
4 points.
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Scoring Guidelines for Free-Response Question 2

Part (a) (3 points max, must include both 1D and FUNCTION; grade first three attempted pairs)
(some leeway allowed for structure indicated, function must be correct for ID)

ID

A = core, fuel rods, reactor, control rods, moderator

B = containment, reactor building
C = heat exchanger, steam pipes
D = turbine, turbo-generator

E = generator, transformer

F = cooling tower

Part (b) (4 points max: 2 DESCRIBE + 2 DISCUSS)

FUNCTION

nuclear reaction site, fission

protective, prevent radiation leakage

heat transfer

drives generator, kinetic to mechanical E

produces electricity, mechanical to electrical E

cools or recycles the H,O, releases waste heat to
atmosphere

(Use of the term ‘meltdown’ not sufficient for a point, but discussion of environmental effects of melsdown could

receive points)

DESCRIBE
(must include process)
meltdown caused by
loss of coolant
fuel rod exposure
wastes, used fuel produced
— storage, disposal, transport
thermal pollution generated from cooling
leaks, releases radiation to environment -
fuel processing, limited fuel
- mining, production, enrichment
decommissioning
- storage, disposal, transport
aesthetics, economics _
(must show clear environmental link) -
water use — volume used, intake/output

Part (c) (2 points maximum)

OPTIONS
+1 for a production method

increase use of alternatives (renewable)
solar, wind, geothermal, hydroelectric, biomass,
fuel cells, etc

stay with nuclear fission, breeders

increase, continue use of fossil fuels

develop nuclear fusion

DISCUSS

(must include environmental effect)

radiation release effects
mutations, increase in cancer, death, decrease
population, reduced growth rate, fertility rate, et

groundwater contamination
kills acquatic organisms, habitat alteration
radiation release effects as above

excessive use of resources, habitat destruction
specific mining effects

ecological restoration
extraction from unique or remote or fragile area

changes aquatic conditions

Part (d) (3 points maximum)

IMPLICATIONS
+1 for a production implications
(+2 max)
less pollution, cleaner, safer (must be specific)
renewable, effects of dams
long term storage of wastes solved
pollution (specific), nonrenewable
research requires high E input
aesthetics, economics (must show clear
environmental link)
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oprtion 1or tne ruture

Part (d)
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