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EXAMINATIONS AS A METHOD OF TEACHING*

RALPH PECK
Illinois Institute of Technology
Chicago, Illinois 60616

MANY TEACHERS FEEL that imparting informa-
tion is only a small part of the function of
good teaching. After 40 minutes of lecture many
students may lose interest, some may not be pre-
pared for the level of the lecture, some may be
relaxed and sleepy, some may be daydreaming and
for many other reasons the time is not being used
in an efficient manner. That last ten minutes is a
fine time for a short quiz.

This examination may accomplish some of the
following objectives:

@ All sleeping and dreaming stop.

® The student finds out if he can use the basic material
to solve problems in the subject.

® The instructor finds out if the students are following
his lecture, or if the material is being covered too
fast.

e Do the students have the proper prerequisites for this
level of the subject?

® All these grades help the instructor determine the
standing of each student in the class.

® When the student realizes that he is going to have to
solve a problem on the lecture at the end of the hour
with no other preparation, he is given considerable
stimulus to follow the lecture.

o Students will try to predict exams by studying old
exams and other texts.

e By making some of the exams quite difficult and
some relatively easy but new, all students learn some-
thing from the exams.

® Questions from the students on the lecture material
are stimulated.

o If the exams can be taken from real life problems
the student can see the usefulness of the material and
be stimulated to apply the material to other fields.

Open book and notes are recommended for all
examinations. This principle eliminates the memo-
rizing of material and emphasizes the application
of principles rather than the use of formulas.

*Presented at the ASEE Meeting, Vancouver, B.C.,
June, 1978.
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The short exam at the end of a class also has
been tried in grammar school, and it was found
to be very effective for most students. The fact
that the class realizes that at the end of the lec-
ture they will be expected to know the material is
a very potent stimulus to pay attention. That they
won’t be able to go home and study the material
means that their only way of understanding the
subject is to pay attention to the material being
covered in the class.

The instructor has to prepare all of these exams
and grade all the papers. As the problems must
be quite short, the time for grading is not ex-
cessive. For best results, the instructor must
grade these problems so that he can find out if
the students understood the material and if the
students have the proper prerequisites for the
course.

USE OF THERMODYNAMIC CHARTS AND TABLES

A few examples of the exams will illustrate
the type of material that is recommended. After

The last ten minutes is

a fine time for a short quiz . . . The fact

that the class realizes that at the end of the

lecture they will be expected to know the material
is a potent stimulus to pay attention.
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a general discussion of heat capacities, an ele-
mentary exam could be:
Evaluate C, for CO. at 1100 psia and 90°F
from a T-S chart.

A correct solution is C, = T (—ai) where
T /»

(_% is evaluated by the reciprocal of a tangent
(o) P

to the constant pressure lines at 90°F. After
working this problem, the student usually under-
stands that the equations for C, as a function of
T are good only for the ideal range. In this
problem, the C, (22.5 Btu/lb.°F) is 100 times
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the ideal gas value (0.22 Btu/lb.°F). If C, is
evaluated, it will be found to be fairly constant
over most of the diagram, and equations of state
would give similar results.

A more advanced example would be an exam
after a lecture on fugacity and activity.

What is the fugacity of CO, at 900 psia and
110°F.

AG =RT n = H.-H,-T(S.-S,).

f
P,
If only five minutes is available, the question
would be:

What is the activity of CO, at 900 psia and
110°F.
The answer could be unity by selecting this point
as the standard state. Another problem which has
been used is:
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FIGURE 1. Membrane problem
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What is the critical velocity of CO. at 600 psia
and 70°F (non-ideal gas).
The solution would be

/ 2 (_700-500 2.9
v (19" (o) 140 (6822

682 ft/sec. = 208 m/s

The result can be compared with the velocity
of CO, if it were an ideal gas as given by

e [ 917 (2)
w-= VERT = = g

= 871in/sec = 265 m/s

778(530) (32.2)

SAMPLE HEAT TRANSFER PROBLEM

A GOOD EXAM need not have a ready complete
solution. An example is the following problem.

(a) Set up the differential equation for the temperature
of a log floating on water. The log is half submerged
in water and half in air.

(b) Give the boundary conditions if h, and h  are the
heat transfer co-efficients in the air and the liquid,
and the t, and t, are the respective temperatures of
the fluids.

The examination is quite elementary, so for a
good class it was changed to let the log slowly roll
in the wind with an angular velocity of w. The
exact solution to the differential equation later
was solved and published by one of the students
in conjunction with another member of the staff.
The stimulation obtained from such a problem is
far greater than from one that had a ready solu-
tion.

SOME DESALINATION PROBLEMS

SIMPLE PROBLEM which leads to a great deal

of discussion was the following: (see Figure
1)

Given water in a beaker. Set up an expression for the
free-energy between the surface and the bottom. If
dG = —SdT + Vdp and T is constant, AG = { Vdp =
VAP and not zero. What is wrong with this conclu-
sion? The answer is that dG = —SdT + VdP + dh,
where h is the elevation which was neglected in the
calculation. AG is zero for water in the beaker. The
only way AG is not constant is if T is a variable and
then flow may take place.

The above simple problem led to a problem on
desalination published in the ASEE Journal.
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A student gets the maximum
out of a problem if he has to work on
its solution before the subject is discussed.

A pipe was lowered into the sea with a semipermeable
membrane at the bottom. Fresh water would rise in
the pipe. The density of the salt water is greater than
that of pure water. If the unit were lowered deep
enough into the sea, the pressure difference would
exceed the osmotic pressure, and water would flow
out of the pipe. What is wrong with this conclusion?
The answer is that AG is zero over the sea water, and
zero over the pure water. Also AG across the mem-
brane is independent of the depth and never would be
zero.

This problem is the same problem as the beaker
problem, only more verbose. An article on de-
salination where the sea water on the bottom is
less salty than at the surface was proposed to
produce fresh water. This idea led to a method
of using the pipe to desalinate water due to a
concentration gradient. What started as a single
short quiz ended with a real process and helped
educate a great many people in the process.

SOME HOME EXAMINATIONS

HOMEWORK PROBLEMS are quite vital in any

course. These problems should be thought-
provoking and not merely require substitution
into equations that are derived in books.

The osmotic head of a 0.35% NaCl solution is
about 95 ft. When desalinating water, the head
needed (410 ft.) is much greater as illustrated
by the following problem:

A perfect membrane is to be used to produce water
from a NaCl solution.

P=7x+1 P=1Atm
——— Pump ——> Membrane —— Turbine ——
70°F
0.35% NaCl l
H,0
P=1Atm

Calculate the minimum energy required to produce a
pound of water if the compressor and expander have
an efficiency of 709 each.

Two interesting homework problems would be
as follows:

1. Given dry air at 90°F, It is desired to keep a room
at 70°F with a Freon 12 air conditioner. 400 BTU/
minute is the desired heat load.

(a) Draw a flow diagram for a satisfactory unit as-

78

suming reasonable operating conditions.

(b) Account for all the extra horse power required
over the needed reversible work. Give the HP loss for
each unit in your flow diagram.

2. Estimate how fast a penny will sink through a
field of ice which is at 32°F.

CONCLUSIONS

A STUDENT GETS the maximum out of a problem
if he has to work on its solution before the
subject is discussed. The best course that I took
in thermodynamics was one where we had to solve
all the problems without class discussion. I feel
that the above approach is especially productive
for graduate courses, but I have used the above
method on juniors in college with excellent
results.

The quiz method of teaching is productive
from elementary school through high school,
undergraduate and graduate-college courses. In
place of cramming for one or two large examina-
tions, students are kept aware of their progress in
the subjects from day to day.

When the learning process is distributed over
a long period, the retention of the principles is
much better than if that same material were
crammed into a couple of weeks before a big
exam. O

book reviews

INTRODUCTION TO WASTE-WATER
TREATMENT PROCESSES

By R. S. Ramalho,

Academic Press, Inc., 1977 ($22.50).
Reviewed by Robert C. Ahlert,
Rutgers State University

My initial, superficial reaction to Professor
Ramalho’s book was quite positive. His plan was
well conceived. The subject matter is of great pro-
fessional interest to several disciplines, especially
at an elementary level. The sequential develop-
ment of topics in the text is very appropriate,
while the tutorial technique employing illustrative
examples is effective as a teaching tool and as a
model for independent design.

A second reading, in depth, dampened my en-
thusiasm. What is the audience for this text? It
is clearly prepared for use as an undergraduate
engineering text or as the basis for a nonprofes-

Continued on page 95.
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