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he undergraduate engineering population is becom-

ing increasingly diverse, not only because of the

increased number of women and minority students,
but also as a result of the variable backgrounds of the major-
ity students. In addition, the technical needs of our society
are rapidly changing. For example, environmental concerns
are increasingly important for engineers.""’ But many text-
books, particularly in core undergraduate courses such as
chemical and mechanical thermodynamics, often provide
examples and problems applied to standard-type processes
that are based on using the backgrounds of what many con-
sider to be “traditional” engineering students. Typical chemi-
cal engineering thermodynamics examples include reactors
and steady-state flow through pipes, while automobile en-
gines and steam turbines are often used in textbooks geared
toward mechanical engineering students.

Thermodynamics is a particularly important subject be-
cause it is often one of the first core courses in many chemi-
cal and mechanical engineering curriculums. It is not the
intention here to completely replace traditional types of prob-
lems, which obviously are fundamental in the study of both
of these fields, but to present the subject manner in such a
way that it builds on the backgrounds and interests of a
wider variety of students. ¢

Felder and Silverman' reported that how much students
learn depends on three factors: 1) their native ability, 2) their
background, and 3) the match between their learning styles
and the instructor’s teaching style. The authors furthermore
stated that the only tool that teachers have at their disposal is
their own teaching style. A student’s background cannot be
changed, but if teachers could take advantage of the back-
ground of a nontraditional student rather than treat it as a
hindrance, then not only learning but also the field of engi-
neering as a whole could be enhanced.

As faculty members responsible for teaching undergradu-
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ate thermodynamics in both chemical and mechanical engi-
neering, we formulated a joint effort to address these issues.
Note that our efforts were focused on incorporating these
ideas into core undergraduate courses where they could have
a positive early impact. First, we sought to identify topics
that are of interest to nontraditional engineering students
(with the focus on women in particular) and that have na-
tional and/or global significance. The next step was to assess
the use of these types of problems in various curriculums
across the country. Concurrently, we defined three different
problem classifications and then developed and implemented
problems for each classification into our own thermodynam-
ics courses. The two undergraduate students noted as coau-
thors to this paper provided much-needed student input into
the development and assessment of these problems.

TOPICS FOR
ALTERNATIVE EXAMPLES AND PROBLEMS

As noted above, the first step in accomplishing our goals
was to identify key areas of interest to nontraditional stu-
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dents that also have global significance. Although the over-
all goal of this project was not meant to specifically focus on
the needs of women, the initial efforts were concentrated on
these needs. It has been documented that women tend to be
attracted to fields that are based on humans, that make a
direct impact on the quality of life, and that are based on the
biological and chemical sciences.” In addition, one of the
biggest obstacles young women perceive is that they have a
lack of practical experience compared to their male counter-
parts.*! Using alternative problems could serve to balance
the playing field and consequently to improve the confi-
dence of the women students. This is an important factor in
the retention of young women in engineering.”’

TABLE 1
Survey Questions Used to Determine
Use of Alternative Problems

Group Problem Type Yes No

Recycling Plastics

Paper
Biodegradables
Composting

Energy Conservation Solar
Wind
Alternate Energy Sources

Pollutants
Ozone
Global Warming

Environmental Impact

Biomedical Applications | Organ Preservation
Cryosurgery

Other Food-Microwave Processing

Other

Several broad areas that represent these interests, and which
have significant engineering applications, are related to the
environment, the medical field, and the processing of
biomaterials. Based on these areas, the specific topics of
recycling, energy conservation, environmental impact, and
biomedical applications were chosen as the focal topics for
the development of alternative problems.

In the area of recycling, specific examples such as the
recycling of plastics, paper, and biodegradable materials
were considered. Examples of problems concerning energy
conservation include the use of solar, wind, and other alter-
native energy sources. With regards to the environment, a
variety of examples can be found, including problems re-
lated to pollutants, the ozone layer, and global warming.
Biomedical applications provide very interesting thermody-
namic problems, such as those related to organ preservation
and cryosurgery. Other related problems, such as those in-
volving microwave heating of foods, were also considered.

Note that many of these topics fall within the category
of “Green Engineering,” a focus area of national attention
on many campuses, such as our own at Virginia Tech.
This illustrates how capitalizing on the variety in students’
backgrounds could help to elevate the engineering profes-
sion as a whole.

SURVEY OF
THE USE OF ALTERNATIVE EXAMPLES

A survey was developed to assess the current use of alter-
native problems in chemical engineering undergraduate ther-
modynamics courses. The survey was sent to chemical engi-
neering departments throughout the country; sixty-six were
returned. In the survey, participating faculty were asked
whether or not they used various types of alternative ex-
amples and problems in their thermodynamics courses; cop-
ies of the problems used were also requested. The types of

problems were divided into the chosen target groups,
with specific types of problems listed under each
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group. The survey questions are shown in Table 1.

The results of the survey indicated that very few
alternative problems are used in chemical engineer-
ing thermodynamics courses today. As shown in
Figure 1, over fifty percent of the faculty indicated
that they did not incorporate any (or used only one)
type of alternative problems in their classes, and
less than twenty percent indicated that they had
used five or more different types of problems. As
seen in Figure 2, of those who indicated positive
responses the majority cited using examples related
1 to the “Environmental Impact™ group, in particular

No. of Types of Problems Usec
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‘ air pollution. The second most popular group was
“Energy Conservation.” These two groups repre-
sented almost eighty percent of the total number of

Figure 1. Number of different types of problems used.
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In the survey, the faculty were also encouraged

to provide example problems that they had used.
A number of problems were sent to us (if de-

sired, they can be obtained from the authors of
this paper), and many of the participants also
provided some interesting comments. Many of
the respondents indicated that they did not use
any alternate problems because of the lack of
such problems in the textbook they were using.
In addition, some of the respondents were inter-
ested in receiving copies of any available prob-
lems. These comments suggest that there is at
least a perception of need for these types of prob-
lems in our current courses.

7. Positive Responses

DEVELOPMENT AND USE OF ALTERNA-
TIVE EXAMPLES AND PROBLEMS

Problem Development * Three problem classi-
fications were formulated to utilize alternative
examples and problems. The first category in-
cluded simple problems that could be used as
classroom examples. Ideally, these would include
visual aids (e.g., videos of actual recycling pro-
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cesses or alternative energy sources). The second
category of problems was typical homework
problems, which are consequently more involved
than the in-class examples. Reference materials

Figure 2. Types of problems used by positive

survey respondents.

TABLE 2
In-Class Example No. 1

Refrigeration Cycle for Organ Preservatitﬂ

Problem Statement
Transplant of the corneal tissue can cure a victim of blindness due
to the loss of corneal transparency. In order for the transplant to be
successful, the corneas must be preserved at a constant tempera-
ture of -4°C. A vapor-compression cycle can be used for this
purpose. Find the maximum C.O.P. of a system that operates with
an evaporator temperature of -4°C and a condenser temperature of

40°C.
Solution
Given: Vapor-compression refrigeration system with
known evaporator and condenser temperatures.
Find: Maximum Coefficient of Performance (C.O.P.).
Condenser
Exsa ',:,Sion "‘ Compressor T =T, =-4°C
1 4
M T,=T,=40°C
Evaporator

Steady state; reversible adiabatic compression and
expansion

Assumptions:
Analysis:
W= QH ¥ QL

Using the maximum C.O.P. defined by the second law:

From the first law: W+Q; —Qp, =0 or

cio,P.=g.L—=.—QL_—
W QH _QL
T, T
QP et edndes L BN gy
T,-T, T,-T, 313K-269K

Comments: Note that this problem is very simple; but the application
is unique. Also, one might want to assign a homework problem for the
students to compare this efficiency with that of a refrigeration cycle
between the same two temperatures, but with a saturated vapor at
State 1 and a saturated liquid at State 3, an isentropic process between
States 1 and 2, and a constant enthalpy process through the expansion
value (between States 3 and 4).
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were provided as needed to solve these types of problems.
The final category was geared toward the design of
either individual or group term projects that require com-
plex computer analyses and/or library research and which
are consequently more involved than either of the other
problem categories.

In order to encourage student participation, the two under-
graduate students participating in this project conducted lit-
erature searches to provide the necessary background mate-
rial for development of the problems. They also, in coopera-
tion with the faculty coauthors, formulated problems related
to the targeted alternative topics in the three different prob-
lem categories. These problems were integrated into the
undergraduate thermodynamics courses in both chemical
and mechanical engineering.

Examples of the problems used are provided for each

category (e.g., in-class example, homework problem, and
project). Note that the introduction of alternative example
problems does not necessarily require that the entire prob-
lem be “nontraditional,” or that it be complex. For instance,
the in-class example given in Table 2 is a simple problem
involving the determination of the maximum coefficient of
performance for a refrigeration system. But the students are
told that the application of this system is to preserve corneal
tissue for transplants; thus, this could stimulate the interest
of those inclined toward biomedical applications. Also, this
problem can be easily extended into a homework assign-
ment, as indicated in the comments at the end of the solution.
The second in-class example, shown in Table 3, provides the
instructor with an opportunity for class discussion on alter-
native energy sources such as solar energy; again, the actual
calculations are very simple.

TABLE 3
In-Class Example No. 2

Reactions Driven by Solar Energy

Problem Statement

The production of simple compounds widely used by the
chemical industry (i.e., hydrogen, carbon monoxide, or nitric oxide
from free or cheap raw materials such as water, carbon dioxide,
carbonates, or air) is typically carried out with the aid of electricity at
low temperatures. These reactions, however, can also be driven at
high temperatures without any mechanical or electrical power input.
It has been suggested that an original and efficient way to carry out
such endothermic reactions may be via the use of concentrated solar
energy.'” Solar furnaces can deliver thermal power close to P = 1.5
kW at a 12x10~m wide focal spot. A temperature above 3000 K can
be obtained at the focus.

The solar method is simple in principle and can be adapted to
many endothermic gas phase reactions. In this particular case, we
wish to consider the following reactions; the direct decomposition of
carbon dioxide, the thermal splitting of water, and the synthesis of
nitric oxide from the components of atmospheric air (i.e., nitrogen
and oxygen). In this process, water or other considered reactants are
continuously injected into a small zirconia reactor located at the
focal zone. In this dissociation reactor, partial reaction occurs within
107 to 107 seconds. In order to avoid any recombination between the
evolved products, the gas is quickly cooled with four turbulent argon
jets. All gases are analyzed by gas phase chromatography. The
volumetric flow rate of the product gases, Qp, is

=5 =LY,
Qy(10%kes™): 65  H,00H,+1/20,

100 €O, <>CO+1/20,

15 1/2N,+1/20, < NO

An energetical yield, 1, has been defined as the ratio of the
chemical energy stored in the products to the available thermal
power, P.

where AH is the heat of formation of the products at the reaction

temperature. Estimate the yield of the process for the three different
reactions. Compare with energetical yields obtained via conven-
tional electrochemical means, whenever possible.

Solution

This problem illustrates the need for heat capacities of gases as a
function of temperature in the calculation of the product formation
enthalphy at the reaction temperature

= o () 0
AHy09 = AHR + AHSgg + AHp

Reactants at 3000 K Products at 3000 K
AH° AH
Reactants at 298 K Products at 298 K
AHEB!K
3000 3000
o s [ o ol o
AHSp = AHSe+ Y |0 fcpdt|- ¥ |n [coa

Products| 208 Reactants\ 208

Using value of Cp(T) from tables found in Smith and Van Ness," in
the case of water,

AHSy, = 54,778 cal/ gmol

and the energetical yield is

(6:5x 10 kgsec™ (54,778 cal/gmol) | g2 5ec?

0.2390 cal

(1.5 x103kgm? sec‘3)(1s x 10"3kg/gmol) .

n=0.552

Comments: Here, the instructor can work out the solution for the
first reaction and leave the other two for the students to work on in
class or for homework.
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The first homework problem example, given in Table 4,
again demonstrates that traditional problems can be modi-
fied to address issues such as waste utilization. Here, a
typical steam power plant-type problem is modified for the
processing of waste material. Additional problems could
also be developed on the air pollution issues related to the
burning of waste. The second homework problem, shown in
Table 5, serves several purposes. First, it provides a means
of introducing recycling and provokes an interesting discus-
sion of the use of the second law. In addition, reading and
reviewing articles, such as this, could aid in improving the
students’ comprehension skills.

Alternative problems can also provide a means of linking
different subject materials together. For example, the analy-
sis in the Thermal Model of the Human Body project, shown
in Table 6, is a relatively simple application of the first law;
but the students are also introduced to the different modes of
heat transfer. Thus, they see first-hand how thermodynamics
is related to heat transfer. In addition, the students will find
that there is a limited design space (all velocity and tempera-
ture combinations cannot provide the desired energy bal-
ance), and therefore the interpretation of the results is equally
important as the ability to calculate the numerical answer.

Another side bonus in using alternative examples, espe-

TABLE 4
Homework Problem No. 1

,7Waste Power Plant

Problem Statement
In a certain waste-to-energy facility, 750 tons/day of waste (h=4450
Btu/lbm) are collected. The waste undergoes combustion using 2.25
MW of power and forms the products of steam, water, ash, and metal.
The system loses 3/4 of the waste’s initial energy content in the form
of water, ash, and metal. The useful product, steam, exits the
combustion process at 700 F, 600 Ibf/in* and enters a turbine where it
expands to 50 Ibf/in® and 97% quality. The facility is in operation 8
hours/day.
a. How much steam is produced per hour (Ib/hr) in the combustion
process?
b. If 65% of the remaining products (water, ash, and metal) are metal,
how many tons per day of metal are produced?
c. How much power (kW) is generated from the steam in the turbine?

Solution
Given: Waste-to-energy facility which uses waste to supply energy for
a steam power cycle with known waste and energy input.

Find: m %

steam® ' turbine’

M etal

Schematic and Given Data:

’hwaum hes + ¢ mebusﬂm
Combustion
- + ’hmam,n hsrsanj

losses

Wi

M geam, 22 Nstoam,2

m e = 750 tons/day Blecisrs =250 Ibf /in?
hwa‘“e = SOt BIUIb Xsteam,2 = 97%
Qombustion = 2-25 MW Losses = 75% waste energy
Tsteam,l = 700°F Operation 8 hr/day
P = 600 Ibf /in’

steam, |

Properties: At 700°F and 600 Ibf/in, h__, = 1350.6 BTU/Ib
= 1146.7 BTU/Ib

At 50 Ibf/in® and 97% quality, h,,  ,

Analysis: Assume steady-state, steady-flow.
a) Applying the st law to the combustion process:

mwastehwasle & Qcombuslion i Elosses x msleam.lhsteam.l =0
where

=0.75m

E losses waste h waste

therefore
0.25 m h

waste ' waste Qcombuslion

Mteam,1 = h
steam, |

hence, using the values given previously,

M eqm 1 = 160.130 Ib/hr

b) Find m .- Apply conservation of mass to combustion process:

M yaste ~ Msteam ~ Miosses = O

also

L =0.65m losses

metal

solving for m ..

M etal = 0.65 (mwaste 2k msteam)

therefore

m =109.5 tons/day

metal

c. Find W : Apply the Ist law to the turbine:

turbine

msteam(hsteam,l £ hslcam.Z) ~ Wiurbine =0

or
h

wlurbine = Mgeam (hsleam.l = steam,Z)

Substituting in values for m heam,1» and h

steam’ steam,2 *

W =32.6 x10° BTU/hr il

: I eV
hirbine 3.412 x 10° BTU/hr

Comments: Note that the instructor can also use this example to
introduce the general concepts of combustion processes. The students
could also be asked to determine the isentropic efficiency of the
turbine.
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cially in projects, is that since typical textbooks do not
discuss these types of problems in any depth, the student
often has no choice but to go to the library to seek additional
background information. This can have obvious future ben-
efits for the student as he or she approaches the senior-year
design project.

STUDENT RESPONSE

The overall student response to these problems has been
positive. An interesting note was that when alternative home-
work was provided as extra credit, a higher percentage of the
women students completed the assignment. Another inter-
esting result, however, was that the positive responses were
not limited to the nontraditional students. The project pro-
vided in Table 6 was assigned to several first-term mechani-
cal engineering thermodynamics classes. Several of the
women in these classes commented that they enjoyed the
project because of its different perspective.

It was a surprise that some of the most in-depth reports,
complete with extensive library research, came from stu-
dents with what many often think of as very traditional
mechanical engineering backgrounds (i.e., they were attracted
to mechanical engineering solely due to their love for auto-
mobiles). Thus, this demonstrates that including alternate
problems in curriculums could have a positive impact on the
student body as a whole.

SUMMARY

We feel that using alternative problems could have a very
positive impact on increased learning and retention for non-
traditional students. Although this initial effort was prima-
rily focused on women students, the same ideas could be
applied to capitalize on the backgrounds of minority stu-
dents. Note also that these efforts can benefit the learning
experience of all students and not just women.

These ideas could also be used to take advantage of the
different approaches people have to solving problems. For
example, team projects could be designed to capitalize on
interpersonal skills found to be particularly characteristic of
women. It should be noted that the focus should always be
on taking advantage of the backgrounds of diverse students
to enhance the engineering profession as a whole.

As the global market becomes more and more competi-
tive, we increasingly will see a need for the best and bright-
est of all of our young people to study engineering. Incorpo-
rating these types of problems into the curriculum does not
always mean that major revisions are needed; sometimes
very effective problems can be formulated from simple modi-
fications of traditional existing problems, as noted for the
problems shown in Tables 2 and 4.

We are continuing our efforts to introduce nontraditional
problems into our curriculum, and we would be happy to

TABLE 5
Homework Problem No. 2

Thermodynamics of Resource Recycling

The students are encouraged to critically examine pertinent
publications, thus questioning their in-depth understanding of
thermodynamic principles. For example, an article written by W.B.
Hauseman on the “Thermodynamics of Resource Recycling™!®!
proposes to treat the economic efficiency of a closed resource cycle
using a definition analogous to the elementary thermodynamic
definition of overall thermal efficiency.

Here, the overall economic efficiency is given as the ratio of the
total value delivered by a system to the total cost of making it run. A
value-entropy diagram was generated for the case of aluminum
which can exist in a number of different states, ranging from bauxite
ore to ingots, new cans, cans of beer, used cans, emptied cans, cans
in a landfill, etc. Each state of aluminum has associated with it a
particular value and entropy. Thus, value is a measure of potential
for some economically useful purpose. For waste materials, value is
negative, approximated by the cost of disposal. Entropy change
between any two states can be approximated as

vy
AS=C fn| -2
Vi

where V| and V, are the initial and final values, and C is the cost of
effecting the change in $W/$V-Ib. Here $V is the value or price, and
$W is the dollar equivalent of man-hours or Btu of work done.

The students were asked to comment on the validity of this

approach. Is the cycle (new cans — cans filled with beer — used
cans — emptied cans — reclaimed cans — scrap — ingots — new
cans) truly a closed cycle?

What is the meaning of entropy in this case? For example, a ton
of empty aluminum beer cans has a higher entropy when spread
along ten miles of beach and highway than when it is in a neat pile
awaiting reclamation.””

Finally, the students were asked how they would go about
estimating the efficiency of effectively recycling a just-emptied can
into a can of beer ready for consumption, compared to the efficiency
associated with manufacturing a can of beer from aluminim
generated from raw bauxite ore. Since there were no hard numbers
given in the V-§ diagram for aluminum, the students simply had to
state that the efficiency of each process will be given by

A-B
W
where A = economic value of a can of beer (in $W)
B = dollar-equivalent man hours necessary to transform

emptied can or bauxite ore into a can of beer ready
for consumption (in $W).

Here, A and B can be obtained from the V-S diagram in the
article by calculating the appropriate product of (AS- V).
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TABLE 6
Project

Thermal Model of the Human Body

In 1984, President Reagan made a decision to develop a perma-
nently manned space station by 1992, although this dream has yet to
become a reality. The space station, however, could serve as a place to
live, work, explore, and experiment. The gravity-free environment offers
significant opportunities for producing medicines, manufacturing rare
materials, and performing scientific experiments. It could be a stepping
stone or base camp for trips to the moon, the asteroids, Mars, or even
beyond. The space station provides the next logical step in space
exploration.

You are part of the design team working on this space station, and it
is your responsibility to ensure the comfort of the inhabitants. One of the
comfort requirements of this controlled environment is to maintain the
thermal balance of personnel through regulation of environmental
parameters. Maintaining a state of thermal equilibrium at all anticipated
levels of activity requires a thermodynamics model of the human body
using a first-law analysis. There are many very complicated simulation
models of the body in existence that define the energy exchange
mechanisms. Unfortunately, these models include a very large number of
variables that are not easily defined. For instance, environmental
parameters such as temperature, vapor pressure, and air velocity all play a
major role in determining the body’s comfort. In addition, the body state
(including its size, position, physical condition, metabolism rate, level of
activity, and type of movement) as well as the type of clothing, have a
significant impact. These variables are not only numerous but are also
very difficult to define because they are derived from experimental data
and approximations.

You, however, are only required to find a preliminary result. Your
model will be simplified by concentrating on only three of the above
variables: temperature, air velocity, and level of activity. You are to
provide recommendations of how the temperature and air velocity inside
the space station should be varied to obtain the desired thermal response
of a human body for various activity levels. You must keep in mind,
however, that there are several factors that must be considered when
determining the thermal model of the human body. These are:

1. The body produces metabolic energy at a rate that can be equated to
the rate of change of internal energy within the body.

2. The comfortable skin temperature is 92.3°F. Above 94°F sweating
occurs, and below 86°F shivering occurs.

3. The body’s rate of work (power) output is approximately equal to

15% of the metabolic rate. A sedentary person has a work output of

45 BTU/hr, a semi-active person’s output is 90 BTU/hr, and a very
active person produces 150 BTU/hr.
4. Ten percent of the body’s energy produced by metabolism is lost in
the form of heat due to respiration.
5. Thereisa minimum heat loss due to evaporation (QE) where
Qg =0.125M + 50 BTU/hr
and M is the metabolic energy,
6. There is also a heat loss due to air convection ( Q c )
Q¢ =ANT_-T)

where T = clothing temperature (°F)
T = temperature of the surroundings (°F)
A = surface area of average human; A =19.375 ft*
h = heat transfer coefficient for the air;

h = 0.021(PV)"* BTU/hr-ft’R
where V = air velocity (ft/min)
P=atmospheric pressure: P = 14.7 psia
(Use these units.)
7. The heat loss due to radiation (QR) is defined by the following
equation:
QR = scsA(TéM - TA4)

where 6 = 1.714 x 10° BTU/hr-f’R*
€ = emissivity of skin and clothing = 0.95

TA = clothing temperature (R)

-
>
I

temperature of the surroundings (R)

A = surface area of average human; A = 19.375 fit?
8. The skin and clothing temperature are related by the following
expression:
Qi = Ak(TS = TO)/L
where QT = total rate of heat loss through the clothing (BTU/hr)

T, = skin temperature (°F)
L/k = 0.528 F-ft-hr/BTU
A = surface area of average human: A = 19.375 ft*

clothing temperature (°F)

[}

Assignment

I._]

You are to determine the required air velocity needed to keep the
body comfortable when the surrounding temperature is in the range of
60°F - 85°F, considering a sedentary, a semi-active, and a very active
person. Your report should contain the following

1. Introduction  Present the problem in your own words, and state
your objectives. You are encouraged to go to the library to seek
out articles pertaining to this problem to add additional back-
ground information to your introduction. Cite all references.

2. Theoretical Methods * Starting from the first law, present the
equations necessary to determine the velocity required to achieve
a given skin temperature. Use text to describe these equations; all
equations should be numbered.

3. Computer Code * You are required to write a computer program
to calculate the required velocity for surrounding temperatures
within the range of 60°F to 85°F in increments of 2.5°F and skin
temperatures within the desired range (86-94°C). Document your
program. A copy of the computer program should be included in
the appendix.

4. Results and Discussion * Plot your results of air velocity vs.
surrounding temperature for the three cases given, and discuss the
implications of your findings. Also, include a table of numerical
values. All figures and tables should be numbered with a title.
Discuss your recommendations for the space station. Justify your
recommendations. Note that the same recommendations do not
have to be used to satisfy all activity levels. Also discuss whether
or not your solutions for each activity level are valid over the
entire temperature range. In addition, discuss the feasibility of
your solutions in terms of reasonable maximum velocities. If the
solutions are not feasible under the given conditions, make
recommendations for improvements. Also discuss the accuracy of
your results and the assumptions that were made.

5. Conclusions ® Base your conclusions on your results and
discussion.

6. Nomenclature * Define all variables used and include units.

7. References * Cite all references used (articles, books, etc.).

Comments: Note that this is a design problem and the students must
be very careful in their selection of the design parameters (velocity and
surrounding temperature) such that the human body is maintained at
the desired temperature and the velocities are limited to a practical
maximum level.
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share our efforts with those who are interested. In addition,
we encourage anyone who has used these types of problems
to share them with others. For those who are interested in
other problem examples or have problems to share, please
contact either Professor Marand or Professor Scott at Vir-
ginia Tech.
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In the traditional approach to teaching science and engineering,
the instructor presents formulas, algorithms, and illustrative prob-
lems and solutions in lectures and readings, then calls on the
students to solve similar problems on homework assignments and
tests. The unspoken assumption is that this approach will somehow
endow the students with the analytical, creative, and critical think-
ing skills necessary to function effectively as professionals in their
fields. Regrettably, it usually doesn’t work that way: problem-
solving skills (like all other skills) can only be effectively devel-
oped through training, practice, and feedback.

Three paperback books designed to help students become better
problem solvers have recently been published. How to Solve Prob-
lems, by Donald Scarl, presents tips for setting up and solving
elementary problems in freshman physics and engineering. Strate-
gies for Creative Problem Solving, by Scott Fogler and Steven
LeBlanc, gives methods to define and solve realistic and challeng-
ing open-ended problems and evaluate the solutions. Problem-
Based Learning, by Donald Woods, is intended to help students
develop a broad range of problem-solving, teamwork, and self-
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assessment skills.

How to Solve Problems begins with general suggestions about
classifying equations, approaching homework and tests, working in
groups and organizing and completing the solution of quantitative
problems. It then provides detailed guidance on individual prob-
lem-solving steps—paraphrasing the problem statement, convert-
ing the statement and given data into diagrams and equations,
doing the required math, checking the result, and writing out the
solution in a way that makes it easy for the grader to see clearly
both the final result and the procedure used to obtain it. The next-
to-last chapter suggests steps the student can take when unable to
solve a problem, and the final chapter presents tips for the effective
use of spreadsheets in problem solving.

Scarl’s book is well written and clearly aimed at students. It
contains numerous examples and chapter-end exercises, most of
which are drawn from elementary mechanics, and a collection of
twenty-five problems and worked-out solutions in the author’s
suggested format. Many students (particularly sensors on the Myers-
Briggs Type Indicator) will welcome the detailed checklists pro-
vided for every step of the problem-solving process; other students
and many professors (MBTI intuitors) may find the presentation
excessively prescriptive and some of the suggested methods too
busy (e.g., the student is instructed to write out all relevant equa-
tions twice—first in their general forms and then again with known
variable values substituted into them). Moreover, the inclusion of
some chemistry problems and more varied engineering problems
among the examples and exercises would have made the book more
useful for first- and second-year engineering curricula. Neverthe-
less, both students and instructors will find the book a good source
of practical ideas for solving quantitative homework and test prob-
lems in basic science and engineering courses.

Strategies of Creative Problem Solving, by Fogler and LeBlanc,
is less concerned with well-defined, single-discipline, single-an-
swer problems than with realistic and complex problems that re-
quire creativity and critical evaluation of alternatives to arrive at an
acceptable solution. The foundation of the suggested approach is
the McMaster five-step problem-solving heuristic (define the real
Continued on page 165
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