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USING SMALL BLOCKS OF TIME
FOR ACTIVE LEARNING AND
CRITICAL THINKING

STEPHEN J. LOMBARDO
University of Missouri * Columbia, MO 65211

uring lecture periods, five- or ten-minute time slots

sometimes arise that do not warrant introducing new

topics in a course but do afford the opportunity for
learning. I use these short periods of time with two types of
learning exercises: “Estimation Problems” and the “Top 10
Chemicals.” Both are active learning activities that involve
critical thinking.!"”! In addition, they help maintain student
interest and motivation, and they also can serve to provide a
break in the class period.

Because both of these activities are used in an introductory
thermodynamics course, the estimation problems are slanted
to reinforce principles of thermodynamics. They also include,
however, problems that touch on subject matter found in other
engineering and physical science courses. The Top-10-Chemi-
cals exercise reinforces both principles of chemical engineer-
ing and process chemistry more typically covered in chemis-
try courses, or (possibly) not at all in the curriculum.

ESTIMATION PROBLEMS

The short estimation problems are used to improve the abil-
ity of students to use limited information to quickly find ap-
proximate order-of-magnitude solutions. These problems
are typically presented to the students as short statements on
the chalkboard; the students then spend 2-5 minutes working
together in small groups to develop a problem-solving strat-
egy and an order-of-magnitude solution estimate. I ask the
students to volunteer at the blackboard to present their an-
swer to the other students, and very often students are will-
ing to do this. I take this as an important indicator that they
feel comfortable and confident in demonstrating their knowl-
edge in front of their peers and me. This type of problem
solving, where students teach each other, also serves to rein-
force their own intellectual capabilities and combats the per-

ception that only the professor can solve problems.

Table 1 is a partial list of the estimation problem statements
used so far, and the solutions to two of them (#13 and #2) are
presented in more detail below. The first estimation problem,
“Estimate the power usage of a home microwave oven,” re-
inforces principles of thermodynamics. For this problem, the
students invariably choose to heat a cup of water from room
temperature to the boiling point. This leads to an energy, which
can be computed from the enthalphy change of water,
AH:mCPAT, which is then converted to power by dividing
AH by a heating time of 3-5 minutes. With this “seat of the
pants” approach, the students determine a power usage of
several hundred watts, which is certainly a valid estimate for
small microwave ovens and is within an order of magnitude
of the power for large units.

At this point, the student who has presented the answer sits
down to a well-deserved round of applause from the instruc-
tor and the other students; the applause is certainly well de-
served, not only for presenting in front of the class but also
for presenting extemporaneously.

Because we are in a thermodynamics class, I then lead a
discussion of how the result can be formally obtained from
the First Law of Thermodynamics for a closed system ap-

Stephen J. Lombardo received his BS de-
gree from Worcester Polytechnic Institute and
his PhD degree from the University of Califor-
nia, Berkeley, both in chemical engineering.
He worked for seven years in industry in the
areas of ceramic materials and ceramic pro-
cessing before joining the Department of
Chemical Engineering at the University of Mis-
souri-Columbia in 1997.

&

© Copyright ChE Division of ASEE 2004

150

Chemical Engineering Education



TABLE 1
Problem Statements for Estimation Problems

Estimate...

1. ...the number of BS chemical engineers graduated each year in the
USA

2. ...the annual residential energy use in the United States

3. ...the number of cars sold per year in the United States

4. ...the concentration of atoms in the surface of a solid

5. ...the annual gross domestic product of the United States

6. ...the motor size of a garage door opener

7. ...the energy required to climb two flights of stairs

8. ...the power output of the human heart

9. ...the water pressure in town
10. ...the distance an auto skids during braking from high speed

—

...the tons of cooling an air conditioner must supply for a
residential home

12. ...the carbon dioxide production from automobile exhaust per day
in town

13. ...the power usage of a home microwave oven

14. ...the number of toothbrushes sold per year in the United States
15. ...the entropy production of a student while sitting in class

16. ...the energy obtained from a windmill

17. ...the cost to produce a gallon of gasoline in a refinery

Estimate the power usage of a home microwave oven.

Qnw 1)

First Law with cup contents as system:

AUjiquid *}gk 4/{’ %74¢ Qe

AUjiqig = AH = m [ €, dt = 0.3x4.18(100-20) = 100 kJ

Power Required:
Qmw 100,000 J

leec. = — ~ 500 Watts
Time 3 minx60 s/min

2) First Law with magnetron as system (AUmagner. = 0):
Welc.L L Qm'

N

. Unless we have electrical values,
we cannot proceed.

3) First Law with microwave as system:

Wm.¢

w:lu. = Aumim ] AUquuid =m I Cp dt

Microwave

@ .. same as approach 1) above

Figure 1. Representation of the chalkboard for estimating
the power usage of a home microwave oven.
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plied to the initial and final states of water in the cup
(see Figure 1). For this problem, the terms for changes
in kinetic and potential energies are taken as zero, and
the heat transfer, Q, and the work, W, are also taken as
zero. The type of microwave (mw) energy that crosses
the system boundary, however, is added to the First Law
as Q_ . This aspect of the problem reinforces the prin-
ciple that when we use the First Law as a bookkeeping
tool to conserve energy, we may need to add terms to
account for the process under consideration. Although
the First Law of Thermodynamics for a closed system
is most often formulated in terms of the internal en-
ergy, for liquids the constant volume and constant pres-
sure heat capacities are approximately equal, and thus
the internal energy and enthalpy changes are approxi-
mately equal as well.

At this point, after the students realize how their “es-
timated” solution is, in fact, well grounded in funda-
mental aspects of thermodynamics, it is instructive to
define the system as the magnetron or, alternatively, as
the microwave oven itself. Figure 1 demonstrates the
application of the First Law of Thermodynamics for
these cases as well. If the magnetron is taken as the
system, the First Law reduces to a form where values
to calculate the electrical work into the magnetron, W __,
or the microwave energy emanating from the magne-
tron, Q_, are not readily available. Thus, it is not pos-
sible to obtain a numerical value for the energy use with
this approach from the given problem statement.

If the entire microwave oven is taken as the system,
then again we cannot immediately estimate the power
input; equating the internal energy change of the mi-
crowave with the internal energy change of the con-
tents of the cup, however, leads to the same solution
presented earlier. Thus, the students can observe how
judicious selection of the system as the contents of the
cup facilitates quickly achieving a solution estimate.
These other forms of the First Law also naturally lead
to a discussion of where thermal heat losses or storage
may occur (the cup, the magnetron, the power cord)
and how these influence the energy efficiency of the
device. At the end of this exercise, which examines a
common process in simplified terms, the utility of esti-
mation and the ramifications of process simplification
are reinforced for the students.

A second type of estimation problem, determining the
annual residential energy use in the United States, is
not directly related to course content. Here, students
typically elect to use their monthly electrical energy bill
and an estimate of the cost of electricity of 5-10 cents
per kW-h to arrive at an order-of-magnitude answer (see
Figure 2).

Often, for this problem some students can conceptu-
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alize the solution strategy but lack specific values for
the U.S. population, for the number of U.S. house-
holds, or for the energy cost per kW-h. Collectively,
however, the class typically knows one or more of
these values, and thus an estimate can be computed
and presented to the other students. To conclude this
problem, we often use a simple error analysis to as-
sess how certain we are of specific numbers and thus
the overall estimate. We may know the population or
number of households to within 10%, the cost of en-
ergy to within a factor of two, the number of months
per year exactly, and the monthly dollar usage to within
a factor of five. Taken together, these uncertainties
allow us to bound the error in the overall estimate.
For this particular problem, the estimate of annual resi-
dential energy consumption of 10'> kW-h is within
25% of the reported value.®™ I usually conclude this
particular problem by mentioning that the total U.S.
electricity usage is approximately 1/3 residential, 1/3
industrial, and 1/3 commercial.

For some of the estimation problems, no student is
willing to present a solution strategy at the chalkboard.
In these cases, I usually draw the solution from the
students by asking a sequence of questions that steps
them through the thought process necessary to ar-
rive at an estimate. Often, the students actually do
know the solution strategy, but are not 100% cer-
tain. After observing the “estimation” methodol-
ogy a few times, additional students then develop
the confidence to share their solution with the rest
of the class.

THE TOP 10 CHEMICALS

The discussion of each top-10 chemical is initiated
by having the students
guess what is the next

sulfide gas from hydrodesulfurization units in refineries.

The students are next queried as to the sequence of likely reactions
to convert the raw material to the desired product. The reactions to
convert sulfur or hydrogen sulfide to sulfur dioxide, then to sulfur
trioxide, and then to sulfuric acid are thus obtained from the students,
who use their knowledge of general chemistry to ascertain what might
be likely reactions based solely on chemical formulas. A representa-
tion of the appearance of the chalkboard for the reactions leading to
sulfuric acid is shown in Figure 3.

The uses of sulfuric acid are next discussed. The main use is to
digest phosphate-containing rock to produce phosphate fertilizer. I
tell the students that it is comforting to know that the main use for the
number-one chemical produced is ultimately so that we can feed our-
selves.

Each time we cover one of the top 10 chemicals, the list is aug-
mented, and as the semester progresses, knowledge gained from pre-
vious chemicals can be applied to subsequent ones; the parallels be-
tween ethylene (#3) and propylene (#7), for example, are obviously
quite pronounced. The fact that sulfuric acid is the number-one chemi-
cal, primarily used to digest phosphate-containing rock, should make
it no surprise that phosphoric acid, used in phosphate-based fertilizer
production, also appears in the top ten.

In a similar analogy, polyethylene, the sixth most-produced chemi-

cal, is derived from ethylene, the third most-produced chemical and
the number-one organic chemical. Other commonalities among the

TABLE 2
Top 10 Chemicals Produced in the
United States in 2001

1. Sulfuric acid 6. Polyethylene
2. Nitrogen 7. Propylene

3. Ethylene 8. Ammonia

4. Oxygen 9. Chlorine

5. Lime 10. Phosphoric acid

chemical on the running
list. Usually, the students
know about 3-5 of the
chemicals, but generally
not in order. The top 10
chemicals on a mass basis
produced per year in the
United States are listed in
Table 2.°!' A discussion of
each chemical is conducted
first by querying the stu-
dents for the source of raw
materials for the chemical.
For sulfuric acid, the source
of sulfur is either mined

Estimate the annual residential energy usage in the United States.
# of US households ~ 100 million

Average household monthly electrical bill ~ $100
Cost of energy per KW-h ~ $0.07

Total electricity usage ~

10® household x $100/month-household x 12 mont!

$0.07/KW-h

~ 10" KW-h

sulfur, spent sulfur, or sul-
fur obtained as hydrogen
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Figure 2. Representation of the chalkboard for estimating the annual

residential energy use in the United States.
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top ten chemicals also become apparent during the course of
the semester. For example, three of the top ten (sulfuric acid,
ammonia, and phosphoric acid) are used in the manufacture of
fertilizers for growing food.

At the end of the semester, the students are given a copy of
the Top 100 Chemicals.”! We briefly examine it to glean some
long-term trends. For example, thirty years ago, nitrogen was

Top 10 Chemicals
1. Sulfuric Acid (H2SOs) ~ 80 billion Ibs produced per year

Source of Raw Materials:

S from sulfur mines

H2S from petroleum refineries and natural gas
Spent sulfuric acid (contaminated and diluted)

Reactions:
S
H2S V catalyst
+0; -5 SOz + 02 - SO;3 +H,0 - H2S0,4
Spent
Acid

Major Uses:
~ 2/3 to digest phosphate-containing rock to produce
phosphate fertilizers for agricultural uses
~ 1/3 miscellaneous uses
- metal/ore processing
- petroleum refining
- pulp and paper manufacturing

Figure 3. Representation of the chalkboard for
discussing the number-one Top-10-Chemical,
sulfuric acid.

TABLE 3

Selected Student Comments from End-of-Year Evaluation

* [liked the Top 10 Chemicals, estimation problems, etc. They are
a nice way of “taking a break™ while still learning.

* Instructor was very enthusiastic, encouraged involvement in
problems and estimation.

» Changing the topic several times a class helps us to remain
focused and to continue to learn. Has done a wonderful job.

» Iliked the Estimation Problems and Top 10 Chemicals. I felt this
course related well to real-life problems.

¢ Other non-lecture based activities are especially good.

* Top 10 Chemicals and Estimations are good teaching parts of
this course.

» I like the fact that the Top 10 Chemicals and the Estimation
Problems...get the class communicating and thinking.

* Top 10 Chemicals and Estimation Problems keep us interested
and force us to think like engineers (problem solvers).

¢ The Estimation Problems show us that we know and can
accomplish a lot more than we think we can.
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not in the top ten.

Methyl-t-butyl ether (MTBE) is another interesting ex-
ample to consider. Its emergence as a top 10 chemical can
be linked to its role as an octane enhancer as lead—a known
carcinogen in gasoline—was phased out. Now, MTBE is a
suspected carcinogen, and its production can be expected
to decline as new octane enhancers are introduced into fu-
els. Two pairs of chemicals—nitrogen and oxygen, and caus-
tic and chlorine—which are often produced in tandem, af-
ford an opportunity to bring in some economic consider-
ations related to pricing and the imbalance of product sup-
ply and demand.

SUMMARY

Two activities, “Estimation Problems” and the “Top 10
Chemicals,” are used as active learning and critical think-
ing exercises to use small blocks of class time. Although
each exercise addresses different aspects of chemical engi-
neering, they have a common basis in delivery in that both
involve extensive class participation, which helps to main-
tain student attention. In addition, these two learning op-
portunities can serve an important educational role by ex-
panding the knowledge base of the students. Probably even
more important—the students enjoy both interactive exer-
cises and more than half of them comment favorably on
one or both of these exercises in their end-of-year course
evaluations; some selected comments are listed in Table 3.
Finally, because of the participatory nature of these exer-
cises, they help build a strong rapport between the students
and the instructor.
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