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The eight papers which follow were all pre­
sented at the 90th Annual Meeting of the Amer­
ican Society for Engineering Education at Texas 
A&M on June 22, 1982. The Chemical Engineering 
Division of ASEE sponsored a day-long series of 
sessions on undergraduate thermodynamic in­
struction. The Annual Tutorial Lecture, by Pro­
fessor Joseph J . Martin, opened the day, followed 
in the afternoon by a two-session symposium of 
seven shorter papers. 

These papers fall into two groups: the first 
group presents teaching methods that, although 
they are presented in the context of undergraduate 
chemical engineering thermodynamics courses, 
have much broader application and would be use­
ful methods in many other courses. The second 
group of three papers presents application of re­
lationships that are specific to thermodynamics. 
The authors in these papers emphasize the im­
portance of these specific relations in undergradu­
ate instruction. 

In the first paper in the teaching methods 
group, Prof. Alan Brainard describes how, at the 
University of Pittsburgh, a series of over three 
hundred 35mm slides, in conjunction with an 
"Active-Involvement book" are used to increase 
information trans/ er and student motivation. 
Prof. Tom Daubert then describes how, at Penn 
State, rather than teach a separate course in 
thermodynamics, the material is integrated in the 
overall curriculum. A similar idea is presented by 
Profs. E. V. Cilento and J. T. Sears, who, at W. 
Virginia U., after presenting the thermodynamic 
fundamental concepts through standard lectures, 
integrate these basic concepts with a design prob­
lem. 

The next two papers discuss supplemental ma­
terials to be used in conjunction with a conven­
tional course. Prof. Jolls describes the use of com-
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These papers fall into two groups: 
the first group presents teaching methods 
that ... have . .. broad application and would be 
useful methods in many other courses. The second 
group of three papers presents application 
of relationships that are specific 
to thermodynamics. 

puter generated two and three dimensional phase 
diagrams that have recently been developed at 
Iowa State. He believes that thermodynamics pre­
sents unique teaching difficulties due to its level of 
abstraction and that computer generated phase 
diagrams greatly aid in student understanding of 
phase equilibrium. Finally, at Purdue University, 
Professor Squires and D. V. Frank have developed 
a series of twenty videotaped supplemental ther­
modynamic problems, covering topics from the 
first law to phase and chemical equilibrium. Stu­
dent use of these problems outside of class time has 
increased both the flexibility and efficiency of the 
course. 

In the second group of papers, Prof. Joseph J. 
Martin, the University of Michigan, contends that 
the Fundamental Property Relation is one of the 
four basic equations of thermodynamics. Consider­
ing its importance, it is surprising to find that the 
generalization of the fundamental property rela­
tion to include effects other than thermal, com­
pression and mass change has led to considerable 
confusion which this paper attempts to remedy. 

Anyone who has taught chemical engineering 
thermodynamics realizes the difficulty in present­
ing the concepts underlying phase equilibrium. 
Professors Hall, Eubank, and Holste, of Texas 
A&M, present an approach which uses the residual 
functions to provide a starting point to derive the 
fugacity equations. 

In the last paper, Prof. Martin Sussman, Tufts 
University, contends that greater thermodynamic 
insights may be gained by considering a graphical 
representation of the availability function. He then 
applies this method to steady flow and chemically 
reactive systems. • 
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USE OF SLIDES AND SELF-STUDY EXAMPLES 

ALAN J. BRAIN ARD 
University of Pittsburgh 
Pittsburgh, PA 15261 

BEFORE LAUNCHING INTO a description of the 
methods that I utilize in my teaching, I feel 

that definitions of the following terms are re­
quired: 

LEARNING may be conceived of as a change, due to 
experience, in the students ways of thinking, feeling, 
and acting. The effectiveness of the learning process 
may be thought of in terms of (1) the magnitude of the 
changes taking place in the individual student or (2) 
the proportion of students who have changed signifi­
cantly in one or more characteristics relevant to the 
learning process. Thus conceived, education may be re­
garded as a system of learning experiences which brings 
about certain desirable changes in students. [1] 
MOTIVATION, in the scientific sense, may be defined 
as the measure of the direction and intensity of the 
expenditure of animal energy, ... Human institutions 
may be said to be formed primarily to motivate men . ... 
Educational systems are designed to motivate human 
beings to accept a cultural heritage. [2] 

The objective of my teaching can now be intro­
duced-I seek ways of maximizing the learning of 
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a given subject matter by providing conditions 
which are motivational for my students. To be 
more specific, this paper will discuss methods used 
in teaching thermodynamics to students at the 
University of Pittsburgh. The details of this ap­
proach have been described elsewhere [3,4] and 
accordingly only the salient features will be intro­
duced here. 

Three hundred and thirty nine 35 mm slides 
were developed. The slides were prepared by using 
pressure sensitive black letters and symbols (Tac­
type) on white cards. These cards include the 
necessary definitions, postulates, laws, equations 
and a limited number of applications of the sub­
ject matter. These individual cards were then 
superimposed on colorful backgrounds and colored 
slides were prepared from this combination. The 
backgrounds include pop-art posters, colorful 
wrapping papers and examples of contemporary 
modern art. Figs. 1 and 2 present black and white 
versions of two of the slides used in the thermo-
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dynamics course. 
Each of the cards used to prepare slides was 

photographed and made into an Active-Involve­
ment book [5] for classroom use. Additional space 
is provided on each page in this book for student 
note taking. In use, the student can add relevant 
material introduced by the lecturer directly in his 
or her Active-Involvement book as the slides are 
being shown. It has been my experience that I 
communicate more information that serves to tie 
the slides together and elaborate their meaning 
with my continued use of them. 

Now I must admit that when I first developed 
my slides and their companion, the Active-Involve­
ment book, I thought that I would see immediate, 
significant improvement in the ability of my stu­
dents to do problems in thermodynamics. After all, 
hadn't these materials provided the motivation 

namics problems; they must recognize that they 
have to learn how to solve them also. Before turn­
ing to a discussion of my recent experiences con­
cerning my materials, I feel it appropriate to 
spend time discussing educational objectives as I 
feel they are an important element in self study 
examples. Mager [7] was an early advocate of the 
use of instructional ( educational) objectives. Ac­
cording to Mager, a properly written instructional 
objective must: 

1. Describe what the learner will be doing when demon­
strating that he has satisfied the objective; 

2. Describe the important conditions under which the 
learner will demonstrate his competence; 

3. Indicate how the learner will be evaluated, or what 
constitutes acceptable performance. 

The book by Mager [7] and a paper by Stice [8] 
provide a good discussion on the preparation of in-

The objective of my teaching can now be introduced-I seek ways of maximizing 
the learning of a given subject matter by providing conditions which are motivational for my students. 
To be more specific, this paper will discuss methods used in teaching thermodynam ics . . . 

necessary to greatly enhance student learning? 
For some students the answer was yes, but, un­
fortunately, for most the answer was no. I began 
to see that the slides presented the theory but the 
students needed additional help in applying the 
theory to solve problems. If I wanted the students 
to demonstrate problem-solving skills I had to pro­
vide them with lots of practice of those skills 
and/ or lots of examples of solved problems. The 
book by Abbott and Van Ness [6] in Schaum's Out­
line series was not available so I elected to prepare 
materials of my own. I generated a series of self 
study examples that serve as a major input for 
student learning outside the classroom. These self 
study examples now number in excess of 100, with 
examples both in the "British" system and SI sys­
tem of units. The examples are of two types: 

1. Those having a problem statement followed by a list­
ing of the educational objectives which are appropri­
ate for the solution of the problem followed by a 
detailed solution to the problem ; 

2. Ones similar to those described above but which leave 
some of the steps of the solution up to the individual 
student to complete. 

The later category is necessary. Without it, too 
many students just sit back and do not "dig" hard 
enough with those self study examples that are 
solved completely. It is not enough for them to 
recognize that I know how to solve thermody-
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structional objectives. Two aspects concerning the 
use of instructional objectives discussed in Stice's 
paper deserve our attention. First, several objec­
tions to the use of instructional objectives are 
raised and shown to be without merit. Second, 
Stice comments on the fact that others are too rigid 
in their choice of words used to write acceptable 
objectives. In particular, Walbesser et al [9] sug­
gests that only the following nine action verbs are 
to be employed: to name, identify, describe, con­
struct, distinguish, demonstrate, order, state a 
rule, and apply a rule. Stice suggests that words 
like "derive", "explain", "calculate", and "esti­
mate" are sufficiently unambiguous to be added to 
the above set. I, too, find these words convenient 
and well understood when used to prepare objec­
tives for students. Certainly just which words can 
be considered to be acceptable will depend upon the 
subject matter of concern. 

Objectives 1, 2, and 3 shown below are specific 
examples of educational objectives used in my 
course. 

Example 1. 
The student must be able to utilize the relationship 

to convert the specific internal energy into the spe­
cific enthalpy and vice-versa. 

CHEMICAL ENGINEERING EDUCATION 



FIGURE 2. 

Example 2. 
The student must utilize the fact that two inde­
pendent intensive properties are sufficient to set the 
intensive state of a simple comprehensive fluid. 

Example 3. 
Given a table of thermodynamic properties of a fluid, 
a steam table for example, the student must be able 
to correctly locate a given equilibrium state once the 
conditions described in Example 2 have been met. 

I am convinced of the merit of using educa­
tional objectives and encourage you to prepare 
them for your students. I have found, however, 
that students are largely unfamiliar with them and 
some class time must be devoted to explaining their 
importance and their use. 

Now we get to the "bottom line" -do my ma­
terials work? I think they do and I base this judge­
ment on two sources of information: 

• My own experiences in testing students with and with­
out the materials. 

• Student reactions described in course evaluations. 

While both of these sources are subjective, I 
feel that they do provide evidence of an enhanced 
learning experience for my students. Students do 
demonstrate considerably more organization in the 
solution of thermodynamics problems. Their ap­
proach is more direct and largely avoids many of 
the errors in applying the basic principles of the 
subject matter. I feel that the self study examples 
are largely responsible for this. 
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What are the students' reactions? The follow­
ing is a summary of student response gathered 
from an anonymous survey taken near the end of 
the course. 

The instructor was considered an interesting and dedi­
cated teacher who cared about his students. The course 
was well structured and the instructor used new teach­
ing techniques successfully. The work book (Active­
Involvement book) was excellent. 

The following represents individual student com­
ments. 

I came into this course with apprehension. I was told 
that thermo was the hardest and dullest course of all 
the engineering courses I was ever to take. However, 
Dr. Brainard has made this the most intersting as well 
as informative course I have ever taken. His zeal for 
the subject is extremely apparent and he communicates 
this well to the class. 

It is encouraging to see someone take as much time in 
preparing a course as Dr. Brainard has. 

Dr. Brainard is unbelievably dedicated and concerned 
about the student. His self study examples are very 
helpful. 

I feel these comments speak for themselves. 
Will my material work as successfully for 

others? I don't know. I have found that faculty 
tend to develop an inertial effect in their teaching 
methods. (I am no doubt guilty of this also.) Cer­
tainly individual faculty members will and should 
develop their own style and that style must be one 
that they believe in and are comfortable with. • 
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