
- - - --- - - - ----------- ---- - - -

Although these results may not be considered 
statistically important by some readers, they do 
show a general trend in the development of a re­
search-oriented attitude, which is conducive to 
advanced studies in chemical engineering or medi­
cal school. There is no doubt that in his three­
year URAP experience the author has encountered 
the same problems of time and space (funding 
was generous) that Fricke reported in his contri­
bution in this issue [6]. Undoubtedly the URAP 
system is not new, and it cannot be applied as a 
requirement for all students in schools with large 
enrollments, such as Purdue. However, the re­
search performed was in many cases of high 
caliber (although perhaps of limited scope). The 
thirty seven participants in this program con­
tributed a total of nine original papers for student 
contests (resulting in four regional and national 
AIChE and SPE awards), and a considerable 
number of manuscripts for presentations in regu­
lar scientific meetings of AIChE and SPE and 
original publications for refereed polymer and 
related journals. 

Some final general comments and realizations 
from my URAP experience may be helpful to 
other educators as well. Undergraduate students 
are usually very enthusiastic researchers, some­
times more enthusiastic than many graduate 
students. Generally, they do not like to serve as 
"assistants" to graduate students but they prefer 
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INTRODUCING UNDERGRADUATES to the excitement 
of research may be our most effective means of 

addressing the problem of the widening gap be­
tween supply and demand for chemical engineers 
with M.S. and Ph.D. degrees. This article, which 
reviews our efforts at the University of Colorado 
to promote an interest in undergraduate research, 
is organized as follows. First, I will discuss briefly 
each course at the University of Colorado which 
involves undergraduate research. I then will inject 
my personal philosophy concerning undergraduate 
research. In this latter section I will indicate how 
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to work independently and under the immediate 
direction of a professor. Class scheduling may be 
difficult to handle, especially with purely experi­
mental projects. A possible solution here (which 
has worked for our research group) is to let the 

- students work any time they wish, including week­
ends and evenings. 

Although the comments presented here refer to 
the students directed by this author, most other 
ChE faculty members at Purdue are equally active 
in undergraduate research. In a particular aca­
demic year anywhere from 35 to 60 undergradu­
ates may conduct undergraduate research in a 
formal or informal way, representing about one 
third of a typical graduating class in chemical 
engineering at Purdue. • 
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I attempt to motivate students to undertake an 
undergraduate-research project, various forums 
for disseminating the results of these projects, and 
finally, possible sources of funding for undergradu­
ate research. 

OPPORTUNITIES FOR UNDERGRADUATE RESEARCH 

Research is defined as "careful search," or "a 
studious inquiry." In this context there are three 
courses in our chemical engineering curriculum at 
CU which involve undergraduate research. These 
are ChE 940, Undergraduate Independent Study; 
ChE 403, Chemical Engineering Laboratory; and 
ChE 322, Chemical Engineering Principles II. The 
nature of each of these courses will be discussed 
briefly here. 

Undergraduate Independent Study is an op­
tional course which can be used toward the 12 to 
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23 semester hours of technical electives required 
in our 136 credit hour program. Typically this 
course is taken by seniors for two to three credit 
hours for two consecutive semesters. This course 
is not required to graduate with honors or any 
other similar distinction. There is no minimum 
grade-point average required to enroll in this 
course. Approval for enrolling in the course is 
contingent upon having one of our faculty agree 
to supervise the research. The student may pro­
pose his own project or may select from a list 
of projects which is updated in the Fall semester 
of each year. The manner in which the course re­
quirements are to be satisfied is determined by the 
faculty member supervising the research. A final 
written report is not necessarily required. Permis­
sion can be obtained for undergraduates electing 
to take the course to be assigned office and/ or 
laboratory space and the appropriate keys to pro­
vide access to the facilities after hours. 

During the period 1970-1980 some 257 under­
graduates have enrolled in this independent study 
course. This represents 68 percent of the total 
number of students graduating during this same 
period. Note, however, that this figure of 257 does 
not distinguish between students who have enrolled 
in iii.dependent study more than once. Hence, a 
more representative figure for participation might 
be 30-40 percent. A year-by-year breakdown of the 
enrollment in our undergraduate independent 
study course expressed as percentage of the 
number receiving B.S. degrees in chemical engi­
neering that year reveals an interesting trend: 
1971-115% ; 1972-79% ; 1973-45% ; 1974-
59% ; 1975-58% ; 1976-43% ; 1977-34% ; 1978 
-63% ; 1979-93% ; and 1980-73%. The decline 
in popularity of undergraduate research appears 
to parallel a decline in the number of our students 
going on to graduate school. The recent increase in 
participation is a result of our efforts to use under­
graduate research as a means of motivating our 
students to go on to graduate school. 

A broad classification of t:µe undergraduate re­
search projects undertaken. in this course would 
include. the following: design and construction of 
new experiments for our chemical engineering 
laboratory; obtaining additional data using equip­
ment developed via M.S. and Ph.D. research pro­
jects; exploring new research areas of interest to 
our faculty where the topic may be highly specula­
tive or perhaps not sufficiently well defined or 
financially supported to be posed as an M.S. or 
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Ph.D. research project; a comprehensive litera­
ture survey in some promising research area; im­
plementation of a computer program or algorithm 
in support of ongoing research or course develop­
ment; and assisting a graduate student on some 
aspect of his research. 

Chemical Engineering Laboratory is our re­
quired four credit hour senior laboratory course. 
This course includes eight specified experiments in 
fluid flow, heat transfer and mass transfer which 
are performed by groups of three to five students. 
In addition, each group is encouraged to select an 
optional special project from an approved list 
which is updated each semester. Although each 
section of this course is taught by one faculty 
member, these special projects involve several of 
our faculty in the capacity of supervisors of pro­
jects in their specific areas of expertise. A formal 
written report is required from each student work­
ing on a special project. These special projects 
typically involve developing new experiments for 
this laboratory, doing a more comprehensive 
study on an existing apparatus in the laboratory, 
implementing computer-assisted data acquisition 
for experiments in this course, or testing and re­
pairing major pieces of equipment which are mal­
functioning. Student evaluations of the course re­
peatedly confirm that the special project is the 
most enjoyable and satisfying aspect of this 
course. 
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Participation in undergraduate research undoubtedly provides an opportunity for a student 
to see if he enjoys research. Even summer job opportunities may not expose the student to the research 

environment which a well-directed undergraduate research program can provide. 

For the past 10 years I have taught one or 
more sections of Chemical Engineering Principles 
II, which is our introductory course in mass 
transfer operations. Those in my section of this 
course are divided into project groups of three to 
five students. I choose a leader for each group from 
either volunteers or those students in our com­
bined engineering-business administration degree 
program. The latter person assumes supervision 
of the group and is the only liaison between the 
group and me. In this way I attempt to simulate 
a typical technical management approach used in 
industry. Each group may choose from a list of 
research projects which I update each year and 
has approximately eight to 10 weeks to complete 
the project. These projects involve design, con­
struction and demonstration of experiments il­
lustrating the principles of this course. Many of 
these projects have led to new experiments which 
are used subsequently in our chemical engineer­
ing laboratory. Representative projects have 
included design and construction of a freeze-drying 
apparatus, a bubble column to separate surface­
active solutes, a liquid-membrane-separation 
device, demonstration of Taylor-axial dispersion 
in laminar flow, design of a falling film absorber, 
and implementation of AIChE-CACHE programs 
for the design of separation processes. Participa­
tion in these research projects usually stimulates 
several of the juniors to elect to take independent 
study during their senior year. Evaluations of 
this course reveal that these junior-level research 
projects are very well received by nearly all the 
students. 

PERSONAL PHILOSOPHY ON 
UNDERGRADUATE RESEARCH 

Participation in undergraduate research un­
doubtedly provides an opportunity for a student 
to see if he enjoys research. Even summer job 
opportunities may not expose the student to the 
research environment which a well directed under­
graduate-research program can provide. Further­
more, encouraging more students to elect under­
graduate research may be a possible way to in­
crease the number of our undergraduates going 
on to graduate school. Another benefit from under-
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graduate research is the interaction which it en­
courages between undergraduate and graduate 
students. Several of the 28 independent study 
projects which I have directed during the past 10 
years have been codirected by one of my graduate 
students. This provides good experience for both 
the undergraduate and graduate student. In addi­
tion, it is another way to stimulate more under­
graduates to consider graduate study. 

While discussing the benefits to the students, 
one should also consider the benefits of under­
graduate research to the faculty. One scenario I 
have heard is that if a research project is very 
well defined, you proffer it as a Ph.D. thesis topic 
since the latter must lead to positive results. If 
the research is somewhat more speculative, you 
restrict it to a M.S. thesis topic. However, if it is 
highly speculative with little chance of positive 
results, you assign it as an undergraduate research 
project! I would hope this is more fanciful than 
true-yet, undergraduate research is an excellent 
way to explore a research area in which you are 
not yet well funded or an acknowledged expert. I 
am now committed to an interdisciplinary research 
effort involving the Universities of Colorado and 
Wyoming, and our Institute of Arctic and Alpine 
Research concerning transport processes in perma­
frost which I initiated via an independent study 
research project. 

While staunchly supporting the concept of 
undergraduate research as independent study, we 
do not believe that it should be required of all 
students. Of course, we do strongly encourage at 
least some involvement in undergraduate research 
in our ChE 403 and ChE 322 courses described 
above. Whereas the latter two courses require a 
final formal report on the project, our inde­
pendent study course ChE 940 does not. I would 
argue that a iinal report is a very important 
element in undergraduate research since it gives 
the student much needed training in technical 
writing. Finally, I believe that undergraduate re­
search should not be restricted to only those 
students having high grade-point averages. Under­
graduate research may provide the motivation for 
some students to do better in their course work. 
Furthermore, many students may have a particu-
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lar ability for experimental work of a demanding 
nature and yet not be outstanding academically. 
Clearly, undergraduate research provides an op­
portunity to identify such students and to counsel 
them appropriately. 

Motivating students to elect to take under:­
graduate research is essential. In addition to point­
ing out the merits of undergraduate independent 
study with respect to the undergraduate's immin­
ent career decision, I use a goal-oriented approach 
in motivating them. In particular, I encourage 
them to undertake this research in order to com­
pete in a particular local, regional or national 
technical papers competition. Competitions to keep 
in mind here are the technical papers contests for 
students sponsored by the student chapter of the 
AIChE, the Oklahoma Engineers' Club, the Colloid 
and Surface Chemistry Division of ACS, the 
American Institute of Aeronautics and Astro­
nautics, as well as those of several other profes­
sional societies. Another motivating factor which 
helps the students persevere in completing their 
research is the commitment to publish their results 
in some form. One need not consider only peer­
reviewed publications here. Indeed, only one of 
my 28 undergraduate research projects has led to 
a peer-reviewed paper. Consider publishing the re­
sults of a worthwhile undergraduate study in 
college or university student magazines. News re-

leases to local as well as the students' hometown 
newspapers are also an excellent way to recog­
nize the extra effort which an undergraduate re­
search project requires. This publicity is also of 
value to our colleges and universities during these 
times of critical appraisal of higher education, 
particularly in tax-supported schools. 

My final comments concern funding of under­
graduate research. The NSF undergraduate re­
search participation program is well known and 
is, of course, an excellent source of funds. How­
ever, I would encourage researchers to include 
some support for undergraduate assistants in their 
proposals to the funding agencies. In addition, 
some companies that are reluctant to support 
graduate research programs may well support an 
undergraduate research program if they recruit 
primarily at the B.S. level. Finally, I have en­
couraged both our student chapter of the -AIChE 
and Omega Chi Epsilon, the chemical engineering 
honor fraternity, to consider as chapter projects 
underwriting some part of the cost incurred in 
having our undergraduates participate in techni­
cal papers competitions or present papers at 
technical meetings. In this way, all our chemical 
engineering students become aware of our under­
graduate-research program and take pride in the 
achievements of the students participating in this 
program. • 
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~~THE SWEETEST AND MOST inoffensive path of 
life leads, through the avenues of science 

and learning; and whoever can either remove any 
obstructions in this way or open up any new 
prospect ought so far to be esteemed a benefactor 
to mankind." In such a concise way David Hume 
expressed the unity of teaching and research back 
in 1748 [1]. A modern corollary of Hume's state­
ment may be found in Rutherford Aris' warning 
that "the attempt to divorce teaching and research 
is fatal to the life of a university department" [2]. 
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One can hardly resist the temptation to add: 
is this unity necessary even for undergraduate 
education? Based on the discussion which has re­
cently started among chemical engineering educa­
tors in the United States [3], it seems that the 
possible_ contribution of undergraduate research 
to the curriculum is still questionable. Is it legiti­
mate then to consider this revitalization of the 
interest in undergraduate research as a warning? 
The fact is that several professors, alarmed by 
some consequences of this separation of teaching 
from research, think of optional research activity 
as a remedy [4] . Are they right and to what 
extent? 

In this paper we will try to give an answer to 
those questions not by an abstract approach, but 
by examining a different educational system, 
where undergraduate research is an organic part 
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