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Biochemical engineering is now well-established
in the chemical engineering curriculum, and the
move to improve its instruction is already under way
[1,2]. The use of videotapes at Purdue to supplement
chemical engineering courses based on the lecture
method has been described [3], and its usefulness in
the modernization of chemical engineering has been
identified [4].

The use of videotapes to supplement a course
in introductory biochemical engineering was
proposed and developed by the authors during
a graduate level course at Purdue on educational
methods in chemical engineering, and it resulted in
the incorporation of a two-week learning module
into the fall 1988 offering of the course "Biochemical
Engineering." '

Although the videotapes were not profession-
ally made, they proved to be of good quality and
educational value. However, since none of the au-
thors had any previous experience in videotape pro-
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duction, many hours were required to overcome tech-
nical problems that arose.

The concept for the course originated from a
term project in the graduate course on educational
methods which required development of an educa-
tional tool based on teaching methods which were
discussed during the course and which could be
applied within the chemical engineering curricu-
lum. The authors had become interested in the self-
paced method [5] as applied to an introductory bio-
chemical engineering course. Because of the lack of
adequate biochemical engineering laboratory facili-
ties at most universities, the authors felt that video-
tapes could provide exposure to laboratory experi-
ence without the need to equip a laboratory for a
large lecture class.

The authors proposed a three-week, self-paced
learning module on the topics of microbial kinetics
and metabolism. The module’s centerpiece was a
series of videotapes and a companion study guide
which introduced the student to theoretical develop-
ments and appropriate laboratory demonstrations.
The material was derived from prominent textbooks
[6,7] and instructor’s notes.

There was enough interest generated by the
concept to adapt the module for implementation into
an introductory biochemical engineering course which
is offered each fall semester and usually has be-
tween forty and sixty senior-level and graduate stu-
dents. The subject matter of the course begins with
the basics of biochemistry, progresses to cells and

George T. Tsao is professor of chemical engineer-
ing, food and agricultural engineering, and Director
of the Laboratory of Renewable Resources Engi-
neering at Purdue University. He received his PhD
in chemical engineering at the University of Michi-
gan in 1960.

© Copyright ChE Division, ASEE 1990

176

Chemical Engineering Education



R e e et e~ S S S .
The concept for the course originated from a term project in the graduate course on educational

methods which required development of an educational tool based on teaching methods which were
discussed during the course and which could be applied within the chemical engineering

curriculum. The authors had become interested in the self-paced method

as applied to an introductory biochemical engineering course.
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their metabolism, and culminates in bioreactor de-
sign and downstream processing of products. His-
torically, the course has been taught by using the
lecture method, and no laboratory is offered. Final
grades are based on two term tests, a final exam,
and a term paper on course related subjects of inter-
est to the students.

During the introduction of cell kinetics, it is
important for the student to understand the scales
of time and space of the microbial world. In chemical
engineering, reactions times are generally rapid and
the size of equipment and catalysts are relatively
large, so the long reaction times and microscopic cell
sizes in biochemical engineering can be quite hard to
grasp. Since no laboratory is available to provide
this exposure, and since lecture demonstrations are
impractical, videotape can help the student to better
understand these new concepts.

IMPLEMENTATION

The format adopted for the module was based
on a two-week section of the course, with each week
focusing on the topics of one videotape. The class did
not meet during the first period of each week, but
the students were expected to view the week’s video-
tape before the required second class-period. During
this second period, class time was devoted to intro-
ducing extensions of the topics on the videotapes
and to an informal question-and-answer session. The
optional third class period each week provided an
opportunity for students to ask the instructor spe-
cific questions pertaining either to the topics or to
the required homework for that week.

The basic concepts of microbial kinetics and
metabolism are introduced in the first videotape,
beginning with cell measurement techniques. Labo-
ratory equipment used for growing and maintaining
cultures are also demonstrated. Videotaping of
these sequences was completed by using portable
equipment and videotaping (with narration) the nor-
mal operations in the Laboratory of Renewable
Resources Engineering. To aid in the final editing,
we kept a log of events that were recorded. Due
to inexperience with the equipment, the sound re-
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cording, and the lighting, it was often necessary to
film a sequence several times in order to get the
desired results.

The final edited version of the first videotape
also contained a segment involving theoretical de-
velopment. The studios of Continuing Engineering
Education at Purdue, with mounted professional
cameras, were used to record diagrams and equation
developments. The result, a professional switching
of camera angles, gives the viewer the ability to
watch the speaker head-on or to view his handwrit-
ing from an overhead angle.

The videotape for the second week of the mod-
ule extended directly from the first videotape and
dealt mainly with mass balances and productivity of
biological reactors. No attempts were made to in-
clude laboratory sequences, but in keeping with the
self-paced format, the second videotape was included
in the module. The entire videotape was composed of
theoretical developments and examples and was re-
corded in the continuing education studios. Table 1
gives a complete breakdown of the topics covered on
each tape.

When planning the construction of the video-
tapes, a major concern was how students perceive
the medium. From the beginning the module was
designed and introduced as an active exercise since
the authors felt that only through active learning
would the students grasp the concepts. To aid in

TABLE 1
Videotape Topics

 Cell Measurement
Plate Count, Hemacytometer,
Spectrophotometer, Volume Dry
Weight, Chemical Analysis

e The Growth Curve

¢ Monod’s Equation

Videotape 1:

* Introduction to CSTR
Review of Macroscopic Mass Balance
Mass Balance on Cell Mass in CSTR
* Mass Balance at Steady State
* Productivity
* Maintenance Metabolism

Videotape 2:
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keeping the activity level high, example problems
were interspersed throughout the videotapes, and
the students were encouraged to pause during the
viewing sessions and to attempt the example prob-
lems prior to watching the solutions provided on the
tape. The example problems also helped the stu-
dents to identify the need for review of any section
which they felt they had not grasped.

Completing the module was a handout which
accompanied the videotapes. It contained suggested
reading, the weekly homework assignments, work-
sheets for the example problems, and copies of items
presented on the videotapes for note-taking and later
reference. (Other educators have reported on the
need to have copies of the written materials pre-
sented on screen in order to circumvent problems of
poor resolution of video screens and illegible hand-
writing [8].) The booklet contained everything the
student needed for the two-week module.

Each of the final videotapes contained approxi-
mately forty-five minutes of viewing material. We
estimated that if the student was actively learning
(by pausing to attempt the example problems and
reviewing poorly-understood material before continu-
ing), each tape would require

before viewing the solution. These were two areas of
concern: that the students would only use the study
guide and that they would simply watch the problem
solutions without giving the problem a try. Other
encouragement was generated by the students’ feel-
ings that the overall quality of the tapes was accept-
able and that the homework and example problems
were beneficial.

On the negative side, only 44% of the class felt
that they would like to see more sections of the
course taught in the same way. Also, although most
of the responses indicated that videotapes are an
acceptable educational tool, the majority of students
would have preferred that the material be taught by
the lecture method. These negative reactions, in part,
may be the result of putting the onus of actively
learning the material onto the student.

It should be noted that in a similar question-
naire which was administered before the module
(see Table 3), 73.5% of the students said that they
had used videotapes in a previous course, but only
17.2% said that the videotapes had taken the place
of lectures.

The students’ overall impression of the video-

approximately two hours to com-
plete. Six copies of each of the
two final videotapes were made
with the equipment in the Con- | q # Question
tinuing Education studios. They

were deposited in the Engineer- 2-1 Did you use both the study guide and videotapes?

ing Library, where they could be
signed out by the student for

viewing within the library. 2-4 Would you like to see more sections of this course presented in a

RESULTS

Following the two-week
module, the students were asked

to fill out a short questionnaire :
quality

so that their opinions of the mod- 2-6 Material on the tapes was presented in an orderly and
ule could be analyzed. The video- understandable fashion 16 3 iy o
tapes have been used for the past 2-7 The riading mi"tterial irzlthtzlaccompanylilng information

. packet complemented videotapes we b 13 21 37 12
two offerings o,f the course, ?n_d 2-8 Example problems on the videotapes provided good
since each year’s results are simi- reinforcement of concepts presented 1 4 15 50 419
lar, the results have been com- 2-9 The videotapes reduced the need for interaction with the
bined in Table 2. Of all the stu- instructor / teaching assistant 11 22 17 30 9

: 2-10 Quality of interaction with the instructor / teaching

dents, 94% said that they used assistant was enhanced by the module 6.=1h B25sod: 1)

both the study guide and the 2-11 These videotapes were a good medium for teaching

the material

videotapes, and 66% said that
they stopped the videotape to

Results of Questionnaire Administered After Module (89 responses)

Response

94.4% Yes

2-2 Did you read from the supplied reading material? 86.5% Yes
2-3 Did you stop the videotape to thoroughly work example problems

before watching the solution? 66.0% Yes

similar self-paced format? 43.7% Yes
(The following questions were posed with responses of
-2 for “strongly disagree” up to 2 for “strongly agree.” )

- Responses -

2-5 The videotapes were well-produced and of acceptable

2-12 T would prefer that this material be presented in the
lecture format

TABLE 2

=2r 1 - B 1 2

2 12 21047 7

6 14 23 36 10

6 19 20 25 19

work on the example problems
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tapes and the module in general was, however, good.
They were free to make comments on the question-
naire, and many did. Of those who liked the module,
many commented that they liked both the change
of pace the module offered and the opportunity
of viewing the tapes at their convenience, freeing
them from the rigid lecture schedule. Positive com-
ments on specific aspects of the module included the
value of the example problems and the interest gen-
erated by the laboratory sequences. In general, the
students liked the first videotape the best, probably
due to the practical value of its laboratory demon-
strations and their counterbalancing effect on the-
ory. One student even commented that the course
should have a laboratory so more procedures could
be taught.

Those students who indicated a dislike for the
module can be separated into two groups: those who
did not like having to be active while viewing the
videotapes, and those who thought that the video-
tapes were too passive. In each case, the respondent
stated that he or she would prefer to have had the
material presented in a lecture format. Other nega-
tive comments mentioned the inability to ask ques-
tions when they arose and that the time for student/
instructor interaction was too far removed from the
learning environment.

DISCUSSION

We feel that this module, created to introduce
students to microbial kinetics and metabolism, sat-
isfied our main objectives. The students were ex-
posed to laboratory techniques and the concepts were
reinforced with theoretical development and prob-
lem solving. From the.feedback, it is apparent that
the students feel that videotape is a good medium in
which to introduce basic concepts of biochemical

engineering. They like the advantage of advancing
at their own pace until the concepts are clear and of
being able to attempt example problems that will
indicate if there is a need for review.

Although the two-week module revolves around
the two videotapes, it is not complete without the
handout. Response from the students showed that
almost all of them used the study guide, demonstrat-
ing its importance as already claimed [8]. During
the viewing sessions, the activity level is kept high
by supplying example problems both on the video-
tape and in the handout. These example problems
contributed greatly to the module’s success.

However, some students’ negative reaction to
the module was due to its activity level. It is inter-
esting that one group of students disliked the en-
couraged activity when working with the videotapes,
while another group felt the videotapes were too
passive. One study [9] shows that a subject’s expec-
tations of a learning experience based on an estab-
lished medium (such as television) can be affected by
his or her preconceived ideas of the medium. An-
other report [10] reveals that television is perceived
as an “easy” learning process and is often approached
with passive mental effort. It is possible that the
first of our two groups preferred the passive nature
of the lecture as a preconceived notion, while the
second group looked at the television experience as
an “easy” approach and preferred the lecture as a
more mentally-demanding process. It is not the pur-
pose of this report to speculate on why these indi-
viduals perceived the medium as they did, but it is
noteworthy that there are differences in individuals’
backgrounds and prior experiences and, hence, in
their acceptance.

Although we tried to prevent the module from
becoming a passive exercise, the video format is
generally viewed as a form of enter-

TABLE 3

Q. # Question

3-1 Have you ever used videotapes in a course before?

of lectures on occasion?
3-3 Do you think videotapes are a good medium for teaching?

the lecture format?
3-5 Do you expect to better utilize your time in the upcoming
self-paced module?

(taken a biology course at a university or worked in a
biology-oriented lab)?

Results of Questionnaire Administered Before Module (47 responses)

3-2 Have you ever been in a course where videotapes took the place

3-4 Do you think that you will learn more in a self-paced format over

3-6 Have you ever had any experience in the biological sciences

tainment. Videotapes are inherently

subject to a low level of viewer par-

ticipation, and an individual can
Resgouis easily run straight throu'gl} a vide-
— | otape at the lowest activity level
73.5% Yes | (which, for some viewers, may be

sufficient to grasp the concept). In-
17.2% Yes :
87.5% Yes c_ludlng example problems, sugges-

tions, and cues to review, are a step
73.5% Yes | in the right direction for increasing
o O student participation.

Another medium (also in the

48.3% Yes | Continued on page 211.
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slow flows of concentrated suspensions.

o Neville Pinto joined the department in 1985. His recent
interests have focused on ion-exchange separations and
chemical sensors. One project seeks to develop polymer-
based chromatographic supports with novel cylindrical
geometries for the downstream processing of
biomolecules. The focus of another polymer-related
project is the use of low molecular weight ionic and
nonionic polymers as displacers for the large-scale
chromatographic separation of biomolecules.

FACILITIES

Excellent instrumentation for polymer research
is available within the department of chemical engi-
neering. Facilities include several Digilab Infrared
Spectrophotometers, ISI Scanning Electron Micro-
scope, Perkin-Elmer System 7 Differential Scanning
Calorimeter and Thermogravimetric Analyzer, Wa-
ters Gel Permeation Chromatograph, Instron model
1122 Mechanical Tester, Cahn C-1100 High-Pres-
sure Balance, Rheovibron, Rheometrics Mechanical
Spectrometers, and Weissenberg Rheogoniometer.
In addition, fine facilities are also available in the
departments of chemistry and materials science and
engineering. They include transmission electron
microscopy, cryogenic microtome, X-ray diffraction,
ESCA, and infrared and Raman spectrometers. O

VIDEOTAPED TUTORIALS
Continued from page 179.

video format) exists which can be used to promote
higher levels of student activity during video-based
learning processes: videodiscs. The technology, al-
though still expensive, has been shown to be effec-
tive in learning environments [11]. The most desir-
able aspect of videodiscs is their interactive capabil-
ity; any number of video sequences (limited only by
the disc’s storage capacity) can be accessed under
the correct recall conditions. For example, under
computer control from an interactive program run
by the student, any sequence of video segments can
be combined to take the student through a lesson.
Not only can videodiscs store anything from labora-
tory demonstrations to example problems and solu-
tions, but they can also be recalled in any sequence
determined by the student. The use of videodiscs
will certainly become more widespread on all educa-
tional levels as their price decreases.

CONCLUSIONS

Our experience with the videotaped module was
rewarding in spite of the great amounts of time and
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effort it required. To produce the two forty-five min-
ute videotapes, we invested approximately twenty
hours of script preparation, taping, and editing time.
The result, though, is a complete module of instruc-
tional material which can be dispensed with mini-
mum effort of copying and distribution. The facts
that the students felt the videotapes were a good
medium for teaching and that the quality of student-
teacher interaction was improved should be peda-
gogical driving forces for investigating the use of
videotapes an an alternative approach to biochemi-
cal engineering education. Additionally, the students
experienced another teaching medium and were
exposed to a biochemical engineering laboratory with-
out the expense of equipping the lab.
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