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Labs in
nee Students

D3 niel a Burke

During the past four years, I luive taught n -cnee.1 niicro iol-
ogy course for nonscienee majors. One type of extra credit
project in the course has involved small groups of students
participating in short (four to six weebs) investigative labora-
tory studies of the type described by Thornton ( ). This
experience has led me to derive guidelines which should be of
value in structuring an investigative laboratory experience for
rionscience majors.

The investigative approach I have used stresses student
involvement. While a number of problems may be stiggested to
the students, it is critical that the final chotce he theirs; this is
central to developing the intellectual commitment necessary
for success. Once the students have chosen a problem, they
must prepare a written outline stating the pioblem and the
expenmentai protocols which they will use. Even though most
procedures used are standard techniques it is useful to have thc
students work out what they must use. The more the students
discover for themselves, the more valuable the experience is.

Daniel D. Burke is in the Department of Microbo1ogy, University of
Illinois, Urbana 61801.
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AL: usc of Ons written outale has proved valuable in helping
students define the questions they ask carefully and determine
exzetly what most be used in :ittemptiog to answer them.

Thirty-seven students have been involved in these projects.
Nineteen have worked singly, and the rest in groups of two or
three. They have all been freshmen OT sophomores, Fhere ITT
biology or chemistry requirement fur this eourse, only three
students had had college chemistry, and seven had had college

Tve student group was not a random sample of the
dass. Most of them were grouped in either the top 20% or the
bottom 30(7, by test st4ore performance, 1Mure than 30% of the
partiaputin;_!, stue:ents ware Hack studf:nts in a speial aca-
demic program, while this group comoiked only 6`';', of the
,:lass as a whole. The participating stodents ran the gamut from
orelaw and sociology to religious studies and drama majors
1 with one preveterinary student).

The projects TAttelopted were clustered in several areas: 30%
were involved with isolating and identifying an unknown soil
orgaaism, 3O with measuring the effects of various para-
meters (heat. UV, antibiotics, and various chemical ) on



microbial ileath, and 30': with growth stidies issurbig the
effects of various parami iers (light, temperature, 1Thrsphtc
concentration, and carbon source) on mica obial growth. The
remainder covered sue!, topics isolation of coliforin phage
from sewage, antibiotic resistance seeetrum of soil organisms.
enrichment for blue-green algae. DatO. transformation in
Arine tobacter, aad determination pollotion in a
pond and stream,

Performance of these projects was varied, but for the poor
students was much butter than thei test pi atonranco for the
good students was at least the ecp-ailcf their test performances,
and, in most cases, even better, Performance was neasured in
several ways. All students had to prooare a written !nbouilmy
report These showed *by 'lumbar: _and quality f outsida
_soori-col conaal red, how nun-Jeri:Al tl at a w&c h. I ndlQd to
determinc its significance, and Maw rcsolts wece related to the

e s tion originally po eu I nso monitored the amount of time
spent on th: project anu i neJtioned each student a nu inner ol
tames over tiaa course of the studies.

Vihile this is an admittedly small sample, several obsen ations
:lave oome out of these experiences which should lac of direct
ose in course design as \cull a:, of vd'ut: il designing far;:ier
studits. First, -.he problem must be, to as large an extent as
possible, of the student's own choosing. ['his cannot be
overstressed sinae tnis perseral commitment is die key faelor
to soceessa This is not to say that experi.nents imsigred to
students cannot be done succesfully; they are, however, most
dten only technical exercises not conducive to intellectual
stimulation. Second, whatever work is dont should i,aenerate
positive results, aud the data obtained should be numerical
rather than only qualitatoie. Ehe student must have the
7-eirforcement of success and real data with which to work.
Even when the experimenrs fulfill these criteria, the first
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results tee typically,. failures. I think this initial failure is a good
learning esderience, forumg a student to delve further Into
both tile mechanics and theory of what is being attempted.

These conch inay ccciii self-evident, but disregarding
diem has leal to consistent failure in producing a good leaning
e.<perienee. The most striking example of this has been the
failure of students to derive any real value from the microbiol-
ogises most cherished set of laboratory exercises, the identifi-
cation of an unknown organism Unknown identifications weae
suggested to students who seemed to have no strong prefer-
ence as to laboratory project. It was telt that these experi-
ments would illustrate logical design as well as examine a
variety of standard microbial laboratory tests. It soon became
evident that these investigations failed, even thought an
organism ii- as ujiinuttel! becawoi the J.tudents really
did not care what the organism was. An interesting sidelight to
this was that negative results, which are as useful as positive
results in identification, struck the students as a failare ratlier
than as something learned. Even if the organism was selected
so as to yield positive test results, Om experiment failed to
interest the studer hey expected positive results.
Overill then, this type of cxperini'nt does not involve the
studen . intellectually and settlec my) a boring routine.

The most consistently successful experiences were experiments
which measured either growth or killing. The techniques
applied are leained in a very short time. Therefore, ali of the
students can be shown the basic techniques of isolation and
enumeration of eells at th- sanie time and can then adapt these
to their own projects. These experiments generate meaningful
numerical data which stimulate interest. The measurements
relate well to questions of interest to the students: Does my
mouthwash (or soap) work? Why do I receive certain
antibiotics? Does iny phosphate detergent really stimulate
microbial water pollution'? Does the refrigerator keep my food
safe? The numbers obtained lead students into interpretations:
How much is really effective killing? flow fast do microorga-
nisms grow? They almost uaiversally generatc enthusiasm, aiS
measured by the extra time students put into their projects.

Other types of experiments exist, but they require more
careful consideration of the project and a subjective judgment
of the student's ability and enthusiasm before starting.

Is this laboratory experience worthwhile? Certainly these
students, with rare exceptions, will not pursue a career in
microbiology or any biological science, so the techniques
learned are not of lasting value. Further, students could rely
on toxt3 or lectures for the basic concepts and factual material
in this area, So what do they get?

They acquire an insight into several of the fundamental
processes which occur in science: how questions are chosen,
how they are attacked, how data are interpreted, and a reality
sometimes overlooked, how often failure is the initial result of
an investigation. -I he ability to phrase and answer seieotific
questions is central to an understanding of science and is
almost impossible to achieve outside the laboratory. With this
ability comes a significant carryover into their personal lives.
All professions are essentially involved in problem solving; the
ability to pose the right questions and the use of quantitation
in examining answers are of general importance. Students learn
that the flow of science is not necessarily smooth, that failures
aro quite probable; this understanding of the strengths and
limitations of scientific method is of value.

AIM EDUCATION REVIEW VOL. 5 NO. I



3n summary, I would say that the mini investigative laboratory
has proven to be an extremely valuable device in lids general
education eoursc for building co thus:an-1i and for promoting
the concepts oi question pvarasing and problern solving in a
laboratory s'it,.:ation. While it requires a larg,2 amount of
ir:struotor tin-oc, it should b2 posAele to expanJ this mini
coursc concept to bandle a large retniber of stulents and,
judging by what I nave ;pent (about $10 per sturtent), keep
the czosm within bounds.

R2ferelice C e

Thornton, J., ed. 1971. The Laiieraior to Ineeste
gee. t'oblica0on namber 31 'fhe Commission _rt Under-
yaduir te Education in the Biolot,cal Sciences, WashinOon,
D.C.

AIM Education Comunittee Establishes
New Procedures and Polkies for the

A IBS Education Review

During a recent meeting of the /OBS Education Committee,
the purposes of the A18S Education Review and the composi-
tion and role of its Editorial Board were considered. The
names of the members of the it IBS Education Committee and
their report concerning the Review follows.

AifIS Education Comni

George G,ies, C'ruirrnan
Oklahoma State University

Ted Andrews
Governors Stat e Univer ity

Sti.-aley Raker
Brew University

Thomas Cleaver
University of Texas

Franklin Flint
Randolph-Macon Woman's Colkge

Bentley Glass
State University of New York

Stanley Gunstrearn
Pasadena City College

Charles LaRue
Montgomery Connlv Puhlic Sch ofsls

James McCleary
Northern Illinois University

Richard Trumbull, ex offick
Executive Director, AlB9

Richard Dodge, A IBS Staff
Head, Education Department

FEBRUAR 1976

Purposes

The Fd :ation Review should serve several purposes including
the following:

O The Review should keep the total biological community
aware of the continuing interest of the AlBS in educational
matters and keep it posted on new developments in the
field.

O It should serve as a whiche for disseminating news of
interest to members (e.g., announcements of meetings,
symposia, publication of book reviews, etc) .
It shoalci publish papers concerned with the philosophical,
methodologicol, or substantive aspects of college biology
teaching-

Composition o Editorial 11

Thire hali be $ix members s'zrving staggered thr -year
ternic. Board members may be rezippointed.
Men,hers of the Board are appointed by the Editor with the
adv'ce and consent of the Chairman of the Education
I. m [nit tee of the Alf3S.
Jr selecting members of the Board, consideration should be
g ven to disciplinary and perhaps geographical distribution.

Members of the New Editorial Board

Because the present Editorial Board luis served more than
three 7.ears, it was decided that the 4 IBS Education Re vie w
Editorial Taard would be a matter for early consideration, and
new appontineots have been made in order to carry out the
recommendations of the Education Committee. Accordingly,
with the advice and ccnsent of the Chairman of the Commit-
tee, the following individuals have been invited and have
indicated their acceptance to serve on the Editorial Board of
the AIBS Education Review,

n Avila
San Diego S tate L'isiversit_

San Diego, California

Edward Buss
Pennsylvania State University
Unn,ersity Park, Pennsylvania

Robert Cofer
University of Massachusetts
Amherst, Massachusetts

Role of the Editorial Board

Donald Ehi-
Ba wi n-Wallace College
Berea, tJaii

Robert liars
Purd ue University
West Lafayette, 1ndi

MU Rushing
Navarro College
Corsicana, Texas

The Board shall be advisory to the Editor in establishing
and maintaining editorial policy.
The Board shall make an annual evaluation of the Review
and prepare a summary report to be made available to the
Education Committee.
The Board shall assist the Editor in locating competent
reviewers for papers submitted.



Effects of Various Components of the Keller System

on Student Attitudes and Performance in Plant Anatomy

Jay C. Davis

The Keller Plan, or Personalized System of instruction (PSI), is
an individually paced, mastery oriented teaching method
which has become more popular in science courses in recent
years (Kulik et al 1974), Several studies have compared PSI
courses with similar courses taught in the traditional (lecture,
group paced) method.

Lewis and Wolf (1973) compared a freshman chemistry course
taught by PSI with several other sections of the same course
taught by the lecture method at Colgate University. They
found that all sections scored approximately the same on both
the course final and an American Chemical Society general
chemistry examination. Philippas and Somrnerfeldt (1972) at
Portland State University compared a PSI course ill general
physics with a control section in a lecture course. At the end
of the one-year course sequence their results showed no
significant differences in performance between the two groups,
but students rated the PSI section very highly,

At Long Island University, McMichael and Corey (1969)
compared PSI students with others in a traditional lecture
section of introductory psychology. The PSI students per-
formed about 10% higher on the final examination than the
lecture students, and they maintained this superiority over a
ten-month period following the course. Tne PSI students also
rated the course significantly higher than did the lecture
students.

In another study Roth (1973) compared a PSI course with a
lecture course in digital systems engineering at the University
of Texas. He found that the PSI students scored about 10170
higher than the lecture group and also rated the course about
10% higher,

What these and many similar studies indicate is that students
in PSI MIMS perform as well as, or slightly better than,
students in traditional lecture courses, and that generally they
rate PSI courses higher.

A logical question is whether certain components of PSI are
more important than others in promoting the positive results
which have betn reported, that is if only part of the
procedures are implemented, which ones are most important?
Keller warns against this approach, saying Neither should tbe
plan be tried by any teacher who does not intend to use it as a
whole" (Keller and Sherman 1974). A scientific exa mination
of PSI, however, would seem to require an examination of its
parts. One such examination was done by Peck and Brown
(1975), who compared group-paced vs. self-paced instruction

This research was supported by an Undergraduate Instruction Improve.
rnent Grant from the Regents of the University of California,

J. C. Davison and T. L. Rost are in the Department of Botany,
University of California, Davis 95616.

4

and Thomas L. Rost

in human anatomy at the University of Kentucky College of
Medicine. They found no difference in teaching effectiveness
between the two systems and concluded that cost size
effectivenesc shol dd be the determining factor,

The present study tested two parameters of PSI: use of
lectures for informatir,n or for motiva tion only and u,e of
proctors. Sections were compared on the basis of content
l'earaing, retention, and attitude changes.

Materials and Methods

The course was an upper division plant anatomy course in the
Botany Department of the University of Californ`a, Davis. The
enrollment was divided randomly into two lecture sections of
50 students, each of which was further divided into two
laboratory section& One lecture section heard two lectures per
week covering all required course material, the other had no
lectures on course material, but instead had a guest lecture on
a topic of interest and a discussion meeting each week.

One laboratory section from each lecture .ect on had proctors
in the laboratory along with the graduate teaching assistant.
These proctors were upper division botany majors who had
previously taken the course, and were assigned to groups of
about 10 students each. Their duties Were to ask questions in
lab, to encourage group study, and generally to direct and
motivate their students. The other lab section within each of
the lecture sections used no proctors; only the teaching
assistant was available.

All sections received identical treatment in all other aspects of
the course. All students were given sets of study objectives
covering the material they would be tested on. All were given
weekly quizzes, which were personally graded (by the proctors
in the proctored sections, and by the TA's and outside help in
the other sections) with the student involved present. Slide
sets (2x2) were available to all students for review, and a
comprehensive final examination was given to all.

Testing and Measurement

Content learning was tested as follows: a 17-question test
covering a very broad sampling of the subject matter was
constructed and administered to all the students on the first
day of class. These same 17 questions were included in the
final exam for the course, and a separate record was kept of
student performance on these questions. Finally, five months
after the course ended the same questions were given to a
random sampling of students from each of the sections in
order to measure their retention of the course material.

Attitude changes were measured by several means. A lengthy
postcourse questionnaire was given to all students at the
conclusion of the course. Questions were of four types: Part I

AIBS EDUCATION REVIEW VOL. 5 NO. I



was e. rate the instructor on the following eharact
section, with answers ranging from one (low) to seven Or 1
and including statements like: explains concepts clearlv,
"has genuine concern for and interest in the quality of his
teaching," and so on. Part Il included similar questions about
the course, and also included multiple choice questions asking
what type of exams students preferred, whether they felt
lectures were needed, and what grading system they preferred,
Part HI asked a series of questions like "how many times this
quarter have you read an article on botany not required for
this course?" Part IV asked the student to evaluate his/her TA.

In addition to the postcourse questionnaire, we cotwructed
various attitude scales which were administered to e students.
on both the first and last days of the class. These scaLsayked
students to choose, from a series of statement , whieh ones
they agreed with and which ones they disatd,e-a
scales were then scored on the basis of hcw meey of flu:
statements favorable to the subject the students aeraed w.the
this number was then expressed as a percentage. These attitude
scales were designed to measure attitude toward three thaws:
the subject itself, eollege education in general, and profeseors
in general. Along with the attitude scales we administered a
test of "approach responses" designed to Inea:-,r.re Lie stu-
dents' tendency to choose the subject from a tield of other
subjects in the same general area.

A final attempt at measuring attitude differences between
sections was done by ongoing observations of certein behavior
traits among the students, such as whether they arrived on
time, whether they put away their microscopes correctly, and
other similar observations. This technique was suggested by
Mager (1972) in his book Goal Anal/sis as a way of finding
out whether the goals of a training erograrn are being met.

All results were subjected to a c.varmant analysis, and
differences between sections were estamined on the basis of
changes among indivdual students in the sections, as well as
responses of the students in eaeh seeJon as a whole.

FRE- COO E FINAL
TEST EXAM

Figure I. Content exarnin
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Results of the content testing are sho n iii Figure I . Although
there was no difference between proctored and nonproctored
treatments within eaeh section, lectures did make a difference,
Both sections started at 3n equal level, as shown by the
precourse test. In the couese final examination, the lecture
etudents scored slightly but significantly higher than the
nonlecture students. This difference was reversed on the
five-month retention test ;is nonleeture students scored siightly
hut significantly higher Elan lecture students (these results are
significant at the .05 level).
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4 0

20

I 0

66 7.

LECT /
NO PROC

_F CT
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18 % I 8 %

NO LECT/ NO LECT/
NO PROC PROC

SECT! ON

Figure 2. Percentage ct stuth ins choosing "lectures on all
course material."

Tese data suggest that lectures are useful for promoting
short-term memory, out that students who are forced to
search out their ,c,wn answers eetein material longer. Differ-
ences are very small, however, and further study of this
question is it order,

The attituue test results were not as straightforward as those
ef content learning. Of the three methods employed, direct
o 3servation proved the least fruitful (and most difficult),
showing no differences among the sections. Scores on the
postcourse questionnaire weie likewise virtually identical
among sections, with the exception of one question con-
cerning lectures which shows a clear difference (Figure 2). The
question asked whether students preferred lectures on "all
course material" or some other option. Interestingly, the
students in the section most similar to a traditional course
chose the "all course material" option most often, and as each
component of the course was varied the percentage choosing
this option decreased, This response suggests that most
students in a more or less traditional format believe they need
lectures, but if lectures are taken away, the students realize
that they do just fine without them.
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The pre- and postcourse attitude surveys also showed different
response in the section concerning the courw, itself, but not in
those sections of the survey dealing with professors or college
education in general. These data were analyzed with respect to
the students' class status (graduate or undergraduate) as well as
treatment, with an unexpected result: graduates showed no
significant attitude changes in any section! Undergraduates did
show a difference, however, presented graphieally in Figure 3.

16

I 4

12

10

a

6

4

2

13

LECT/ LECT / NO LECT/ NO LECT/
PROC NO PROC PROC NO PROC

ECTION

Figure 3. Percent increase in attitude by sectio

Attitude increases among proctored students averaged twice
that for nonproctored students; here the lecture made no
contribution to the change. Proctors do seem to make a
significant contribution to attitude improvement, if not to
increasing final exam scores.

In summary, the components of PSI tested in this experiment
each affected different aspects of the course. Lectu.es seemed
to give a slight advantage to students on the course final, but
perhaps at the expense of their long-term retention of the
material. Lectures had no effect on attitude changes, except
that lecture students believed more strongly in the necessity of
lectures than did nonlecture students.

Proctors contributed to the affective changes in the students.
Proctored groups showed approximately twice the attitude
increases of nonproctored groups, although no differences in
course performance were seen between those groups within
each lecture section. And finally, graduate students were not
significantly affected by proctors, as their attitudes showed no
change regardless of treatment.

In performing this experiment, we encountered two important
difficulties. The first of these is that the science of attitude
measurement is in its infancy. The literature on PSI contains
many enthusiastic reports about the system. However, com-
parisons of content learning between PSI and lecture c )urses
seldom show siznificant differences. For this reason, we felt
that the success of the system must lie in its effects on

6

classroom atmosphere, personal relations between staff and
faculty, and other affective changes. These changes should be
measurable as changes in students' attitudes toward a given
course or course material. llowever, wanting to measure
attitudes and being able to measure them are two different
things. Attitude surveys often give answers which are tenuous
at best. If our educational psychologists could give us a better
handle on this problem, our understanding of teaching and its
effects on the student would increase considerably.

The other dilemma is the classical one of experimenting with a
student's educaton. Teachers have a responsibility to provide a
student with the best education they know how to give; so it
becomes difficult to vary factors in an attempt to produce
results which demonstrate differences as dramatic as we might
like to see. All-or-none comparisons of PSI vs, lecture
occasionally accomplish this goal, but they seem so obvious as
to be almost patently ridiculous. In our experiment, however,
there may have been too many similar factors present weekly
testing, personalized grading, study objectivAand these may
have provided enough likeness to obscure differences that
might have shown up. But having once used a system and
gotten the feeling that it was more successful than the
traditional, how can you go back to a traditional system for
the sake of experiment and still look students in the face?

Finally, we suggest that it might be profitable tc concentrate
experimentation of this type on the introductcry courses in
our discipline, where the student population i.r more hetero-
geneous and less highly selected for success in a given field.
Our lack of response from graduate students seems to suggest
that as students progress up the educational ladder they are
more self-motivated and less subject to the influences of
instructional technique than beginning students might be.
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Project BIOTECH Demonstration

Laboratory and Mini Work Shops

In cooperation with the publisher and selected users of Project
BIOTECH modules, the American Institute of hlioLugica l
Sciences, Education Department, will sponsor a demonstration
laboratory, and four nnni workshops on the usc of modules in
the biology laboratory during the Annual AIBS Meeting at
Tulane University, New Orleans, Louisiana. All completed
module programs will be available for viewing, and project
staff will be on hand to discuss the project materials witl: you.
Module presentations, of your choice, will he node between
the hours of -.):0() a.m. and 12:00 noon and 1:00 p.m, and
3:00 p.m., Monday, $ 1 May through ThursdLty, 3 Juno 1976.

An added attraction will be the presentat ioa of four iniul
workshops and demonstrations by developers, producers, and
established users of BIOTECH modules. The mini workshops
will be scheduled from 3:00 p.m. to 5:30 p.m., Monday
through Thursday. In order to help us determine requirements
for facilities for the mini workshops, those individuals inter-
ested in participating in the program, are urged to write the
AIDS Education Department,

Call for Papers

A joint Beta. Beta, BetaAl BS Education Department student
contributed research paper session will be held during the
Annual AIDS Meeting at Tulane University, New Orleans,
Louisiana, 30 May--4 June 1976. Student contributors from
Beta, Beta, Beta and A1BS Student Chapters, as well as
unaffiliated student biologists, are encouraged to contribute to
this session, Contributors should send a title and a short
abstract to the AIBS Education Department, A merican Insti-
tute of Biological Sciences, 1401 Wilson Boulevard, Arlington,
Virginia 22209, Contributors should also indicate their
requirements for projection Or audio playback equipment
when submitting their titles and abstracts. All papers will be
scheduled for fifteen (15) !ninnies. Student research paper
contributors, rit session, will 1,c provided with a certificate
of recognition for their efforts.

Students not presenting a research paper are also encou aged
to participate by identifying topics for an open forum
discussion. Here is an opportunity for students to convey to
AIM and Beta, Beta, Beta staff, in a general session, concerns,
needs, and problems related to professional biology. Contribu-
tors to an open torum should communicate directly with Dr.
Richard A. Dodge, Head, Education Department, AIDS, for
purposes of scheduling an agenda for a student forum session.

Credit to he Offered to Participants in AIBS
Pre- and Post Annual Meeting Courses

at Tulane University

Five special courses will be offered by Tulane University during the per od 29 May through 5 June 1976 in conjunction with the
27th Annual AIDS Mee'ing. The courses, directed to aspects of the biology of the Gulf Coast, will be offered for university credit
or audit to registrants at the Annual Meeting in New Orleans. Louisiana.

Because each course will involve field trips, the number of participants in each section will be limited to 25 individuals, interested
participants are urged to register as early as possible to ensure a place in the class. The application below is provided for your
convenience. Registration for the AIBS Meeting is required and should accompany your application for course enrollment. For
your convenience, both application forms below should be completed and mailed together to the AIRS Education Department
prior tO I May 1976. Checks should be made payable to "A1BS." (Detailed Meeting registration, housing, and transportation
information appeared in the February issue of BinScience.)Requests for refund of prepaid registrations will not be honored after
14 May 1976,

Biology 709. Problems in Advanced Biology: The Avifauna of
the Gulf Coastal Plain and Environs
Robert D. Purrington, Tulane University
Lectures: Th, F (34 June) 8:00 a.m. Observatory, Room

100,
Field Trips: Th, F (3-4 June) 7:00 a.m.

An introduction to the breeding birds of the central
southern USA and, in particular, the Gulf coastal plain.
While examining the principal plant associations and their
bird fauna, the seminar wiii emphasize the typical nesting
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birds of cypress-tupelo and bottomland hardwood swarlip
woodlands and coastal marsh. Studies will include field
identification, vocalization, breeding biology, ecological
relationships, and the influence of rnan. Field trips will be
taken to swamp, marsh, and coastal strand habitats.

Biology 715. Problems in Plant Ecology: Flora and Plant
Communities of Southern Louisiana
Joseph Ewan and Leonard Thien, Tulane University
Lectures: E., S (4-5 June) 8:00 a,in.-5:00 p.m. Dinwiddie

Room 214.
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Field Trip: ne) 8:00 a.m.

Survey of flora and plant communities of southern
Louisiana. Habitats include deciduous-evergreen forests, salt
marshes, freshwater marshes, and cypress-tupelo swamps_

Biology 717. Problems in Animal Ecology: Pollution Ecology
of the New Orleans Area
Alfred E. Smalley, Tulane University
Lectures: S, M (30-31 May) 8:00 a.in -5:00 p.m, Dinwiddie

Hall, Room 214.
Field Trip: M (31 May) 8:00 a.m.

New Orleans and the surrounding parishes are situated on
flat terrain, with many areas completely surrounded by
levees. Extensive wetlands, impermeable soils, and heavy
rainfall cause difficult problems of pollution control.
Emphasis on water and solid wastes.

Biology 729. Problems in Protozoology: Aquatic Invertebrate
Microhaiiites
Stuart S. Bamforth, Tulane University; Walwr G. Moore,

Loyola University

Lectures: S, S (29-30 May) 8:00 a.m.-5:00 p.m. Dinwiddie
Hall.

Field Trips: S, S (29-30 May) 8:00 a.m. Mornings only.

Survey of the highly organized communities of aquatic
invertebrates; analysis of the chemical and physical com-
ponents of the immediate environments in which the
communities exist. Participants will collect from habitats in
shallow wetlands and identify and describe the spatial
relationships of the organisms to one another.

Biology 737. Problems in Host-Parasite Relationships:
Helminths of Lower Mississippi and Gulf Coast Regions
David W. Frederickseri, Tulane University
Lectures: S, S (29-30 May) 8:00 a.m. Percival Stern Hall,

Room 1002.
Field Trips: S, S (29-30 May) Afternoons.
flelrainth parasites of local fauna will be considered in
general. Certain of these helminths will then be discussed in
reference to pertinent research efforts on both nematodes
and cestodes. Live hosts will be available for firsthand
experience in conjunction with specific laboratory demon-
strations. Field trips will be taken.

Fees for the above courses will be $40.00 for one unit of credit or audit. Course participants must also register for the Annual
AIRS Meeting. Complete and return the following applications to: American Institute of Biological Sciences, Attn: Dr. Richard A,
Dodge, Education Department, 1401 Wilson Boulevard, Arlington, VA 22209.

PRINT OR TYPE

Name

Address

Registered in:

REGISTRATION APPLICATIONAIBS SPECIAL COURSES
27th Annuai AIM Meeting, Tulane University, New Orleans, 30 May-4 June 1976

Bio 709

Rio 717 Bio 729

Rio 715

Elio 737

MAKE CHECKS PAYABLE TO "AIRS"

Amt. enclosed ($40 per hour credit/audit)

Mail to:

Applications must be received by the
AIRS Education Department by 1 May
1976.

American Institute of Biological Sciences
Attn: Dr. Richard A. Dodge, Education Department
1401 %Nilson Blvd.
Arlington, VA 22209

PRINT OR TYPE

Mailing Address

Institution or
Company Affiliation

Address

Society of Primary Inter

Member AIRS

Local Convention Addr

ADVANCE REGISTRATION APPLICATION
27th Annual AlEIS Meeting, Tulane University, New Orleans, 30 May-4 June 1976

1' es El No Student 0 Yes 0 No

LAST NAME FIRST & INITIAL DATES ATTENDING

REGISTRATION FEE IN THE AMOUNT OF IS ENCLOSED.
I, 0 We, 0 (how many?___) plan to attend the "Seafood Festival" on Sunday evening, 30 May.

Tickets will be sold at the time of registration_ DO NOT SEND MONEY.

REGISTRATION FEES

Prepaid Late
(Before 30 April) 30 Ap

$25,00 Regular $30.00 Regular

$10.00 Students $15.00 Students

$ 5.00 Spouse $ 5.00 Spouse

MAKE CHECKS PAYABLE TO "AIRS"

Mail To:

AIBS MEETINGS DEPARTMENT

1401 Wilson Boulevard

Arlington, VA 22209
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Notes on a Curriculum of Attainments

in Marine Biology: The Mentor's Role

Albert Collier

intr duction

The Department of Biological Science of the Florida State
University (FSU) introduced a competency-based, time vari-
able curriculum in marine biology in the fall of 1974. The
goals of this effort are to test: (a) the responses of under-
graduate students to a learning environment which emphasizes
independent, self-pacing study, (b) the quality of student
products, (c) feasibility and cost effectiveness, and (d) the
attainment of established scholastic standards. This program is
part of a broader study on competency-based education
[known at FSU as the Curriculum of Attainments (COA)1
being conducted at FSU under a three-year grant from the
Fund for the Development of Post Secondary Education, U.S.
Department of Health, Education, and Welfare.1 The other
units at FSU included in the program are IL: School of
Nursing (undergraduate) and the School of Urban and Re-
gional Planning (graduate).

While competency-based education has been explored at all
levels of education, it is gaining interest in higher education on
the grounds that it may offer students greater flexibility and
less regimentation in their preparation for the pursuit of life
goals. In this sense, the attainment of specified learning goals
would reflect scholarly accomplishment as set forth and
assessed by the faculty. Final attainments may be reached
through the students' own initiative and intellectual resources
at a pace most suitable to their individual needs (students
would not be consigned as a floating cork to a wave-like
progression of classmates through course sequences)_

Harris (1972) offers a prospective that a reorientation towards
attainment-based baccalaureates may be the principal course
open to colleges and universities in meeting the following
challenges:

"to become better focused and, hence delimited in their
distinct societal roles;
to individualize instructional programs in terms of the
proficiencies of entering students as well as their degree
plans;

'Daisy Flory, Dean of Faculty, FSU, and John Harris, formerly
Director. Division of Instructional Research and Services, FSU, made
the initial proposal and gained the necessary financial support. Gary
Peterson, FSU Center for Educational Design, and John Merrill,
Director, Center for Educational Design, coordinated and directed the
planning stages of the overall project. They gave much valuable
assistance in the initial stages of developing the instructional materials
for the marine biology portion.

The author is in the Department of Biological Science, Florida State
University, Tallahassee, Florida 32306.
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0 to free liberal education from the strictures inherent in
prescribing common exposures to standardized degrees; and

0 to control for certain minimal levels of proficiency in each
of their graduates.

There is little argument that higher education is being
challenged on these points and others. In a practical sense,
how do we meet these challenges? One possibility is through a
curriculum based on the assessment of student outcomes as
opposed to a series of exposures.

Harris (1972) expresses the operational rationale for an
attainment-based curriculum as follows: " the baccalaure-
ate would come to represent the culmination of demonstrated,
documented and, hence, validated attainments judged against
explicit criteria. The primary requirement for these criteria
would be susceptibility to consensual observation by com-
petent observers." This formulation provides a logical starting
point for a brief discussion of the exploration of attainment-

sed degree programs now underway at FSU. The marine
b.ology program represents an application of the above
concept to the natural sciences.

The Mentor and the Student

In the COA the mentor" plays the key role in the conduct of
this method of pedagogy. The mentor is the designated person
responsible for preparing learning materials, recruiting stu-
dents, arranging for student assessment, individual guidance,
and many other chores. Without a doubt, the single most
important function of the mentor is one-to-one guidance of
the students enrolled in the program. The mentor guides and
tutors students through a set of required competencies until
they feel they are ready to test their mastery against a set of
standards to be observed hy faculty juries. (The nature of
competency statements are considered later in this essay_) The
mentor, on the other hand, refrains from typical instructor
tasks such as lecturing, administering reading assignments,
giving weekly and/or midterm and final examinations, and
turning in grades reflecting memorized facts.

The mentor/student relationship is of greater depth and is
more critical than the relationship between an instructor and
the students in a gjven conventional course. The mentor and
student are able to achieve this degree of personalization
because the prop-am runs, in this ease, for two years. There is
time for a one-to-one development of interests between all
students and the mentor. In conventional courses in mass
ingher education, opportunities to establish this kind of
relationship at the undervaduate level are limited.

The mentor's contact with a given student starts on the initial
interview: educational goals are defined and stated, the extent
of preparation for them is examined, what remains to be done
and what route should be taken to achieve the goals are
discussed in detail_ These interviews last an hour or more and
ue repeated from time to time. They have two important
results: (a) most students for the first timc receive insights into
the relations between curriculum and career goals, and (b) the
first step toward a long-term, harmonious scholarly interaction
between student and mentor takes place. The importance of
these interviews and followups to them shouid be emphasized
because they furnish a footing, as it were, for the posture of
adviser and critic that the mentor must assume.

1 0
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Because today's undergrauwates, as a group, appear to be
poorly conditioned for independent study, many are totally
lost vihen thrust into independent study situations as found in
the COA. It is as though they have spent all of their lives
chained to an enormous steel ball and when suddenly
confronted with the removal of the chains, the experience of
newfound freedom prevents the taking of a single independent
step -the ball and chain syndrome ot production line higher
education. Hence, at the outset of the program, the mentor
must impose enough structure to pet them started in devel-
oping independent problem-solving skills.

An additional function of the mentor is to assist students in
developing their own motivation for independent self-study
habits. There are no general rules; each student is a unique case
requiring special consideration. But a mentor with 30 or more
students must find a systematic approach to the problem. One
possible solution may be found in a student's need to relate
classroom experiences to applied situations consistent with an
occupational goal, Since all of the students in this group are
interested in marine biology, examples may be used of the
application of marine science to the solution of problems
faced by the fishing industry in abiding by various regulations
set forth by state and federal governments. An ample supply
of trade journals and government documents is provided giving
almost day-to-day accounts of events in the world of marine
commerce wid related government activities. At weekly
meetings, speakers from a variety of subject matter areas are
invited to di, uss in round-table fashion the practical problems
of their own 1,vork, By these means, students are encouraged to
learn material relevant to the real world and that basic funds
of knowledge and skills are required to function effectively in
practical settings. When individual students are interested in
some specialized area, a project is planned with the aid of the
mentor. Perhaps, acquiring the ability to initiate and sustain
inquiry into a given problem will be as, if not more, valuable
to the student's futt.re development as the knowledge gained
will be.

Teaching Materials

The mentor is responsible for the acquisition and coordination
of the teaching materials contained in a given -learning
package." Typically, a learning package consists of a set of
competency statements, pretests, posttests, and sometimes
special projects. All of these materials arc prepared, as nearly
as possible, for use in the self-teaching mode. The most
important item in the learning package is a set of competency
statements, which tell students to do something to prove to an
examiner that they have mastered the knowledge or skill set
forth in the statement. Example of competency statements
may be, "prepare T-S diagrams of the major ocean water
masses and be able to explain the distinguishing characteristics
of each water mass" or -can demonstrate through oral or
written examination a thorough knowledge of the following
fundamental concepts of muine primary production:.

The author of such a set of statements must always consider,
"what should students learn and retain when they complete
this unit?" and "how specific should this statement be? how
general?" Experience, thus far, has indicated that any com-
petency statement is fair game for revision as a result of actual
application. Students at one point were concerned about
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specificity/generality problems. Their final consensus was that
statements which are too explicit take away the challenges; the
more general statement requires more study and judgment.

In a given subject matter area the competency statements cited
above are designated "specific competency statements,- A
number of these statements compose a "Generic Attainment"

the latter covers the broader subject matter). For
instance, the unit headed "Marine Ecology" is headed with the
following Generic Attainment: "student can demonstrate his
knowledge of selected ecological concepts and with his
attainments in earth science and descriptive oceanography,
apply them to problems in marine biology,- This particular
Generic Attainment is supported by 15 specific competency
statements, all of which must he mastered hy the student. The
above Generic Attainment calls for the use of preceding units
already mastered. The Generic Attainments in the marine
biology program fall in the following areas: earth science,
descriptive oceanography, general marine ecology, phy toplank-
ton ecology, fisheries biology, and pollution biology, In all of
these areas, there are a variety of teaching aids. There are eight
Generic Attainments required to fulfill requirements for the
program in marine biology.

`I he Deprtinent oh Biological Science has set aside a room for
the exclusive usc of students in the COA Project which houses
facilities for group and individual study. Learning carrels
contain 2 Telex slide-tape units, one super-8 film loop
projector, I TV cassette player and color monitor, and 1

microfiche reader. Through the assistance of the FSU Media
Center, a good stock of instructional audiovisual materials has
been acquired. The students use these films, slides, and tapes
to supplement the reading materials suggested to assist them in
mastering Generic Attainments, The laboratory exercises are
done on a self-instruction, self-paced basis.

The Communication Problem

When the students are free to pul learning at their own
pace and level of intensity, the ability of the mentor to help
them overcome the tendency toward procrastination depends
heavily on maintaining channels of communication. This is
particularly important when students are carrying a mix of
conventional courses and COA learning packages. The mentor
must find ways to maintain contact with students so that
encouragement can he given and judicious monitoring main-
tained. A problem has been to find the ideal balance between
the amount of freedom accorded students and the need for the
mentor to impose structure so that students accomplish their
goals in a reasonable amount Of time,

Student contact is maintained by requiring students to attend
one meeting per week. These meeting periods are used to
invite speakers who may work in the field of applied marine
biology outside of the university system, teach in some area
outside of biology, or teach in some area which supplements
the teaching material in the program. Since the general
meeting does not give students the opportunity to discuss any
difficulties they may have with cornpetencies, a series of small
group seminars nave been organized for not more than eight
students (there are 36 students in the program). At these
miniseminars, students volunteer to present a formal review of
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their work on any competency statement that they may have
completed. Following the review, the group critiques t lie
presentation by suggesting ways for improved treatment or
offering additional information. 'The miniseininars may also be
used for developing skills in self-critieisin and in written
communication. Students may be asked to write a short
abstract of the material they covered on one or the compe-
tencies. The abstract is duplicated and copies given to each
participant. The author of the abstract then leads a verbal
critique and it is revised accordingly. Thus students recLive
additional experience in writing, as well as greater familiarity
with the subject matter.

Assessment of Attainments

In the COA, juries certify t e accomplishment Of at tal nrnents
required for the degree. Jury members, however, are more
than external observers (as indicated by Harris 1972); they
offer advice about the program, participate in evaluation of
students and, for the students, serve as contacts beyond tire
faculty associated directly with the program. J ury panels are
drawn from the faculty and advanced graduate students of the
Department of Biological Science, faculty of the Department
of Oceanography, and practicing professionals. The last conic
from various fisheries research and natural resource manage-
ment agencies of the state and federal governments. Formal
student assessment begins with a written comprehensive
examination over the Generic Attainment for which a student
petitions certification. The examination is the essay type, and
a grade of 75 or better is required for appearance before the
jury for the oral examination. if the grade is less than 75, a
reexamination must be taken before the next scheduled jury
appearance_ Questions asked by the members of the jury panel
often extend beyond the material covered by the written
comprehensive. Students are expected to use blackboard
illustrations effectively and to otherwise make their exposition
clear. With the required mark on the written comprehensive
and a satisfactory oral performance, the students earn a poach.
of B for the unit. If they give an outstanding performance, an
A grade may be awarded upon unanimous vote by the jury .

Advantages and Disadva ages of the COA

The following observations and impressions are necessarily
subjective because it is still too early in the experiment for
reliable empirical data to be ga thered and analyzed. Everi so,
whether some of the factors can be interpreted numerically is
subject to doubt.

From the students' point of view, the advantages a ppear to be
the following:

I. The opportunity to seek content mastery irk a format
allowing the time needed appears to produce confidence
and competency. The students are re.ipnriding to this
provision of the program very well. Evidence of the result is
seen in the confidence and thoroughness with which most
of them respond to questions in the oral examination.

2. The responsibility for, .,nd the motivation to [my out,
personal inquiry for the satisfaction of the competency
statements contributes strongly to the students' capacity
for Independent thought.
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3. The opportunity to pursue individual work over a wide
range of subject matter affords the best possible opportun-
ity for students to find an area of specialization_

4. The format affords superior prepration for leadership in
the working world or advanced graduate study. At this
point, some of the students in their junior year have
acquired an intellectual maturity and a research attitude
superior to many beginning graduate students with whom I
have had contact.

5. The freedom to work slowly in ("OA, when pressures
conventional courses require a major portion of time, is a
definite advantage to the students. (This factor will be
discussed below,)

6. Students can enjoy a closer contact with the in,
problem solving in difficult areas. CognitivL c,aterial is
more efficiently learned without lectures. The small ,
meetings described above are open to any student any time
so there is no difficulty in getting help when needed,

'7. There is a better than average opportunity for -Indent
interaction and development of peer judgments.

Some of the disadvantages for the students include the
following:

I. Since this program is all in marine biology, the students
may not be able to redirect their major interest without the
loss of a considerable amount of effort unless they
complete a Generic Attainment. This would require a
sustained effort beyond thc point of loss Of interest.

2. There is no way for students to know that they are
mentally and emotionally adapted to the rather long and
rigorous, hut free-style, study of the COA without attempt-
ing it.

3. Because of the requirement for superimposing the COA
effort on an already heavy load of required conventional
courses, the students' progress can be demoralizingly slow.
This problem should be one to which the mentor gives a
great deal of attention_

In some ways, these advantages and disadvantages have their
counterparts for the mentor. The disadvantages for the mentor
may be expressed as follows:

1_ A group of 30 or more students in the COA demands a
great deal more time than a similar number in a conven-
tional course, especially in the early stages of development
and implementation_

2 In the initial stages, at least, the COA mentor works under
the disapproval of most of the faculty with only a

sympathetic chairman to help through the rough spots_

3. Because of the latter point, it is difficult to find willing, to
say nothing of enthusiastic, colleagues to perform the jury
function.

4. There is little time left for typical basic research a
the content area_

1
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nether or nt tbe disadvantages are affected hy tbe math
tages is a matter that individual faculty members will decide
for themselves. The following advantages, at this time, seem t
compensate for the disadvantages:

1_ The opportunity exists to replace the lecture nsonc,logue
with oneao-one teaching.

2. There is greater freedom to develop a variety of teaching
aids for the self-instructional aspects of the prograrn

3. A full two years are available to know the Sti.aciesils
becorne a personal associate in their inteliectual and
occupational development.

4. The flexibility exists to adapt content emphasis to the
interests and needs of individual students as they develop
beyond the necessary fundamental material.

For a COA program to survive as an institutional effort, the
advantages must outweigh the disadvantages. This is particu-
larly true with respect to costs.

As in any endeavor whose operation involves econonhiec the
manpower costs of the COA are the most significa
experience thus faa, one mentor at 3/4 time, caw half-lirne
teaching assistant, and one balfaime clerk typist could manage
40 COA students in the marine biology progarn with tittle
difficulty. "The teaching and jury functions therl, are dis Viti-
ated as follows

Mentor
Jury
Teaching Aut.

3/4 F.T.E.
1 /4 F.T.E.
1 /2 F.T.E.

1 1/2 F.T.F.

Based on 40 students completing 35 credit hours of atorl in
the program, the productivity for one F.T.E. ef faculty time
(mentor and jury) is 1,400 quarter hours, an average of 233
quarter hours per term for six terms. This figure is very close
to the average for all conventional courses taught at the junior
and senior level in the PSU Department of Biological Science.

There is a hidden economic advantage in the fact that hikhly
motivated CON students may finish their baccalaureates up to
one or two terms early. 'The effect of this would be to increase
the productivity of mentor and jury on a quarterly basis. Tor
the university as a whole, there are economies, although not
measurable at this time, in having students finish early. There
is considerable real benefit to the student in early graduation.

Some preliminary impressions axe:

There is a significant reservoir of students who adapt to 2nd
thrive intellectually in COA.

4 There are strong indications that these students olo superior
work In the program.
The program produces students better prepared for
rrient or graduate study.

a The most difficult practical problem is gaining faculty
support, especially for jury panels.

1 oy-
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Faculty productivity in a1artCr hours is a little rnore than
the average faculty member teaching classes olaverage Size

ch quart er of the academic year._
mentor at 3 /4 F.T.E. can handle 40 COA students

haat strain-
in the early stages of their study in the CCIA, the students
find it difficult to overcome competition for their time
from required conventional courses.
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Arinowneenent
Thidergrodtiate Student raper Cootest

lYe are pleased to anllOtml,ce the con tinuance of the
Undergraduate Student Research Paper Contest as an
iMportant part of the AM student programa. Listed
below are the guidelines for submission of papers.

1) The contest is opera to any undergraduate biology
student who is an ind ivid nal member cf the NIBS .

2) The Met rflay be On any biological research t opic
utilizing style anal format of presentation approPaiate
for re porting scientific research.

3) Papers must be submitted on or before t 5 April
1976, and notification of awards will be made no
later than 30 Apri11976.

4) Tile winner Via receive an all expense paid trip to
present the research paper at the Annual &IBS
gating to be held at Tulane University, blew
Orleans, Louisiana in fday-June 1976. Awards will

also be made to the Second, third and fourth place
runnets-up,

5) A panel of prefessional biologists will be a ppointeil to
judge the papers received.

Manuscripts are to be submitted to the AIRS Educa tion
pepazttnent attention: Undergraduate Student Re-

search Paper Contest
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BIOTECH Modules Available from the ABS
-The coin rnercial publisher of BIOTECH Modu les
and the AIBS have reached an agreement whereby
modules may be purchased through the Institute.
Froceeds from sales evilt be used to continue the
IBIOTECI-f Program, a major curriculum develop-
Inuit project of the AIES. More than 2,000 pur-
chasers amusing these tested, proven, and successful
instructional aids in nu merous puolications.

As a special consideration during this introductory
offer, five modules may be purchased for the price
of fou r, If you take advantage of this lim ited offer,
I:)e sure toi specify the fifth title you want free.

To ensure prompt handl ing of your selections, use
the attached post-paid order form. I f you order a
PIOTECH M odule du rins this offer and, in the
unlikely event you find the program unsuitable for
your teac hing environment, you may return it
undamaged for exchange.

iFha t a Project BIOTECH module?

rhe modu les are self-contained audiovisual teaching
u nits, each designed to cover a single well-defined:
task cornrn only taught in life science, academic, and
occupational instructional programs. BIOTECH
rrodules do not offe r a life science cu rricu turn, but,
rather, are se If-contained demonstrations to assist
students in the learning of a particular biological
skill or task. The modules are so designed as to
permit you to insert them into your curriculum
when and where you decide they are needed and
will be most effective. This flexibility, coupled with
die wide range of topics covered, assures that you
will find numerous modules suited to your pz tic-
ular method and schadule of teaching biological
sc lences.

10rEGH nodules are multimedia packages con-
sisting of 55 nirn slides or a -filmstrip, a compact
cassette, and a study guide for student use. Students
work at their own paCe, repeating sections of the
module as necessary. The i nstructor determines if
the student has successfully mastered the skill
th rouQh the use of a posttest and/or dem onstrat ion_
The programs are particularly useful for students
undertak ing special projects which require sk ills not
normally presented as part of your course-

Many instructors use the modules as lectureassist
vehicl es to i ntroduce a topic before the stu dent is
co nfronted with a laboratory experience. As self-
conta ined and indepen den t instructional units,
modu les do not replace the teacher bu t, rather, free
the teacher from the routine and often repeti tive
tasks associ ated with operational, manipulative
teachi ng. They will permit the teacher to c oncen-
rate on what a teacher sh ou I d do best; t hat is,

affecting the motivat ional, attitudinal aspects of
lea rni ng.

In addition to supplementing traditional I aboratory
teething formats, the BIOTECH modules key into
audiotuto nat individualized, and investigative labor-
atory instructional programs with great facility and
litt le or n o adjustment of the existin g curriculum _

Although the ability to th ink abstractly and develop
supportive attitudes is basic to any educational
enterprise, these qualities will not be the subject of
BIOTECH teaching modules. The development of
pedagogies to reach these goals and activities are
more properly the role of the classroom teacher.
The B JOT EC I-I modules undertake the more spec ific
task of teaching someone, in a short time, how to do
something while, at the same lime, relieving the
laboratory instructor from th e burden of repetit ive
dernonstra ion of sk ills and techn iqu es.

The publisher of BIOTECH modules has advised the AlB5 that, effective 1 March 1976, there mil I be a
price increase for all module programs. As part of the special arrangement with the Al BS, the
publisher has agreed to process orders, received through A IB5, at the old price until 31 IMarch 1976.

FFBIZ UA RI' 197 6
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AIBS PROJE BIOTECH
ORDER FORM:

Check as I1Jifl3 whkh y

General Skills
hOw to .. .
O 8101 Make Serial Dilutions 525.00

O 8102 Fill, Empty, and Clean a Syringe Using Aseptic
Technique 525.00

O 8103 Use a Syringe Type Autornatic Plpettor $25.00

O 8104 Dry to Donstant weight $25.00

O 8105 Titrate Using a Burette $25-00
0 8106 Prepare a Microscope Wet Mount 525.00
O 8107 Weigh to More Than 0.1 Gram Using a

Double-Pan Single-Beam aalance $25.00

O 8108 Weigh More Than 0.1 Gram Using a
Top-Loading Electrical Balance $25.00

O 8109 Weigh to the Nearest 0.1 rag on a Semi-Micro
Analytical Balance $29.50

O 8110 Use Laboratory Thermometers and to Convert
Between Celcius and Fahrenheit Scales 529_50

fl 8111 Use Measuring, VOlumetrIc. Pasteur and
529.50Lambda Pipettes

O 8112 Use Volumetric Glasaware . . Graduated
Cylinders, Flasks. Beakers, end the Volumetric
Ptak 529.50

o 6113 Use a Clinical Model Centrifuge $28.50

o 6114 Construct and Read Linear Graphs $29.50
10 6118 Prepare Weight Percent, Volume Perce 1, and

Weight-Volume Percent Solutiorts $29.50

O 6116 Measure pH with Mythical indicators and a
Simple pH Meter $2950

O 8117 Filler Liquid Suspensions Using Gravity and

5:5 0°

Vacuum Techniques

$291 5
O 5118 Measure the Transmittance and Absorbance of

Solutions with a Simple Spectrophotometer 2

O 8119 Mix Solutions of Sollds In Liquids and Liquids
in Liquids 529.50

O 8120 Prepare Standard Solutions for Volumetric
Analysis $29.50

O 8121 Prepare Normal and Molar Solutions 529.50

O 8122 Use pa Metric System of Length'. Volume and
Mess Measurement (Si Unite)

O 8123 Clean and Care for Common Laboratory
Glassware

O 8124 thee rho, Layer ChroMatography for Simple
Separations $2

O 8125 U50 Paper Chromatography for Simple
Seperatlons 529.50

O 8128 U50 calunin ChromatOgraphy for Simple
Separations 529.50

O 8127 Use a Hand Refractometer $29.50

Field & Museum Skills
how to . . .
o 8401 Plant Seedlings
O 8402 Transplant Seedlings into Plats
O 8493 Transplant Seedlings FrOal Flats tO Pots
O 8404 Water Greenhouse Plants
O 8405 Fertilize Greenhouse Plants
O 8408 RecognIze and Control Common Greenhouse

Peale

O 8407 Use the Swedish Increment Borer
O 8408 Prepare Study Skins of Small mammals
O 84015 Collect Insects by a variety of Methods
O 8410 Preserve Insects
O 13.411 Pith a Frog
O 13412 Collect and Test Soil Samples
O 8.413 Root Plant Cuttings
O 8414 Perform Germination and Viability Tests on

Seeds
O 8415 Safely Use Spray. and Dusts on Plants
O 8416 An introduction to Plant Pollination Techniques

$79.50
$29.50

$2.9.50

$79.50

$29.50

$29 50

529,50

92050
32950
$28.80

129.50

129.50

329,50

929.50

32960

Animal Handling Skills
how to .
o 8201 Handle, Restrain and Gavage a Mouse
O 8202 Fecal Sampling for Microscopic Analysis
o 8203 Handle, Restrain and Gavege a Rabbit and

Guinea Pig
O 8204 Handle, Restrain and Gavage a Rat
o 6205 GHaendille, Restrain end davage a Hamster and

O 8206 Handting, Restraint. and Administration of
Subcutaneous and Intramuscular Injection
the Dag

O 8207 Handling, Restraint. and Administration 01
Suboutanenus and Intramuscular Injections for
the eat

O 8208 Oral Administration to the Dog end Gat
8209 Intravenous Injection of the Doe and Cot

O 8210 Administration of Injectable Anesthetics to
Dogs arid Cats

O 8211 Housing of Laboratory Animals
O 8212 Sanitation of Housing lor Laboratory Animals
O 8213 Administration of injectable Anesthetics lo

Rabbits
O 6214 Administration of Anesthetic, to Rodents
O 8215 infraortnital Bleeding of Rodents and Rabbits

O 8218 Blood Collection horn Superficial Veins of
Rodents and Rabbits

o 8217 BIOOd Collection from the Deep Vascuiature
and Heen of Rodents and Rabbits

O 8218 Euthanasia for Rodents and Rabbits
O 8219 Separation nf Plasma end Serum from blood
O 8220 Intravenous Injection ol Rodenls end Rabbits
O 8221 SOCutandous, IntrarnusCular, and intrapentoneal

Injection of Rodents and Rabbits
0 8222 Introduction to Inhalation Anesthesia
O 8223 Perform Chamber Futhanasia

Environmentnl Skills

$29,50
$29.50

$20.50
$29.50

$2550

$29.50

529.50

$2550
$29.50

$29.50
$29.50

529.50

529.50

529.50

529,50

$29.50

529.50
$29.50

S29.50

529.50

$29.50

529.50
529,50

how to . .

O 8301 Make 8 Sieve Analysis of Bottom Sediments $29.50

O 8302 Measure the Dissolved Oxygen Content of
Water $29.50

O 8303 Sample Benthic Populations 529.60
O 6304 Use a Plankton Net

08325 Measure Water Hardness
08 Analyze for a Heavy Metal in Environmental

Water& Part Abeorption Spectroscopy

3$2299.550

$29.50
0307 Analyze fOr a Heavy Metal in Environmental

Waters, Pan II, Atomic Absorption Spectro-
scopy 529.50

O 6308 Analyze for a Heavy Metal In Environmental
Waters, Part III, AnOtliC Stripping Voitem-
rnetry 329.50

rj 8300 Analyze for Chlorinated Hydrocarbon Pesti-
cides in Water Using Gan Chromatography $29.50

O 8310 Analyze for Chlorinated Hydrocarbon paeti-
Wes in Soil Using Gas Chromatography 329.50

fj 6311 Measure Total Suspended Matter in Environ-
mental Waters 329.60

O 0312 Measure Chemical Oxygen Demand (CCM in
Environmental Waters

fj 8313 Measure ammonia and Organic Nitrogen In
mEnvironental Waters (2 parts) 90

EI 0314 WMeaalesiesre Total Phosphate in EnvironMental
39529.05°

329
o 8318 Measure 011 and Grease in Aquatic Environ-

00

m ent 1 529.50

See hart page far additional programs
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Allied Health Skills
liov, to .

o 8501 Use of Aseptic Techniques In the Tube Transfer
of Battens

O 11882 PAPPre Wiling Media SOliditied with Agar
O 6603 Pour Agar Plates
O 8804 Pour Plate Technique for isolation of Pure

Cultures
O 81305 Streak Nutrient Agar Metes to Whale Bacterial .

Colonles
O 8505 beeffitine Microbial Susceptibility to Antibiotics

Using the Agar Million (Klrby-Seuer) Method
O 6507 Prepare Blood Agar Plates
O 813011 Melte Differential White Blood Call Count her

PrePered SlIdet
o 13809 Determine a Red Wood (..ell Count
O 8610 Culture Anaerobic Bacteria by the GasPek3.7

Method
O 8611 Separate Puma and serum From Whoie Blood
O 8512 Determine the A. 0. o, and Rh Type of Blood
O 8813 Determine a Hemalocrlt (P.C.V. method)
O 6614 Prepare Sectorial Srnears end Use Methylene

Blue and Warn Steele
O 6515 Orow end Count Mic,corgantams on Membrane

Filters
O BEM Oetemilne a White Blond Cell Count
O 6617 Collect Microorgonlenis en a Membrsne Filter

$29.50

$29.50

$2950

$29.50

$29.50

$29.50

$29.50

$29.50

52950
$213.50

129.50

O 8816 Use a Sphygmomanometer

8618 Perform Bacteriolookal Examination of water
by the Multiple Tube Fermentation Method for
Conform organisms

tmo Perform a Secteriological Examination of Water
by the Membrene Filtration method

O 8621 Perform * oroas Ltaariation et Urine
O 6522 Enumerate Platelets with a Coulter/11 Counter
O 6624 Prepare a trood Smear on a Microscope Slide

and Use Wright% Stain
O 5625 Measure Sen.im Glucose Using the Manual

Cvroluidirie Method
O 3625 Collect and Transport Microblal Specimens

from Surfaces Using a Sterile Swab

$2950

$40,00

$40.00

$29.50

$29.50

829.50

$29.50

$29.50
O 8627 Prepare Micre.,cape Silde, ot Animal Spoclmens

by the ParafP°: dethod. Part I. How to Process
the Saecimen 1ltatiori. 0Phydration, Clearing
and Paraffin Infiltration)

O 6628 Prepare microscope slides Animal specimens
by me Pa, an% Methed. Pen f, Hew to embed
the specimen In airman end Prepare for
Sectioning $40.00

O 61629 Prepare Microscope Slides of Animal specimens
by the Paraffin Method. Part Ill, How to Make
Paraffin Sections with a Rotary Microtarna $40.00

O 6620 Prepare Microscope :Wee of Animal Specimens
by the Paraffin Methon. Part IV, Hew to mount
Paraffin Sections on a Slide, Blain with Hama-
tosylln and Eosin. and Apply a cower mass $40.00

fl 8631 Prepere Microscope slides of Anirnal Specimens
by the Paraffin Method. Part v, How to Main-
taIn and Adlust a Rotary Microlorne and Knife $aaeo

Additional Biotech student Guides (26 Booklets per Bea)
Boa $12.50
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The 1976 Asia Foundathn Granis

The Asia Foundan n is continuing its support of biologists who are
pursuing pre- or postdoctoral graduate study in the United States and
who intend to return to their home country upon completion of their
work. Nationals from the following countries are eligible for awards
under the program: Afghanistan. Bangladesh, Burma, China. Hong
Kong, India, Indonesia. Japan, the Khmer Republic (Cambodia). Korea,
Lam, Malaysia, Nepal, Pakistan, the Philippines, Singapore, Sri Lanka
(Ceylon). and Thailand

Those qualifying on the above criteria are elixible to apply for the
following:

Grants-in-Aid The Asia Foundation has authoized the AIRS to offer
grants-in-aid of up to 5250 each to qualified Asian biologists or
scientists in closely related fields for the purpose of assisting them to
complete research projects. The grants may be used to purchase
materials, literature, or to obtain clerical serviCe for the preparation of a
thesis Or final report.

Mud Awards The Asia Foundation has authorized the AIRS
grants of up to $200 each for travel or per diem expenses to enable
Asian biologists who are visiting the Ualted States to conduct research
or pursue graduate studies ra attend the 1976 Annual AIRS Meeting a!
Tulane University, New Orleans, LA, 29 May-5 June.

Asian Foundation. Award The Asia Foundation has established ihe
Asia Foundation Award for outstanding research published during 1974
Of 1925 Papers may be submitted by the author, his mentor, or arty
co-arorker in the fields of biology, agriculture, natural resoarces and
basic (nonclinical) medical science. Only single author papers will be
considered. The award, to be presented at the AIRS Annual Meeting,
carries an honorarium of $400. plus up to $150 to cover travel
expenses. In the event the recipient has already returned to his home
country, the honorarium award will be made in absentia.

Pierced uses:

Grants,fn-Aid and Travel Awards Application forms arc available
from: AIRS Asia Foundation Program, 1401 Wilson Boulevard,
Arlington, Virginia 22209. If the applicant is a student, the need for

such a grant mast be established by the student's major professor ot
department head. All applicants must explain the limitations of theii
present 1inancia1 aid and must state an intent and expected date of
return to Asia in the neat futuic The university or organization
affiliation in the home country, an explanation of source of present
financial support, and a brief paragraph explaining present research
should be included in the application, headline for receipt of
applications is 15 April 1976; notification of action will be made by 30
April 1976.

Asia Foundation Award = No application form is required. Five (5)
oapies of the paper should be submitted to AIRS Asia Foundation
Program at the address given above. The paper should be accompanied
by a brief statement indicating the (1) author's U.S. address; (2)
university or organization affiliation in his home country; (3) social
secority number: and (4) expected date of return to Asia. Final date for
receipt of papers is 15 April 1976; the recipient will be notified on or
about 30 April 1976.

Biology Students!

Al BS Stude t Chapter Regional Conference

The Student Chapter at Moravian College, Bethlehem, 9ennsyl-
vania will sponsor an AIBS Student Chapter Conference ort 10
April 19'76. Undergraduates in the fields of biological sciences
will present papers crncerning their research and several
workshops will be offered. Further information can be
obtained by writing to:

AlBS Student Chapter
Biology Depart mena

Moravian College
Main Street and Elizabeth Avenue
Bethlehem, Pennsylvania 1801 8
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