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ABRSTRACT

Included is a preliminary report of the analysis of
questionnaires returned by biolngists teaching in two-year colleges.
Data are provided on areas of trainina, type of previous employment,
types of courses taught, measures of teaching load, journals used,
and salaries and grants received. The reported information includes
the following: tvo-year college biologists are a heterogenous group,
but the majority are married males in their late thirties, who hold a
Masters degree, have an average of 11 years teachina experience,
teach tvwo courses with 17 contact hours, have little opportunity to
publish or attend professional meetings, and receive a salary of
$10,000-$12,000. Two other articles concern the implementation of
investigative college lahoratory courses, including an account of the
use of mammalian tissue culture. A reprint of a newspaper report of
the discussion of the "ecology movement" at an American Tnstitute of
Riol~rgical Sciences meeting, and & description of a program to
orepare small single topic instructional modules for training
biological science technicians in specific techniques are included. 1
short illustration of the advantages of the discussion technioue
concludes the newsletter. (ALl)
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The creation of o National Tosk Force of T-vo-Yeor College
Biologlsts (NTF-2YC)! by the AIBS Office of Blologicol Educa-
tion, o group co-sponsored by CUESBS, 1t avidence of the
conce:n for the two-year college biologlst (hereofter sym-
bolized os 2YCB) and his role In the Americon blological
community.

The fint project to be underloken by the NTF and
OBE/CUESS wos the development of a survey ki copable
of providing a picture of the 2YCB and his professional
environment. Such Information is not ovolloble from any
other study thot hos tome to our atiention, yet there are
saverol reasons for obteining the Informotion. The sponsors
¢. the study need the Informotion to be oble to plon their
oclivities to serve the needs of 2YCBs as well as those In
four-yeor colleges and universities. Tha colleges thot occept
tronsfer students from two.yeor collegss ond the two-yeor
cclleges themselves should find this study of use in improving
intercollege articulotion. The foculty members who portici-
poted in the study ore ceroinly interested in how they os
individuals fit into the total picture of the Americon blolegical
community. And last, but by no means leow, is the foct that
the NTF will use the results of this study to plon reglonal
octivities 1o meet the needs of the 2YCBs in thy respeciive
reglons.

prefiminery repeet presented ol the 2150 Annvel AIBS meeting of
'ho Un!ma‘?y of Indiano, Avgust, 1970, The finol repert on thi servey
will oppest loter i yeor,

! Menbers of the NI ere; (n:c M. Hefburt, Montgomery Colrn
Choleman. Rictard A, bodgo, mblo Jenter College, Colily Richard
Gloter, Uhter County Community College, Stone Ridge, N.Yy lmold
Grear, Univensty of Denver, Colos $ r‘ L O'mrlou. Posoders CM
College, Cotty terrance L Migoim, Wasley Coflege, Dover, Dol Frod
Rows, Dede Co¥egr, University Conter, Mich; Qoyle M. Wearss, B Cerire
Junior College, bolu. Texes; Joda Zoharis, Miami-Dede Jr. Ce" 9o, Miami,
He.

Metheds

in April 1970, o questionnaire was mailed to eoth of the
2790 biologists whose names were on the American Associa-
tion of Junior Colleges roster of two-ycor college personnel,
and additional questionn.iires were disiributed by lask force
members, By July, 1255 questionnoires hod been returned
and the onalysis of the date was begun.

Since the AAJC roster used in the moilout wos prepored in
1967 ond the two.year college encollment has grown ire-
mendously since then, there are undoubtedly mony new
2YCBs not represented In these data. likewlise, since there
was not time for a follow-up before the close of tha ocademic
year and since no attempl was mode to obtain vioble od-
dresses for the nonrespondents, many Individuals who have
chonged institutions since 1947 are not represented In thesa
dato.

Of the 2790 questionnaires mailed, 1164 wete returned, of
which 1143 or 97% were from full-time foculty members. An
odditional 91 questionnalres were returned from those dis-
tributed by the tosk force.

Rote Indeed is the queitionnalre in which the somple is
known tc be an unblased, rondom sample of the population,
In o popvlotion subject 10 rapld chonge such os the 2YC
foculty, the Idea! somple is especiolly difficult to obitaln,
Under sompling conditions where blases are likely to exis),
it s desirable to altempt to virderstond the nature and extent
of the bioses and oliow for Ihese in the interprelation of the
doto. Becouse most of our questionnolres reached persons
who were 2YC3s in the foll of 1947 ond hove remoined in
the 2YC since then, blologislts who have 1aken foculty poti-
tons in 2YCs during the post twe atademic yeors ond 1hose
who have thanged institutions and did not get o forwurded
questionnoire are under-represerted In the somple. Thus he
picture of the 2YC8 ond his environment thot emerges from
this study may very well be o “rosier” view thon is justified
by the ottual situation.

Results and Discussien

A prefiminory anolysis of the 1255 usoble questionnaires
Indicate the heterogeneous composition of thoss Individwals



known collectively as 2YCBs. Figure 1 indicotes the per cent
of the sompled 2YCBs by oge, sex, ond type of teaching insti-
tution. The medion oge of 2YCBs in this study Is 38 years.
Compared with the 1967 Nationol Scienze Foundation study
of junior college teachers of science, engineering, and tech-
nology, which reported o madion age of 42 years, our findings
indicote thot 2YCBs ore somewhat younger than science
foculty in general. There is some reglonal variation in the
age of 2YCEs. The mean age of respondents from Californio
Is 41 yeors ond from New York 37 years. The means for the
other regions fall betwean these two extremes.

Fig. 1. Per cont of sample In varlous categoeries.
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A closer look ot the collected data slelds some very in-
teresting facts concerning this heterogeneous group of bioto-
Qists. There are 197 doctorate holders in the somple, 178
In public institutions and 19 in privote Institutions. Thus, 16%
of aur somple hold doctorates. The Notional Center for Edu-
cational Statistics indicates thot 4,49 of 2YC focully members
are doctorate holders; the American Council an Education
study shows thot 7.5% hold doctorates. We therefore con-
¢clude that the proportion of doctorate holders in this sompie
Is twice as great among bialogists a1 it Is among 2YC foculty
in general.

Hg. 2. c.nrrlml of aree of mejer Nhnhno! trainlng and
sclpline of degrees, for oll respondents.
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Beyond the concern with degrees is the concern with the
subject area In which these degrees were earned. The major
professional training of 88% of the respondents Is biology.
No other area is reported by more than 4%. In Figure 2, it is
apparent thot the proportion of biology training decreoses
ot we proceed from training to highest eorned degree to
expected degree. There Is o comporable Increase in the pro-
portion of education degrees. This would indicate thot many
2YCBs obtain the undergroduate and perhaps Masters Degrees
in biology aond switch to education ot some stage of thelr
groduote training.

Previous Experlence

Of all respondents in this study, about two-fifths were
previously employed in high schools, one-tenth in onother
two-yeor cotlege, and one-fifth in o four.yeor college, os
shown by the last bor in each set of four bors in Figure 3.
About 15% Indicated some other type of previous employ-
ment ond 15% did not respond to *he item. Since we folled
to Include “graduate studenl” omong the olternotives, we
can only guess thot some of those who reported four-year
collega os thelr previous employment were perhops graduate
students. Mony who did not respond to the item may also
have been students.

Flg. 3. Typo ef puvlouu employment by degree status, for men
In public colleges.
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Teaching Actlivitles

The typicol 2YCB teaches two different biology courses per
semester or quorter. About one-fourth of the respundsr's
from public colleges Indicoted thot in the cutrewt term .-
hod tought only one caurse. Further analysis of these doto
will be required to determine whot prooottion of those
teoching one course have extensive admiaisvative dufies.

There hos been much concern obout whot courses shovld
be offered In the two.yeor college; we now have some hord
doto on whot cauries ore actually being tought. Over 70%
of the respondents ore teoching general biolgy os indi-
coted In Figure 4. Other frequently offered courses ore 200!-
ogy, onatomy ond physiology, botary ond microbiology.
The observation thot shightly less than thees-fourths ore teoch-
iy generol biolegy ond oboul onefourth ore teaching
botony ond 200logy gives some idea of the trend toword
integrated courses. The frequency of afferings In onctomy.
physiology ond microblology probobly refiect the strength
of nursing progtoms in two-year colleges.

Percent

-—



Fig. 4. Percentage of respondents teaching setected courses.
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The foct thot over 7% of the respondents are teaching o
course in ecology is undoubtedly o result of the current con-
cern with the environmento! crisis ond speaks well for the
flexibllity of the two-year college to respond ta contemporary
problems.

Teaching loads wera ossessed In several ways: (1) student-
credit hours, defined as credit earned per student times the
number of students in the closs; (2) contact hours; (3) and
teaching credit per loborotory contact hour. Faculty were
asked to describa thelr teaching loads In these terms ond
also 10 specify whot lood they thought would be reasonable.
These dota are given in Figure 5. By any ond all of the
criterlo for meosuring teaching loads vsed in this study, the

Fig. 5. Measure: of teaching toeds, meon vetve for entire

sample.
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octual teaching lood Is lorger than the foculty member con.
siders reasunoble. Comparing the overoll average for all
respondents, they fee! thot they generata obout 50 student
ceedit hours move than 11 reasonable, ond thot they have
23 contact hours more thon Is reasonoble. These averagns
do not toke into considerotion individuo! differences; some
Individuols feel thot thelr teaching loods are not unteason.
oble or overburdsniome, while others ore seriously de-
motalized by whot they feel ore extremely unteosonable
teoching loads, This statement Is documented by the octvol
deta reporied ond from the condid comments of respondents.
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The average number of student-credit hours Is over 300, The
average number of contact hours Is slightly over 17. The
overoge number of students per fecture sectian Is about 45,
per loborotory Is about 22. According to the data presented
In Figure 6, foculty members with ronk above instructor hove
slightly lower teaching loads than instructors.

The Americon Association of University Professors recently
prepored o policy statement Indicoting that for good under-
graduote teoching, o cantact load of no more than 12 hours
per week was o moximum. The Notiono! Foculty Associotion
of Community and Junlar Colleges, o bronch of the Notional
Education Associotion, undertook to study teaching loads in
the foll of 1969. Thelr view agrees with that of the AAUP
thot teaching loads shauld not exceed 12 contact hours. Yet
thelr survey shows that only 8% of the colleges responding to
the survey set thelr moximum credit hours ot 12, One-fourth

Flg. 6. Actuat mean contact hours for various groups in the
sample.

0.
‘l
a

‘35:23 . ¥

)
Men in Public Institutions

of the respondents were teoching 15 credit hours, 45% were
teaching 16 to 18 credit hours ond 109% were teaching over
18 credit hours.

in ronk ordeting, o list of five [tems thot would osslst
teachers in doing o better job of teaching, decreased teach.
ing lood was ronked highest. Other items in order of impor-
tonce ore: increosed loborotory technicion heip; decreosed
class size; more opportunity for groduote work; ond time ond
facilities for research.

The types of special progroms in which o foculty meinber
Is Involved offers 0 meosure of another dimension of teaching
activitles. About one-fourth have Independent study progroms
ond one-fifth eoch self-paced Instruetion ond oudio-tutorio!
progroms.

As the fina) item concerning teaching octivities, foeulty
members were asked to rank o fist of journols os to thelr use-
fulness for student use ond for personal use. Scientific Amer.
ican ronked first on both accounts and Is shown In Figure 7.
BioScience ranked second for teacher use and third for studem
use. Science ronked third ond fourth, respeciively. Other
journals omong the "top ten” are shown in the figure.

Professional Activities

Publicotions prepared by 2YC8s ore Indicative of profes-
slonol activity. Only one In seven respondents hos published
a book, one In thiee hos pubkished a loboratory monval, ond
one in two hos published o pomphler. However, 2YCls aver-



Fig. 7, The top ten {ournals raied.
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oge obout two and one-half pvbllshed jeurnal orticles per
person.

In the four-year ccilegs ond unlvertifies, grantsmanship
is an important survival skill. In the two-year college, there
apporently is less pressure to oblain grants. Navertheless, an
average of 139 of 2YCBs hove oblained ot least one grant,
and 7% have obtalned granis In excess ¢f $10,000 oz shown
in Figure 8.

Antendance ot meetings Is olso on aspect of professional
activity. Two-year college biologists have attended on aver-
oge of two meetings In colendar 1969, According to the
respondents, their Institutions provided an overoge of $75

$19. 8. Per cent of respondents who have obtalned prants,
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per year per faculty member for financing attendance ot
professional meetings. The respondents thought that an aver-
age of $190 would be more reasonable. As o measure of the
importance the respondent aitoches 1o meeling ottendance,
we asked whether the 2YCB would be willing 1o pay 25% of
the cost of meeting otendance. Two-thirds said yes!

Salary

The average salary of the 2YCB responding to this study
is $11,200. However, only 88% of the respondents were will-
ing 1o divuige Information obout their solary for the 9.10
months of the academic year 1969-70.

n Figure 9, the solary ranges are reporied for varicus
groups of 2YCBs according lo age, sex, and degree status for
those in public colleges. The public and private ¢olleges are
also compared. Medians of 50th percentiles are indicated with
a crosshar on a line representing the range of salaries from
the 25th to the 75th percentile. The per cent of each group
who have second jobs is olso Indicated in this figure. As would
be expecied, salary increases with oge. The amount of in-
crease Is rather striking. Men In the under 35 category have
o median salary of $¥900 and men In the 45 and over cate-
gory have a median salory of $13,800. The proportion with
second jobs is highesi in the 35 to 44 age bracket; this per-
haps reflects o need to supplement Income during the period
of maximum financial responsibility, especially for those with
families.

Woraen's salorias ore luwer than those of men. In public
colleges the difference between median values 1s about $800
lower for women than for men. This.is in spite of the fact that
the medion age for women Is older than that for men ond
that the proportion of Ph.D.s omeng women Is slightly higher
thon omong men.

The most siriking difference In salories s between the
public and the private colleges. The median salary In ptivate

Mig. ©. Salary range (234th, 30th, & 751h percentiles) and por
cant with 1ocond [ob for varfous grevps In the sample,
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colleges Is $8600, thot in public colleges 1s $11,500. The
private colleges ore foced with o reol struggle to compete
with the tax-supported institutions. In recent yeors, the overall
enrollment in public colleges has increased rapidly while thot
in private colleges hos dropped slightly, according to sto-
tistics from AAJC, thereby increosing the competition for the
private coliege.

In oddition to reporting thelr actuel solury, respondents
olso Indicated what solory they thought would be reasonable
for their situation. The correlotion between actual and reason-
oble solories 1s shown in Figure 10. For the lower actuol

Fig. 10, Compariton of median actual solary with median
reasonabte satary.
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solaries, respondents seem fo feel thot ot leost $2000 more
wos required to reoch o reasonable level. This relotionship
holds up to the level of $13,000 actual solory. Above that
level, the reasonable salary is nearer $1000 more thon the
octual solory.

Programs of Interest to Respendents

In response to a list of six types of pragrams which were
to be ploced in ronk order from most to leost useful, the
respondents Indicated the greotest Interest in subject matter
workshops. Subject motter symposio and technique workshops
recelved almost os high rotings os the subject matter work-
shops. Nexi in Im>ortonce was the two-year/four.year college
orticulotion workshop, ond lost were the foculty administra.
tion workshops ond the grantsmonship workshops.

Institutional Data

The totol number of colleges from which o leost one ques.
tionnaire wos recelved is 370. According to the 1970 AAJC
Directory, thete were In 1969 o totel of 1018 twa.yeor
colleges, including 244 privote ond 794 public institutions.
Thus we have information from 489 of the calleges in the
total population,

Summary

Of the questionnoires moiled out to 2YCBs, 1255 or obout

40% were retvrred. Thess quettionnoires represent about

one-fourth of the estimated total number of 2YCBs in full-
time positions during the ocademic yeor of 1969-70. Factors
which might bios the doto in this survey hove been con-
sidered ond precoutions token in the Interpretotion of the
data. Yet, the profile of 2YCBs ond their environment thot
hos emerged from this study Is almost certainly o brighter
picture than would be obtained if o complele representotive
somple were available.

Perhaps the one outstanding chorocteristic of the populo-
tion of 2YCBs Is thelr heterogeneity. While the averoge uge
folls in the lote thirties, there ore individuals under 25 and
over 65. While the mojority hold Moster's Degrees, o few
have only o Bachelor’'s Degree, mony are In vorying stoges
of completion of Doctoral Degrees, ond o significant number
have earned Doctoral Degrees,

The previous employment experience of the 2YCBs repre-
sents another aspect of thelr heterogeneity, olthough the
lorgest single category of previous employment Is the high
school,

The teaching loads of 2YCBs, whether measured In student-
credit hours, contact heurs, credit for laboratory teaching, or
siza of lecture ond loboratory sections, are, like oth2r activi-
tes, best charocterized by heterogeneity. The averoge of 17
contact hours Is probably the best single measure of teaching
load ond serves to dramatize the heavy teaching load of the
2YCB. it wos, in fact, decreased teoching lood which most
respondents ronk first in the list of items thot might be im:
portont to them in doing a better job of teaching.

Salarles vary from under $8000 to over $20,000, with the
medion volue for the entire sample being $11,200. About
one-fourth of oll respondents hold o second job; mony of
these individuals recelve solaries above the medion.

According to the findings of this study, 2YCBs ore o
heterogeneous qroup but the mojority are married males in
their lote thirties who hold o Masters Degree, hove an average
of 11 yeors’ teaching experience, teach two courses pee term
in o public college, carry 17 contact hours, have little oppor-
tunity to publish or ottend professional meetings, and receive
a solary of $10,000 to $12,000. Thelr two strongest desires
are 1o have their leaching load reduced and thelr salory
Increased.

Beyond the gross generolizations substontioted by the
dato teported in this study obout the noture of the 2YCB
ond his role In the Americen Biological Community, oll
aftempts to stereotype him should be resisted with o possion.
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10 FLAVORS OF ICE CREAM

Gratton A. Barnhill
Sloux Falls College
Sloux Falls, South Dakata

If one were to mix ten different flavors of ice creom expect.
ing one very distinet flovor, it would be quite difficult. This
is how | would describe the workshop on the Investigotive
Loboratory.! Eoch individual brought to the workshop o
porticular philosophy of teaching biology In the laboratory.
Becouse each of us represents o different flavor, it was not
possible to agree on one porticular methed to use thot would
fulfill oll the purposes of the lob. it would be fruitless to
present this gathering o model devised by the workshop and
ossume it would fulfill oll the purposes of the loboratory in
ony porticulor college.

| do think we ogree that personnel of each biology de-
portment should moke some decisions as to the purpose and
should be copoble of stoting the objectives for the laborotory
In one’s respective callege or university. The oblectives ond
purpose wili then dete.mine the methods employed to carry
out those oblectives. The loboratory will reflect the purpose
ond oblectives given i1 Most students todoy perceive very
quickly the “reol” oblectives.

Most individuols ot the workshop indicoted thot presently
tho undergraduate loboratory os now vsed in thelr respective
colleges did not seem to be relevont to needs of mony
students. They would like 1o investigote other methods.

After many discussions, we concluded thot ane very im-
portant purpose of the undergraduate laboratory Is to help
the student investigate how new knowledge in blology s
gererated. This stotement indicates that o student should be
allowed freedom to select o problem in blology which Is within
his or her realm of copabilities ond to devise an experimentol
design that will result In doto on which tentative ¢onclusions
can be formuloted. We also agree that this Is not the sole
ond only purpose of undergraduvate loboratories, however.

[ am quite sure thot those of us in the workshop did not
tame away with the “Howthorno effect.” | believe each of us
realized thot 1o ollow students to select and corry ouvt o prob.
lem will not be on eosy task. it will be very time-consuming.
| om sure thot we have not diskavered the magic formulo
which, if opplied ot any university, will produce an instanto.
neously revilolized progrom in biology.

if one Is golng to Implement o lobotalory In which stu.
dents will be searching for problems and problem-solving

A popet Bq etented 1a the sympos'vm ot the 21it Anneol AIBS mesting
ot Indianes Untrensity, Avgwst, 1970,

"Werkihap Conforance oa Iam
ﬁty. Jona 153ty 10, 1920, M, Bor
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techniques, how does one begin? How does one direct and
help students experience the generation of new knowledge?

At this point | wont to emphasize thot an Instructor does
not leave the student uninstructed ond undirected in the
loborotory, Learning the process of how new knowledge is
generated means that the student will be vided and will have
o close working relatianship with the instructor. The in-
structor will have contact throughout the semester through
smoll group sessions ond Individuol conferences with the
students. it mecns thot students will be involved in ospecis
of the process in which the librory Lecomes on integral port
of the education. And | cannot overemphasize the concept of
“Involvemen).” During the workshop, we hod the apportunity
to visit with students who hod beer. octively involved in
loboratory os undergroduates ond they soy thot most im-
portant was Involvement. For them it wos the motivoling
foctor. Students learn more biology when they ore octive In
the process rather than possive.

What kind of activities should toke place durng the
semester If one Is golng to work closely with students ond
ollow them to become persoaclly involved? This requires
flexibility and elosticity. It will require potience on the port
of the instructor ond, in the end, o r.odified opproach to
evaluation,

The tentotive schedule which fallows s not o unique model,
1t is one which con be modif.ed and shoulZ he if it is ta be
vsed by very many biology dapariments. it Is not spetific, but
general. It is directional, not dictational. The schedule os-
sumes o 14-week semester and one 3-hour laboratory period
each week. And os you will see this 3-hour block becomes
very fiexible.

First Week:

1. (1:1% hours) introduction ta the Investigatory Laboratory.
A. Brief outline of approximate gools and objectives.

8. Introduction 1o the orgonizotion of the lobera’sry.
e.0.1 What possibilities ond uses will be mede of the
lobotatory from week 1o week.
C. Statement about responsibility.

Students should know whot will be expected of
them.

2. (1% hour) First loboratory experience (second port of
first week).

This expetience should be ane in which meaningful dato
con be collected very quickly. Becovse of this, the kinds
of experiences ore somewhot Emited. Several ichools have
found microorgonisms most useful for this experience.



Second Week:
1. Discussion of first week experience.
Discussion should involve:

A. Use of dota to formulate tentotive conclusions.
Anqlysis of doto

B. Use of controls.

C. Formulofion of o working hypothesis.
Concept o. stoting the hypothesis
2. Use of Librory.

Presentation by librorion on “How to Find Scientific In-
formotion.” It is suggested the student be given an ossign-
mant thot will octively involve him In the librory. He will
use the procedure presented by the iibrorion.

Third, Fourth, and Fifth Weeks:

1. Severol formol loboratory experiences which involve tech-
niques. These should be techniques that con be expanded
or used by students in the following weeks. There should
be as brood o scope of techniques as you feel comfortoble

" in viing. Let your own expertise guide you. They moy
ke developmental, blochemico!, ecologicol, or may involve
use of particulor equipment.

e.g.: colormete, phmete, measuring devices, centrifuge,
el¢.

2. Discussion Groups. Involvement will revolve oround smafl
group sessions or individuals,

A. The ottention should be directed toword the formule-
tion ond selection of o problem. The problem moy
hove come from the technique experiences or from
o voriety of oreos, such os lecture sessions. Selection
ond norrowing of the problem may be o very difficult

task ond time-consuming for somd. Ald ond advice
from peers ond Instructor will be importont here.

8. Small group and individuo! sessions devoted to experi.
mental design thot will lead to solution of selected
problems. Discussion will include stoting of hypothesis,
odequate controls, analysis of dota, use of librory, ond
guidelines for recording and reporting the investigo-
tion.

Sixth through Twelfth Weeks:

This time is to be used by the student wha has selected o
problem ond on experimento! design to be involved in the
solution. He is octively involved in o “wet” lob experience.
During this time the student is not undirected and olone.
Time should be allowed for sessions of discussion ond/or
help sessions involving the instructor.

Thirteenth Week:

Time set oside for writing the repori that will be presented
to the instructor. It is suggested the report follow the
normal procedures for reporting In scientific journols.

Fourteenth Week:

Mini-symposium. Students give a short report to clossmotes,
foculty, ond friends obout thelr investigotions. Suggasted
time to be 10 miautes for presentation ond 5 minutes for
discussion.

I have wonted to do something like this for tte past 2 yeors
ot Sioux Folls College. We have been working In this direc-
tion, but the experlence ol Marquetie University this summer
hos given me new direction ond new Insights. | will ba using
this model this coming year ond hope it will work os well in
proctice os in theory.

AN INVESTIGATIVE LABORATORY IN CELL BIOLOGY

by Jehn W. Themton
CUERS Staff Blologist

Severol yeors ago, it become opparent thot ot my Inskity.
tion it would become increosingly difficvlt to malntoin o gzod
loborotory experience o3 on integrol port of the under-
groduote cell biology cowrse. One of the reasons wos cost.
We estimoted that it wos six times os expensive to teoch one
student credit hour In loboratory s In lecture. Becovie we
hod chonged the coutse from an upper division elective to
on undergraduate degree requirement, the entoliment was
ropidly intreosing. Although the intreosing number of stu.
dents could be accommodoted in lecture with linle odditonol
expense 1o the institution, the some covld not be 14id for the

lobotatory.

s ot o CUtBS-acponinnd M oA frresti Wive Labace.
o the AIBS Bist Anavel Meobing, Augest 1570,

In addition 1o the economic difficulties of mointaining fn-
structiono! loboratories, there were other recsons for toking
o cloter look ot what we were doing. In olf fislds of biology,
but porticularly ot the cell and molecular level, the increased
sophistication of methods ond equipment being vsed in octvol
research mode [t difficut to mointain currency In the Tnstrue.
tiono! laboratorles. Finolly, the informotion explosion mode
it tempting to odd odditionol lecture hours to the existing
course. A convenisnt way to do this was to simply substitute
lecture hours for loboratory hours.

In spite of these compelling reasons for efiminoting the
labototory, | wos reluctont to do so. The reoson for my
reluctonce, ) suppose, wos becouse of my own experience,
which indicated thot people don't become sclentists ot even
come to understand and eppreciote science by reading or
heoring obout it. | believs that we learn science by doing
it ond, In cell blology, this meons getting into the loboratory



ond getting the glassware dirty. One does not learn golf by
watching u tournoment, even if it Is norrated by Arnold
Polmer and equipped with slow motion and instant reploy
facilitias; likewise, one olso does not leorn cell biology by
oftending lectures and reading, even if the lectures are pre-
sented by excellent biologists equipped with the lotest teach:
ing devices.

Therefore, | commited myself to keeping a loboratory
experience in cell biology. To hondle Ihe enroliment ond
cost problem, | uncoupled the loborotory poriion of the
course from the lecture and mode the loborotory eptional.
Over holf the students now toke only the lecture, but those
who wish to be porficiponts as weil os spectotors of science
have the opportunity to do so by enrolling in the loboratory
caurse,

It wos then possible to develop the laboretory in on inde-
pendent monner. From the beginning, my canviction was that
the laboratory should be investigotive; that 1s, 1 felt that the
course should not be designed to simply demonsirate prin-
ciples or techniques described In lectures. Ruther, | felt that
this course should provide the environment In which the
student could develop ond corry out o smoll progrom of
investigation, experiencing firsthond the processes by which
sclentific knowledge grows.

My initiol Ideus about what would be tequired of me, os
on instructor, in facilitating student investigotions were rother
naive ond | now reclize that my students must hove been
very good sports 1o tolerate my inexperlence. These initiol
strugglings moy be worth repeating, however, for | golned
o beter understonding of whot is necessory in arder for
students to successfully corry aut investigations. In thot first
try ot cffering an Investigative labotatory, | explained to
the students ot their initiol closs meeting thot thelr ossign-
ment for the semester was la design, carry out, ond report
on the investigation of some problem, of their own choosing,
in cellulor biology. 1 explained thot the first step wos to
identfy ond limit the problem ond design on ottack upon
it. 1 gove tham some lips on the use of the library ond osked
them 1o come back In 2 weeks with o project proposal com-
plete with the moterials thot they would need,

Student response was something rather okin to cultural
shock. Individually, they fitered into my office ond confessed
thot they hod no ideo whot 1o do or how to do 1t. Although
they knew quite o lot obout cell structure, composition, ond
melabolism, they couldn’t identify problems worthy of Inves-
tigation except for braad generol ones such as “the cure of
concer.” Moreover, the libtory hod not been very useful.
They felt thot investigations similor 1o those reported in
tesearch popers were for beyond their capobilities to perform.

As | met with the studenhs in on effort 10 ossist them in
preporing svitoble proposals, | begon 1o percelve thot there
wos o single ingredien), which if supplied, would very often
being them out of shock ond get them siarted on the process
of investigation. Thot single ingredient which mosi shudents
needed but were unoble to provide on thelr cwn wos o
source of svitoble celhilor moateriol on whikh to corry out
controlied experiments,

As | thought about the process of biological investigation,
I begon to realize thot breokthroughs in cellulor research
have often been made o3 a resvit of the discovery of bio-
logical moteriols which ere parlicularly well suvited to the
investigation of porticular types of phenomeno. Examples
are Drosophilo and Neurospora for genetic analysis, E. coli
for metobolic studies, and squid giont ‘axon for investigotion
of the mechonism of nerve conduction.

It would certainly be possible and valuable for students
to develop their own systems [ust os reseorchers often do.
At the cellulor level, however, this activity Is so time-consuming
for most studeuts thot it typicolly tokes up oll or most of o
semester. Since | wos more interested in helping iny students
hove on experience in designing experiments, collecting and
onalyzing deta, and drawing conclusions thon In helping
them develop techniques, | decided that it would be appro-
priate for me to take responsibility for developing the cellulor
system upon which they would conducl Investigations. Perhaps
o second Investigative loborotory experience for students
could put more emphasis on the Identification and develop-
ment of “their awn” system,

At thot point, therefore, | Legon ta look for o system
around which Investigotions could be built. The term “system”
Is used here 1o refer 10 o set of basic moterials, supplies,
methods, ond techniques. it seemed to me thot this “system’
should hove the follawing characte.isti-s.

1) if possible, it should be bosed upon o reasonobly
homogeneous cellular population, This greatly facilitates
the design of controlled experimonts ond reduces the
number of variobles to ba considered. Although meto-
200n orgonisms ore cellulor, the voriety of cells present
and the extensive nature of their interactions limit thelr
use for simple cellvlar investigation.

2) The cells need 10 be olive and reosonably easy to grow
ond maintain so that students con investigate dynomic
phenomena as well os morphology. This meons thot o
collection of stained slides, even though it is very exten-
sive, Is probably inodequate.

J) The cosl of using the system connat be excessive. At
our institution, on Initial investment of $5000 to equip
the loboratory ond subsequent expenditures of $10 per
student per semester seemed like o reasoncble fimil,

4) The required supplies ond moleriols should be readily
oveilable from commerciol sources.

5) The time required 1o leorn to use the sysiem should be
no more thon holf o semeder, ond preferobly less.
This is essentiol if the emphosis in the course is 10
remoin on the investigotive process tother thon leatning
of techniques.

6) Studenis should enjoy working with the system. Mom-
mafion cells prohably have odvantoges of this poinl
oves microotganisms or plont cells,

7) Most importont, the system must provide raw moteriol
for o wide ronge of student-designed investigations,

H olso seemed desiroble 1o develop o system which would
help students obtoin loboratory tkills which have wide oppli-



cat ury in the mony diverse areos of current biological
in ostigation,

In our search for o suitable moaterial, we were ottracted
to in vito cell culture. Permanent cell lines, cultured os
monola.ers on glass surfoces, have been used successfully
for mory yeors In the investigation of cellulor phenomena
by research biologists. Untit recently, however, the techniques
r. vi-ed to mointoin cultures have been expensive and tech-
nic slly beyond the competence of undergraduates. With the
devele,ment of suitable antiblotics to control growth of con-
1 inonts and the availobility of cell lines, premixed medie,
or 1 inexpensive, sterile, disposable supplies from commerciol
so rces, it oppeared thot o simplified cell culture system
wt <h could be used by undergraductes in investigative lab-
oratories might be developed.

We have tested several permanent cell lines ond have
found that most of them ore sofisfactary. Don hamster cells,
obtuined from the Americon Type Culture Collection Cell
Re. -sitory, seem ta be the most sotisfuctory because their
chromosomes are large and constant in number. These large,
fibrcblast-like cells proliferate well on L.15 (o commercially
avai'oble medium developed by Lleibovitz, 1963) supple-
men'2d with serum and ontibiotics. This medium is superior
to other commerciolly ovoiloble ones becouse it maintains
proper pH in equilibrivm with the almosphere, thus eliminat-
iny **# need for a CO; incubator. When purchased in lorge
quantites, it costsonly $0.25/100 ml. Typ.colly, students will
vsc  aly 100 ml/week during the semester

~. have also found thet primary cultures from o variety
ot ‘mbryonic ond odult tissue moy also be estoblished in
1"+ +edium. Five-day chicken embryos are o very useful
sou ce of cells for this purpose. For many experiments, how-
eve rimory cultures ore mot os sofisfoctory as the permo-
ront cell lines because of their heterageneity and lack of
prc -otion ofter severo! transfers.

The cells are cultured in Inexpensive, sterile prescription
botiles and on caver glasses in petri plates. The botile cul-
tures ore ideal for routine maintenance and anolysls of
growth, while cover gloss cultures are mote suitable for high
resolution end phase contrast microseaple studies.

The permonent equipment required for the laboratory
includes on analytical bolonce, incubator (egg incubators
are sotisfoctory), water delonizer, Millipore filter, ond ovto-
clave. Also ovollable In the laborotory ore microscopes
{phose, inverted, ond bright field), dust shields construcied
of plote gloss supporied by fruit jors, burnets, and basic
supplies such o3 petrl plotes, disposoble syringes, and stoining
dishes. A luborotory could easily be equipped in this manner
for $5000 and would accommodate 75 students per semester.

Currently, of the beginning of the course, | present illus-
troted lectures on the bosic techniques required in preporing
medio ond glosswore; estoblishing, maintolning, ond trons.
ferring cultures; determining growth rotes; ond preporing
cells for microscopic exomination. Specific procedures which
con be used to examine cells with phase microscopy, to deter-
mine koryotype, ond 1o show the location of organelles ond
motromolecvies are outlined for students. Procedures for
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meosuring metabolic activities would be desirable but hava
not yet been developed. We are in the process of preporing
on illustraled hondbook which will include o description of
oll these procedures.

Students are asked lo proctice, at their own pace, these
basic techniques until they are fomilior with them ond pro-
ficient In their use. Most students spend about holf the
semester in acquiring the necessary proficiency. It is no!
necessary for me or a laborotory Instructor to be present in
the loboratory ot ol times during this phase of the course,
but students do need la know where they con get In touch
with the instructor for assistonce.

Although this phase of the course Is not unlike traditional
student loboratory courses in techniques, it seems to coplure
o good deal more enthusiosm than the eorlier courses did.
There may be several reasons for this. The techniques of cell
culture are challenging ond new for almost oll students. The
techniques are nol viewed os ends in themselves but as o
first step to Investigation. Students know that they con pro-
ceed ot their own rate and reclize thot as soon as they
develop proficiency they will be able to investigate o problem
of their own choosing. This phase of the course Is sufficiently
“cookbook” and the ends are so obvious thot no cultural
shock problem Is encountered. By mid-term, most students
hove developed enough self-confidence ond understanding
of basic procedures to be able to proceed with the plonning
ond execution of on Investigotion.

Selection of o problem ta be investigated does, of course,
present difficulty for some students. We moke ovoiloble 1o
them copies of Tissve Culture Abstracts, which leads Ihem to
the most current literature. Some of the student investigotions
grow out of observotions mode or difficulties encountered
during the "practice” section of the course. For exomple,
one student last term Investigoted tue “Effect of Exposure to
Room Temperoture on the Average Number of Nuciei per
Cell.” The student doing this ii.vestigation had, during the
initiol part of the course, accidentolly lefi her cultures wt
of the incubotor far several hours. Subsequently, she noticed
thot although the cultures had survived the exposure to cold,
there seemed to be o high frequency of multinucleation
present. She felt thot perhaps the exposure to cold hod
uncoupled karyokinesis from cytokineds. Therefore, she de-
signed an investigation to determine if there wos ony cor-
relorion between time of exposure to cold and levels of
multinucleotion.

Sometimes, Investigotions grow ovt of Interast generoted
outside the course. For example, o student Interested in
tropical fish culture decided 1o use cell culture techniques fo
determine the chromasome numbet in two species of live beorers
which wete superficiolly very similor. He hoped. os o result,
to determine if their similatity was dve to close evolutionary
telotionship ot convergence. Currently, students show greot
concern about the effects of drugs ond envionmentel polivt-
ants. Mony Investigations Orow oul ¢! this concern.

Theoughout this phose of the coune, individvo! help Is
tequired in stotisticol analysis of doto, redesign of exper-
ments, and use of the librory. By the end of the semester,



most of the studenis had progressed to o point where they
were able to present on acceptable poper ot our course
symposium. [f time permitied, | think on earlier presentation
of results, at about the time when the first data is coming in,
would be very beneficial to all,

In conclusion, the development of o sultoble system for
use In undergraduate laboratory investigotion courses In cell
blology has produced the following results:

1) Students develop competence In skills which are oppli-
cable to o wide vorlety of blolagical phenomena. These
include the preparotion of reagents and medio, cleaning
and sterilizailon of equipment, sterile technique, micros-
copy, preparotion of permanent slides, determination
of population growth, design of experiments, sampling
techniques, recording of dato, statistical analysis of
dato, use of technlcal literature, ond preparotion of
scientific reports. Students do not seem to consider the
learning of these skills as “busy work,” however,
because most of them ore leorned os o natural part

ENVIRONMENTAL EDUCATION: £-Day Plus 128

The following article by newspaper reporter, Merv Hendricks,
is reprinte:! from the Doily-Herald Telephone (Bloomington,
Indiona), August 25, 1970.

It Is a report on a panel discussion sponsored by CUEBS ot
the 21st Annual AIBS meeting. Participants are:

ECOLOGY IS KEY TOPIC

Three men, three approaches, all striving for the same goal.

Fear. Rights of the individual citizen. Personal commitment.
Waste. Garboge. Villoins. Ecology. Corporate responsi-
bility. Ethics. Pollution. All these terms refer to o somewhat
nebulous state—o state in which pollution would be just o
bad dream, not the wide-awoke reality it has become.

These were some of the things you would hove heard
Monday afternoon had you attended a panel discussion—
“E-Day Flus 128"—sponsored by the Commission on Under-
graduate Educotion in the Bialogical Sciences (CUEBS) in
connection with the 6-day Americon Institute of Blological
Sciences Annucl Meeting presently being hosted by Indiona
University.

The Ecology Movement, as it has come to be called, reached
o high point of emotionalism ot least on April 22 when mil-
lions of persons throughout the notion joined together ond
made known their collective concern over the problems of
the environmant,

Thot wos E-Day (Eorth Day) and now, more than 4 months
loter, three speciolists in their awn fields—a student leader,
o respected lowyer, and o writer for Science magozine—
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of preporing and conducting an investigation in which
they are Interested.

Students get o “feel” for cells as living, metabolizing
units which are sensitive 1o thelr environment rather
than simply os stoined structures on microscope slides.
Students get to participate In on activity which Is ot
the fore of current biclogical Investigation. Since there
Is such an active literature In cell cultuie, they con
quickly see that their own Investigotion Is related to
thaot of practicing research biologists.

All students have an opportunity to leorn about the
limitations, problems, and excitement cf scientific Inves-
tigotion, and some are able to identify and get started
on sclentific problems which are worthy of further
investigation.

?)

3)

4)

Further development of the cell-culture system for instruc-
tional purposes could be greotly enhanced by feedback from
other instructors who attempt to use it. We ore eager to
moke ovoiloble more detalled description of methods and
materio!s to any who wish to give it o try.

Luther J. Corter, News Editor, Sciince, Washington, D.C.

Alfred Forsyth, Lowyer, Forsyth, Decher, ond Murray,
New York

Denis Hayes, Coordinotor, Environmental Teach-tn, Inc.,
Washington, D.C.

spoke on the legalities ond the illegalities involved In the
pollution issue, as Edward Kormondy moderated the session.

"I'm ofraid,” Dennis Hayes (outfitted in blue [eans ond
cowboy boots) told the audience in the University Theotre.
“I'm deathly ofroid of what we're doing to the planet Eorth,”
he seid. '

In well-chosen, precise words, he told of the work he has
been doing for the Environmental Teoch-In, Inc.—one of the
major groups working for pollution control—furrowing his
brow with each sentence.

“President Nixon hos said he doesn’t want to be the first
American President to lose a wor, but he may well be the
first American President to lose o planet,” Hayes said.

Then he got specific.

Hoyes said 60% of the air pollution in the United Stotes
is coused by the Internal combustion engine. *“When o person
says this,”” Hoyes explained, “you're met with the unmitigoted
hosfility of the vested interests of the millions of dollars in
Detroit, from the millions in the oil industry, from the millions
from the highway construction industry.”

“In mony cases the ‘villains’ ore not so easy to came across.



This is one case in which determining the villain is o little
" bit more complex,” Hoyes said.

“it's difficult to find the villolns because often they are very
well-Intentioned persons striving far whot they think Is the
best interest of mankind—of Americo.”

The vote on the controversial SST (Super-Sonic Transport)
is due in the U.S. Senate within the next 3 weeks and Hayes
used this os another illustration,

“As of yet there are no compelling reasons for the $ST ta
be built, but there ore possibilities It will pass,” Hayes
contended.

Answering his awn question of “How can we stop it?"* Hayes
sold, “We might stoge o one-day motetcrium on alr troffic
to do lobbying or we might hove o banquet ta try to convince
wolvering senotors. Thot banquet will probably never hap-
pen,” he sighed. “This nation will prabebly be ipending
$3 billion for the lock of $2,000 (the cost of the banquet).
This is the kind of problem we've run into oll the time.”

“It'd be great,” he told the sclentists, “if we (the ecology
groups and scientists) could establish a kind of bank so we
covld know what kind of research Is going on ot the various
universities.”

Hoyes verbally lashed out ot those wha are uncommitted
to the ecology movemen!, both those who make no pretenses
obout it ond those who do. “I find myself terribly affended
by the lock of commitment by the public in general, ond |
con't tell you how offended | am when | see someone drive
up to on ouditorium to give o speech an poliutian in an eight-
cylinder cor emitting tons of garbage into the air. It's criti-
cally important that we os individuols strive for as ecalogically
sound o life os possible.”

The next speaker, Alfred Forsyth, of the New York City
low firm of Forsyth, Decker, and Murray, blamed the Ameri-
con ethic of land ownership for much of the abuse of the
noturol resources by Americans.

“The environment in Indiono undoubtedly was much better
when the Indions ron it. The indions didn't have the ethic
of possessory use of the land. They didn‘t own the lond they
used, it was for the communel purposes of the tribe,” Farsyth
explained.

The white mon, Forsyth said, changed that when he took
over, substituting the Indion ethic with the philosophy thot
the “owner hos the right ta use the lond as he darn well
pleases; his home is his castle.”

Only recently, Forsyth remorked, have the courts begun to
question the uses of privote land.

“Theoreticolly,” he exploined, “all of the protection of
the environment wos to be done through the duly appointed
or elected officiol. It wasnt porficulorly the right of the
citizen to soy ‘they oin’t doing right by us’ It has taken us
some time to see why the theoretical opprooch doesn’t work.”

This is so, Forsyth soid, becovse the caurts and the indus-
tries “tend to think alike ofter awhile. This has developed o
recognized need for a third force . . . ond that's the indi-
viduol.”
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After reciting ¢ !Ist of court actions concerning ecologlol
motters now pending, Forsyth said, “The courts, whether the
Circvit Court oround the corner or the Supreme Court in
Waoshington, are not oblivious ta the concern over ecolaglcol
problems and | hope they will be hearing Individual citizens
who are questioning the activities of governmentol agencles
in regord ta environmental matters.”

Referring to the effect Eortl: Doy hod on carporotions—
the group which recelved nuch of the brunt of the ecalogy
movement—Luther J. Carter, o writer for Sclence mogozine
ond o member of the American Association for the Advance-
ment of Science, said: “Earth Day was o woy of arousing
mass Intetest ond had on Influence on corporote behavior,
8ut thot olone wos ~ot of enough impact to get ot corporote
behavior from the inside.

“Thet is the pressure point which has to be used. . . , There
has la be a willingness by the larga companies to be respon-
sible.”

One of the avenues apen ta those wishing to gat “inside”
the big corporations, Corter suggested, is through minority
shareholder actions.

Through this method, Corter soid, influentiol universitie:
such os Horvard und Massochusetts Institute of Technology
con show large corporations “vulnerabllity’ by being more
aggressive in their usa of shoreholders’ votes an the boards
of these financiol gianis,

“My hope is that corporote responsibility will be built inta
the Americon system to become o routine thing, [ust as
routine os o city council’s consideration of paving o street,”
Corter concludec.

Letter to the Editor:

It is most unfortuncte that CUEBS News hos reprinted in the August
1970 issue, o foctuolly erroneous orticle “Isn’t This Clossic?’ fzom Americon
Laborotory., If this cose s clossic it is certainly not of the “publish or
perish”’ gome, but rother of unchecked repetition of unverified ond folse
informotion, Here are some of the focts: 1) 1t wos not “the deportment
head’s decision” not to reappoint the ossistont professor referced to, but
instead it wos the unoni decision of o ittee of six botony pro-
fessons, including the choirman of the university-wide Section of Botony;
2) The decision wos not o “publish or perish” matter. The number of
publicotions wos not judged to be inodequote; 3) In occord with estob-
lished university policy the decision wos based upon an evoluotion of
teaching effectiveness, research ond scholorship, professionol octivities ond
generc! usefulness. Opinions of student molors who hod actuolly been in
the closses of this teacher were corefully considered; 4) At Rutgers, o
second 3-year oppointment does not imply thot tenure would be gronted
ot the end. However, it is the policy ot Rutgers not to recommend reap-
pointment if it is known thot there would be no recommendotion for
tenure ot o loter time; 5) During the 3-year oppointment, the teaching
contacts of the perton referred to were timost enfirely with freshmen in
the infroductory biology course. During this peried, only o hondful of
students enrofled in elective courses given by this teacher; ond 6) Ques.
tions hove been roised including in o letter published in the student
newspoper os fo how 4000 olumni or more thon o few senlors could
hove either known of this person or hove hod ony basis for judging
teaching obility, ond be oble to offer the designation *“Outstonding
Teocher of the Year.” (This is not the first instonce in which the volidity
of the choice of “Teocher of the Year” wos highly questionoble.) You
moy be sure thot genvinely acod teaching, good quolity research ond
professionol oMitudes ore highly volued in this department.

Sydney S. Greenfield, Choirman
Deportment of Botony
Rutgers University ot Nework




PROJECT EIOTECH: A MODULARIZED ANSWER
TO A CRITICAL MANPOWER QUESTION

Elwood B. Ehrle
Associate Direcior
AIBS Offica of Blologlcal Education

The head of a biology deporiment is likely to tell you that
he hos 30-40 opplicants for the one Assistant Professorship
open In his deporiment and thot he has been looking for o
good greenhouse mon for 2 yeors. The Research Director In
o lorge biologically besed Indusirlol or government lobora-
lory Is likely to admit that he always has openings for weli-
trained technicions. So It goes across the country. Thot we
ore entering o time of real techniclon shortage is opporent
to onyone who has had o chence to look around.

The Bureou of Laobor Stotistics of the U.S. Deportment of
tobor reports thot 53,000 “iife science techniclans” were
employed in 1963. Their projections coli for more than
100,000 in this clossificotion before the end of this decade.
if we ever decide 10 get serlous obout curbing the populetion,
cleoning up the environmeni, and extending medical care
to olt who need it, these numbers will grow. Present projec-
tions will seem very smoll compored 10 the number of indi-
viduals who will be needed to attack the unfinished business
of soclety.

It 1s somehow disquieting for scholarly types to think of
their discipline as a lobor pyromid. The ocodemic mythology
suggests thot if we con only think deeply enough, ask the
right questions, and write profound scholarly papers, Utopia
will surely come to poss. Importont os these things ore,
it Is becoming increasingly evident thel someone must be
PREPARED TO DO SOMETHING. If the researcher-scholor-
teac! er (on infrequent combinetion in the real world, but a
g-t 1 rrodel nonetheless) is to survive ot the opex of the
pyromid, o greot mony honds and heads will be criticaliy
needed in the supporting strota.

There are many inslitutions in the country well equipped
to turn out individuals who :umpete for a place ir the opex
of the biologicel lobor pyromid to direci the work to be
done. Who is seeing fo the need for people PREPARED TO
DO SOMETHING in the rest of the structure? The greotest
omount of octivity is in the medical tezhnology area. Here
there ore curriculo prepared and many institutions, mostly
two.yeor colleges, are involved in the ecucation ond tralning
of technicions, ronging from nurses oides to inhalation thero-
pists. Needless to say, these individuals have an easier time
finding svitoble employment thoan many recent Ph.Ds. When
you look ouiside of the biomedicol orea, the picture ropidly
changes. There are some programs in ogricullure and faor-
estry, o few in the marine sciences, ond occasional speciolized
two.year programs like those in “Hay, Seed, Grain, and Farm
Machinery Technology.” It soon becomes apparent thot the
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productivity of oll these progroms combined is insufficient to
meet the middle monpower requirements in the biology of

the Seventles.
’ What to Do?

Once the blologlcal and scientific public becomes convinced
thot the problem is reol, pervosive, and unlikely to go away,
it begins to see thot something must be dorie. The simplest
solutions ore easy to think of but difficult or impossible to
opply. Raising solorles is one way to solve o monpower
problem. If the techniciun were moking os much or more
money than those offorded higher stotus, we would see o
ropld disc.ppeorance of o manpower problem with the stotus
problem vonishing In its woke. Indeed, solaries for techni-
cluns vis-a-vis “professionals” will increose. Even so, this will
not bring a:. easy solution. Sooner or loter we must foce the
reality. There orent enough people being PREPARED TO
DO SOMETHING, no motier whot the solory.

A second ronk of eosy solutions says, “Design a curriculum,
line up the schools, and stert pumping people through.” This
might work in an area with a foirly homogeneous work need,
but it s cleorly impossible in biology and biology-bosed
erdeavers. Imagine a curriculu.a that could adequately pre-
pore o lechnicion 1o assume respousibility for the mainte-
nonce of o greenhouse and an animal colony; fo assist o
researcher in on election microscope laborotory ond ot the
same time be equolly facile with elecirophoresis or column
chromatogrophy; to monitor insect populations in experi-
mento! field or gorden plots and be os well prepared to
monitor fungol populations in the giont fermentotion 1anks
of much of bioindustry; to serve os o departmental preporator
ond stockroom ond inventory guordion ond also be able to
detect DDT in the ports per billion range; 1o run phosphote
tests on loke and river woter while filling in by pinning insects
in the museum ond pressing plonts in the herborium; to pre-
pore specimens for C-14 counting, develop autoradiographic
slides of tissue sections, run on ultra centrifuge, and get the
labs o the field station ready for o herd of summer scientists.
This list could be enlorged by several orders of magnitude.
Whot o curriculum thot would have to bel

How about several curriculo? if you think obout it, you
will begin to realize thot blue, green, and yellow curriculo
with different emphases won't begin to cover tha diversity
of skills required. Even if one employed o whole roinbow
of different curriculo, maony areas would ba complietely
untouched.

There is 0 way out of this dilemma. Rother than preporing
curricule, we hove decided to prepore teoching-leorning
moterials that are the foundotion of o neorly infinite voriety
of curriculo. Hence, the modular bosis of Project BIOTECH.
As individua! modules ore developed, they con be used to



creote o vorlety of courses in two-yeor ond four-yeor col-
leges, by themselves in on-the-job training situations, and In
mony other ways.

The Nature of Modules in Prolect BIOTECH

One of the most difficult aspects of preparing the way
for Project BIOTECH is to get people 1o think in smaller terms.
The modules needed to accomplish the diversity of trolning
needs olluded to obove aren't one credit-hour limits. They
arent a sixth or an eighth of o course. They ere much
smaller units than that. They are sulf-contoined, instructional
pockoges involving progrommed Instruction, Kodochrome slide
sets, audio topes, film loops, or perhops [ust the printed word.
In any cose, they will hove o single behavioral objective and
will guide the student through the completion of o single
specified lask to o predetermined level of competency In o
few hours or doys. If the level of competency isnt reached
the first time, the student con easily stort ogain ond ogoin
until the task is mostered. Does he want 1o become really
proficient in hondling on anoclytical belonce? That's AIBS
BIOTECH module number so and so. Does the [ob he wants
require the preparation of sterile- ogor media? Use module
so and so. Is it necessary for him to be prepared to handle
lombdo pipeiting or to moke good root tip smears? 1n eoch
case, on AiBS BIOTECH module will probebly be ovailable
to help him become PREPARED TO DO SOMETHING.

Where Are 230 Modules to Come From?

Probably the leost desiroble woy of generoting this type
of module is to hire o project stoff, lock them up somewhere,
ond tell them to write until they've finished the job. The
designers of Project BIOTECH see 0 much better woy. Identify
the Individuals at the bench actually using o particulor tech-
nique ond, ossuming thot the individval can write or is ot
least willing to try, encouroge him, finoncially or otherwise,
to assemble o rough module designed to help someone else
learn how to do the job he does so well. He'll need some
help in terms of divining the best possible behavioral objec-
tive ond competency measure, thot's for sure. The BIOTECH
Council will have worked this out for him in odvonce ond
olso will hove provided himn with o sei of guidelines on the
design of modules. Armed with these, he will be encouroged
to try his h_nd, test it out on the fellow who works nexi to
him or on the new technician who just came on the job, and
keep in touch with Project BIOTECH until he thinks he hos
something that will do the job.

Rough drofis and portiolly tested packages have o way
to go before they become AIBS BIOTECH modules. Each
summer, the modules under preporation win be worked over
by o Summer Editorial Work Session. The letters SEWS are
indicative of what this group will do. Modules will be token
oport, siripped down, and rethreaded into finely polished
single behavioral objective instructional units designed to help
someone learn how to do one thing very well. if funding is
secured so that the mojor effort can start July 1, 1971, it is
ossumed that there will be 30 modules .. the SEWS of the
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summer of ‘72 ond 100 or more In the summer SEWS of 73
ond ‘74. As ropidiy os the modules con be redeveloped by
tiie summer working groups, subjected lo further lesting in
pilot Institutions, and approved by the Council, they will be
turned over to commercial chonnels for distribution. In mid-
summer, 1975, when Project BIOTECH closes down, It should
have left behind o legacy of 230 useful modules, many of
which will already be in second or third revision stages and
o set of plans for pruducing second generotion materiols os
the need arises.

How WIill the Modules Be Used?

The answers to this question ore probably as diverse os
the troining needs present In the country. They will be
designed for use in two-yeor college progroms for the prepo-
rotion of blotechnicions earning Assoclote degrees. There
will undoubtedly orise certificate progroms of one yeor or
less. It Is also anticipoted that one-the-job training progroms
will use modules as single units or in various limited combine-
tions to provide training for o porticular job, os well os on
vpgrading device for the technicion pool working for o
porticular company or ogency.

Another uso thot is already opparemt will be by students
involved in Inquiry or investigotive work in the liberal orts
traditich. Quite often, such students disccver the need for o
porticulor techniqua holfwoy through the explorefion of o
porticulor problem. This is just as true for high school students
os it Is for undergroduote and graduote students. As Project
BIOTECH fulfills its mondote, the modules thot students will
need to acquire expertise in the particular techniques ger-
mane to their investigotions wiil be ready ond waiting.

Are BIOTECH Core Programs Possible?

The planrers think so. As the BIOTECH Council develops
the “loundry list” of skills to be tronslated into modules ond
assigns priorities to those which are most critically needed,
this question will be returned to ogain ond agoin. A pre-
liminary guess suggests that it should be possible to identify
about @ hundred modules which could provide the basic
troining needed by o biotechnicion, regordless of the kind
of work he might do subsequently. If o prospective biotech-
nicion can master these core modules, he is not only better
prepared to undertoke the 20 or more additional modules
which will lead him into o specialty area but he is olso
equipped with maximum flexibility, moking it possible for him
fo grow and shift as job opportunities unfold before him.

What Does the More Distant Future Hold?

The forther ohead one laoks from the vantoge point of
1970, the less clearly one can make aut the outlines of what
lies ohead. A few things con be predicted by projection.
It oppears likely, for instance, that there will be developed
B.S. and M.S. programs for the preparation of Biotechnolo-
gists ond Master Technologists for those who have the ability
ond inclination o move beyond the biotechnicion stoge.

Another possibility foresees the breakdown of the either-or



dichotomy between liberal arts-trained biolog'sts and prac-
tically trained biotechnicians. It foresees the redevelopment
of the CUEBS concept of a core program as a result of this
shift. CUEBS present attention to the Investigative taboratory
as a major ingredient in undergraduate blology courses seems
to lead In this direction.

If the CUEBS Core Concept of a severol semester unit with
its own beginning-to-end internal integrity and controlled
redundancy does replace the individual course method of
instruction in the lower division of a general biology program,
the stoge will be set for a new amalgam with the investiga-
tive laboratory. There Is no reason why the theoretical
{Bio. 1,2,3,4) base of our science can’t be blended with the
practical (Techniques of Biological Investigation: BIOTECH
1,2,3,4) to yield the best of both worlds.

Crystal ball-gazing avails nothing, scoffs the cynic. Maybe
so. CUEBS, on the other hand, has made it abundantly clear
that curriculum matters in biology are never at rest, that
there is no one best way, ond that the entire area of bio-

MAN AMD ENVIRONMENT

First National Biological Congress

Sponsored by the
American Institute of Biological Sciences
and the

Federation of American Societies for
Experimental Biology

Cobo Hall
Detroit, Michigan

November 6-10, 1970

mMany of the unprecedented threats to man and his envi-
ronment, which, in turn, determine the future of the nation
and the world, require the expert knowledge of biologists for
definition ond resolution. Biologists have the ability to attack
these problems In on effective manner. The reasons they have
not done so are twofold: an inabifity to communicate to
others the urgency and danger Inherent in the rapidly ad-
vancing imbalance in the ecosphere and apathy on the part
of the general public. In a very real sense the former has
done much to bring about the latter. Moreover, biologists
have been outside their specialty and with important figures
in government and business.

This communicaotion gap has resvlted in a lack of gov-
ernment ond public support for research in the biological
sciences, which hos led, in turn, to interruption of resea>ch
programs, dismantling of long-range plans, and disillusion-
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logical education Is constantly evolving. About the only sure
thing we can pradict for the future is that it will be different
from the present.

What Can You Do?

There are severa! ways in which you can become Involved
in helping to determine the future of biological education.
First, and most Important, think about what you are doing
and ways you con either do it better or find better things to
do. Second, get in touch with CUEBS or the AIBS Office of
Biological Education and share your thinking with vs. An
inquiry Info the programs being conducted by CUEBS or
OBE might be helpful to you. With particular regard to
Project BIOTECH, let us know what modules you would like
to see prepored, or what modules you may have In prepara-
tion yourself. Who knows? You may be holding the key to
more than one of them. Project BIOTECH and the other pro-
groms being conducted or planned will need a lot of creative
input and committed Involvement. May we hear from you?

ment among students at both the graduate and undergradv-
ate levels. The First National Biological Congress starts a
new trend to coirect these deficiencies. Invited speakers have
been sought with special qualifications; they have unques-
tioned scientific standing, and they possess the ability to
communicate effectively with government officiats, biological
scientists, teachers, stuclents at all levels, science writers, and
a reasonably informed public.

Yhe Basic Science Symposia, to be held each morning, deal
with subjects which are currently important to biology, and
are relative to the state of science ond to the interests of
people. They vill contain hard sclence presented in sufficient
depth to interest the specialist, while remaining at o level
which the nonspecialist can comprehend.

The afternoon sessions will be devoted to scienfific societies.
Many societies In various biologicol disciplines have assumed
the responsibility for preparing symposia, workshops, ond
exhibits compatible with the theme of the Congress. These
societies represent the unifying element of the Congress.

The Evening Symposio, devoted to Man and Environment,
will be more genera! in nature. Knowledgeoble and arficu-
late speakers, able to interact with the invited pubiic, stu-
dents, teachers, professors, biological specialists, and the news
media, will porticipate in discussions with panels of leading
represeniatives of federal, state, ond local governments.

For further information, write:

Dr. Max Ben, Secretary

Americon Institute of Biological Sciences
3900 Wisconsin Avenve, N.W.
Washington, D.C. 20016



Viewpoints!

Stald vs. Freeman

Joan G. Creager
CUEBS Staff Biologlst

Scene I—In the student lounge, ane of Professor Staid’s gradu-
ote students is tolking with o student from Professor Free-
mon’s class.

“We had o reolly lively discussion todoy in Freemon’s
closs.” :

“Dan’t you olways?” ‘

“Yes, but taday was one of the best. He presented some
doto on papulation cycles and from that we got onta the
toplc of populetion coniral. The notion of cycles and how
they are reguioted is o foscinating thing 10 think about.”

“Yes it is. Stoid lectured on cycles, too. The life cycle of
the Chinese liver fluke, but it didn’t seem ta moke any sense
to knaw oll thot. We never huve o chance ta discuss onything
onywoy. We're too busy taking notes 1o even think. The
discussions in Freeman’s class really leave you with some ideos
to think abaut.”

“Yes, ond we have been trying o technique he colls ‘simu-
loted situations’.”

“Wha's thut?"

“Oh, in the simulated situation, ane of us takes the rale of
teacher ond he assigns roles to two or three other students.
The ane whao Is teacher doesn’t know whot roles have been
assigned. That's to see if we can deal with unexpected prob-
tems. Like, how deo you gently handle the ‘know-it-all’ student,
yet give other members of the closs o chance to get in on
the discussion?”

“That sounds great, I'd like to teach when | finish up here,
but | dont get any training in how to teach.”

“Maybe you could sit in on our closs. F'in sure Freemon
wouldn’t mind.”

“I doubt if thet would work. Staid soys this discussion busi-
ness Is ol bunk. He thinks Freemon wostes an owful lot of
time discussing when he ought to be covering the subject.”

“Well, we could get o group together in the lob some
ofterncon an our awn, ond try some simuloted situations so
you con get the feel of it. It's best in o smoll group enywoy.”

Scene /i—In the loborotory. Prafessar Stoid happens olong the
hollway ond coiches o few words.
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“Let's try o simulotion using thet liver fluke bit, If we can

get o discussion going on thot taple, we con do it on any
topici”
(Group leader selects teacher who leaves room while stu.
dents are ossigned roles. Student A likes his focts predigesied,
like the security of knowing exactly whet Is goinr, to be on
the test. Student B is fed up with being lecturec to, wants
to do his own thinking.)

*OK, v.hot hoppens If you get rid of the snalls?"

“| guess that fiukes wauld eventually dle out”

“Maybe not, it depends an whether there is some other
host the parasite con odopt 10.”

Students engoge in some further discussion of this point.

Student A—"Dr. Staid soid yesterday thol such o complicol-
ed life cycle has evalved over millions of yeors and Is so highly
speciolized that 1t is not likely ta chonge.”

Student B—"Dr. Staid suys. I'm tired of whot Dr. Stald soys.
We want ta da o little thinking here for ourselves.”

“Yes, of caurse we do, but we need to ferret out our own
Information if we don‘t wont ta be lectured to.”

“That's part of the excitement to find our awn informaticn.
But ler's get back 1o the fluke. You can Interrupt the life
cycle by getting rid of any one host, con’t you?"

“If tha's trve, then there must be a balance between snalls,
fish, ond fluke populations. What keeps these populotions
bolonced?”

{Discussian continues in the vein for o half hour.)

Scene lil-Staid's class the nex! day as he begins his lecture.

“In the lost closs we were concerned with the life cycle
of ths Chinese liver fluke.

What do you suppose would hoppen ii the snails were ofl
desirayed in o fluke-infested area?”

* * * * *

Dare we hope that Professor Staid hos begun to discover the
pedagogical passibilities inherent in the open-ended discus-
sion? We hold that hope for all the Professor Stolds—the
hope that they shall become free men, free ond open ta their
students. The tzchnique of simuloted teaching situations pro-
vides o route to this freedom.

The technique itself wos developed by Dr. Dovid Lehman
for 1he preporation of secandory school teachers ond is de-
scribed in CUEBS Publication #£25.! It is bosed on the as-
sumptian thet the teacher will moke extensive use of open-
ended Inquiries ond will ottempt to create o clossroom ot-
mosphere in which students con discaver for themselves thase
principles ond concepts that might otherwise be transmitted
to them secondliond. In simulated situotions, the prospective
teacher hos the opportunity to develop o keen perceptian of
individual feelings ond interpersonal relationships ond thus
to foster an otmasphere of mulval respect ond open com-
municatian.

"The Pre-Serivce Preparation of Secondary School Biology Teachers,
edited by Addisan E. Lee. Availoble on request from CUEBS,
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AVAILABLE CUEBS PUBLICATIONS
Free upon request from CUEBS, 3900 Wisconsin Ave,, N.W., Washington, D. C. 20016
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) better woy. November, 1970.
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19. Blology for the non-major. October, 1987, June, 1969,
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2%, Basic librory list for the biolegical sciences. Morch, 1569, 29. Funds for undergraduote blolegy departments . .. and how o find
23, Teaching and rerearch. May, 1969, them. Moy, 1970,

* Request by Individuol letter, to AIBS Office of Blological Education, 2900 Wisconsin Avenve, NW., Washingten, D.C. 20018.
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1. A symposium on investigative loboralary programs [n bioclogy. December 1969,
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