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PREFACE.,

This project was initiated by:Mr.,tenleilii. Defilman,:tiec6iive
Associate for Multi-Campus Planning Coordination Thepurp6se of the
project was to prepare a modular intructiOpal program in biolpgy for,
the campus,atT.IzimaDIoQn. 'A completestatement.of the charge isset..
forth in I,'Statement of'Project, Sobn afterwork on,the,project began,
it was' fplt necessary to extend the plan. to 'include areas not considered

in the original proposal. Indeed, 'it was imperative to find 'out what ,

others were doing in the modularization of first-year college biology.
and with what success. This.necessitated a.reView of the literature, a
'review of cowniercially produced material's, AS well,as consultations and
conferences. After a trip to Purdue.University, thefield was' narrowed
to the current status of mihicourses.in biology. lihese.edded.areas are
()Wined fn III, Exploration of New Methods.. . .t

Mbst of the ideas in'this Repqrt are assimilated, transformed.or
borrowed from teachers who have used theinew minicourse,method and..who'

° have shared their data*and thoughts with others through publications.

In the rapidly developing fieid of modular education, any complete coverage
of' the pertinent literature is quite. impossible. The items.inauded in VII,
References; represent only a sampling of current articlesreporting on this
method.

In the following pages, enthusiastic endorsement of.mihicourseprog anis
should not be interpreted as complelte dissatisfactioR-With the.conventio al

practicesof the Biology Ddpartmdnt of Montgomery CdIlege, either past o
presept. The.College can be proud of the Department's successes: (l) the
\high caliber of the 5,aculty it has attragebd,, inspiring, teachers as well as

Igood biologists; (2) the thbusands'of students who have successfully completed
our courses, any of whom'are pursuing cereers.in biologically related sciences.

I am indebted to many people for indispensable cooperetion in the prepa-
ration of this Report: To Dr. Dyckman Vermflye, Executive Director, American
Association for Higher Education, for pointing me in the right direction;
to the folks in the office of ERIC, Clearing House on Higher Education, for.
making a literature search of the resources of the ERIC tapes which yielded
48 Citations on the Retrieval File Set; and to the Librarian in the American
Council ion ,Education Library for interpreting the off-line Bibliographic
List and for locating journal articles.

I owe thanks to Mrs. Lillian Zugby of the Takoma Park Campus Library
for searching through the Montgomery College catalogs since 1946 to locate
the biology offerings and course descriptions, andto Mr-. Bruce Hill,
former student, now Instructor, Zoology A-T Program, Rockville Campus, for
his contagious enthusiasm and willing aid. I am especiall. indebted to Dr.
Postlethwait and his staff for being helpful, as well as'hospitable and
generous with materials, during the'visit to Purdue,University. -

Also I express appreciation to Professor Margaret Aldrich for practical
advice and encouragement; to Yr. Robert Frieders for constructive criticism
and suggestions;.and'to Dr. Clifford Rall for his continued support, as well
as his kindness in prodU9ing the graphic ail .work for the Report. I am

especially grateful to Mr. Stanley liahlman for his faith in me and his
interest and concern in tip project. Finally, to Mrs. Peggy Bebee, who can
take an illegible scrawl and turn itinto perfect copy, I owe grateful thanks
for her patience in expertly typing this Report.

. ,
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. -TEACHING gXPERIENCE; .
.

....
'.

. . . ) ..,Y
Biological sciencek, at the following institutions: '

.

The JohnsHopkirlS....gbiversity; DenteI and Pharmacy Schacilt-of the
,

University of Maryland; Maryland State College. at Towson;
uUnive4sity of Baltimore; National Park College; Montgomery -College
since its founding in 1946. .

At Montgomery -C611ege: Dead Biology, 1946-1961; awapded career
Recognition by the Montgomery,CountyBoard of Education for dis- ,

tinguiphed taabhing,'1980; Chairman, Biology Department, 1961-1970i
involved in the A1T Learning Center (Zoology, Rockville), 1967-1973;
retired 1973 ,

I

RESEARCH EXPERIENCE: 4

'Project under the Office. of Scientific Research and .Development
for three gears during World War II; several publications in the:fields
of morphology and physiology of-the,Protozoa; investigations on the
metabolism of yahadium in Ascidians. ,

EDUCATION:

4 ..-
, . ilk

Elementary and secondary education in the public schools of . .

California and Maryland. B.A., Case Western Reserve University;
, M.A. and Ph.D., The Johns Hopkins University. Studied at George

Washington 'University; spent several summers in course work and re-
search at the Marina biological Laboratory, Woods Hole, Massachusetts.

MEMBERSHIP IN LEARNED SOCIETIES:

eetican.Association for the ,Advancement of Science; Alerican
Association of University ProfessdrS; Sigma Xi; SOciety o4 ProtozoolOgistv
American Microscopical Society; Amer1can Society of'Zoologists..
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. Statement of Project and Definitions
. ,

A. Statement of Project
'4.

This document contains tables, charts and supportihgtext of a proposed
minicour'se-program in biology for a third campus of Montgomery College. A
preliminary plan is offered using the audio-tutorial-strategy, embraang
three introductory courses and three second-level Courses:and allowing for more

flexibility than do either the present conventional or aodio-tutorial aporciiffes.

The original goal of the project was to develop a modular instructional
\'program in biology. This.findertakih was to involve the follow4ng:.

.

1. The examination of the present course offeringS,in biology
at Montgomery:College, particularly at the introductory

level.' The purpose was to present ways by which these
courses could be strengthened, i.e. their deficiencies
remedied and their redundancies eliminated.

2., The pteparation of an instructional program in biology
' designed tdrallow for individualized instruction (student-
centered education) and fot flexibility, bOth in allowing

\

the student to proceed at his own rate, and in offering
him a greater variety*4 Options in planning his educa-

. . ' f
4 tional program. l

4-

3. The delineation of a program of minicourses for intro-
ductory biology indicating, among thes , what the student

. options might be.

,As work proceeded, it was necessary to enlarge this goal. First, after
examining our own offerings, an exploration was undertaken to determine
present modular instruction in beginning biology courses at other colleges
and universities. This involved/a review of the literature, as well as con-
sultationss and included a trip to Purdue's Mlnicourse Project. Second, a
survey was made of the current status af,minicourses in college. biology
through correspondence,. Third, recommendations concerning the proposed
minicourge prograth, such as curriculum considerations, staffing, facilities,

timetable, etc., were added to the report. ,This,addition was to assure tilt
the new program, when adopted, would stand as a successful academic effott,

maintaining the Biology Department's reputation for quality and high standards.

O. Definitions

In education, as in other disciplines, the invention of too many terms
with nearly similar meanings can be confusing. At a time when college
biology programs are in transition, one finds similar approaches to modular
instruction being developed under the. titles of audio-tutorial units of
packages, audio-video tutorials, conceptopaks, microcourses, instruct-o-pacs,
unipacs, quests, mtniunits,learning activity packages, modules and minicourses.
For the purposes oi this report, it is necessary to distinguish between three
of these: audit-tutorial units; modules; and minicourses.

1
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Audio-T4torial Units ' ,

-

A unit of information treatedin-the_audio-tutorial system
usually involves to weeks' work. Each unit is structured
around a self-instructional learning boottirel And in-.
corporates a few specific objectives, a prograyMed.audio tape,
printed study guides:, visual. aids, a microscope, and actual
biological materials. In audio-tutorial instruction, the con-
ventional division of the course into lectures and laboratories
is done away with and open scheduling is intfOducedl The
"Center" is open all day, every day, and aiditableforthe
student to work'at.times best suited to his personal schedule, '

and in an atmosphere conducive to'study and greater` concentration.,

Qualified demonstratys andtutors are present in the Center at
all times. In addition to the independent study sessions, each
unit of work includes an hour's tutorial session where. the students
meet the tutors informally in groups of eight or ten. This may

,be an oral quiz session for which marks are given, or a seminar.
also, for eachlunit there are.pre-tests, self-tests, and post-tests
with maximum feedback on correct answers and grades: The audio-
tutorial approach maylinclude periodic large-assembly sessions:
Although AT originated in biology at Purdue University, this --

method is.now beginning'to br'anch into other disciplines.

. Modules

In The Yellow Pages: A G uide to Undergraduate Innovations,,

modular instruction is defirTecTiFlimad'e up of self-contained .

, and independent instructional Units c*- 'modules:." Each module'
. includes a statement of purpose, specification of the behavioral

instructional objectives, individualized instructional materials,
r--

. , and a post-test to evaluate the student's achievement of the
.

. instructional objectives ofthe module. A,mpdUle is self-
, contained,land modules can be, arranged in a variety a sequences
- to suit indiedual needs or preferences of the student.

, .

(Reference #26.)

At some colleges, a module contains a diagnostic pre-test,
which the student is encouraged to try. If he does well on the
ppe-test (he compares his answers with the correct answers) het,
it asked to again read over the instructional objectives. If
he is confident that he can perform most of the behaviors listdd,

,hq may.ikip, directly to the post-test. If he passes this,he
'receives credit for the module and may select another impediately:

.

r

2
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Modules may Mary in length,ibut usually represent a week
or more of work, with several topics included in each.. 0

The format of the modules may be much the same in many di;-
cipfines. However, modules in biology will differ from social
science modules, for example, in,three waysve First, biology
modulqs have assembly sessions or conferences associated with
them. Second, many modules in biology have other modules as .

pre-requisites. This vans that therels a more rigid sequence
"that must'be followed i' modular biologyprograms. Third,'

because of the ,nature of the subject matter, most of the study
toward'masteiy of behavioral objectives should be done in the
Learning Center, not in a library or'leaging tesource center.
If,a student is studying a plant or a bone or a starfish, or a
serial section of an embryothose items should be in front
of him in the booth or oft a demonstration table. Ithe small
assembly session he wiTi be asked zlig-demanstrate his mastery of the.

objectives on thiS material.

MOdular approaches in biology and mathematics diffe par-

ticularly in 'the emphasis on and definition of flexibil y. As

described by BraWn, Schulz, Scott and.Aldrich in "Report on a,
Project,to Develop a Modular Instructional Program in Pre - Calculus'
Mathematics, 1974," flexibility implies that a variety of modes
of delivery should be available for student choice.. These could
include instruction in large groups, in small groups, by media,
or by computer. pie student sho4ld be able taiiove from one mode
to another almost at will. In this proposed modular program in
mathematics for Montgomery College, variably called units,- modules
arid minicourses, the student may choose one of three options,as his
method of sthdy of a module: Option 1 - Lecture; Option-2 -
Audio-tape; *ion 3 - programmed Text. No matter with option the'
student chooses, the other two are available for him for supplementary
use. In 'Pre-Calculus Mathematics, AModular Program," at Brigham
Young University, (as described by Brown, Schulz, Scott ana`Aldrich)
"Each module is completely'covered in a series of class'periods." ,Jhe
student should attend the classes for anysmodue- which covers material
new to him. In the biology modul'ar approach; here are no scheduled-.
classes, i.e., lectures or laboratories. There are weekly small group
assemblies which all must attend. :,(Reference

Minicoursesi 1

Many of the characteristics of both audio-tutorial units and
-modules are found'in minicourses. Each are self-contained and
independent units of instruction. In each, the primary focusis
on a feW well - fined objectives. The substance of each consists
Of materials na Thstructions needed to accomplish these objectives --
each stresses self-pacing.

4
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A minicourselis a small course over a limited amount of
subject ,matter for whiCh a student rfeceives a certain,amount

.of credit. 'The, content of a minicourse is' an educational .

.experience relating to one topic, usually a smaller parcel
of knowledge than an AT unit or module. Commonly, a
minicourse would represent less than one credit hour of
conventional course work. (At Purdue; the average is 8 to

.: 10 minicourses per credit hotir.) The instructional strategy
used in a minicourse should be apprbpriate to the nature of
the subject matter. In biology; self-instructional programs
such,as audio-tutoriai are most cormionlY used.' A mintcourse
is usually designed for use by one student, but it may be

used by two or more, or even a large group.
.

MinicourSe 's can b9 used individually or combined in a
variety of sequences to total the equivalent of a conventional
course. The behavioral.objectives,are clearly stated.'
Achievement (mastery) is assessed with regards to attaining'
the stated objectives at the completion of each minicourse.

. , Minicourses, their components and. guidelines for develop-.
ment,, will be discussed in Section V.
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II. A*Case for,Chan e
.

A.' Biology.Department's Offerings 7 Table 1 .('0age 8)

Before4undertaking thefdevelopment of a new instructional program,
itis-imp6ative 'to tae along, hard, look at the'bresent'course -

offerings: Table.1 sumarlzes the history of the 100-courses as offered
by the Biology Departmknt from the inauguration Of Montgomery College in

;1946 until the present year, 1974-75. since the first.catalog was..
printed before an iristructdrWasremployed, the sequence
General, Zoology and Vertebrate 2oology,(including the dogfish shark, and
..the 'cat:) was the choice of the 'new Dean, not the biology faculty..

'The titles and content df the,courses offered the second year,
1947 - 19'48, indicated an attempt -to incorporate the study of all life. ey .

With the inclusion of-"plants" the first Semesten and:"and man" the; -

second semester, the change of the'title to "General Biology" was
necessary. Even the numbers of the courses were changed -- 103-104..

.4.4 . .

The' hanges in the introductory offerings the third year, 1948-1949,
were dic ated by the University of Maryland,..the Colleges major transfer'
institution. Since the University had no course entitled, "Biology," its
departments of Botany and Zoology were distinct, the faculty felt that

. Montgomery College's courses also must be strictly "Botany," and "Zoology',"

although the sequence retained the title of "Biology 103-104." This

pattern remained without change for seven years, until the mid 1950's.:

Because of the proddtng.of the administration, the first major
alteration of 'the offerings,was undertaken by the Biology faculty. ,By

the mtddle of the decade, General Education and General Education with
Science Sequence were added to the curriculums qf, theC011ege. The
influence of James Bryant Cbnant was being felt over the.country.
That brilliant organic chemist at Harvard, who was particOlarly successful
in writing-about science for-the nog-scientifically trained person,
started a-rash of survey courses nationwide. EducatIng"the "whole
person" was thought by many to be accomplished by offering introductory
survey courses, with which non - biology majors and "I-hate-science people"
could complete their science requirements and thus become Sell-rounded."
(Reference #2.).,

A A

1.. But ,the courses B.i-ology 101 102 which were added at Moptgomery were:
not truly' "survey"-in nature.--The-teaChers in the,department, with
their strong orientation toward taxonomy and morphology resisted pressure
to introduce non-laboratory courses and continued to present blocks of
,material on botany anzoolday, much as they were taUght in Botapy 103
and Zoology 104 -- at least. at first. The Biology 1,01 -102 sequence con-

tinues until the present; its content having undergone many revisions,;
especially in theAirectIon of more relevancy, by adding' sections on
human biology and man's environment.

ei

fn the !Text fiVe years, 1955-1956 thrdugh1959-1960, the department's :

courie offerfngS remained the same: a two-semester sequence of courses
in General Biology,., one semester of Botany, and one semester 'of Zoology.-

1.

. . i
5 ,I
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During the'period foirowing World,War II:there gradually accumu-
lated a.large afflourit'of biological information, paiticularTy at the

molecular a.pd cellular levels of organlzatipn.:When'bits and. pieces

of.this'infdimation explosion began to be.incorporated.in.the intro-
ductory cdunes, one of two things happened. Either theneW biology"
emphatis was at the expense of morphology and systematics in existing:
courses, or new courses were adder: to the curriculum. .Montgomery15.
-Biology. Department added courses. 4

0

,
.

In 1961-a962, both Botany and Zpology-were expanded to twO7cour6e
sequences ant( the course numbers changed. to 111-112; 121-122. These,
courses also continue _to be Iffered sand are so listed in the 1974-1975 ,

catalog.

. ''The next six years saw no modification. in thd pattern of the offerings,
but the content of each course often was drastically changed. Gradually,
new blocks of study' wereaddehlp the first courses of eachsfthe three
100 - sequences. At one time 'Cr anotner these included: Chemical Basis
of Life, Cellular Basis of LIfe, Energy Transformations, Ultrastructure,
Radiation Biology, Chemical Control, DNA-Protein Synthesis, Population
Biology, etc. Recently,new laboratory,"exercses" have been authored
and a programmed instructional unit in the chemical basis of biology has

. :wbeen developed:*

J.

'By 1967, again at theiuggestion of the administration, audio-tutorial
programs for biology were being investigated, and on February 2, 1968, a
government grant was applied for (and subsequently approved) to implement
piTot_programs in AT, zoology, on the Rockville Campus. 'Two pilot programs
with twelve students each and two tuner AT zoology programs were even- .

tually'completed. With the opening ofthe new wing, Science West, and
'the full-scale irdplemeritation of the AT Learning Center in September 1971,
,the Rockville Introductory Zoology, $i 121,, ;'went" audio-tutorgal.

,

In the meantime, 1969-1970, Bi one-semestercourse in basic..
Biology,4was introduced at the requestof Allied Health Certificate.

and Associate in Arts-programs on. the Takoma Park Campus. .

.
. In 1972-1973,sBi 131-132, a 100-level, two- course sequence-entitled
"Human Structure and functio( was.added for the basic nursing curricu-
lum., Human Biology, Bi105, became.Basic Human. Science, Bi 103%

oi'he foregoin4 review of the growth of the Biology Department's
Introductory Curriculums leads to the following conclusions:

1. Innovatipns in the context of=courtei were either induced by
the University of Maryland, instigatedby the administration,
or fotced on the departnient by other deI tmentsi.none were
self-generated.

2. The 100-courses 0 a department.could remain relatively uncharid,
at least in content, for twenty-fivyears. -"The wonder it that
this curricular., pattern has endured so long.'!'.: Marchese (Reference #13)

was speak-Mg of the lower-level division study seqUence in.four-lear
colleges and uniyersities. Mortgomery college was,not unique id
this respect.

6
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3. Everi in artradition-bound-department, where Chinge was ,painful, .

the instructors "kept up" with changing times by showing creativity
and/ingenuity in updating and adding to the contents of the courses.

iy

Upon re- examining Tale 1, Ohepight ask why Biology 101 was never
made the "Core" course, required'of all_students,entertng a biology,
program of,studies. *lost biologists agreethat a minimum amount of
knowledge at each level,,molecular, cellular, eW, isinecessary in

4 'order that a student.be well educated in biology. .The subject was dis-
cussed at many a departmental faculty meeting. (Reference #24.)

.There are several' reasons why this particular curriculum reform
. was not adopted at moqgomery:

116

--1, It would have taken away all freeddm : hf choice from-the enteng
student, who now has four options in putting togetheran eight -

hourhour sequence:

4
2. If four credits of a science is all that a student needs to fulfill

the requirement of hig curriculum, Biology 101 would be the only
college biology course to which he would be exposed. "Core" suggests
a nucleus with many other aspects - -.all the remainder of biology_ --
to be builtaround it. ,

3. 'Biology 101' wodfd have become a screening device totweed out the
poorer students. Certainly, if would be4one of the most difficult,
courses in the curriculum, with-much dhemistas in the sections
on Chemical Basis of Life and CellUlar RespiratVion.

4,, The faculty wished to avoid theshortcomings of mass production
techniques. 0-5 adoption, the department-would have been'

thrown into thelarge universitymOtuation with one beginning
course of a.thousand or more stdtEhts and many, Many laboratory/
sections, assistants handling the laboratories, And the. professor
either giVing .the same leeture over many times or using TV monitors

the wall of a huge lecture hall. To'gynchronize lectures
and laboratories is almost impossible in this situation. .

'5. Throughout the years, the student-faculty ratio 'has been'kept low.
One instructor could handle, at the most, four laboratory sections
of 24 students each and one lecture section of 96. The same'
instructor turght both lecture and laboratory, thus maintaining
a close faculty-student relationship, the hall-mark of a junior
college. Moreover,' each instructor had considerable latitdde in
planning his own cour§e

4.
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IIONTGOMERY 'COLLEGE CAT1i0G 1974-75) .

e
BI 101.'GENERAL 010tOdY
Introduction to the basic principles governing hiring orga nisms with emphasis
en the molecular andscellular basis of Me.-Not open to those students with
credit in BI 111 or BI,121. TWo hours of lecture and tour hours of laboratory

.'each week. 4 semester hours'

BI '102 GENERAL BIOLOGY

Survey of the plarri and animal kingdoms. Topics in tvqlution.t adaptation
and ecology. 't.ot open to those, students with credit in BI 121 without con-
sent of instructor. PREREQUISITE: Four hours of biologiC,il science. Two
hours of lecture and four hours of laboratory each week. 4 semester hours

B1-103 BASIC HUMAN SCIENCE (Takoma Park pray)
The relationships between the structure and funcrn tat' the body systems..
Basic concepts'of microbiology as they apply to !medical and dental pro-
cedures. The scientific background essential forperfarrnirlig and under-
standing technical procedures. PREREQUISITE: Admission-to a,health-relate'd
certificate program' regairing this course or col sant of the instructor. Poet
hours, each week combining lecture, laboratory, demonstration, and discus-

. sion. ;*3 semester hours

(61) BIOLOGICAL
SCIENCES

Bt. 111 BOTANY I
4 '

Emphasis on the .fundamental biological prinelpltsrl with, special attention
to morptiology and physiology of the floweringula . A synopsis of various
plant groups included. Field trips. Not open ,topose,studebts with credit in
BI 101 without consent 01 the instfuctor. Two hours of locale and foot hour
of laboratory each week. - .4 semester how's

131 112 BOTANY' 11

Brief evolutionary study of algae, fungi, liverrts, 'mosses,,lernt and their
allies, and the seed plants. Emphasis on the morphology, reproduction,
ecology and economic importance of selected plants. Field trips.
PREREQUISITE: Four hourS of biological science. Two ildkis'of **re and
four hours of _laboratory each week.

r Master hours
" .Si .ZOOLOGY 1. .4

The syllems of the vertebrate body and their' functions. Introductionl
embryology and 'genetics: acquainting students with the techniques of
handling biological materials. Dissection of a represontative vortobrato. Not
open to those students with credit in BI 101 without content of instructor.
Two hours DI lecture and four hours of laboratory each. week at -Takoma
Park. Audio - tutorial (there are no scheduled classes; quiz sections to be
arranged) at Rockville. 4 semostor hours

%

I&
Pt 122 ZOOLOGY 11 4

Evolution, distributiOn, and morphology of motor grobps'of Invertobroto
mats. Opportunity to observe behavittke,ripeto experiment with living in-
vertebratos. PREREQUISITE: Four houri'210 biological science. Two hours
of lecture and four hours of laboratory eacli 4 semester hours

BI 131-13? HUMAN STRUCTURE AND FUNCTION I AND II
(Takoma Park only) '

A two-semester introdtictory course in anatomy are -physicflogy of 'each of
the body systems. Includes basic concepts of cytOlogy, histology, ombry-

T ()logy, apd genetics. PRER iEQUISITES' gone. Designed for, but not limited
to, students In fwz-year health-feta-led curriculums. Other students must ob-
tain consent of the instructor to enroll. Two hours 61 lecture.and three hours
of laboratory,each week. : 3-3 semester hours

*as

7 .
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B. Areas Where'Ctiange is Indicated

The following deficiencies and redundancies are cited as possible char-
acteristics of conventional methods used in introductory.biology courses..

1. Allowandes' made for individual differences are inadequate.

ConveliMional methods do not take intatconsideration the-
uniqueheSs of all individuals. ,Certainly, the lock-step
and. assembly -line techniquet used fail to acknowledge such
differences. There is no opportunity for each student to
proceed at the rate best suited for his abilities since he
has no control over this. All begin and finish together.
Repetition of material for the weak student and in-depth
.study.or rapid progress. for the talented is impossible.

2. No Options are 'built into the programs. There are few choices ,

which the sstudent can make.; no opportunities to make decisions
concerning' what he will study and when. There is a lack of
opportunity for the undecided student to sample the possibil-
ities of,biology. With enlarged enrollments and the increk5ed

'heterogenity of the campus,population,,!there is an ever-widening
range of abilities, backgrounds, study practices and goals
among students. The need for options is greater than ever..

11 .

' 3. Often there is too infrequent evaluation o1 the student's
progress. Deficiencies are not determined.nor remedial work

.-prescribed soon.enqu-gh in.the-.semester. The weak student
can hide it.may be midterms or 'finals before the instructor

. becomes aware of his ptioblens. There maybe tbo long'a time:
'between taking an exam and rqceiving the results.,

4. In the conventional programs:
after the first week .or two of

penalized for having,tried and
are penalised if they drop out

student''' may nbt enter a :Course

the semester; studentS are

failed or done poorly; students
for whatever reason.*

,-,

5. Under the present,redit4our-per-course system, it is impossible
for a student to tll more credits or less credits thanfour

. hours in most 9 the intr duptory courses in biology. This is
true,true, even though his 1 Oum, or the curriculum into which
hevishes to transfer, all ?'for more, or leSs,.treditt Credit

i
by- examination is not available. :=

o

(*) Even though the f011owing leniencies in the grading system prevail
at Montgomery College, often the "penalty" is the outcome of man
weeks of wasted time, aqd the student receives no credit for, the
segments of the course which he pass. True: The grades of "W".

"WP" (Withdrawn and Withdrawn, Passing) are.not counted in
computing the value of quality points earned. True: Up to the end
of the fifth week, "W" is not even put on the Transcript. True:
The student can withdraw from a course up to the eleventh week.
But he capnot,enter another course to take the place of the.one he
drops until the next semester.

10'
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6.- Frequently, two or more courses at the same leVel in a

ment will include virtually the lame material. Often one
findsIsubjects common to two Or tore, evert in sequential
courses. It is redundant to involVe'students'with the same
subject matter a second time.

7. Often the subject matter of a cotrrse cannot be-changed

drastically without changing the entire syllabus. Updating
`subject,matter which is constantly, changing may necessitate
revisions of text or study guide and major changes of all

dy material.

8. tlie conventional structuring, tote faculty are busy
presenting adequately the instructional material for a
course.. There is little time left fottmotivatioR,
imparting the excitement of research and the,thr'iVTIO:F:
discovery --'the very essence -of biology,

9. To familiarize the student with the processes by whiCb
biological information is generated is.One of the goals
of the discipline. In-the conventional facilities, it is
difficult for the student -,to undertake on-going research.
projects. '.-.

10." Unde e. conventional method, the student's ro is
sometimes passive one., He may become too dependen on
the teachdr Who usually specifies exactly how he should
proceed:, This often makes a timid student and fosters
dependence ,on dahority. In this atmosphere-, the studen,t,

. does not deVelop a sense of responsibility for his own
learning.. *

11. Conventional methods are group-oriented. Usually the main
focus is on teacher performance, especially in lectures..,
The teacher is the disseminator of knowledge which is
primarily directed to the group as a whole, not to the
individual student.

12, Al ugh,we know the value of seminars and group discussions
- as an e ,tional method, there is little place or time

available for these in the present system. Free exchange,
-of ideas ahiong'Students in small 'groups and between students

and faculty:in groups of no more than eight oaten is not
postible.* Every student In bio,logy'should have these
experiences.

11.

(*) In laboratory sessions,'where discussions may take place, the number
of students jg usually twenty-four or mord and the time.for discussions
or student presentations is often limited.

11 t
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13. -In large classes of one or more lecture sections with many
'laboratory sections, it is almost impossible to synchronize
the lecture-material with the laboratory material. This

situation does not make for the most effective teething,

because the learning events.are not close enough to one

V another to be an integrated sequence.
T

14. In anY learning situation, the environment around the
- learner plays an important part in success or failure.

Certainly, the atmosphere' should be one conducive to, study

and concentration.. Large groups in both lectures and lab-
oratories provide distractions to the students and thus, at
times, tend to lower'his concentration on the subject matter.

15. Increases in enrollment have resulted in full-uselof teaching
areas, hence inflexibility of room scheduling and heavy.

teacher loads. As a results there is a lack of both facili-
ties and free faculty for, either make-up work or advanced study.

16. Precise techniques, such as delicate dissections, identification
of materials on microscopic examination, and many experimental
procedures, cannot be shown effectively to a class as a whole
or even to.groups-of-students, ,If the matPrials involved are
minute, the'procedurp must be repeated many times in the con-
ventional laboratory.

Most of the above deficiencies and limitatioes of existing practi-ees in
the Biology Department were itemized under Deficiencies to be Remedied in

Project Proposal for Federal Grant, 1968. (Reference #17) An audio-visual-
tutorial program for improving thg Zoology course on tP(e Rockville Campus was

' proposed. Since the inauguration of this'progfam four years ago, many of these

deficiencies have been remedied -- in ohe course on one campus, Zoology I, Bi 121.
'

However, with all of the advantages Of the A-ftechnique_ and all the many
successes of the program, it has developed its own set of peculiar deficiencies
at Montgomery College. Because the modular instructional program - the
minicourse - advocated in this report, uses the audio-tutorial instructional

ttrat4gy, it seemed wise.to enumerate these shortcomings.

# .

.
Withthe adoption.of the minicourserogram, the College must not com=

pound its educ4tional problems. This is exactly what will happen if the

planners do no avoid what Elwood B. Ehrle calls "The AudiO4utorial Mistake."
(Reference #6)

Limitations of n A-T Course, Such as Zoology (Bi 121), Rockville Cam'
. . ,

US

The limita i
two factors:. (1

into it; (2) man
stood by the dev
of the weaknesses
above, applpto t
at any point; dro
completed, i.e. o
way; go beyond th

, .

ons of the A -T. program at Rockville are due primarily to
too many "holdovers" of conventional strategies are built
indispensable elements of an A-T program were not under-

lopers. Because of the first of these two factors, many
and deficiencies of the conventional courses, as enumerated
e A-T course as well. Students cannot: begin the course

out and still be given credit for the units they have
e, two, three units of credit; rearrange the'unitp in any
current units or go into depth in a particular field; or.

select optional units to substitute, for the ones in the course. The Units

are too long and c mplete mastery of the subject matter is neither demanded
or expected.

1219



r .

i

Indispensable elements.of an A-T prQgrhm, not well Arstood by
the ddVelopers; are as follows: .

,

-1. Precise, clearly stated objeCtives for small blocks. of information
or fpw skills,are absolutely essentia1.7gsubject matter sgoUld
belim+ted., '

2. Every-part of a/unit -- media, displays, materials.,,guidest etc. --
must be well programmed and should all be integral steps toward
attainment of the objectives. The gelation 6f one item to another
is very important.' r

3. Test items are equally important, should be prepared,immediately

after the objectives, and should test only the attainmentof the
objectives. ..

.

:i .e. . ,

4. Relation of one unit to the other units, as well as tothe.Whole
oflife, should be evident. ,

: .: \
5. There should,beevidenee of scholarship, i.e. high 'standards of

quality, in all materialtigiven to the students *Student guides,
-tapes, displayt, r6iew questiphi and test questions. Too many' ,

. errors can be a '.'disaster" and.result in poor quality work by
the students and time not well tpent'in the Learning Center.

6. Nos should not be "exceSkive Pre-digests" of :textbook information.
,

7.° Sizable reading collection shoUld be provided in the Center --
issues of journals, etc. Readings should be required for each
'un.kand the students should writer resumes during examS-. .

.natton periods (at least-for grades' above "Cl.
..

. *.:!!
....

8. Complfte dependence on objective exams is not fair to students4 .

norlit it good practice.
,

. . .

, 9. ThOmportance of- ".selling" the .course to( the students, the .

.. and other dePartments, and to the "man in the street"
shp ld be stressed. Enthusiasm should be generated about a new
an0.exciting venture.

.4 -* ..
I'l 4 ',

,lo. The smallassemblies, preferably 8-10,studentt, are, not mini- fl

lectures or free-for-all discussions or short- answer quizzes.
They are sessions in which each student is expected to present

a prepared litt101ecture about each of the items used in the
`knit; identifying:W116% explaining its role in meeting
he objectives, and pointing out how it fulfills this role.

The student teaches and so really learns. After the p senta-
. .tibn, each is quizzed by othet', students. All student are 1

graded both on their presentations and on questions a ked of
' those'presenting the material. Grades are given at t e end _

of the sessions. Competition should be keen. These essions
0

. become seminars where students see th nships and
concepts which may not have been evident in the pendent'
study Sessions in the Learning-Center. _

13
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*:

Concerning the following statements, it should be pointed out that in
many respects ye A-T program has not lived up to the promises made for it
in the Project

ye
for a Federal Grant (Reference #17).

'11. Theprojected enrollments,"5000students, in AT ZoofOgy, per
semester, by 1970-1971, have4fallen far short, and enrollments
seem to be decreasing rather than increasing as expected. There

- is a high attrition rate; a high number of "failures" (I's).

12, There islittle ,evidence of any.impact having been made en other
courses in the department. The domino effect hoped for in the .

Federal Grant Proposal has not taken place. Few instructors
have "fallen" for the A-4'techniques..*

The. following quotation s from the Proposal: "The Techniques`
developed will permit-lie audio-tutorial,approach to be applied to the ,
other science courses, so'that the number benefiting could easily increase
:to 4,000 stud.V.a." (.Reference #17) Perhaps Dr. Hurst was right when he

4 said ". . .only a professor dissatisfied'with his current, teaching is
likely to be motivated to take on the.A-T burden." {Reference #9 .

Contribution Of Current Practices to Goals of the,College;

A department's curriculums and teaching strategies must contribute
to the overall goals of its'parent institution. The' aims and'objectives
of Montgomery College are.achieved only by the present practices of all the
'departments of the College. A critical examination of the Objectives and
.Philosophy-of the College, and a re-reading of the above list of possible
inadequacies where change is :indicated in the conventional teaching methods,
should diSclose some areas in which improVements could be made (see pages
16 and 1.7).

,0.

Redundancies:

After having reedthe history of the. Biology DepartMent's Course offerings,
Sectipn IIA, and studying Table 1, it should not come as any great surprise
that the syllabi for Biologyl (Bi.101), Botany I (Bi 111), and Zoology I
(Bi 121 contain many subjects common to all three and certain suLjeCts common
tO:two. There, is a pervading sameness to the courses which is illustrated in
Table 2 (page,18), where the various commo 'areas are identified.

Thesubjects common ta.all three courses are th"core" Subjects, such as:
use of the microscope, cells, tissues, cellular resOifation, DNA replication
and protein synthesis, mitosis and meiosis, genetics, etc. Since the syllabus
for Biology I contains idformation'aboUt both plants and animals,_it shares
subjectlmatter with'both Botany, I and Zoology I. (See Figure 1, page 15)

1

.(*) There are learning laboratories, using electronic media, in self-paced
instruction -in-rertain courses in English, History and Mathematics.

"k

4
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'If

Biology, Bi 101 shares the 'P" subjects with
Botany; Bi 111; the '1A" subjects with Zoology,.

, Bi 121; and "C" subjects with both.

101

R - Plant
, Animal

C - Common

.(Figure 1.),

, To.further complfcate the redundancies, as Tables' (page'18)and3
(page 19) reveal, BiologyII (Bi 102) and Zoology 1 (Bi 1.21)-both contain
largeblocks of sybject matter concerned.with the dissection 9f a representative
vertebrate and the study of its systems,anatomically and physiologically. Both
Biology Hind Botany II present the lower plants, land Biology II and Zoology
II, the invertebrate phyla.* (See Table 3, page 19) .

(*) The question arises; Are the students in these three courses the same?'`

',.

ot
Most of.the curricula of the College, where science electives are indicated,
simply state "science elective" or'"biology elective" or "biological,
sciences elective" or "biology, zoology or botany." Therefore, the students
taking biology, zoology:or botany,c9ufses tend to be the same students.
In five curricula only are zoology. or botany /zoology specified. In one

... , curriculum alone, general biology is specified. The pre-professional re=
. -

quiremets of most universities include "eight units of biology,".without
indicating specific courses. The registration policy requiring that all
three of these courses be filled before new sections of any one of them
are opened up furthers the tendency fbr.the population of the three
courses to be the same. '

15 ,

22 .
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910141MONTGOMERY COLLEGE *CATALOG, 1974 -1975

The primary 'aim of Montgomery College is to' create an pdu- OBJECTIVES
cational environment which opens up oPPortunities for each
student lo learn and to work in a community of scholars and
to develop the following abilities and attitudes:

To appraise realistically his goals, abilities, achievements.
and behavior.

To .expand his knowledge, understanding, and appreciation
of thg world about him.

To prepare for adult responsibilities as a citizen and a mem-
ber of family and community groups.

Ts practice social conduct based on ethical and spiritual
values. 4
To develdp skills and basic inteltectual qualities for'further
higher education, continuing education, and occupational
proficiency.

To develop aesthetic appreciation of literature, music, the
visual arts and his cultural heritage.

To develop social resPonsibIlities and leadership character-
Lats and to learn how to participate in a democratic society.

To learn:to judge men and issues critically and to base de-
cisions and conduct on puch iudament,

To understand conditions for healthful and effective living
and to develop social poise and mature conduct,

16
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FROM MONTGOMERY COLLEGE CATALOG, 1974-1975.,

te P '
PHILOSOPHY The vitality of a democracy depenas,ttpon the continuing de-

.

velopment of the capacities of all its citizens both for their
, self-realization and for the common good. The American public

educational system is designed to provide the motivation and
education to fulfill this ideal of democracy. Thus, education be-
yond the high ischool is a public responsibility, especially since
a large portion of the population will benefit from it..

The public haS assumed this responsibility by establishing and
supporting Montgomery' College. The function of the college is
to provide comprehensive higher education by offering within
a single institution diverse curriculums for`l'echnical, semi-
professional careers, as well as programs for transfer to bac-
calaureate programs in other institutions:

In addition, the college offers community services through con-
tinuing- education and cultural Rrogirs.
The philosophy of Montgomeritollege IS expressed in the
follow:, generalizations:

The college must strive for excellence in each of its different
programs with the aimbf educating each individual to the [eve(
of his highest potential.

The college has an obligation to keep its program varied in ac-
. II. 1- .11* I1-

gf_the community.

The colfe9e provides a favorable learning climate to meet the
needs of a diverse student body by a camaahaigaktridleLlea.
lationshio,\by individualized instruction and, above (all, by a.
faculty and administration devoted to teaching andl to con-
tinued improvement in instructional, methods.

The college. believes that a sound guidance and counseling
groaam which kielos students to achieve self - understanding
and to make_realistic educational Plans, is an essential part of
a community college program. .

The College sponsors a variety of cultural, educational, and
. leisure activities outside the classroOm to encourage the stu-

dent to .broaden his;:knowledge and appreciation of the arts,
the sciences, the humahities, and thessocia issues of our time.

The college considers it to be a fundamental responsibility to
provide a broad liberal education for all students enrolled in
a curriculum so that they ;fray increase their appreciation and
understanding of the world of ideas, scientific inquiry, and
human relations.

The college, although liberal in its admission=s policy, will Lez_
auire of its students academic performance of high aualitj, and
rigorous intellectual ,disciplines

1 . 1 1 "
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In examining Tables 2 and 3, one must bear in mind that the
three columns of eackl....table contain the actual syllabus titles of

the lectures and the;laboratory exercises of both Takoma and.Rockville
combined. This accounts for repetition. and various wording for the
same, topic. The emphasis on certain topiis is not always the same
on both campuses, although they share.thesate course descriptions

jin the College Catalog (see page-9). (Also see footnote, 'page 42.).

Catalog descriptions are misleading. For instance:compare Ri 101, .

which emphasizes molecular and cellular basis of 14-fe, and Bi 121, which...-
does not mention these subjects at all in the description, yet devotes
mord than one quarter of the semester course to them (at least in Rockville,
ApT-121). A better evidence of theextent of overlapping of subjdct matter
14,the introductory courses is the notation at'the end of each course
description.

-Course

Ri 101

Notation,

Not open to those students with credit in
Bi 111 or Bi 121.

Bi 102 Not open to those students with credit in
Bi 121 without consentof instructor.
Pre-requisite: Pour hours of biological

science.

'Bi 11`1
a

4

ti

Not open to those students with, credit in

Bi101 without consent it the instructor.

Bi 112 Pre'-requisite: Four hours of biological
science.

,
,

121 Not oppto those students with credit in
Bi 101 without consent of the instructor.

1 I.

Bi 122 . Pre requisite: Four hours of a biological
science. -

& .....40 '. .ince " consent of the-instructorP ofte6 is easily obtained,' it
is possible for students to accumulate 100-*:course credits and, because of
repetition of subject matter, to "pull up" poor grades_ to A's or B's.

. . \,
.

The overall picture is one of great waste -- waste 6 students' time,
waste of faculty time, and waste from the. administration's point of view.

1
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III._ Exploration of4New Methods

A

.

4

A. Consultations

4
In undertaking any project, the value of consulting authorities

in the subject is axiomatic. Iii the Washington, D: C., area we are
'fortunate'to have many of these as neighbdrs. 'Othees come to
Washington to'attehd meetings of national organizations., Following
is a list of individuals consulted, with comments-Agarding the
contributions of each.

1. Professor Margaret G. Aldrich, chairman, Mathematics
Department, Takoma Park Campus; Montgomery Oollege.

2. Dr. Clifford L. Rall,'Assiitant for Multi-tampus Planning
Coordination, Montgomery College.

. .

Mrs, Aldrich, one of the authors of "A Report on a Project
to Develop a Modular, Instructional Program in Pre-Calculus
Mathematics" 1.974, and Dr. Rall outlined.steps for the prepa-
ration of a report on a modular instructional program in
introductory biology. A copy of the "Program inePre-Calculus
Mathematics, Brigham Young, University, was supplied, as
we1-1,eas a copyof The Yellow Pa es: A Guide to Undergraduate
Innovations.

3. 3. Dr. Dyckman W. Vermilye, Executive Director,QAmerican

.Association for Higher Education; One Dupont Circle,
Suite 780, Washington, D..C. 20036. .

In two cOnferenceq, Dr. Vermilye outlined the project "Nexus,"
the function of which is "linking people with questions, with

t.
people with answers,", (tesAppendix) and explained the ad-
vantages of asking specific questions, related-to specific

problems, of tomeon0 who has previously dealtolth simi/ar
.problems. Offen a telephone call is the best way to start a
search. Dr. Vermilye pointed out .the value of first surveying
the available literature on modular instructional prograMs and
flexible scheduling, using ERIC, Educational Resources-Informa-
tion Center, A Clearing House on Higher Education. A computer
seartR of the literature was requeited and a bibliographic
Citation List generated.

,

4. Dr. Eileen Kuhns, Executive Associate for Council Levelopment,
'American Association of Community and Junior Colleges,
Washington, D. C.

c-
A telephone call to Dr. Kuhns,resulte'd in encouragement, an
offer of, future help, and, above'all, generated a discussion
of the 'value of "the analysis," an examination of existing
practices before outlining innovations. For articles concerning
modules written by Dr. Kuhns, see References #10 and #11 at the
end of ,this report.

k
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5.. Dr. Lois Beisher, SCience Division, Antelope Valley
.,,College, 3041 West Avenue K, Lancaster, California

,0 93534. .

The opportunity of participation in the program A Day With 10.
Visitor-Consultant, professor Beisher, was helpful. The
visit, sponsored by the American Institute. of Biological,
Sciences, was fcithe purpose of discussing with the Takoma
Park Biology facult9.innovativeJ.mettiods of individualized
instruction in Biology: self-instructional microbiology
laboratories and audio -tutorial, biology. There were three,
discussion groups and a iluncheon meeting scheduled.

.

A--

Professor 6e?rsher has had wide experience in developing
innovative programs. at Antelope Valley. College -and has pub=

'lished individualized materials for usein microbiology
laboratories. (See Section, Reviert of Commercially Produced

-Materials.), Her enthusiasm for her program was contagious.
(See copy of Dr. Beisher follow-upreport in Appendix:
!Attachments'-.

. 6. Dr. Saibuel N. Pottiethwait, Department of Biological
Sciences, Lilly Hall of 'Life Sciences, West Lafayette,
Indiana 47907. (See Section Notes From Visit to
Purdue 'University, page 23.)

i 4.

-

.
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NOTES FROM VISIT To PURDUE UNIVERSITY .

On October 29, Dr. Cliffo;d L. Rail, Assistant for Multi-Campus Planning

Coordination, Montgomery College, and I flew to West Lafayette, Indiana, to
.visit Dr. Samuel N. Postlethwait and the Purdue Minicourse Project. Due to
bad connections in Chicago, we.were.unable to begin our conference with Dr.
Postlethwait that day, although he and his staff were expecting us.

On October 3Q, we had two informal sessions with D. Postlethwait,
one in. the morning and one in the afternoon. Three of the Teaching Interns
in the Purdue Biology courses, Drs. Gerold Melaragno, Rodney Myatt and
William Langley, and the Secretary-Coordinator of the Purdue Minicourse
Development Project, Miss Joyce Bell, joined from time to time and entered into
the'discussions and answerediquestions.' The teaching interns are young PhD's
who are learning the minicourse approach to Biology by working under a special
grant-at the Purdue Center. They prepare minicourses for the pool in General
Biology, have charge of the large and small assemblies, work with the students.
at,the learning center, correct papers, give.oral examinations, and help the
students with their experiments. One of the interns, Dr. Jerry Melaragno,
accepted our invitation to have lunch with us at the motel. Dr. Myatt and.
Dr. Melaragnb conducted us on a toe through the learning center where we saw
the students Working at the booths, in groups, and discussing their course work
and preparing for presentations in the small assembly sessions.

'The learning center consisted of two large rooms with an open stock-
preparation room between. It is usually open from 7:30 eon. to &:30 p.m. (at
least 74 hoes per week).

.

Siie of space - 3,000 t square feet .

Number of booths (studertt stations) - Burgess Co. booths - 112
(15.2 students per booth)

4
Number of round study tables (well lit) -.4 in coffee area in Center
NUmber of students in course - 1,700
Number of instructors - 7
Number of minicourses in "pool" - mter 100.

In the morning we started Our session with Dr. Postlethwait by looking and
listening td slides and audio synchronized, describing the mi,nicourse concept.
It was shown on a Singer Graflex Caramate. The machine was stopped and started
often as we asked questions and Dr. Postlethwait and his teacher- interns,,
explained procedures to us. Using the blackboard, Dr. Postlethwait diagrammed
the grdilth of the audio-tutorial and minicourse approach to learning at Purdue.

The audio-tutorial system at Purdue was begun in 1961 ,as an attempt to
assist students with limited backgrounds in Biology. Speciallessons, particu-
larly in Botany, were prepaised, using audio tape, and made available to students
in the.Audiq-Visual Center. At first they were used as a supplement to the
conventional 'instruction program. Later, all instructional procedures were
totally reorganized,around the taped tutorials.

.
23
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Page 2

In 1969,41r. Hurst joined the staff to place the Zoology course on
audib-tutorial. It was realized that self-instructional programs.would
provide a great potential for flexibility in a'learning system, and at that
time a further modification to provide still greater individualization was
explored. The content of a Botany course and the Zoology course were divided
into units called minicourses. For each ainicoUrse, a self-instractional
program Wai produced. Prom this a highly flexible scheme evolved.

Dr. PostlethWait.illustrated on the blackboard the steps in the evolution
Of the fleXIble scheme of minicourses in the Biblogy.sequence 108-109 at
Purdue: The content of the courses were divided into small units ofsubjeci'
matter.

o'*"

B

Botany (108)

4
.

Conlon

Canon

4 units credit - 4 units credit

k

We, were then told how the units were designed into small' courses, covering

a limited amount of subject matter whose content is a coherent whole -- with
definite beginning and ending -r relating one topic. The designa-
tion, Module, was rejected for a number of reasons ich will be examined
later. Usually, each minicourse 'represents less than one credit hour of conven-
tional course work. At Purdue the-average is 8 to 10 minicourses per credit
hour

Minicourses can be used individually, e.g. for enrichment or remedial
study as a part of, a conventional course, or be combined in a variety of
sequences to total-the-equivalent of 1, 2, 3,.4 to 8 credit hours, depending
on how a student is enrolled in 108-109.

An analysis of these units of information showed many :to be common to both
courses, e.g. the cell, cell division, genetics, ecosystems, etc. Dr. Postlethwait
drew a series of symbolic representations of a pool of minicourses. A series of
dots represented the minicourses.

'0
0,
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Page 3

A circle around several dots separated those dealing with subjects taught in
`108, Plant RiolOgy (P).

108

%

A second circle was.placed'aroUnd the dots representing subjects taught in
10Y, Animal Biology (A).

108 109

Ilb

-

.Immediately, the, redundancy became apparent as we could see the _overlapping
of,the circles around those minicourses common to both courses (C).

'P C A
op e op

.4

4 4

The dots outside the circles adjacent to P and A, representing those mini-
courses dealing with a large variety of topics within the context of the
two-course sequence, are optional (op). The optionals may be selected by
the student as needed to complete'the credit hour requirement in Botany or
Zoology. The student may trade-off A or P courses for options, depending
.on the course in which he is and When. The C minicourses must
be taken during the first semester of registration, whaler Botany or Zoology
is taken first. The usual sequence is 108-109' .

A study of the blackboard illustrations revealed the many Ways in which
minicourses can provide flexibility,and individualization.

.

I.

. 0 °O

10 )
2

The advantages and pitfalls were discussed. Or. Pogtlethwait admitted that
'there were "several early problems" which were identified and solutions
.deterMined as the project progressed.

O
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In 1970, a three-y

National Science Founda
country, and some forei
areas of specialty. A
courses (admittedly, so
The Minicourse Develop
introductory biology al
originated.

A supplemental Nat
'July 1972. Through thi
and evaluation in selec
continued through June

Page 4

ar Minicourse DeVelopment Project, funded by the
ion, was begun. As many as 100 persons from this
n lands, prepared minicourses in their respective
ool of over 200 minicourses, covering basic biology
e better than others), have been accumulated at Purdue.
nt Projekt was an operation apart from the freshman
rses (108-109), where the AT, and minicourse systems

ional Science Foundation Evaluation program began in
, the pool of minicourses underwent systematic testing
ed mid-western colleges and universities. Thisprogram

,

L

974
L

. .

In July )973, when the MDP terminated, the NSF supported a cooperative
endeavor between the MDPP of Purdue University and theBiological Sciences
Curriculum Study (BSCS)11 at Boulder, Coloindo.* The MDP has moved to Bbulder,
where the Purdue-BSCS project is completing the developmentof a pool of
minicourses covering a core of biology (college-introductory-course-level). ,Dr.
Postlethwait participates in this and commutes regularly between West Lafayette,
Indiana, and Boulder, olorado. It'is the intent of this program to identify
with a producer /public er for distribution of the minicourses. (A book on
minicourses by'Dr. Po tlethwait, and a pool of minicourses, are being published
by Saunders Publishin0 Company and will be on the market early next year.)

/

Upon completion of the Boulder Project, it will.be possible to purchase
instructional materials from the minicourse pool, which can then be used in
tailoring biology courses to meet the individual needs and interests of our
students at Montgomery College. Biology of the degree of sophistication'
found fn major universities, will be made available to colleges everywhere.

Even now, the Project is actively cooperating in the exchange of materials on
an international, as well. as a national, basis. ,

In the afternoon session; Dr. 'Postlethwait gave us more details about
the Purdue minicourses and. how they "worked" within the framework of Biology
108-109, as well as within the UniVersity administration and registration

. 'policies. Many of the pitfalls in'the use of minicourses were discussed and
emphatic warnings given. We came home with our heads full of new and exciting
ideas and our arms full of pamphlets and reprints about minicourses (see

431," ,,,-Appendix);' also packets of a few minicourses and a Dr. Postlethwait tape.

(.;

Submitted by,

Bernice f..gierson
Professdr Emeritus, Bidlogy

(*) In the 1960's, the BSCS three-group laboratory blocks - "blue,""yellow,"
and "green," authored by secondary school biology. teachers working at

Boulder, made considerable impact on the biology taught in high schools
over the country. It is not easy to determine the effect of the "new"
secondary school.biology on the college introductory course of the 1970's.
Admittedly, however, certain secondary courses are equal or supericir to
the introductory college course offered at some institutions. (Reference
#13)

Note: Although the diagrams in this Section were drawn on the blackboard for
us; the ones used to illustrate this section'were taken from MinicoUrses -

What Are They? by Postlethwait, S. N. and Frank Mercer, Purdue Research
Foundation, 1972. (Reference #18) V
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C. *Current Status of Minicourses in Biology

1. Location of Minicourse Programs

The following list of professors, currently knoWn to be
teaching biology by the "minicourse" method, indicates how
widespread the A-T minicourse concept has already betome. A
letter hasbeep written to each of these professors asking
pertinent questions concerning their programs:

A : (a) Samuel N. Postlethwait

4'

I

Robert B. Hurst

Minicourse Project: Botany and.Zoology.
Department of Biological Sciences
Purdue University
W. Lafayette, _Indiana 47907
Phone: (317) 494 -4080

Joyce Bell, Secretary-Coordinator

L.
Note: The minicourse program at Purdue is in

itsliftn year of operation.

(b) Harry Fulton,

Olivet Naiarene College
Kankakee, -Illinois 60901'

(c) 'Frank V. -Mercer

School of Biological Sciences
Macquarie UniVersity...

North Ryde'

N S W 2113, Australia

.(d) James Jenkins,

Elizabeth City State University
Elizabeth City, North, arolina

(e) Mildred Campbell

Wharton Countylltinfor College
Wharton, Texas 77488

(f), John E. Frey'

Northern Michigan' University
Marquette, Michigan 49855
Phone: ,(906)127-1000

27909'

Note: The audio-tutorial biolOgy laboratory.
consists of 12 mjnicourses in biology,'
self-paced.

27 .
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An additional list of A-T and minicourse programs over
, the country has been placed in the Appendix.
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2. Review of Commgrcially Produced Materials

I

It is recommended elsewhere in this report that the developer.
of the minicourse program in biology for the third cactus make
extensive use of available commercially produced materiels.
The following list,' with added comments, is a resume of the .

results of an investigationwhich.was made of commercial sources:

(a) Fifty (50) new "how to" modules, teaching' laboratory

skills, for the life sciences, from the AIBS Project;
BIOTECH.

These independent teaching units have been tested in'
more than thirty teaching and training environments.
representing high schools,' two and four-year colleges
and universities, andeinstndustey. Each module is .

a multi-media package tonsistint, ofsa filmstrip' (or
35 mm slides), a--.cgmpactfaudio cassette, and a 'student
guide. The study bide introdudes and lists the topic,
ob'ectives, pre-reguisite skills, materials and equipmeht
needpd to actually, perform the-task.. Thefifty modules
are divided into five series:

=''General_ Skills Series 8100

Animal Handling Skills Serits 8200
Envronmental Skills Series 8300
.Field and Muieum Skills Series 8400
,Allied Health Skills Series 8600

Other BIOTECH modules are being produced. The prices
per title'Rre from ,$25.00 to $29.50. Thee

pay be ordered from:

. Communication Skills Corporation
P.O. Box 684
Fairfield, Connecticut 06430

For information concerning the developing of modules,,
write: .'

Project BIOTECH ,

American Institute of Biological ScienCes
Box 9191 Rosslyn Station
Arlington; Virginia 22209

/-

A thorough description of the AIBS BIOTECH modules may
be found in:

Project, BIOTECH: -A Modularized Answer to a Critical
, Manpower Question, -by Elwood B. Ehde, published in

The Usd of Modules in College Bidlogy Teaching,
. edited by Creager,'J. G. and D. L. Murray, 1971.

(Reference #4.)

29'
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(b) &series of. fifty-four k54) half-hour programs on
vi.deo cassettes, entitled Today's Biological Revolution,
presents an understanding of the basic facts'concerning4

. the nature of life; its origins,-and.molecular and
:cellular-mechanisms. The course professor is Dr. Bernard' '

t L. Strehler: The:cassettes are either in color or black
and white and retail for $175.00. The cassettes may be
used with a monitor or a regular.TV,-with or without
recording. capabilities. These programs are produced by:

Video,Casseite Industrtes
... '451 Melrose Avenue

''-'-- Hollywood, California' '90069

The local distributor is:

Video Communications Associates,' Inc.

Suite 904, Watergate 'Office Building
2600 Virginia Avenue, N.W.-
Washington, D. C. 20037
Phone: (202) 333-3881

(An affiliate of the American Video Network)

0 At a meeting with Video Communications 'Associates'
. -president, Charles B. King, on the Takoma Park.Campus .

(Takoma's Learning Resources Department has a monitor)",

portions of two.programs were'viewed: "Life Organized
as Cells".and "Evolution of the Nervous System." The
material was well organized and excellently presented.
.This meeting was arranged by Mrs. Helen Ackerman, -.

Learning Resources Department, andDr. Evelyn Hurlburt,
Biology Department.

VCA sells other instructional programs which would be
worth investigating, such as:

Tellstar's: Anatomy, Biology,. Microbiology
Minnesota Video-Nursing Education Cassettes
Any Time Life Films
VideorecordAystems: Comparative AnatoMy.

(c) Individualized Instruction for the'Allied Health Sciences,
by Lois Beishir, Canfield Press, Huffer and Row, 1974.

This pUblication contains fifty-three (53) self-instructional
packages of techniques used in bacteriology, including
many difficult and aseptic techniques., The packages or
modules answer the students' questions before they are
asked, remove the need for' the repetition of demonstratipns
in microbiology in practice, and give many "dry runs" and
practice activities. The author claims that even a poor
or average student, if he can read a cook book, can master
the' techniques taught in, this course.

30
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(d) Minicourse Development Project of Purdue University
and Biological Sciences Curriculum Study.

W. B. Saunders Company
Philadelphia - London - Toronto.

O

Publication is scheduled for December,1975. Neally

eighty (80) minicourses have been developed by the
,project and more are,being developed. Collectively,

the minicourses to be published next year will cover
a full year's introductory biology course. Enough
extra material willbe available to allow for areas
of special emphasis and supplementary study.

The Purdue University and BSCS Project is hea441 by
Dr. S. N. Postlethwait, the pioneer in audio-tutorial

biology instruction.
/

The minicourses are organized into twelve subject
Ousters. Filch cluster has a study guide, instructor's
manual (with printed tape script), audio tapes (both
cassette and reel-to-reel), and an array of visual
'aids (filmstrips, slides, charts, etc.).

Instructors may choose any combination of subject

clusters for their courses and will receive the
corresponding teacher's guides and tape scripts free
of charge: Sound tapes and visual materials will be
available for departmental purchases and will be
packaged separately for each cluster; A catalog of the
entire projectwill also be available.

Advertising materials for the AIBS'BIOTECH Modules and
the Purdue-BSCS minicourses accompany this report;, (See

Append40 Seventeen preliminary versions of minicourses,
producd'd by the Purdue Research Foundation, will be
placed in the Office of the' Executive Associate for Multi' -
Campus Planning Coordination: They include Study Guide,
Instructor's Manual, and Tape SFript.

(e) Biology: An Individualized Course; by Robert N. Writ,
Purdue University, and Kenneth H. Buih, DaVid McGaw and
Curtis L. Smiley. 4175.00, published by Westinghouse
Learning Corporation, 770 Lucerne Drive, Sunnyvale,
California 94086,, 1973.

The course includes thirty-seven minicourses. The kit
includes 37 Study Guides, 37 Instructor's Guides, 1
Instructor's Orientation Guide, 1 Student's Orientation
Guide, and Tests and Exercise Answers. The senior author
of these minicourses, Robert N. Hurst, worked with Dr.
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Postlethwait in developing minicourses fbr Riolo§y
108-109at Purdue University and is presently'in
chargeof the year's course. Many of the Westing-
house Leaning, Press minicourses are used in the
Purdue Program.

.

The kit containing the 37 minicourses is iri"the" officd of the Executive AssociAte for'Mult-Campus
Planning Coordination.

(f) Topics in The Study of Life: The aro (Biology
Individually OrganizeCD Source Book, published by
Hv'per and Row, New York, Evanston, 'San Franciko,
and London, 1971".

,This'book scontains. 61 articles-whose authors are
Outstanding scientists in their field. It"takes
advantage of the flexible, individualized format

.provided by audio-tutorial techniques to give the
'student an opportunity for repetitive instruction
on..a schedule that is more adaptable to his needs . ,
than is the typical. classroom situation." It is
from this book that students in Biology 108-109.

at.Purdde read teitain'articles in order to write
summaries, without' Da notes for bohus points for

.A-B grades.. .
;

, .

ti

a.
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Minicbijrses: Advantages and Cautions
;

,;

" a

A. Advantages:
,. * .,

4' ,

Same advantages 'of
.

MtniOourse --'the integrated,, -
inde 4endent sAudymethod: : .

,. --.

the minicourse is simply the knowledge'modble or unit of
e A-T course, broken up into smaller, "mgre:readily managed-'

ites." It .has all the advantages of A-T, ..plus. more flexibility
and more individualization. The content ofrone, two', or even
three courses may be.Out into a single ,collectton of.minicoursei."
Topics identified as essentially the same.in each cOursebecome
a pool of common mintcourses, which the .studehts take when they
first enroll in any one of the courses.

.

"!-.;
A few of the ways in which the minicourse straiegy'provides

more flexibility and individualization are: ..

. :.
.

. 1 ,

(1) Minicourse programs accommodate to the goal-i,

_

interests., :-
capacities and backgrodnds of the students. MiniCourSes

i
may be selected and combined in a.varietkof ways for,

:-

individually prescribed instruction. (See Figure 2,
! 4

e
page 34) . '. ,:

.
,

* ,
-...

,
. ,

, ,

.. .

(2) Alternate or optional tanicoutses can be provided giying': .-.

students the opportunity to choose-.different approaches., -. '

. to the same subject?,pr to.tubstttute different subjects, A.

.

according-to his needs or interests. Minicorse programs
allow a student to control the Irate and emphasis of-his
study. Since eh minicourse js';essentiallyan independent
l ttearning system, a nt can

;repeat:

stop (wi,thin Certain ''

limits) at any'point..,He an repeator'skip segments Ofhe
program according to hi's needi. 'I'

'1; S.' . .
.

(3). poor achievement will be ii:lentifted at mantpoints in ..each
minicourse: pre-test, self-test;" in the independent study
session and small'oral quiz sestiOn,'as.Well as at the poster ,
test, all within a short time. .The-tm'all, unit of material . :'

ih each minicourse permits frequent evaluation of a st dent's
progress. Results of all tests are learned by the s't ent -:
immediately.

, r ,

(4) Simceeach minicourse is essentially an /ndeRendentlearning ,,. .
ystem, a studentcan start and stop,a 0o0am of- mOicourses
at any-point. He can repeat or skip segments of the'progpam
accordihg.to his needs. If he drops out, he may receive'credit
for those minicourses:which he hat tatisfactorily,cbmpleted.

) Pminicourse program makes it pOssible to give variable credit.
How a student is registered fora course determines whether.
'he receives one, two, three, four or even more credits. A. ,

stated number of minicourses would have to be completed in
order to receive one credit.. Also credit by examination
would be available.

,

(6) Minicourse programs eliminate redundancy incourses covering
. partially similarcontent. Thus, effieient use of facilities,

staff, and student time can be achieved.

- 33
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. (7) Revising or ukating a minicourse or several minicourses
is much easier and. less costly than revising an entire
conventional course. The small unit of material in the
minicourse permits this. Minicourses may.easily be added,
subtracted or changed. Revisidns should be based on student
performance.

i

Once a bank of minicourses have been prepared, a teacher
-has time to perform the important functions of motivation
and communicating the exatement of scientific discovery:
Other means of motivation might be through "The aro Source-
Book" articles assigned to be prdcised and through guest
speakers in general assemblies.

o.

(8)

(9) In minicourse programs it is possible to include minicourses

_designed to show'studehts how experime is are performed,
observations made, and data collected without having to
experience the frequently discouraging episodes of frustra-
tion and disappointment which accompany most experiments.
Such d minicourse is: "Observing Behavioral Patterns on
Rat-Pups," BSCS Experimental Edition 1974. (See VIII,
Appendix Attachments)

Often conventional teaching methods 'encroach on the creative
life of the teacher, replacing rather than' supplementing the
teacher's own development as a scientist. Introducing mini-
course programs may remedy this. Prepartng minicourses can
be'very creative, involving much research, especially ones.
like the rat pup minicourse mentioned above. In the new
programs, teachers should have more time to examine:and
explore, biological materials with' heir students.

0

(10) The outstanding characteristic
student participation at every
doing. Thd responsibility for
on the student.

of a minicourse is active
step. The student learns by
learning is placed directly

In minicourses, the emphasis is on the student's learning
activities rather than on thLteacherrs teaching activities.
Rather.than bp group-oriented; they are individual-oriented,
providing maximum student freedom for independent study. The
teacHkr's role in the minicourse programs is quite different
than in conventional courses. Here he is a resource persono,
giving guidance and encouragement When needed. .

(12) The Integrated Quiz_Session (seminar-type) with 8-10 students
is one of the most important educational experience& of e
minicourse program.

,(13) Minicourses- ,'Using the audio-tutorial_system, bring into an
Integrated sequence all the learning, experiences of the con-
ventional courses lecture, laboratory, recitation. All
learning events tend to complemen ind enhance' each other.
Teachers, need no longer worry abd. ;Ryfithivonizing lectures
'and laboktories.,

,

35'
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(14) Zhe audio-tutorial system used in the minicourses permits
the students to-concentrate during their study: In the,
individual booths they'are not distracted, for there they
are isolated 'from their suAreundings.

. .

-

(15) In a minicourse program, Using the A-T strategy, the
Learning Center-is open every day, all day long, and in
the evenings. Inflexibility of'rdom,scheduling is no
problem. All _Take-up and advancedor in-depth work is
done here. Ti#es and.other self-helps free the teachers
to/work with'the individual students or have timely dis-
cussions with groups of students. -

(16)' Once minicourses are available, the teacher is freed from.
the routine of teaching repeatedly the same Material. This. ,

is true becauSe multiple lecture and laboratory sections are
- dispensed with. It is. true also as regards small groupS or

individual demonstrations. If the tapes are properly
.

structured, there.is little need for demonstrating. Labeled
photographic prints, 2x2 Kodachrome slides and programmed

. notes substitute for the tetous repeating of demonstrations
of precise techniques as in microbiology, or-delicate dis-
sections in anatomy. Students can find even the smallest
structure in a microscope section if the d ctions on the
tape are explicit and the photographs for it ustration, taken,

o 4711: at-different levels magnification, are early labeled.
(See VIII, Appendix, Attachments - Ilma'M. Brewer, *.Audio-

,

111

i

,
Visual Method of Teaching and Learning," Section K, Reference
and Attachment Booklet. Also, see Lois Beishir, "Individualized
Instruction for the Allied Health'Sciences,":1974.)

(17) If a minicourse or cluster of minicourses involves primarily
portable items, they can be made available outside the Learning,
'Center. Conceivably, several'minicoursesl.constituting a rela-
tively high proportion of a regular course, could be studied
at home, or in a hospital,.

'(18) transfer of materials between courses andbetween institutions
is more readily accomplished with minicourses. A minicourse
can be used in several different courses, thus reducin0 the .

cost of development. [Credit received for passing a minicourse
is permanent. Since students may retaincredit for any mini-
course completed, they need not repeat a minicourse even though
_thertake several courses in which the same minicourse is
required.] They make exchange programs feasible.

B. Some Limitations and Cautions:

'(1) If the "bite of knowledge" -- the minfcourse, is not small
enough,or.if the objectives are too numerous or too vague,
.the results are likely to be disastrous.

(2) 'A certain typeof.student may not be ready or able to accept ,
the responsibility for learning which the minicourse places
squarely on his shoulders. The emphasis is on the studeht's
learning activities rather than on theteacher's teaching acti-
vities. There may be a lack of interest on the part of the

-student since'the teacher is not always present and watching
Oover his shoulder. 'No one tells him exactly what 'to do and

when to do it. This type usually suffers from "carrel,or head-0
phone claustrophobia."
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(3)\The content and' style of the minicourse, as well Is
the behavior of the.teacher, must create an environ-
ment in which the student is inspired to become -%
involved in the process.of learning. If it does not

do this, it fails. The student's attitude is very
important in learning.

) (4) A minicourse is considered a failure if a significant

number of students fail to 'each the criterion of

perforgance. Revisions, whtch often are necessary,

are based ph student performante.

15). The development and testing of an A-T minicourse pro-
gram is time consuming and requires considerable skill and

talent,

(6) Many,teachers are uncomfortable with A-T techniques.
It forces them to change dramatically their accustomed'
role and to,state exactly what they are trying to .

.

, teach.

(7) The A-T minicourse strategy.is-more likelyto re al

the true nature of a teacher, his attitude toward his
studentt,-toward hid P rofession and toward himself.
For example, if a teacher is not a good counselor, ,

is.not genuinely friendly with students, -and is not

totally committed to helping all students learn, he

. . should perhaps not enter a'minicourse program.-

(8)" The teacher may Usithe ninicourses as an excuse to
spend Learning-Center time in the teacher's lounge,
in his office, or on the golfcourse. Minicourses would

then, indeed, be "void of human interaction" as some
critics feel. It is la fallacy to think that.the A-T
minicourse, once it is begun, can run itself.

(9) Because of the limitations listed above, it may not be

easy to convey existing faculty, who are content in

their familia classroom surroundings, to the A-T

minicourse system. Most professors, who already,have
their conventional courses well prepared and who are
happy with clearly defined and limited teacang assign-
ments, may not elect to change. (Reference.#9)

0) To plan the-educational procedures of an entire campus,
or even of one department, around the minicourse concept
would entail problems. Chief among these would be that
of providing coherent educational programs for from
1,004 to 20,000 or more students, not'all of whom will
be motivated and-responsible. (Reference #9)

0
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(11) It should' t be expected that minicourse programs .

will be les expensive than conventional programs,
either in s fling or equipment -- they are not likely
to bd. reasons for adopting them should not be ,

that they will be cheaper or easier, or even more
efficient, but that, in the.hands ofteachers with -1
imagination aswell as knowledge, they will proyide a.

better way for students to learn.' (Reference #4, page
91) .
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e
c
o
m
e
s
-
a
w
a
r
e
 
o
f
 
h
i
s
 
p
r
o
b
l
e
m
s
.

T
h
e
r
e
 
m
a
y
 
b
e
 
t
o
o
 
l
o
n
g
 
a
 
t
i
m
e
.
b
e
t
w
e
e
n
 
t
a
k
i
n
g
 
a
n
 
e
x
a
m
 
a
n
d
-
r
e
c
e
i
v
i
n
g

t
h
e
 
r
e
s
u
l
t
s
.

'
'
'

-
(
4

.

3
.

P
o
o
r
 
a
c
h
i
e
v
e
m
e
n
t
 
w
i
l
l
 
b
e
 
i
d
e
n
t
i
f
i
e
d
 
a
t
 
m
a
n
y
 
p
o
i
n
t
&
 
i
n
 
e
a
c
h
 
m
i
n
i
c
o
u
r
s
e
;

p
r
e
-
t
e
s
t
,
 
s
e
l
f
-
t
e
s
t
,
 
i
n
 
t
h
e
 
i
n
d
e
p
e
n
d
e
n
t
 
s
t
u
d
y
 
s
e
s
s
i
o
n
 
a
n
d
"
s
m
a
l
l
 
o
r
a
l

q
u
i
z
 
s
e
s
s
i
o
n
,
 
a
s
 
w
e
l
l
 
a
s
 
a
t
 
t
h
e
 
p
o
s
t
-
g
e
s
t
,
 
a
l
l
 
w
i
t
h
i
n
 
a
 
s
h
o
r
t
 
t
i
m
e
.

T
h
e
 
s
m
a
l
l
 
u
n
i
t
 
o
f
 
m
a
t
e
r
i
a
l
 
i
n
 
e
a
c
h
 
m
i
n
i
c
o
u
r
s
e
.
p
e
r
m
i
t
s
 
f
r
e
q
u
e
n
t
 
e
v
a
l
u
.

a
t
i
o
n
 
o
f
'
a
 
s
t
u
d
e
n
t
'
s
 
p
r
o
g
r
e
s
s
.

R
e
s
u
l
t
s
 
o
f
 
t
h
e
 
t
e
s
t
s
 
a
r
e
 
l
e
a
r
n
e
d
 
b
y

t
h
e
 
s
t
u
d
e
n
t
 
i
m
m
e
d
i
a
t
e
j
v
.

-

4
.

I
n
 
t
h
e
 
c
o
n
v
e
n
t
i
o
n
a
l
 
p
r
o
g
r
a
m
s
:

s
t
u
d
e
n
t
s
 
m
a
y
 
n
o
t
 
e
n
t
e
r
 
a
 
c
o
u
r
s
e
 
a
f
t
e
r

t
:

2
f
i
r
s
t
 
w
e
e
k
 
o
r
 
t
w
o
 
o
f
 
t
h
e
 
s
e
m
e
s
t
e
r
;
 
s
t
u
d
e
n
t
s
 
a
r
e
 
p
e
n
a
l
i
z
e
d
 
f
o
r
,

h
a
v
i
n
g
 
t
r
i
e
d
 
a
n
d
 
f
a
i
l
e
d
 
o
r
 
d
o
n
e
 
p
o
o
r
l
y
;
 
s
t
u
d
e
n
t
s
 
a
r
e
 
p
e
n
a
l
i
z
e
d
 
i
f

t
h
e
y
 
d
r
o
p
 
o
u
t
,
 
f
o
r
 
w
h
a
t
e
v
e
r
 
r
e
a
s
o
n
.
*

(
c

4
.

S
i
n
c
e
 
e
a
c
h
 
m
i
n
i
c
o
u
r
s
e
 
i
s
 
e
s
s
e
n
t
i
a
l
l
y
 
a
n
 
i
n
d
e
p
e
n
d
e
n
t
 
l
e
a
r
n
i
n
g
 
s
y
s
t
e
m
,

a
 
s
t
u
d
e
n
t
 
c
a
n
 
s
t
a
r
t
 
a
n
d
 
s
t
o
p
 
a
,
p
r
o
g
r
a
m
 
o
f
 
m
i
n
i
c
o
u
r
s
e
s
 
a
t
4
n
y
 
p
o
i
n
t
.

H
e
 
c
a
n
 
r
e
p
e
a
t
 
o
r
 
s
k
i
p
,
s
e
g
m
e
n
t
s
 
o
f
 
t
h
e
 
p
r
o
g
r
a
m
 
a
c
c
o
r
d
i
n
g
 
t
o
 
h
i
s
 
n
e
e
d
s
.

I
f
 
h
e
 
d
r
o
p
s
 
o
u
t
,
 
h
e
 
m
a
y
 
r
e
d
e
i
V
e
 
c
r
e
d
i
t
 
f
o
r
 
t
h
o
s
e
 
m
i
n
i
c
o
u
r
s
e
s
 
w
h
i
c
h

'

h
e
 
h
a
s
 
s
a
t
i
s
f
a
c
t
o
r
i
l

c
o
m
p
l
e
t
e
d
.

5
.

U
n
d
e
r
 
t
h
e
 
p
r
e
s
e
n
t
 
c
r
e
d
i
t
-
h
o
u
r
-
p
e
r
-
c
o
u
r
s
e
 
s
y
s
t
e
m
,
 
i
t
 
I
s
 
i
m
p
o
s
s
i
b
l
e
 
f
o
r

a
 
s
t
u
d
e
n
t
 
t
o
 
e
a
r
n
 
m
o
r
e
 
c
r
e
d
i
t
s
 
o
r
 
l
e
s
s
 
c
r
e
d
i
t
s
 
t
h
a
n
 
f
o
u
r
 
h
o
u
r
s
 
i
n

m
o
s
t
 
o
f
 
t
h
e
 
i
n
t
r
o
d
u
c
t
o
r
y
 
c
o
u
r
s
e
s
 
i
n
-
b
i
o
l
o
g
y
.

T
h
i
s
 
i
s
 
t
r
u
e
,
 
e
v
e
n

t
h
o
u
g
h
 
h
i
s
 
c
u
r
r
i
c
u
l
u
m
,
 
o
r
 
t
h
e
 
c
u
r
r
i
c
u
l
u
m
 
i
n
t
o
 
w
h
i
c
h
 
h
e
 
w
i
s
h
e
s
 
t
o

t
r
a
n
s
f
e
r
,
 
c
a
l
l
s
 
f
o
r
 
m
o
r
e
,
 
o
r
 
l
e
s
s
,
 
c
r
e
d
i
t
.

C
r
e
d
i
t
 
b
y
 
e
x
a
m
i
n
a
t
i
o
n
 
i
s

n
o
t
 
a
v
a
i
l
a
b
l
e
.

5
.

A
 
m
i
n
i
c
o
u
r
s
e
 
p
r
o
g
r
a
m
 
m
a
k
e
s
 
i
t
 
p
o
s
s
i
b
l
e
 
t
o
 
g
i
v
e
 
v
a
r
i
a
b
l
e
 
c
r
e
d
i
t
.

H
o
w

a
 
s
t
u
d
e
n
t
 
i
s
 
r
e
g
i
s
t
e
r
e
d
 
f
o
r
 
a
 
c
o
u
r
s
e
 
d
e
t
e
r
m
i
n
e
s
 
w
h
e
t
h
e
r
 
h
e
 
r
e
c
e
i
v
e
s
.

o
n
e
,
 
t
w
o
,
 
t
h
r
e
e
,
 
f
o
u
r
 
o
r
 
e
v
e
n
 
m
o
r
e
 
c
r
e
d
i
t
s
.

A
 
s
t
a
t
e
d
 
n
u
m
b
e
r
 
o
f
 
m
i
n
i
-

.

c
o
u
r
s
e
s
:
w
o
u
l
d
 
h
a
v
e
 
t
o
 
b
e
 
c
o
m
p
l
e
t
e
d
 
i
n
 
o
r
d
e
r
 
t
o
 
r
e
c
e
i
v
e
 
o
n
e
 
c
r
e
d
i
t
.

A
l
s
o
,
 
c
r
e
d
i
t
 
b
y
 
e
x
a
m
i
n
a
t
i
o
n
 
w
o
u
l
d
 
b
e
 
a
v
a
i
l
a
b
l
e
.

.

6
,

F
r
e
q
u
e
n
t
l
y
;
 
t
w
o
 
o
r
 
m
o
r
e
 
c
o
u
r
s
e
s
 
a
t
 
t
h
e
 
s
a
m
e
 
l
e
v
e
l
 
i
n
 
a
 
d
e
p
a
r
t
m
e
n
t
 
W
i
l
l

i
n
c
l
u
d
e
 
v
i
r
t
u
a
l
l
y
 
t
h
e
 
s
a
m
e
 
m
a
t
e
r
i
a
l
.

O
f
t
e
n
 
o
n
e
 
f
i

s
 
s
u
b
j
e
c
t
s
 
c
o
m
m
o
n

t
o
 
t
w
o
 
o
r
 
m
o
r
e
,
 
e
v
e
n
 
i
n
 
s
e
q
u
e
n
t
i
a
l
 
c
o
u
r
s
e
s
.

I
t
 
i
s

e
d
u
n
d
a
n
t
-
t
o
 
i
n
-

v
o
l
v
e
 
s
t
u
d
e
n
t
s
 
w
i
t
h
 
t
h
e
 
s
a
m
e
 
s
u
b
j
e
c
t
 
m
a
t
t
e
r
 
a
 
s
e
c
o
 
e
t
i
m
e
.

.

-

w

6
.

M
i
n
i
c
o
u
r
s
e
 
p
r
o
g
r
a
m
s
 
e
l
i
m
i
n
a
t
e
 
r
e
d
u
n
d
a
n
c
y
 
i
n
 
c
o
u
r
s
e
s
 
c
o
v
e
r
i
n
g
 
p
a
r
t
i
a
l
l
y

s
i
m
i
l
a
r
 
c
o
n
t
e
n
t
.

T
h
u
s
,
 
e
f
f
i
c
i
e
n
t
 
u
s
e
 
o
f
 
f
a
c
i
l
i
t
i
e
s
,
 
s
t
a
f
f
,
 
a
n
d
.

s
t
u
d
e
n
t
 
t
i
m
e
 
c
l
n
 
b
e
 
a
c
h
i
e
v
e
d
.

.
0

.
 
(

,

7
. .

O
f
t
e
n
 
t
h
e
 
s
u
b
j
e
c
t
 
m
a
t
t
e
r
 
o
f
 
a
 
c
o
u
r
s
e
 
c
a
n
n
o
t
 
b
e
 
c
h
a
 
g
e
d
 
d
r
a
s
t
i
c
a
l
l
y

"
-
-
w
i
t
h
o
u
t
 
c
h
a
n
g
i
n
g
 
t
h
e
 
e
n
t
i
r
e
 
s
y
l
l
a
b
u
s
.

U
p
d
a
t
i
n
g
'
s
u
 
j
e
c
t
 
m
a
t
t
e
r
 
w
h
i
c
h

i
s
 
c
o
n
s
t
a
n
t
l
y
 
c
h
a
n
g
i
n
g
 
m
a
y
 
n
e
c
e
s
s
i
t
a
t
e
 
r
e
v
i
s
i
o
n
s
 
o
f
 
t
e
x
t
 
o
r
 
s
t
u
d
y

g
u
i
d
e
 
a
n
d
 
m
a
j
o
r
 
c
h
a
n
g
e
s
 
o
f
 
a
l
l
 
s
t
u
d
y
 
m
a
t
e
r
i
a
l
.

,
.

7
:
\
,
 
R
e
v
i
s
i
n
g
 
o
r
 
u
p
d
a
t
i
n
g
 
a
 
m
i
n
i
c
o
u
r
s
e
 
o
r
 
s
e
v
e
r
a
l
 
m
i
n
i
c
o
u
r
s
e
s
 
i
s
 
m
u
c
h
 
.

e
a
s
i
e
r
 
a
n
d
 
l
e
s
s
 
c
o
s
t
l
y
 
t
h
a
n
 
r
e
v
i
s
i
n
g
 
a
n
 
e
n
t
i
r
e
 
c
o
n
v
e
n
t
i
o
n
a
l

o
u
r
s
e
.

T
h
e
 
s
m
a
l
l
 
u
n
i
t
 
o
f
 
m
a
t
e
r
i
a
l
 
i
n
 
t
h
e
 
m
i
n
i
c
o
u
r
s
e
 
p
e
r
m
i
t
s
 
t
h
i
s
.

M
i
n
i
-

c
o
u
r
s
e
s
 
m
a
y
 
e
a
s
i
l
y
 
b
e
 
a
d
d
e
d
,
 
s
u
b
t
r
a
c
t
e
d
-
o
r
 
c
h
a
n
g
e
d
.

R
e
v
i
s
i
o
n
s

s
h
o
u
l
d
 
I
s
e
 
b
a
s
e
d
 
o
n
 
s
t
u
d
e
n
t
 
p
e
r
f
o
r
m
a
n
c
e
.

.
s
.
*

8
.

I
n
 
t
h
e
 
c
o
n
v
e
n
t
i
o
n
a
l
 
s
t
r
u
c
t
u
r
i
n
g
,
 
t
h
e
 
f
a
c
u
l
t
y
 
a
r
e
 
b
u
s
y
 
p
r
e
s
e
n
t
i
n
g

a
d
e
q
u
a
t
e
l
y
 
t
h
e
 
i
n
s
t
r
u
c
t
i
o
n
a
l
 
m
a
t
e
r
i
a
l
-
f
o
r
 
a
 
c
o
u
r
s
e
.

T
h
e
r
e
 
i
s
 
l
i
t
t
l
e

t
i
m
e
 
l
e
f
t
 
f
o
r
 
m
o
t
i
v
a
t
i
o
n
,
 
i
m
p
a
r
t
i
n
g
 
t
h
e
 
e
x
c
i
t
e
m
e
n
t
 
o
f
 
r
e
s
e
a
r
c
h
 
e
n
d

t
h
e
 
t
h
r
i
l
l
_
o
f
 
d
i
s
b
o
v
e
r
y
 
-
-
 
t
h
e
 
v
e
r
y
 
e
s
s
e
n
c
e
 
o
f
 
b
i
o
l
o
g
y
-

.
,

.

8
.

O
n
c
e
 
a
 
b
a
n
k
 
o
f
 
m
i
n
i
c
o
u
r
s
e
s
 
h
a
v
e
 
b
e
e
n
 
p
r
e
p
a
r
e
d
.
 
a
 
t
e
a
c
h
e
r
 
h
a
s
 
t
i
m
e
 
t
o

p
e
r
f
o
r
m
 
t
h
e
 
i
m
p
o
r
t
a
n
t
 
f
a
c
t
i
o
n
s
 
o
f
 
m
o
t
i
v
a
t
i
o
n
 
a
n
d
 
c
o
m
m
u
n
i
c
a
t
i
n
g
 
t
h
e

e
x
c
i
t
e
m
e
n
t
 
o
f
 
s
c
i
e
n
t
i
f
i
c
 
d
i
s
c
o
v
e
r
y
.

O
t
h
e
r
 
m
e
a
n
s
 
o
f
 
m
o
t
i
v
a
t
i
o
n
 
m
i
g
h
t

b
e
 
t
h
r
o
u
g
h
 
"
T
h
e
 
a
r
o
 
S
o
u
r
c
e
 
B
o
o
k
"
 
a
r
t
i
c
l
e
s
 
a
s
s
i
g
n
e
d
 
t
o
 
b
s
,
p
r
e
c
i
s
e
d

a
n
d
 
t
h
r
o
u
g
h
 
q
u
e
s
t
 
s
p
e
a
k
e
r
s
 
i
n
 
g
e
n
e
r
a
l
 
a
s
s
e
m
b
l
i
e
s
.

C
H
A
R
T
 
1
.

D
i
s
a
d
v
a
n
t
a
g
e
s
 
o
f
 
c
o
n
v
e
n
t
i
o
n
a
l
 
M
e
t
h
o
d
s
 
a
n
d
 
A
d
v
a
n
t
a
g
e
s
 
o
f
 
M
i
n
i
c
o
u
r
s
e
s
,
 
S
u
m
m
a
r
i
z
e
d

.



,
-
-
-

9
.

T
o
 
f
a
m
i
l
i
a
r
i
z
e
 
t
h
e
 
s
t
u
d
e
n
t
 
w
i
t
h
 
t
h
e
 
p
r
o
c
e
s
s
e
s
 
b
y
 
w
h
i
c
h
 
b
i
o
l
o
g
i
c
a
l

.

i
n
f
o
r
m
a
t
i
o
n
 
i
s
 
g
e
n
e
r
a
t
e
d
 
i
s
 
o
n
e
 
O
f
 
t
h
e
 
g
o
a
l
s
 
o
f
 
t
h
e
 
d
i
s
c
i
p
l
i
n
e
.

I
n
 
t
h
e
 
c
o
n
v
e
n
t
i
o
n
a
l
 
f
a
c
i
l
i
t
i
e
s
,
 
i
t
 
i
s
 
d
i
f
f
i
c
u
l
t
 
f
o
r
 
t
h
e
 
s
t
u
d
e
n
t
 
t
o

u
n
d
e
r
t
a
k
e
o
n
-
g
o
i
n
g
 
r
e
s
e
a
r
c
h
 
p
r
o
j
e
c
t
s
.

-
.

.

.

.
-

.

-

9
.

I
n
'
 
m
i
n
i
c
o
u
r
s
e
 
p
r
o
g
r
a
m
s
 
i
t
 
i
s
 
p
o
s
s
i
b
l
e
 
t
o
 
i
n
c
l
u
d
e
 
m
i
n
i
c
o
u
r
s
e
s
 
d
e
s
i
g
n
e
d

t
o
 
s
h
o
w
 
s
t
u
d
e
n
t
s
 
h
o
w
 
e
x
p
e
r
i
m
p
n
t
s
 
a
r
e
 
p
e
r
f
o
r
m
e
d
,
 
o
b
s
e
r
v
a
t
i
o
n
f
M
a
d
e
l

a
n
d
 
d
a
t
a
 
c
o
l
l
e
c
t
e
d
 
w
i
t
h
o
u
t
 
h
a
v
i
n
g
 
t
o
 
e
x
p
e
r
i
e
n
c
e
 
t
h
e
 
f
r
e
q
u
e
n
t
l
y
 
d
i
s
-

c
o
u
r
a
g
i
n
g
 
e
p
i
s
o
d
e
s
 
o
f
 
f
r
u
s
t
r
a
t
i
o
n
 
a
n
d
 
d
i
s
a
p
p
o
i
n
t
m
e
n
t
 
w
h
i
c
h
 
a
c
c
o
m
p
a
n
y

m
o
s
t
 
e
x
p
e
r
i
m
e
n
t
s
.

S
u
c
h
 
a
 
m
i
n
i
c
o
u
r
s
e
 
i
s
:

"
O
b
s
e
r
v
i
n
g
 
B
e
h
a
v
i
o
r
a
l

P
a
t
t
e
r
n
s
 
o
n
 
R
a
p
 
P
u
p
s
,
"
 
B
S
C
S
 
E
x
p
e
r
i
m
e
n
t
a
l
 
E
d
i
t
i
o
n
 
1
9
7
4
.

(
S
e
e
 
V
I
I
I
,

A
p
p
e
n
d
i
x
,
.
A
t
t
a
c
h
m
e
n
t
s
)

O
f
t
e
n
 
c
o
n
v
e
n
t
i
o
n
a
l
 
t
e
a
c
h
i
n
g
 
m
e
t
h
o
d
s
 
e
n
c
r
o
a
c
h

o
n
 
t
h
e
 
c
r
e
a
t
i
v
e
'
 
l
i
f
e
 
o
f
 
t
h
e
 
t
e
a
c
h
e
r
,
 
r
e
p
l
a
c
i
n
g
 
r
a
t
h
e
r
 
t
h
a
n
 
s
u
p
p
l
e
-

.
m
e
n
t
i
n
g
 
t
h
e
 
t
e
a
c
h
e
r
'
s
 
o
w
n
 
.
d
e
v
e
l
o
p
m
e
n
t
 
a
s
 
a
 
s
c
i
e
n
t
i
s
t
.

I
n
t
r
o
d
u
c
i
n
g

m
i
n
i
c
o
u
r
s
e
 
p
r
o
g
r
a
m
s
 
m
a
y
 
r
e
m
e
d
y
 
t
h
i
s
.

P
r
e
p
a
r
i
n
g
 
m
i
n
i
c
o
u
r
s
e
s
 
c
a
n
 
b
e

v
e
r
y
 
c
r
e
a
t
i
v
e
,
 
i
n
v
o
l
v
i
n
g
 
m
u
c
h
 
r
e
s
e
a
r
c
h
,
 
e
s
p
e
c
i
a
l
l
y
 
o
n
e
s
 
l
i
k
e
 
t
h
e

'
a
t
 
p
u
p
.
 
m
i
n
i
c
o
u
r
s
e
 
m
e
n
t
i
o
n
e
d
 
a
b
o
v
e
.

I
n
 
t
h
e
 
n
e
w
 
p
r
o
g
r
a
m
s
,
 
t
e
a
c
h
e
r
s

s
h
o
u
l
d
 
h
a
v
e
 
m
o
r
e
 
t
i
m
e
 
t
o
 
e
x
a
m
i
n
e
 
a
n
d
 
e
x
p
l
o
r
e
 
b
i
o
l
o
g
i
c
a
l
 
m
a
t
e
r
i
a
l
s

w
i
t
h
 
t
h
e
i
r
 
s
t
u
d
e
n
t
s
.

P

1
0
.
 
U
n
d
e
r
 
t
h
e
 
c
o
n
v
e
n
t
i
o
n
a
l
 
m
e
t
h
o
d
,
 
t
h
e
 
s
t
u
d
e
n
t
'
s
 
r
o
l
e
 
i
s
 
s
o
m
e
t
i
m
e
s
 
a

p
a
s
s
i
v
e
 
o
n
e
.

H
e
 
m
a
y
 
b
e
c
o
m
e
 
t
o
o
 
d
e
p
e
n
d
e
n
t
 
o
n
 
t
h
e
 
t
e
a
c
h
e
r
,
,
w
h
o
 
u
s
u
a
l
l
y

*
p
e
c
i
f
i
e
s
 
e
x
a
c
t
l
y
 
h
o
w
 
h
e
 
s
h
o
u
l
d
 
p
r
o
c
e
e
d
.

T
h
i
s
 
o
f
t
e
n
 
m
a
k
e
s
 
a
 
t
i
m
i
d

s
t
u
d
e
n
t
 
a
n
d
 
f
o
s
t
e
r
s
 
d
e
p
e
n
d
e
n
c
e
 
o
n
 
a
u
t
h
o
r
i
t
y
.

I
n
 
t
h
i
s
 
A
t
m
o
s
p
h
e
r
e
,

t
h
e
 
s
t
u
d
e
n
t
 
d
o
e
s
 
n
o
t
 
d
e
v
e
l
o
p
 
a
 
s
e
n
s
e
 
o
f
 
r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
f
o
r
 
h
i
*
 
o
w
n

l
e
a
r
n
i
n
g
.

-

1
0
.

T
h
e
 
o
u
t
s
t
a
n
d
i
n
g
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
o
f
 
a
 
m
i
n
i
e
v
u
r
s
e
 
i
s
 
a
c
t
i
v
e
 
s
t
u
d
e
n
t

p
a
r
t
i
c
i
p
a
t
i
o
n
 
a
t
 
e
v
e
r
y
 
s
t
e
p
.

T
h
e
 
s
t
u
d
e
n
t
 
l
e
a
r
n
s
 
b
y
 
d
o
i
n
g
.

T
h
e

r
e
s
p
o
n
s
i
b
i
l
i
t
y
 
f
o
r
 
l
e
a
r
n
i
n
g
 
i
s
 
p
l
a
c
e
d
 
d
i
r
e
c
t
l
y
 
o
n
 
t
h
e
 
s
t
u
d
e
n
t
.

.

.
1
1
.
 
C
o
n
v
e
n
t
i
o
n
a
l
 
m
e
t
h
o
d
s
 
a
r
e
 
g
r
o
u
p
-
o
r
i
e
n
t
e
d
.

U
s
u
a
l
l
y
,
 
t
h
e
 
m
a
i
n
 
f
o
c
u
s

i
s
 
o
n
 
t
e
a
c
h
e
r
-
p
e
r
f
o
r
m
i
n
c
e
e
s
p
e
c
i
a
l
l
y
-
i
n
 
l
e
c
t
u
r
e
s
.

T
h
e
 
t
e
a
c
h
e
r
 
i
s

-
t
h
e
 
d
i
s
s
e
m
i
n
a
t
o
r
 
o
f
 
k
n
o
w
l
e
d
g
e
 
w
h
i
c
h
 
i
s
 
p
r
i
m
a
r
i
l
y
 
d
i
r
e
c
t
e
d
 
t
o
 
t
h
e

g
r
o
u
p
 
a
s
 
a
w
h
o
l
e
,
 
n
o
t
'
t
o
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l
 
s
t
u
d
e
n
t
.

.

.

1
1
.

I
n
 
m
i
n
i
c
o
u
r
s
e
s
,
 
t
h
e
 
e
m
p
h
a
s
i
s
 
i
s
 
o
n
 
t
h
e
 
s
t
u
d
e
n
t
'
s
 
l
e
a
r
n
i
n
g
 
a
c
t
i
v
i
t
i
e
s

'
r
a
t
h
e
r
 
t
h
a
n
 
o
n
 
t
h
e
 
t
e
a
c
h
e
r
'
s
 
t
e
a
c
h
i
n
g
 
a
c
t
i
v
i
t
i
e
s
.

R
a
t
h
e
r
 
t
h
a
n
 
b
e

g
r
o
u
p
-
o
r
i
e
n
t
e
d
,
 
t
h
e
y
 
a
r
e
 
i
n
d
i
v
i
d
u
a
l
-
o
r
i
e
n
t
e
d
,
 
p
r
o
v
i
d
i
n
g
 
m
a
x
i
m
u
m

s
t
u
d
e
n
t
 
f
r
e
e
d
o
m
 
f
o
r
 
i
n
d
e
p
e
n
d
e
n
t
 
s
t
u
d
y
.

T
h
e
 
t
e
a
c
h
e
r
'
s
 
r
o
l
e
 
i
n
 
t
h
e

m
i
n
i
c
o
u
r
s
e
 
p
r
o
g
r
a
m
s
 
i
s
 
q
u
i
t
e
 
d
i
f
f
e
r
e
n
t
 
t
h
a
n
 
i
n
 
c
o
n
v
e
n
t
i
o
n
a
l
 
c
o
u
r
s
e
s
.

H
e
r
e
 
h
e
 
i
s
 
a
 
r
e
s
o
u
r
c
e
 
p
e
r
s
o
n
,
 
g
i
v
i
n
g
 
g
u
i
d
a
n
c
e
 
a
n
d
 
e
n
c
o
u
r
a
g
e
m
e
n
t

w
h
e
n
 
n
e
e
d
e
d
.

1
2
.
 
A
l
t
h
o
u
g
h
 
w
e

/

k
n
o
W
 
t
h
e
 
v
a
l
u
e
 
o
f
 
s
e
m
i
n
a
r
s
 
a
n
d
 
g
r
o
u
p
 
d
i
s
c
u
s
s
i
o
n
s
 
a
s
 
a
n

,

e
d
u
c
a
t
i
o
n
a
l
 
m
e
t
h
o
d
,
 
t
h
e
r
e
 
i
s
 
l
i
t
t
l
e
 
p
l
a
c
e
 
o
r
 
t
i
m
e
 
a
v
a
i
l
a
b
l
e
 
f
o
r

t
h
e
s
e
 
i
n
 
t
h
e
 
p
r
e
s
e
n
t
 
s
y
s
t
e
m
.

F
r
e
e
 
e
x
c
h
a
n
g
e
 
o
f
 
i
d
e
a
s
 
a
m
o
n
g
 
s
t
u
d
e
n
t
s

i
n
 
s
m
a
l
l
 
g
r
o
u
p
s
 
o
f
 
n
o
 
m
o
r
e
 
t
h
a
n
 
e
i
g
h
t
 
o
r
 
t
e
n
 
i
s
 
n
o
t
 
p
o
s
s
i
b
l
e
.
*
*

E
v
e
r
y

s
t
u
d
e
n
t
 
i
n
 
b
i
o
l
o
g
y
 
s
h
o
u
l
d
 
h
a
v
e
 
t
h
e
s
e
 
e
x
p
e
r
i
e
n
c
e
t
.

.

1
2
.

T
h
e
 
I
n
t
e
g
r
a
t
e
d
 
Q
u
i
z
 
S
e
s
s
i
o
n
 
(
s
e
m
i
n
a
r
-
t
y
p
e
)
 
w
i
t
h
 
8
-
1
0
 
s
t
u
d
e
n
t
s
 
i
s
 
o
n
e

o
f
 
-
t
h
e
 
m
o
s
t
 
i
m
p
o
r
t
a
n
t
 
e
d
u
c
a
t
i
o
n
a
l
 
e
x
p
e
r
i
e
n
c
e
s
 
o
f
 
a
 
m
i
n
i
c
o
u
r
s
e

p
r
o
g
r
a
m
.

,
.
,
-
,

'

.
.

.
-

1
3
.
 
I
n
 
l
a
r
g
e
 
c
l
a
s
s
e
s
 
o
f
 
o
n
e
 
o
r
 
m
o
r
e
 
l
e
c
t
u
r
e
 
s
e
c
t
i
o
n
s
 
w
i
t
h
 
m
a
n
y
 
l
a
b
o
r
a
t
o
r
y

s
e
c
t
i
o
n
s
,
 
i
t
 
i
s
 
a
l
m
o
s
t
 
i
m
p
o
s
s
i
b
l
e
 
t
o
 
s
y
n
c
h
r
o
n
i
z
e
 
t
h
e
 
l
e
c
t
u
r
e
 
m
a
t
e
r
i
a
l
 
i
t
.

w
i
t
h
 
t
h
e
 
l
a
b
o
r
a
t
o
r
y
 
m
a
t
e
r
i
a
l
.

T
h
i
s
 
s
i
t
u
a
t
i
o
n
 
d
o
e
s
 
n
o
t
-
M
a
k
e
 
f
o
r
 
t
h
e

m
o
s
t
 
e
f
f
e
c
t
i
v
e
 
t
e
a
c
h
i
n
g
 
b
e
c
a
u
s
e
 
t
h
e
 
l
e
a
r
n
i
n
g
 
e
v
e
n
t
s
 
a
r
e
 
n
o
t
 
c
l
o
s
e

e
n
o
u
g
h
 
t
o
 
o
n
e
 
a
n
o
t
h
e
r
 
t
o
 
b
e
 
a
n
 
i
n
t
e
g
r
a
t
e
d
 
s
e
q
d
t
n
c
e
.

1
3
.

M
i
n
i
c
o
u
r
s
e
s
,
 
u
s
i
n
g
 
t
h
e
 
a
u
d
i
o
-
t
u
t
o
r
i
a
l
 
s
y
s
t
e
m
,
 
b
r
i
n
g
 
i
n
t
o
 
a
n
i
n
t
i
-

g
r
a
t
e
d
 
s
e
q
u
e
n
c
e
 
a
l
l
 
t
h
e
 
l
e
a
r
n
i
n
g
 
e
x
p
e
r
i
e
n
c
e
s
 
o
f
 
t
h
e
 
c
o
n
v
e
n
t
i
o
n
a
l

.
c
o
u
r
s
e
s
 
-
-
 
l
e
c
t
u
r
e
,
 
l
a
b
o
r
a
t
o
r
y
,
 
r
e
c
i
t
a
t
i
o
n
.

A
l
l
 
l
e
a
r
n
i
n
g
 
e
v
e
n
t
s

t
e
n
d
 
t
o
 
c
o
m
p
l
e
m
e
n
t
 
a
n
d
'
e
n
h
a
n
c
e
 
e
a
c
h
 
o
t
h
e
r
.

T
e
a
c
h
e
r
s
 
n
e
e
d
 
n
o

.
:
l
o
n
g
e
r
 
w
o
r
r
y
 
a
b
o
u
t
 
s
y
n
c
h
r
o
n
i
z
i
n
g
 
l
e
c
t
u
r
e
s
 
a
n
d
 
l
a
b
o
r
a
t
o
r
i
e
s
.

1
4
.
 
I
n
 
a
n
y
 
l
e
a
r
n
i
n
g
 
s
i
t
u
a
t
i
o
n
,
 
t
h
e
 
e
n
v
i
r
o
n
m
e
n
t
 
a
r
p
u
n
d
 
t
h
e
 
l
e
a
r
n
e
r
 
p
l
a
y
s

a
n
 
i
m
p
o
r
t
a
n
t
 
p
a
r
t
 
i
d
 
t
h
e
 
s
u
c
c
e
s
s
q
r
-
f
a
i
l
u
r
e
.

C
e
r
t
a
i
n
l
y
,
 
t
h
e

a
t
m
o
s
p
h
e
r
e
 
s
h
o
u
l
d
 
b
e
 
o
n
e
 
c
o
n
d
u
c
i
v
e
 
t
o
 
s
t
u
d
y
 
a
n
d
 
c
o
n
c
e
n
t
r
a
t
i
o
n
.

L
a
r
g
e
 
g
r
o
u
p
s
 
i
n
 
b
o
t
h
 
l
e
c
t
u
r
e
s
 
a
n
d
 
l
a
b
o
r
a
t
o
r
i
e
s
 
p
r
o
v
i
d
e
 
d
i
s
t
r
a
c
t
i
o
n
s

,
t
d
 
t
h
e
 
s
t
u
d
e
n
t
 
a
n
d
 
t
h
u
s
,
'
a
t
 
t
i
m
e
s
,
 
t
e
n
d
 
t
o
 
l
o
w
e
r
 
h
i
s
 
c
o
n
c
e
n
t
r
a
t
i
o
n

o
n
 
t
h
e
 
s
u
b
j
e
c
t
o
n
a
t
t
e
r
.

.

1
4
.

T
h
e
 
a
u
d
i
o
 
-
 
t
u
t
o
r
i
a
l
 
s
y
s
t
e
m
 
u
s
e
d
 
i
n
 
t
h
e
 
m
i
n
i
c
o
u
r
s
e
s
 
p
e
r
m
i
t
s
 
t
h
e

.
s
t
u
d
e
n
t
s
 
t
o
 
c
o
n
c
e
n
t
r
a
t
e
 
d
u
r
i
n
g
 
t
h
e
i
r
 
s
t
u
d
y
.

I
n
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l

b
o
o
t
h
s
 
t
h
e
y
 
a
r
e
 
n
o
t
 
d
i
s
t
r
a
c
t
e
d
,
 
f
o
r
 
t
h
e
r
e
 
t
h
e
y
a
r
e
 
i
s
o
l
a
t
e
d
 
f
r
o
m

t
h
e
i
r
 
s
u
r
r
o
u
n
d
i
n
g
s
.

,

-

.
.

'

1
5
.
 
I
n
c
r
e
a
s
e
s
 
i
n
 
e
n
r
o
l
l
m
e
n
t
 
h
a
v
e
 
r
e
s
u
l
t
e
d
 
i
n
 
f
u
l
l
 
u
s
e
 
o
f
 
L
e
a
c
h
i
n
g
 
a
r
e
a
s
,

h
e
n
c
e
 
i
n
f
l
e
x
i
b
i
l
i
t
y
 
o
f
 
r
o
o
m
 
s
c
h
e
d
u
l
i
n
g
 
a
n
d
 
h
e
a
v
y
 
t

.

t
e
a
c
h
e
r

l
o
a
d
s
.
 
'
A
s

a
 
r
e
s
u
l
t
,
 
t
h
e
r
e
 
i
s
 
a
 
l
a
c
k
 
o
f
 
b
o
t
h
 
f
a
c
i
l
i
t
i
e
s
 
a
n
d
 
f
r
e
e
 
f
a
c
u
l
t
y
 
f
o
r

e
i
t
h
e
r
 
m
a
k
e
-
u
p
 
w
o
r
k
 
o
r
 
a
d
v
a
n
c
e
d
 
s
t
u
d
y
.

.

1
5
.

I
n
 
a
 
m
i
n
i
c
o
u
r
s
e
 
p
r
o
g
r
a
m
,
 
u
s
i
n
g
 
t
h
t
 
A
-
T
 
s
t
r
a
t
e
g
y
,
 
t
h
e
 
L
e
a
r
n
i
n
g
 
C
e
n
t
e
r

i
s
 
o
p
e
n
 
e
v
e
r
y
 
d
a
y
,
 
a
l
l
 
d
a
y
 
l
o
n
g
,
 
a
n
d
 
i
n
 
t
h
e
 
e
v
e
n
i
n
g
s
.

I
n
f
l
e
x
i
b
i
l
i
t
y

o
f
 
r
o
o
m
 
s
c
h
e
d
u
l
i
n
g
 
i
s
 
n
o
 
p
r
o
b
l
e
m
.

A
l
l
 
m
a
k
e
-
u
p
 
a
n
d
 
a
d
v
a
n
c
e
d
 
o
r

i
n
-
d
e
p
t
h
 
w
o
r
k
 
i
s
 
d
o
n
e
 
h
e
r
e
.

T
a
p
e
s
 
a
n
d
 
o
t
h
e
r
 
s
e
l
f
-
h
e
l
p
s
 
f
r
e
e
 
t
h
e

'
 
t
e
a
c
h
e
r
s
 
t
o
 
w
o
r
k
 
w
i
t
h
 
t
h
e
 
i
n
d
i
v
A
d
y
a
l
 
s
t
u
d
e
n
t
s
 
o
r
 
h
a
v
e
 
t
i
m
e
l
y
 
d
i
s
-

c
u
s
s
i
o
n
s
 
w
i
t
h
 
g
r
o
u
p
s
 
o
f
 
s
t
u
d
e
n
t
s
.

,
.

C
H
A
R
T
 
I

(
P
a
g
e
 
2
)

4



a

1
0

1
6
.

P
r
e
c
i
s
e
 
t
e
c
h
n
i
q
u
e
s
,
 
s
u
c
h

d
e
l
i
c
a
t
e
 
d
i
s
s
e
c
t
i
o
n
s
,
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n
 
o
f

m
a
t
e
r
i
a
l
s
 
o
n
.
m
i
c
r
o
s
c
q
p
i

x
a
m
i
n
a
t
i
o
n
,
 
a
n
d
 
m
a
n
y
 
e
x
p
e
r
i
m
e
n
t
a
l
 
p
r
o
-

c
e
d
u
r
e
s
,
 
c
a
n
n
o
t
.
b
e
 
s
I

e
f
f
e
c
t
i
v
e
l
y
 
t
o
 
a
 
c
l
a
s
s
 
a
s
 
a
 
w
h
o
l
e
 
o
r
 
e
v
e
n

t
o
 
g
r
o
u
p
s
 
o
f
 
s
t
u
d

.
I
f
 
t
h
e
 
m
a
t
e
r
i
a
l
s
 
i
n
v
o
l
v
e
d
 
a

p
r
o
c
e
d
u
r
e
 
m
u
s
.
t
_
b

e
a
t
e
d
-
-
m
a
e
y
-
t
i
m
e
s
 
-
i
n
-
t
h
e
r
a
i
i
i
i
n
t
i
o
n
a
l

l
a
b
o
r
a
t
o
r
y
.
-

4
=
.

1
6
.

O
n
c
e
 
m
i
n
i
c
o
u
r
s
e
s
 
a
r
e
 
a
v
a
i
l
a
b
l
e
,
 
t
h
e
 
t
e
a
c
h
e
r
 
i
s
 
f
r
e
e
d
 
f
r
o
m
 
t
h
e
 
r
o
u
t
i
n
e

o
f
 
t
e
a
c
h
i
n
g
 
r
e
p
e
a
t
e
d
l
y
 
t
h
e
 
s
a
m
e
 
m
a
t
e
r
-
i
a
l
.

T
h
i
s
 
i
s
 
t
r
u
e
 
b
e
c
a
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IV: Proposed Program of Minicourses for Third Campus

. A., Analysis: Table 4 - Analysis and' Organization of Minicourses

An examination of Tables 2 and ,3 revealed duplications of subject
matter In courses in biology, botany and zoology offered at Montgomery
College.* In Table 4, the information in Tables 2 and 3 is condensed
so.that it can be shown on one-table. Subjects included in all' 100-
courses are arranged as titles of minicourses. Bi 103 and Bi 131 apd .

132, although added to the table-, are not completely analyzed; only .

the areas"of overlap with the other courses are shown. They are in
the health-related curriculums on the Takoma Park Campus and will not
be offered at Germantown.

Following the' organization patterns used at Purdue University, the
minicourses are arrangedrirybupsind,given numbers: the minicourses
which deal with fundamental concepts and principles of biology and are
common to the first-level courses, C's, Group 1;_the first-level plant
-subjects, P's, Group 2; the first- level' animal subjects, A's, GrOup
the second-level plant subjectS, 2 P's, Group 5; the second-level.' -,
animal subjects, 2A's, Group.6. The designations Groups 4, 7, a'd
possibly 8, are reserved for pools of'optional minicourses, which .

deal with a large variety of topics in biology. From these special-
emphasis and supplefilentary-study optionals, the students may choose
the specified, number of units required to complete a course or to
obtain a grade ,higher than "C'."

. The checks in the blocks indicate the inclusion of a minicourse
subject in particular conventional courses. Thetedundancies are
immediately evident. Conventional course distinctions become blurred
as attention is focused-on the 65 basic minicourses.

it

(*) The fact that the same topic appears in two or three different courses does .

not mean that-the topic includes the same material, takes the same amount of
- -time and has the same emphasis in each course. For example, the phylum

Annelida is "covered" ip both Biology II (Bi 1,02) and Zoology II (Bi 122). ,

In Biology If, where anatomy and physiology Are often taught comparatively,
the organs and 'systems of the earthworm are compared with those of higher
organisms including-Man. Very little, if any, time is'spent studying
examples of the three classes of the Annelida: Polychaeta, Oligochaeta,
and Hiradinea. Whereas, in Zoology II, often examples of all three
classes are studied; as well as the trochophore larval stage-of the
archiannelid, Polygordfus. Reproduction, development and behavior of
all -may be included.

In order to overcome this difficulty, minicourses should be prepared in
clusters or series-so that somelay be taken without others. There
might be the Energy Series, the'Genetics Series, the Cell Cluster, even
the Annelids Cluster. In this 'systbm,,a student may explore as deeply
into a 'subject as his inclinations, abilities,and curriculdm will allow.
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B. Breakdown: Suggested Groups of Minicourses '

1. Introductory Seriei, Groups 1 through 4

After comparison of the syllabi of lectures and laboratories;
takoma Park and Rockville Campuses,-Bi 101, Bi 111, Bi 121, with
the titles of the pool of 80 minicourses from which Purdue's
Bi 108-109 operates, it. was decided-to use,Purdue's four groups
of minicourses, with slight revision, for the purposes of this
report. -The reasons for this decision are threefold:

a. The topics are sufficiently similar to allow for
the adoption, with minor alterations, under the
umbrella of the three conventional courses.

b. The Purdue Minicourse Program has been in existence
since 1969, andhas been constantly reviewed and
perfected during that time. - All the minicourses

"``have been given units of credit, and the number of
. units per course credit determined. The;pre-requisites,

if any, have been stated. Presumably, there is no

question about their transferability.

c. Seventeen of Purdue's minicourses (preliminary versions)
have been obtained already. In 1975, enough mini-
courses will be published by W. B. Saunders Company to,
cover a full year's introductory biology course. ,If
therminicourse concept is adopted, it is recommended
that Montgomery College use some of these to supplement
the ones prepared by their.own team'of teachers. (In

alminicourse prOgram, substitutions and alterations.
can be Made as neSded with a minimum of cost and effort.)

In Groups1 - 4 there are:

Minicourse Number of
r,

Series Minicourses Units
. .4

A' 18 26.5
,.

P 15 26.5

C 12 17.0
Op 35 (from which to 46.5

pick 17.0 units)

For 8 credits of biology:

First Course

Biology Bi

Botany Bi 111

Zoology Bi 121

80

Second Course

Biology (Bi 102)
Zoology (B 121) or Botany Bi 112)

Botany (Bi 111) or Zoology Bi 122)

Four (4) credits = 43.5 units (26.5 A's or P's 17.a C's or Op's)

44

51

A
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a '

The three first-level conventional courses have now become

a pool of eighty minicourses: Each offers the series-of common'
(C) minicourses, and in addition, a series of plant (P) or
animal (A) minicourses; or in the case of Bi 101, a combination
of (P),and (A) minicourses. A student takes only one of these'

courses in a semester. The series of common (C) minicourses
are taken with the first course in which a Student is, enrolled.
A student taking both botany (Bi 111) and zoology (BI 121) would
skip the minicourses he had already taken and lo on to some of ..,

the optional ones. In other words, he trades off commons for
optionals in the second semester.

The usual sequence at Purdue University is botany with the
, commons the. first semester, and zoology with the optionals the

second semester. It is recommended that Montgomery College's
third campus start with this sequence. After second-level mini-
courses are developed, it would be possible for a student to
begin his biology program with Zoology.II-(Bi 122) or Botany II
(Bi 112), provided he takes the common (C's) with the first course
in which he was enrolled. "The' compatibility of the minicourse

system with conventional procedures makes it possible to intermix
the two approaches With no loss or problem to the student."
(Reference #19)

A few of the :slight revisions" referred to above might be.

cited:

al A 2 Animal Diversity: The Lower Animal Phyla
Group 3 iiFbe moved to ffilifirst of Series,

Group 6, and another substituted.

b. P16 & ni Life Cyclei and Special Life Cycles A =F.
Group 2 Probably these are included with the "2P"

Series. If they are completed in Bi 111,
they need notabe repeated in Bi 112.

c. Op 47 Fishing Indiana Lakes and itreaTimight be
Group 4 changed iFITEFigifF9 Crabs-ed/or Oysters

in the Chesapeake Bay!' Tiii21517and 3 Op s,
Groups 7 and 8).

The optional courses offered for the student's
choices should be of current interest and
.regionally applicable.

' Cj



Group 3,

Mini-

course
No. Units

'A 1:- 1.0

A 2 2.0 Animal

A 3 L.0

LIST OF MINICOURSES,
FIRST LEVEL

GROUPS 1 -4

.Title

z,
yr

Series "A"

Homeostasis: The State of Changing Sameness
(Westinghouse) ,,,,

Difiersity: The Lower Animal Phyla
(Westinghouse)

Animal Diversity: The High& Anithal Phyla
Westin

i 4 1.0 Organi(zationagl

house

Leve) ls

.A 5 2.0 . Support System*
. .

A 6 1.0 Animal Nutrition'
A 7 1.5 .Digestion
A 8 '1.0 Absorption

.

and Utilization
A, 9 1.5 ,Transport
A 10 1.0 Gas Exthange ,

A 11 1.5 Excretion
,

A 12 1.0 KidneyFunction
4

r-

A 13 2.0 Coordination
A 14 1.5 Chemical Regulation (Westinghopse) .

A 15 1.5 Locomotion
A 16 3.5 ,, Muscle: Structure and Function
A 18 c 2.0 Gametogenesis.andkReproduction

.

A 19 1.5 Anil Developmene(Westfnghotise)

.18 26.5

Group g ,

P .1 2.0,
P 2 2.0.
P 3 2.0
P 4 2.0
P 5 2%0
P 6 - 2.0
P 7 1.0.

P 8 1.5

P 1.5

P 10 1.5

P 12 2.0
P 13 2.0
P 14 2.0
P 16 1.00
P 17 2.0

15 26:5

,

Diversity of Plants
Germination
Leaf
Transpiration '

Photosynthesis

eral Nutrition
istems

Pigments and Light
Structuiv, Stem. Jt

Structure, Rood`'' 1"

Growth and Development, Auxins
Growth and Development, Light

'Reproduction in Plants
Life Cycles
Special Life Cycles'A-F

4o

46

53

Series "P"

Pre-

reCluisites

C ",3, C 4

0 5, P 3
P 8

C 12

P 7

P' 9

C16 .

P 16



4

Group 1

Mini-
course

No: Units

Series

- .

C 1 1.0:. Diversity
C 2 1:0 Complementarity of Structure and F-unction
C 3 1.0 Use of the Microscope
C 4 2.0 Unit of Life

,

C 5 . 1.0 PhYsical 'Phenomena of Cells
C 6 2.0 Ul trastructure
C 9 1.5 Respiration , .

C 11 0.5.. . DNA Replication
C 12 1.5 Mitosis .

C 13 2.0 Structure-FunCtion of ECosystem
C,

C 1

. 1.5

2.0
DNA - Meiosis.

,

Genetics

Ti 17.0 .
t.

. Group 4 .

Title

Op 1

Op 5

*Op 6

Op 7

Op 8

Op 9

*Op 10
'Op 11

Op 12

Op 14.

Op '16

Op 17
Op le
Op 19

Op 20

Op 21

Op 22

Op 30
,*Op 32

Op 34,-'

Op 35
Op 36

Op

*Op 38
Op 39
Op 40
Op 41
Op 43
Op 44

4 Op 45

'Op 46
Op 47'

Op .48.

Op '49

Op 50

35.

2.0

1.5

1.5

1.0

2.0

1.0

1.0

1..0 ,

1.5'
1.5

2.0
'1.0
2.0

1.0

).5

1.0

2.0'

1..5

1.0 .

'1.5

1.5

1.5

1.0

1.0

1.0

2.0

1.5
1.5

1.5

1.0
1.0

1.0

1.0

1.0

46.5

Evolution
Population Pollution .

Behavior
Regeneration
Humah Genetics

, Wood Anatomy

Oyi On of, Life .

Birth 'Control

The Vertebrate Skeleton
The Problem of POpOlation
Heart DynaMics .

The 'Eye:. Struature& Function
j Nen& t,ransmission

Color Man . ,

Evolittton of Man .

.1

The .Eitri StruCture 8 Function .
"Comp'lenientar'ity of Organism 8i,Emritonment

. Adaztation
*' Drugs' "`.1 "

Pulmonary and Heart Disease
The Biojogical. Clock ,

rverglades

Vene0eal Disease'
You Disease .

Water ,Pol 1 uti on

..(.= Protein *Synthesis.: Pairt -I
`Prote,in 'Synthesis dart ,

Endotymbiotid Theory. of Ev'olution
HuMari,Reproduction .

Puberty and MenstrUal Cy'cle

,Sticcession . 4

FUhing Indiana Lakqs and Streams
Lawn and Turf' Care '

Fish Out of WaterIM Tape)
Echolocation (TV. Tape) it ,

ncn

. Pre-

requisites

.

C 3
(

Series "pr

C 1'7'
:1'

!k
5

A' 9.

--A 13 .

OP11 &'C417
Op 1 .

to

""

of Eucaryotic 011s

(*) Study Guides for Certain Options May be Purchased,at-the Bookstore.

47

54
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2. Second Series, covering Existing'Courles Bi 102; 112, 122

$

, ,The'Postlethwait A-T minicourse method adapted to Montgomery
.College's own requirements.

The list of minicourses - Second Level, Groups 5-and 6 - were
ihetopics identified for Di 112 and.Bi 122. The curriculum of
the two courses now becomes a collection of 30 minicourses:

Bi 112 ,-'4 credits = 26.5 2 P's 17.0 2 Op's = 43.S units
Bi T22 -.4 credits = 26.5 2 A's 17.0 3 Op's = 43:5 units

The minicourses.for Bi 102 will be foUnd scattered between Series
2 P, Series '2.AL and SerieS A,(Bi 112, Bi 122, Bi 121).

.

Students registered in either Biol 101 or 102 should see'an
instructor in the program to have a plan of study worked out for

.

theM.,

The lisf,of minicourses, Groups 7 and 8, the optional 2 Op
Series and 3 Op Series, a're iuggestions only. Many of them
prOose as a possibility, in-depth 'studies or on-going research
projects which could be. completed for A/B grades. Some ethese
second and third'serles Opip.t,when developed, might be substituted

certain of the Group 4, 00eries nowin use at Rurdue Uni-
versity.

Optional:miniCourses, provide students with a richer
subjects. and a greater choice than the. conventional cour
Through the development Of more op.tionals and alternate
the "latitude of coverage" can be increased constantly

variety of
ses.

minicourses,
(Reference

''Optional minicourses may, be _,generated in thelollowing'ways:

a. In'Tesponse:to request's- from students and advisors.
. (Student§ may develop minicourses,_)

,

b. As ;N,:iult of discussions around the coffee urn or in

9

siall. ;7

)

eFiciAlty members may Put'silme of their particular areas
of investigition-into minicourses.. StudentS, usually

-pare interested in.learning.about a professor's "pet"
,

research project.

d.' Need of students for More backgrOnd-in cheM4spv,

mathematics,-physics or geology.* The optional
*courses resulting from this "need';-plos some

bioloW,miniotiftes4:Wouldform the nuclewof,an
interdisciplinary "course."

7 .

A
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LIST OF MINICOURSES
SECOND LEVEL
GROUPS 5

Group 5
4

, ..

.

Title

Series "2 P"

Mini-
course
No.. Units

(Bi 112)

,D

Pre.
requisites

v

2 P 1 1.5 Diversity of Plants II
2.1, 2 1.5 y Repretentatives of.Plant Divisions
2 P 3 2:0 Monera (Bacteria/Blue Green Algae)
2 P 4 2.0 Algae (Green/Yellow)
2 P 5 2.0 Algae (Brown/Red)
2 3:6 . 1.5 Slime Molds ,

2 P 7 -2.0 True-Fungi
2 P 8 '. 2.0 Sac Fungi
2 P 9 2.0 Club Fungi

A
2.P 10- 2.0 Liverworts

..

2 P,11- 2.0 Mosses ...;

'2 P 12 ,' 1.0 , Club Mosses
2.1, 13 '1.0 Horsetails
2 P 14 2.0 - 'Ferns'
2 P 15 2.0

,

.

Gymnosperm
r

15 26.5
.,.

Group 6

Invertebrate Relationships
Protozoa -'

'Series ',T.A"

2A 1
2 A-2,

(-

1. 5

.2.0

(Bi 1g2)

2 A 3 :. 1.0 Porifera
2 K4
2 A 5

2.0

2.0'

Coelenterata
,,

Platyhdlminthes
2.A 6 1.5 Aschelminthes
2 A 7 2.0 ... Annelida .......

2 A 8 2.0 M
'

tool r 4

2 A 9 2.0-
,.

Arthropoda - Crustacea .J.,

2 A-10' 2.0 Arthropoda - Insecta ,.

2 A 11 12.0 Echinodermata - Anatomy & Physfology
2 A 12

.*2 A 13

1.5

2.0
Invertebrate Chordata .

Evidences of Organic Evolution
2 A 14 1.0 Origin of Life - Invertebrate Phylogeny
2 A 15 2:0 Ecology

15 26.5
. .

A

4



.
Group 7

.

0
Series "2 OP"

Mini- _i/
course
No. Units

(Options with "210-Plant Options)

,

Pre-
Title requisites

2 OP 1 f,1.0
2, OP 2 1.0

,

carolus Linnaeus

Tobacco Mosaic Virus *,- -

2 QP 3 .5 - Nitrogen-Fixing Bacteria t

2 OP 4 2.0 . Action of Penicillin on Bacteria 2P3 and 2P7
2 OP 5' 1.0
2 OP 6 1.0

, Kelp Harvesting

Importance.ef Red Algae in Nature
2 P 5

2 OP 7 1.6 Diatoms - "The Grass of the Sea"
2 OP 8 2.0 Lifecycle of Saprolegnia
2 OP 9 1.5 Fungus Growth.in Tropics & Operations of

Military
2 Op. 10 1.5

.Force

Growing Mushrooms Commercially
2 OP 11 2.0
OP 12 1.5

Vegetative Reproduction
Preventing or Reducing Soil Erosion

2 OP 13 2.0 .The Lichen Symbiosis
2 QP 14 1.0 Medicinal Properties of Plants

0 2 OP 15 1.0 Paleobotan- Study of Plant Fossils 3 OP 27
2 OP 16 1.5 Dolution,of Plants
2 OP 17 1.0 Medieval Herbals
2 OP 18 2.0 Parasitic Plants - Parasitism, A Biotic

'Relationship
2 OP 19 1.5 Allergenic Plants

.

2 OP 20 1.5
2 OP 21 1.5

Poisonous Plants
r.

Ginkgo - "A Living Fossil"
. .

2 OP 22 1.5 Narcotic Plants
2 OP 23 1.0 Marine Biological Laboratories
2 OP 24. 1.0 Oceanographic Institutions
2 OP 25 10 Man's Future Beneath'the Sea .

2 OP 26 1.0
2 OP 27 2:0

Economic Botany

Maintaining Marine Aquaria
,

2 OP 28 1.6
2 OP 29 1.5

Life 4n a Sea Forest.,
Unbalanced Ecology in coastal Seas

2 OP 3Q 1.5
.

Chlorophyll in tht.Ocean -P8 and P5 .1

2 OP 31- 1.5 Polluting.the Sea
2 OP 32 1.0 Mpine Ecology in,Relation to,Radioactive Wastes
2 OP'33 1.0

.
- The Efftct of Pesticides on Life in the Sea

\-33 46.0
, $

Group 8 Series "3 OP"
. (Options with "2A "- Animal Options)

. .

3 OP 1 1.5 Locomotion in Amoeba
3 OP 2 2:0, Conjugation in Paramecium
3 OP 3 2.0 "Culturing Protozoa
3 OP 4 2.0 l IdentificaMFOTTtirep Speciesf Euplotes
3 OP 5". 1.5 Marine Zdoplankton
3 OP 6 1.0 Biolumfnescence
3 OP 7 . 1.5 Light Receptort of Animals,

(



Group 8 (continued)

'

Mini-
course

No. Units

Pre-

Title requisites

3 OP 8 1.0 Poisonous Invertebrates
p,

3 pp 9 '2.0
1.,

Reflexes and Behavior of'Coelenterates
3 OP `10 1.5 Regeneration .

r

' 3 OP 11 2.0 1, Vii' ..,. , Maras as a Great Phenomenon of Liff,
3 OP 12 1.0 °' Evolutionary Trends in Bilateral Nervous System 2A5, 2A7
3 OP 13 .., 1.0 .,e. Species and Speciation
3 OP 14 1.0 1 Coral Physiology and Reef Ecology
r3 OP 15 1.0 Behavior in Lower Organisms
3 OP 16 '2.0 Bryozoa
3 OP 17 1.0 Rbtifera or "Wheel Animalcules"

3 OP 18 1.5 Coordinating Systems and Color'Change

3 OP 19 1.0 MoVement Without Orbs
3 OP. 20

3 OP 21

1.0

1.
Evolution of Legs.
Warning Coloration & Mimicry in Animals

e
3 OP 22 1.5

c Insect Communication . .
, . 2 A 10

3 OP 23 1.5 Social Life of Beei ,,
...

2 A 10

3 OP ail 1.5 Flight and/Control of Movement (Iffects) : 2 A 10

3 OP 25 1.0 Cocoon Construction . .2 A 10

'3 OP 26 1.0 Fossil Forms and EXtinct Groups (Fossil Rec.) 3 OP 27

10P 27
. 3-OP 28 ,

1.5

1.5

Geological Eras and Periods
- . .

Reproductive Patterns
,4.

3 OP 29 1.0 Terrestrial Habitats
-.3 OP. 30 1.0 Radiocarbon Dating -2* ...-

MP 31 1.5 Structure of an OceanBasin '"--

3*OP 32 1.0, Voyages of Scientifk Exploration .

3 OP 33 1.5 Competitive Coexistence Among Intertidal Invertebrates

33 '45.5

Ip

. 1

51
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4

t

3. Proposed Sequences and Schedules

Most of the following sequences and scheduies of A, P,
O., and Op minitourses are currently being used.at Purdue
jUniversity. They are presented in this report as suggested
patterns only.

4
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FROMJITHE UNIVERSITY OF PURDUE PROGRAM.

Large'Assembly Quiz and Summary Schedule for Biology-111

WK DATE

.,

.
1

1 ACTIVrTY
i

1 Aug. 29
Sept. 5

I.
Introauction to Biology '111

More Introduction and trouble shooting

2

Aept. 12 SuMmaries:

ibor - MitOchondria & Chloroplasts': ReproductiOn,
Development & Heredity (p. 48)

illey- Photosynthesis (p. 163)

3 Sept. 19 QUfT over Cl, C2, C3, C4

4
Sept. 26 Su ries:

omings - Chromosome Replication (p.62)
ronshaw- Support and Protection in Plants (p. 127)

5 . 0ct. 3 , QOZ over P1, P3, P5, P8 ,

6 Oct. 10 QOZ over C5, C11, C1-2

< \.

7-

Oct. 17 S ries:

Evert - Transport ofiFood Substances in-Plants (148) '
i Bonner - Morphogenetic Movement in Plants (P. 176)

8 Oct. 24 qiiiz over P4, P7, P9, P10

9

.

Oct. 31
Summaries: . i

1 Zeevaart - Plant Reproduction (p. 170)
Beyer - Energy Transduction in Cells (p.'38)

10 Nov. 7 )1JIZ over C6 and C9
,

'11

,

Nov. 14
.

:111IZ over P6, P13, P13 ,

12 ,Nov. 21

.

QUIZ over C13, C16, C17

13 Dec. 6 / QUIZ over P2, P14, P16
.

/ .
.

14

.

Dec. 12
/

Summaries:
Srb - Genes and Metabolic Pathways (p. 265)

-Pranka- Species Diversity (p. 401)

All summary articles are from: Topics in the Study of Life'

The Bio Source Book
Copies are available in the Biology ETErary and-Wom the bookstore.

Note: Dates shown are estimates only.
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FROM-THE UNIVERSITY OF PURDUE PROGRAM

Large Assembly - Quiz and SUmmary Schedule for Biology 121

WK DATE ACTIVITY ,

1 Sept.- 4 Introduction 't Biology 121

2 Sept.. 11 More Introduction and trouble shooting

3 Sept. 18
, .

Summaries: ,,
.

,

Kanwiiher - Temperature Regulation in the Sea (p. 209)
Sagan --Origin of Life (p. 430)

4 Sept. 25 QUIZ over Al, A2, A3, A4

5

%.

Oct. 2
, .

Summaries: t-

Selander - Genetic Variation in Natural' Populations (p. 441)
Lash Congenital Anomalies (p.123) )

6 Oct. 9
.

QUIZ over A5, A6, A7, A8
..../!

.

7 Oct. 16 Summaries: .
.

Hess .- The Imprinting Process (p. 314)
Rhodin- Fine Structure of Capillaries (p. 215)

., 8 Oct. 23 QUIZ over A9,A10, All, Al2
. .

9 Oct. 30
,

.

Summaries:
,

\'Giebisch'- Renal Function (p. 197)

Schmidt.Nielsen - Marine VertebratesProblems of Salt
k - and Water (p. 205)

10

_

.
. Nov. 6
. .

.

Summaries: .

Wilson - LymphocyteS,and Immuriity (p. 231)
Konigeberg -Muscle Development in Culture (p. 105)

11

.

Nov. 13
.

.QUIZ aver A15, A16, A14

12
,

Nov. 20
.

.
Summaries :

Hamilton - The.Vertebrate Endocrine System and Its
Regulation (p. 224)

Smith - The Structure & Function-of Synapses (p. 190)

13 Dec. 4
.-

QUIZ over A13, A18, A19 .

.

14

_

Dec. 11

.

..
.

.FILMS ,/
k

.

All summary articles are from: Topics in the Study-of:Life
The Bio_Source Book

,copies are -ivailable in the BiolOiyLibrary and from:the bookstore.

Note: Dates shown are estimates only.
These activities are on Wednesday-cfeach week.



FROM THE UNIVERSITY OFPURDUE PROGRAM

ORAL QUIZ SCHEDULE

(Small Assembly Session)

Thu'r Fri r, . *Mon Tues
ORAL UIZ OVER

BIOL. 111 BIOL 121

Sept. 5 Sept. 6 Sept. 9 Sept. 10 Cl, P1, C3* Al

Sept. lc. . Sept. 13 Sept. 16 Sept. 17 C2, C4 . A2

Sept. 19
a

Sept. 20 Sept. 23 Sept. 24 C5,.P8 A3, A4

Sept. 26 Sept. 27 Sept. 30 Oct. 1 P3, P5 A5, A6

Oct. 3 Oct. 4 Oct. 7 Oct..8 C11, C12, P7 A7, A8

Oct. 10 Oct.. 11 Oct. 14 P9, P10 A9, A10Oct. 15

,. Oct, 17 Oct. 18 Oct. 21 Oct. 22 P4, P6 All, Al2

Oct. 24 Oct. 25 Oct. 28 Oct. 29 C6, P12 A15

Oct. 31 Nov. 1 Nov. 4 Nov. 5 C9, P13 A16

Nov. 7 Nov. 8
"

'Nov. 11 Nov. 12 v C16, P14 A14

Nov. 14 Nov. 15 Nov. 18 Nov. 19 C17, t13 A13

Nov. 21 Nov. 22 Nov. Nov. 26 P2, P16 A18, A19

*Students will take the quiz 6ver'C3, Microscope, with the instructor on duty when
they are ready sometime between September 1 and September 15. Students will be
asked oral questions and will demonstrate microscope techniques.

Note: Dates shown are estimates only.
Wednesday is reserved for Large Assembly sessions, when written quizzes
are given and summary of scientific articles are written.
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4. Probable Comion Combinations

The minicourses which the students wil be studying depend
on how they,,are enrolled - in biology Bi 101, botany Bi 111, or
zoology Bi 121. The following combinations probablywill be .

most commonly selected in the Introductory Seriet:

Option

- No..

1 Bi 111 - 4 credits No previous college bioldgy, therefore,
no previous Series C minicourses: Take
&Ill' and C minitourses.

2 Bi 111 - 4 credits Had 121, therefore had C Series: Take
all P minicourses and select 17 units
of Op (optionals).

3 Bi 111 -'3 credits No, previous Sernes C minicourses, e.g. ,

pre-pharmacy students: Take all C's
and the following P's: 1, 3, 5, 64 8,
12, 13,'14.

4 Bi 111 - 2 credits Had 121, e.g. certain pre-pharmacy students:
Take P's.1, 3, 5, 6', 8, 12, 13,, 14, and
select 8.5 units of Op.

Bi 111 - 1, credit Student might already have had.Biol 111
under Option 3 and is .now taking the

remaining plant minicourses (P 2, 4, 7,
9, 10, 16, 17)' = 11.0 units.

Bi 121 - 4 credits Had 111, 4) credits: Take all A's and
'-select 17 units of Op.

7 _J3i 121 - 4 credits -, No.previous college bfology, therefore,--
no previous C,Series minicourses: Take

all A and C minicours s.

:All CJs and selected A's (See Option 3).
V

Bi 121 - 3 credits '.

Bi 121 - 2-preditS'

N

(See Option 4). If had all C's, select
froft A's for 2 credits.

10 JBi 121 - ' credit If 'had-121 under Optfon 8, take remainder
- ofA minicourses:

If a student registers for, General Bio100 I (Bi 101), or for
some other reason does not fit into :one of the 'above patterns, he
would work out eplan of study With one of the fUll-time faculty
in the Minicourse Program. For example, if'a student registers
for Bi 101 for 4 Credits, he would have lied no previous mini- .

courses, so he *ould take all the C'S and'trie yemainder of
necessary credits in about one -Ralf A's and one-half P's.

1/ ,
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V.. Anatomy of a Minicourse

A. Minicourse Components

Title

Objectives
Test Items

Pre-requisites
Abstract
Audio Tape

Arangibles
Vjduals
Stud i Guide

InstructoPs Manual'

Human Beings .

'Relationships
.

Student ----4 tudent
Teacher (in person or on tape, or both)

.
Ilk, ..

.

Student
0

Sessions

Independent StudySession
Tutorials

Study,Session

Quiz SeSsion
General Assembly Session

Assessment Procedures

B. Guidelines for the pevelopment_of Minicourse Materials
= .

The Minicourses produced by the Minicourse Development'Orojeet at
Purdue University are prepared by a development team, consistIng of
consultant, developer and student. The stages in the preparation of
aminicourse are as follows: (See Chart NO. 2, page 62)

Content Selection'Stage
Initial Development Stage
Final Development Stage
Field Testing
Publication ,

"Each programme takes a minimum of about one hundred hours to prepare
for publication. (Ilma M. Brewer, Senior Lecturer in Biology,,Sydney

University, Australia)
Content Selection Stage ,

1. Title: ,Selecting the Topic

The first step in developing a minicourse is deciding what to
teach; for example, dividing the content. of three biology courses '
into small, reasonably coherent segments of subje t3matter (Table 4,
page 43).
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Usually, minicourses are maa§ up of a single concept Which the
. average student it capable of mastering in a session of one to

, several hours. There are no rigid guidelines to.follow in deter-
/mining the limits-of a minicourse, except perharls "good judgment"
or "what is appropriate' or "readily managed bites. A.textbook
is divided into chapters in much the same way.

Authorities agree, however, that each minicourse should
represent less than one redit hour of conventional course work.
At Purdue University there are about eightor ten minicourses-per
credit hour.

Before.this stage is completed, ashort narrative should be
developed setting forth the major ideas, tnforMation, subtopics,
and, if possible, several unifying themes of the proposed minicourse.

After working on the next component of a minicourse, the
Objectives, the developer may find it necessary to change the limitl
of the topic.

Initial Development Stage

2. Objectives: Stating the 'Objectives

Each minicourse has a written' set oil spdtific objectives. These
should be stated very clearly. Nothing thould be introduced into the
'minicourse-which is not covered by these objectives. In them, the
teacher identifies for the student the ideas, conceptl, responses,
attitudes and possible manipulatory skills which heft going to learn
in the minicourse.

TheObjectives are, stated in terms of studertt performance ex-
pected, and thus can,be used for testing the student's mastery of
the concepts, etc., of the minicourse.

The objectives are presented to the student before instruction
begins and all other components of theainicourse are directed
toward helping him attain them. Since the student knows the objec-
tives from the beginning of the course, he can direct his own .

activities toward complete mastery of them.

'3. Test Items: Constructing the Test Items

Construction:of test items 'should take place simultaneously with
stating the objectives; since all tests are designed to measure the
mastery of these objectives. -

Tests may be of many Wes, but regardless of form,the "feedback"
students' performance results -- should be made without delay. Test's -

may take the form of "practicals;" for example, use of the compound
microscope or animal dissection; cir"identification" as in studies on
clagsiTication. /

,
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During the Integrated Quiz Session, students are tested on
their ability to see relationships, understand concepts, and
correlate known facts, i.e., )describe and,tell3he role of
tangible items (specimens) in the objectives of the course.
Also, students are evaluated on the questions which-they ask
of each other as all take turns in making presentations.

(1.

The evaluative post-test items are,usUally objective and
graded by computer. There should be a mixture of types here.

Diagnostic pre-test items and self-test items must be
assembled. The pre-test on the objectives should be prepared
carefully, for passing gives students the privilege of taking

4 the post-test for credit by examination. This allows for
-skipping minicourses or selecting optionals for special credit.

4. Pre-requisites:

ObviouslA certain information and skills learned in certain
mPnicourses are needed before beginning others; e.g., use of the
microscope before cells or tissues and meiosis before genetics.
These should be stated explicitly, but pre-requisites are less
important than commonly thought. Students should be able to begin
at almost any point in the system.

5. Abstradt:

The shOrt narrative or summary, written as an elaboration of
the title, should serve as an abstract of the minicourse. This
should contain a statement of purpiise and perhaps the rationale.
In a few WO* this tells what the minicourse is ,all about, and why
it was written, its relation to other- minicourses in biology, and,
in fact, to all of life.

The Abstract' is"the first item in the student's studyguide.

6. Audio Tape:

The key to an effective miniehrse is the quality of the message
on the audio tape,--After listinl the objectives and.the test items,
the teacher developing a minicourse selects anj assemble,s all the
necessary instructional materials ,p teach one student how .to master

4 the objectives. While sitting among these materials, hUdesigns a

4
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combination of learning experiences -- an integrated sequence --
which will assist the student in mastering the objectives. Then,
the teacher records on audio tape an imagined (areal one +would be
better) conversation with one stuilent as 'he "tutors" that student
step-by-step through the sequence of learhing.activities. The
proper order here is very im0Ortant, as well as the active
involvement of the student in every step of the learning process.
From this tape, after editing critically, the final script is
written.

The fina,l_tapes, when
reel-to-reel tapes for use
cassette tapes of the best
for each minicourse should
term use whenever feasible.

completed should be recorded on large
in the bqoths and for storage, and on-
quality. Materials, including catsetes,
be made available to studentelbr short-

Characteristics of a Tape:

a. A tape is not a taped lecture nor is it a substitute for
laboratory instructions. It is a "programming device to
tutor the student through a variety of integrated

learning experiences put together in, logical sequence."

b. The teacher does not tell "all he knows" abut a subject
via the tape. Rather, he gives the "bakic ideas upon ,

-which subsequent information,and learning is dependent." .

The tape "includes the core material of the lecture,
built up,in an orderly sequence -- and incorporated
with the practical work."

c. The tape doesnot goon and'on without breaks;,' places
where,the student does something --"gets involved."
Instructed 133, the tape and using his Study Guide, "the
student works by alternating such activities as listening,
reading from texts, reprints or program notes, to 'handling
material, observing or setting up experiments, looking at
demonstrations, working out'problems, or in-short, engaging
in any activity which the programmer can devise to allow
the student to accomplish the objectives set out for the
particular study session."

de*

d. A tape should not be constructed so that the student
ends his time stopping and starting, taking down

very word of the tape. When the tape is strictly
lecture, the student ha's a tendency to do this,

thus wasting much time.
-(For all of the above quotes, see VIII, Appendix, Attachments - Ilma M.

Brewer, "An Audio-Visual Method of Teaching and Learning," Section K,
Reference and Attachment Booklet 10.

7./8. The CommunicatiA Tools:. Tangibles and Visuals

The instructional materials assembled by the teacher are of
two forts: tangibles and visuals. "Inquiry begins with something
tangiblIk" The.tangibleJtems are specimens, such as seeds, bones,
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a plant, a from; and models, microscopes and experimental equipment.

Printed mategiAls include study guide, Bic Source Book, reference
books ancLjaffnal articles. Visuals include large diagrams, charts
and photograpbs; projected visuals are 2x2 slides, movies and video.:
tape. All of these -tools (the ones bestsuited to the objectives
of any one minicourse) are integrated through the audio;tape.

9. Study Guidf:

The printed study guide is important. It outlines the minicourse,
states the objectives,presents exercises, gives short paragraphs of
reading material, raises questions and summarizes. It should include
A glossary of terms and a lift Of references. The student should
bring his study guide to all sessions. A textbook is not necessary.

10. Instructor's Manual:

The instructor's manual for each minicourse includes the
following:

a. .Instructional considerations:

Who might use the minicourse
What it does

b. Background informition
t

c.' Equipment and materials to be used in the booth;
. .intluding, if possible, a picture of the booth and

the deMonstration table, set up for the minicourse.
.

Or

Audid-visual equipment .

Non - expendable material and supplies

Expendable materials and supplies
.r.

1
.

Everything referred ip in the course should be there
at the student's disposal and in'the 9rder iti which

jev are referred to. .

d. Referedces for instructor

e. Suggested test items and answers, listed.by objectives..

11. Human Beings:

Student- StudQnt Relationship
.

"One really learns a subject when one is required to teach it."
In a minicourse program? 'all students are teachers. For the
Integrated QuivSession,.each student is expkted to prepare
little lectures about the tangible material(specinens) of the
course. Other students, in'turn, question him and comment on
the items,

r,
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Teacher-Student Relationship

When students can assemble'minicourses from a bank to
construct their own curricula, the role of teacher as

counselor becomes a very important one. The relationship
teacher/counselor-to-student should not be overlooked. The

most important component of the minicourse system is the
teacher's capadity.to identify the proper goals and.the -

proper earning activities, in the proar sequence, to reach
those goals.

In the booth, the teacher and student are "eyeball to
eyeball" inquiring, together of.the specimens being studied.
The student can ask questions of the teacher, but more often
than not, his question will be answered by another question.

12. Sessions:

Independent Study Session:

This session usually takes place in the Learning Center where
all the tangibles and visuals are assembled, and where the teachers
're available. It takes place at the student's convenience and for
as long a-period or periods as he cares to spend. 'Through the audio
tape,the student is piloted through a variety of learning experi-
ences and activities using a variety of media. It combines what is
conventionally presented as separate lectures and laboratory work.

I

Integrated Quiz Session: (A seminar -type session of 8-10'students each)

These are designed,to produce student -to- student interaction.
BefOre the quiz, students discuss difficult subject matter areas and quiz
each other on the topic of the minicourse. They practice their indi-
vidual presentations on each'other: In.the coffee areas and in the
sessions themselves, the students learn by teaching. Each student's
grade for the session is made knowniThim immediately after the
session. .

General .Assembly Session:

a. Optional (At Purdue, at certain-h6Ups every Wednesday)
Where resUmes of articles., read-J0FA,.:8 grades, are
written.

b. Where evaluative post-tests are written/On-scheduled
dates.

c. Orientation

...,Attendance not
d. Guest lecturers required

4



13. Assessment Procedures:

The Integrated Quiz Session is an "effective feedback
mechanism for information on the successor failure" of any
minicourse or part of aminicourse. (Reference #19)

Assessment of a minicourse is based primarily on'records
of student performance. Revisions should be based on student
achievement, changes in attitude toward biology, and student
reactions to materials. If the students are not mastering the
material, it is revised. The teacher is able to correct faulty
material, know where he has succeeded, and if he has produced a
successful minicourse by gathering and analyzing data all along
the way.

4.
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C. Proposals Concerning Implementation

Curriculum Considerations

1. That the first offering- of minicourses in biology on the

new campus be limited to the Introductory_Series, Groups 1
through 4; A, P, C, and Op.

2. That the faculty of the department be closely-4nvolved in

scheduling. That the importance of counseling and scheduling

in the de arthent be fully understood. "Students are not

prepared to, full responsibility for their own education."

(Reference #9) T ust be deadlines for getting minicourses
completed. There must be quizzes at frequent intervalS, as well
as meetings (small and general assemblies). These are necessary

procedures for monitoring a student's progress.

3. Recommend the use of a compUter to "manage" the program.
"Until the computer is brought in, the job of keeping track of
which students are taking which-minicourses, in what order, may.
be a limiting factor in the expansion of systems like Purdue't."
,(Reference #9) For in-the-department scheduling (units accumu-

lated up to one credit)". . . the computer cakkeep a coherent,
timely record of each student's educational prbgram and prevent
him from becoming lost in pile of.options available to him."

(Reference #9)

4. The minicourse concept, if adopted by an entire college,
would result in the "eventual blurring of the dimensions of both

semesters and formal courses." (Reference #9) Administrators
shouldnote this and prepare'to tackle the problems such an
organization will pose.

5. The minicourse concept would be compatible with the proposed

modular calendar, under which a student may take one course at
Tiliii-lraiFRule of time, or two courses at a time in two
modules of time, etc. (Reference #11)

6. The "Incomplete" grade, which is used freely by the A-T
minicourse system, "removes time as a factor in achievement
since course credit is given when the material is learned, not
when the semester ends." (Reference #9)

J. "Minicourses and Matery" should be the slogan. The concept
of mastery of,materiallifor everybody means that Mastery of the

required number of minicourses will result in a course grade of
C. There are no "D's" or "F's only "I's" (Incomplete) for
those who fail to learn the minimum amount; i.e. pass a sufficient
number ,of minicourses.

8. For better and more ambitious students, work fOr "C" is not
sufficiently challenging. "A" or "B" grades may be earned by
accumulating additional points in a number of different ways:
additional minicourses; research projects; extra readings; peer
tutoring activities; special examinations which test problem-
solving and synthesizing ability; library projects; outstandihb

performance on exams. Variable credit units will be possible
and credit by;examination available.
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9. Early placement students (students still in high...school) who .'
take minicourses in advance nay retain credit for them when they
enter Montgomery College's Minicourse Program in Biology. Credit
received for passing a minicourse is permanent.

Staffing

Recommended qualifications of the Developer-Director - First Full-Time :
Faculty Member: ,

1. A scholar, whose-area of specialization is in one of thd
biological sciences. Probably scholarship is more important
in an A-T minicourse program than in the conventional method.

. 2. Experience in teaching biology at college level, and in -par-
ticular, A-T experience. As a further insurance of the program's
success, the Developer should have had experience developing
and teaching mini-courses.-

3. Of course', a genuine concern foe and liking of students.

No program will succeed-without this quality in its faculty.

4. Must be completely committed to the A-T minicourse concept --
not just paying-it "lip service," but giying proof of his
commitment.

5. Evidence of leadership, so that he might'persuade and/or
train others in-this cnnrept. .

6. Not,employed by the so-many-credit-hour teaching load, but
by the job. aire must be a clear understanding of what'is
expected in that jOb; that the Working week may be 60+hours.
(Reference #9); that continual revision of minicourses, or
writing of new ones, is apart of f-the job and not to be put off
until "released time" is granted or a summer appointment made;
and that student counseling is 4 part of the job as well..

Recommended qualifications of the Technical Assistant - COOrdinator:
This will be a key appointment, especially if the minicourse method
is adapted to the .entire curriculum of the third campus.

'1. Experience in an A-T center (if possible, in two.Or more
are's, such as Language Laboratory and A-T Zoology).

. ,

2. Experience in every aspect of recording, reproducing,
. evaluating and mpintenance_of sound equipment. Expert e- ,o

cordings will be-very important:

3. Experience in-BiWToping visual materials, i.e. making
museum and teaching displays.

4, .Teaching experience,. if possible, since, this assistant will

be working with students as. well as fqculty".

y70

r"1"1



5. Knowledgeable in the latest and best educational media
equipment, as well as the uses which can be made of them in
college teaching.

Number Of Staff:
.

(

Developer- Director

Para-professionals.

Tutors and
Assistants

Secretary

Technician-Coordinator

Instructors
(Full-time Faculty)

A

1

The 5eOretary "can adequately handle all ,the records and administer
and grade written quizzes for about 800 students each week during
a normal 40-hour work week." (Reference #8)

Facilities

- Learning Center:
, --;

1. Booths

a. Large, solid, sturdy,'such as the Burgess Company
booths or the booths in the A-T zoology lab on the
Rockyille Campus. '

b.. Sixty-four (64) booths per 80d students.
. .

c. Each booth equipped with reel-to-reel'tape recorder-.

play.er,.foot pedal control, a 2x2 slide projector,*
and an adjustable stool on casters with a back.

.,.

d. The booths should be arranged so that there is easy

,
' traffic flow; and so that the students at each booth

will have'maximum privacy f concentration) yet be
* close to a central demonstratton'table. Groups of 5

to 10 booths should be placed at angles to each other
around a central-area. -(Purdue no longer has booths
placed iy straight rows.) The idea is to have a few
booths with their own working area, i.e..arranged
around a central :table or working "space with sink
and large disposal jar.

(*) Plus screen for rear,screen
projection.

7178
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e. Plenty of electrical outlets (Wall conduits and both
wall and floor-outlets) will allow for future rearrange-
ment of booths and for equipment as it is added over
the years. Also, space and electrical hookups should
be available in the ;enter for additional booths should,
the second-year biolOgy courses adopt the minicourse
method. (See Joyce Bell's letter, December 3, 1974;
Minicourse Development Project, Purdue University;
Appendix: Attachments.)

2. JWalk-in environmental chambers in, place of a greenhouse near
the A-T booths in the Learnirig Center.

40.

3. Plenty of largeband small sinks with running water scattered
throughbut the biology area, which are necessary for washing
specimens, dissecting pans an4.boards, as well as hands; also
necessary for several aquaria in, the room for student's
experiments.

4. Display space near booths for lighted window displaysoin
indented wall Space, charts, models, skeletons, movable
blackboards, aquaria, terrarie, and demonstration tables
(movable, but 4kle to be locked into position, with elec-

.

trical outlets'for setting up rows of microscopes, film-loop
projectors and TV projectors).

5. 'Areas close by for: continuous running of motion picture
,films; tables for student study in groups, near coffee urn;
small departm6ntalibrary --,reference boots, dictionaries,
atlases, current issues of journals, etc.

-o

6. ,Check -in, check-out center, timeclock and bulletin board.

Stock Room Near Centers (With seveal large pass-through windows
with Counters)

1. Small live-animal''Yoom" with exhaust fan and scrubbable
floor and shelves.

2. Formaldehyde "room" for'barivli and.'boxes

.

of preserved
, specimens with exhaust fan; al 'o with concrete floor for

"hosing down." .

3. Large reftigerator for keeping live' frogs in the crisper,
-%culture bottles of liye material, and frozen parts in the
.ftezer, etc.
r.

4: CoMmercial.size dishwasher;

'6. Storage space +or:
,

'a. Carboys ofspring water and distilled water with
dispensers. .. ,

b. Chart racks.
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c. Shelves for storage,of preserved.sOecimens,in jars,
and bones in boxes.

. .

d., Mounted insect cabinets.

e. Cabinets fowl, mounted plant spetimens.
'

f. Glassware. (Glassware e-1dr TiOng,material must'be:kept
separate .from that tolae,used for chemitals.)

. ,

g, Microscopes: .

One compound microscope per booth; monocular 3-way
4

nosepiece:

One dissecting microscope - wide field :binocular for
every booth.

Tripod and gooseneck hand lenses - one per booth.

Several special compound microscopes for .,

demOnstr n and experimentatio , ipcluding a
phase c ntrast microscope.

MicroPrOjector ..

t

14:01

;
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VI. Recommendations

A. Steps to be taken:

,

A. Approval of proposal to dividethe content of the existing\
introductory biology, botany and zoology courses into small units
called minicourses.

2. Approval, for egistratiOn purposes, for the development of
minicourses "under the umbrella" of existfng introductory.courseS,
Bi 101, Bi 111, Bi 121. "The viable educational, innovation must,
articulate with the existing pattern . . ." (Reference #11)

^

3. Arrangements made whereby variable credit units will be .

possible and credit-by-examination be available and encouhged.

4. Appointment of a Developer-Director (first full-time faculty
member) in 1975, to plan the initial program, accumulate commercially

prepared minicourses and prepare, with the he)p of a team, a bank of,
minicourses sufficiently large for the initial offering in biology on
the third campus. .

,

5. Use of-present full-time fatuity members (from biology,
botany and zoology) on the Development Team to prepare minicourses:

,.' ,C?common, Group 1; P-plant, Group 2; A-animal, Group 3; and Op-Optional,
Group 4. ("The experts in different fields prepare minicourses in
their specialties.), (Reference #9)

.-

6. Request Dr, Samuel Postlethwait_to serve, periodically, at
a Development Team Consultant.

7. 'Appointment of a qualified Technician-CoOrdinator to work
-, closely with the'Executive Associate for Multi- Campus Planning, as _

well as the Developer 4nd the Development Team on preparation of
lapes and visual materials-7 a recording and electronic sound expert ,.-
and artist.

. , z ,

.
, -

%

-
,

!

8. Arrange for the Developer and the DeveloOMent Ttam to havb
the services of,a secretary and a printing%shop-staff.

\ 1 4

9. :Arrange for the Biology Departments on existing campuses to
be "field test Schools" fOr testing thd preliminary minicourses to ,

that finarimprovements and revisions can be made on the basis of
analyzed,data, student'performance, and reCommendations of Students
and faculty.

10. The major tasks of the Development Team are p-produdethe
quantity and quality of minicourses necessary to accommodate -the
needs of the campus at_Germantowni the number of conventional:
courses to be offeied; and to devise.the additionat,aaministrative
procedures required to make the Minicourse Program successful.

74 \
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VIII. ,ppendix

A. Key to Abbreviations

0

AIBS

AT

ATP

AT-V

BSCS

CUEBS

'American Institute of Biological Science,p

kidiO-Tutorial

AudicipTutorial packages '

Audio -Tutorial, Version

'Biological Sciences Curriculum Study

The Commission on Undergraduate Education in the
%Biological Sciences

ERIC Educational ResourCet Information Center

OOP Minicourse Development Program

NSF '-National Science Foundation '

MSFEP National Science Foundation Evaluitiod Pi.ogram

Animal (Biology)

P Plant (Biology)"

C Common (Subjects 'Common to A and P)

OP .Optional (Biology)

0.
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VIII. Appendix

IA

:

B. List of Additional A-T and Minicourse Programs

'Ted F. Andrews, Dean

College of Environmental and Applied Sciences
Governors State University
Park Forest South, Illinois

S

44.

P?

-The-fundamental utitt-of-Iiistruction at Governors
. State University is called a learnflig module.

Howard W. Brown -.

Biological Sciences Audio-TutoriALLearning Centers
California State University
Pomona, California 91768
Phone: (714) 595-1241

Howard S. Brown

Biological Sciences Audio-Tutorial Learning Center
California State- Polytechnic University
Pomona, California 91768
Phone: (714) 598-4454

J. M. Boda 4.

.

Development of Physiology Laboratory Self-Instruction-Carrels.
University of .California

Davis, California 95616
Phone: (9T6) 752-1011 -

Clifford Keeney
Audio - Tutorial Approach

Springfield College.

Springfield, Massachus4
Phone: (413) 787-2376-4"''

to Instruction in Anatorry and Physiology

John Zimmerman

.Audio;Tutori al 'Intro0uctory ,Blology
Kansas State University ,

Manhattan, Kansas 66502
Phone: (913) 532-059 .

Sandra Glover 4

Audio-Tutorial Laboratory tg-Biology
App4lachlan State DOverS-4-0-
Boone, North.CamTina 28607
Phone: (704) 262-3025 ."..
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,
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A. Douglas McLaren

A Demonstration Microscope System
(Biochemistry and"Biology)
University of California
Berleeleyt California 94720
Phone: (415) 642-6000 ',

.44` W. Stierlan

LP.Ting
Mgi-and the Natural World

A Multi-Media Approach to Biology for the General Student
%JJQiversity of California at Riverside
.,rtiverside, California 92502

ArePhone: (714) 787-1012

Walter A.6Becker

Self-paced instruction in Genetics
(Mastery Le4rning; Computerized Testing)
Washington State University
Pullman, Washington 99163, ,

Phone: (509) 335-4283 .

c

Interest in 'A-T and minicourses is snowballing. Rapid expansion is
expected in the 1970's and 1980's.

a

At Wytheville Community College in Virginia, ninety percent Of the
courses are taught using minicourses with specific performance objectives.

Western Michigan University provides A-T engineering minicourses as
a supplement to the regular program.

0

At the newPermiall Basin Campus of the University of Texas in Odessa,
.the whole upper division curriculum in the College of Arts and Sciences

,

is going to be largely in a self-paced formgt. .

Ohio State University uses the A-T approach in a course in biology
with 4,500 students.. .

At the Untyersity of Mississippi, A-T is used for continuing education
of schooltea'chers., After they have used the materials of the course,

-they calftake materials back to their own 'classrooms.
,.

45
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VIII. Appendix

C. Attachmehts'

1. AIBS materials - 'Information on the new step- by;step skill
'development program in multi-media - 50 modules and Developers
Kit.

2. W. B. Saunders CompaRy _announcement of the Minicourse Devel-
.opment Project of Purdue University and BSCS. Publication
scheduledfor December 1975.

3. Seventeen (17)' minicourses, preliminary versions, Purdue
Research Foundation:

Mini-

course

No.- Title

574.31 Meiosis

.574:14* Unit of Life I

574.12 Physical Phenomena

' 574.01 Classification of the\ (2 sMts) Living World

518.15

.

581.01

Author(s)

Vanable, Joseph W., Jr.

Mercer, Jan

,

Luce, Thomas G.. t'

Darst, Deirdre S.

Complementarity of Structure Johnson; Clay G.
and Function and

Hurst, Robert N.

Transformation of Energy I Diley, R.A.
(Photosynthesis) , and.

Johnson, Clay G.

Lester, Lane P.575.11 Mendelian Genetics
4 (2-sets)

.-

. -

575.2 An Introduction to the Luce, Thomas' G.
- Structure and Replica-

tion of DNA

578.13 How to. Operate the Student Darst, Deirdre S.
Compound Microscope

.

t.

Contents

'Study Guide

Instructors Manual
Tape Script.

Study Guide
Tape Script

Study Guide
Tape Script:

Study Guide
Instructors Manual
Tape Script

Study Guide

Instructors Manual
Tape ScriLt

Study Guide.

Instructors Manual
Tape. Script

Study Guide
Anstructors Manual
TOe'Script

tudy:Guide
instructort Manual
Tibpe Script

0.4

Pk, o

$tudy Guide

4istructors Manual
Thpe Script



Mini-
course

No. Title

612.51 Birth Control

Author(s)

Wilcox, R. Stinson

Study Guide: ,L: W. Combs, M.D.
and

S. Stimson Wilcox-'

612.56 Intrdduction to Human L.W. Combs, m.p.

Reproduction - Anatomy & Janet Dissauer Hannas
7 and Function

Janet-A: Dissauer
Janet A. Dissauer

574.3

ti

613.9

Mitosis Vanable, Joseph W., Jr,

Venereal Disease L.W. Combs, M.D. and
Wrigke;`E. Ronald

,

612.57 Pregnancy .Clark, J. H.'and

*Igan,-Ann L.

. BSC$

EXperi-
mental
Edition

1974

370.0

Observing Behavioral
Patterns on
Rat Pups

A

Minicourses.- What Are
They?

Postlethwait; S.N. .

( and

,Mercer, Frank

Contents

-Study Guide
Instructors .Manual

Tape Script
("Dorm Version")

Study Guide

InstructOrs-Manual
Tape Script

Study Guide

Study Guide

Study Guide

Study GUide-
(Audio.& Video

available)

Study Guide
Audio tape .

(cassette),

2 "Instructors Manuals

.

4. Off-line bibliographic list, flexible scheduling, generated
. by ERIC. Requested by Pierson, October 2, 1974. .

5. Description, of the "NexuS".,Program; a project of the

American Association for Higher Educdtion,-One Dupont
Circle, Suite 780, Washington, D. C. 20036,

6. Titles of 54 half-hour prog rams - today's' Biological
Revolution; course professor, Di%*Bernard L. Strehler.
The prbgrams are produced by: Video Cassette Industries,
451 Melrose Aienue, Hollywood,-California 90069. The
local distributor is: Video Communications Associates,
Inc., Suite 904, Watergate Office Building, 2600 Virginia
Avenue, N.W., Washington, D. C. 20037; %telephone (202)
333-3881.
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, 7. Three reprints from Aurnals:

Kuhns, Eileen and S. V. Martorana, bf Time and Modules,

The Organization of Instruction; JoiWnal of Higher Education,
Volume-XLV-i-Aiumber 6, -June 1974, pages 430-440.

Kuhns, Eileen, The Modular Calendar.-Catalyst-for-Change,

Educational Record,IFIFETIF 1974, pages 59-64.

Marchese, Theodore J., Reexamining.the Undergraduate Sequence;
in Studies, Journal ofHigher Educain, February, 1972.

8. A package of ten reprints, either reprinted from journals or
copies of manuscripts. These concern media, the audio-tutorial
system, and minicpurses.

9. Copy of Modules: The Use of Modules in Biology Teaching,
`Publication No. 31, The Commission on Undergraduate Education
in the Biological Sdiences, 1971.

10. Cbpy of The-Case for Change:.The.Context of Biological

Education, Publication No. 34, The Commission on Under-
graduate Education in the Biological Sciences, 1972. 7

. 11. Topics in the Study of Lifei The Bio Source,Book, published
by Harper and Row. The titles of the TOTY7s0the authors
ate listed on.the Large Assembly Quiz and Summary Schedule,
for Bi 111 and Bi'121.

12. Copy of the-General Information, pamphlet for students, Purdue
University Minicourse Program (Biology'108-109). ,

- 13. Biology;, An Individualized Course, by Robert N. Huiit, Purdue
.University, and Kenneth H. Bush, David McGaw and'Curtis L. .

,Smiley. $175.00, published- by_Westinghouse Learning Corporation,
. ,7q0 Lucerne Drive, Sunnyvale, Salifornia 94086, 1973. ,,
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