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A TOOL FOR INCEFENDENT STUCY IN BIOLOGY.
By- RICARD, JACK
OREGON STATE UNIV., CORVALLIS
FUB CATE 65
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SCIENCES, SCIENCE INSTRUCTION, %SCIENCE FROJECTS, FLANNING,
*RECORES (FORMS), SCIENCE EXFLRIMENTS, *INCEFLNDENT STUCY,
SACRAMENTO. CALIFORNIA,

IN THE BIOLOGICAL SCIEMCES CEFARTMENT OF SACRAMENTO CITY
COLLEGE, EMFHASIS HAS EEEN FLACEC ON A TYPE OF INCEFENCENT
STUCY INVOLYING SELECTION, DESIGN, FERFORMANCE, ANC REFORTING
OF AN EXFERIMENT TO EVALUATE AN HYPOTHESIS FORMULATED BY THE
STUCENT CONCERNING A TOFIC OF HIS SELECTION. THE FACULTY HAS
CEVELOFED A FROJECT SELECTION FORM, WITH DIRECTIONS TO THE
STUCENT CONCERNING TITLE OF FROJECT, REASON FOR SELECTION,
HYFOTHESIS, SUBJECTS, VARIABLES, CONTROL GROUFS, TEST GROUFS,
REFERENCES, ANC EQUIFMENT. USE COF THE FORM HAS BEEN VALUABLE
IN (1) INCREASING EFFECTIVE INSTRUCTOR-STUCENT COMMUNICATION,
(2) CETERRING STUDENT FROCRASTINATION, (3) TRAINING IN THE
ANALYTICAL FROCESS OF STUDY, AND (4) FROVICING A FOUNCATION
FOR ACTUAL FERFORMANCE OF THE EXFERIMENT AND SUBSEQUENT
REFORTING. THE COCUMENT CONTAINS A REFROCUCTION OF THE FORM.
THIS ARTICLE IS FUBLISHEC IN "IMFROVING COLLEGE AND
UNIVERSITY TEACHING," VOLUME 13, NUMBER 2, SFRING 1965. (WO)
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A Tool for Independent Study in Biology

<l form that stimulcies and
guides a student 1. independ-
cnt laboratory study in biology
is described by an instructor in
biological sciences (A.B.,M.A.,
California) of Sacramento
City College. Use of the form,
ke says, has proved invalu-
able.

By JACK. RICARD

ACRAMENTO City CoLIEGE for a number of
\/ years has been providing its students with op-
portunities for independent study. In the biologi-
cal sciences department emphasis has been piaced
upon 2 spenialized version of independent studyv :
selection, design, performance, and repo:ting of

an experiment iniended to evaluate an hypothesis
formulated by the student through the use of the
deductive approach from a self-selected topic.
This program has been well azcepted by students
of all abilities =nd has proved quite effective in
cvaluating student performance. Some of the
drawbacks <xperienced by many students as re-
ported bv Bonthius et al. (1957) were encoun-
tered at City Collegz also: lack of effective guid-
ance ~n the part of the advisor, tendency {or the
stucent to procrastinate. To overcome these
drawbacks various approaches were tested. An ef-
rective onc was found to be the SELECTION FORM.
This form is made available to the students as
soon as the course procedure i explained. It is to
be returned to the instructor within two or three
weeks after the start of the term. The selection
foom is as follows:

SACRAMENTO CITY COLLEGE—DEPARTMENT OF
BIOLOGICAL SCIENCE

INDEPEXNDENT STUDY
EXPERIMENTAL METHOD =XERCISE—

TOPIC SELECTION FORM
Name: . ... s Course no.: ......... Date: ... ...

2. Reason for selcction: ... ... ...

3. Hypothesis: o o e e

4. EXPERIMENTAL SUBJECTS. Kind: . oo
No. per group...... ... ...

5. VARIABLES. Independent: ..o coooiiis e e

(STIMULUS) Unit: ... .

Dependent: ... ... ... . e e e L

(RESPONSE) Unit:
Itvrelevant*:

6. CONTROL GROUPS. Positive: ... Negative: ... ...

7. TEST GROUPS. I.. wenmeee Wl i TXLL L

8. REFERENCES, include lo.ation where available:
() e e e e

9. EQUIPMENT and/or materials ycu cannot secure on your
own: ...

* “Name two which may be siguificant here.”

Use the back of the form for any comment or additional in-
formation you wish to include, AFTER CHECKING HERE:

SELECTION REPORT DIRECTIONS
(Independent Stady—Experimentai Method Exercise)

1. Title: Should indicate what factor (independent variable) you
are pgoing to investigate on what characteristic (dependenc vari-
able) of what experimental animal(s). For example: “Lffect of
RNA on memory in rats.”

2. Reason for selection: Tliree major approaches may be used hese:
(a) previous interest through personai experiencs of somg sort,
(b) current interest through review of other students’ work or
proposed experiinents in BSCS5 manuals, “Research Problems in
Biology for  _.dents,” (c) assigned experiment.

3. Hypothesis: what do you predict will be thz effect of the inde-
pendent variable on the dependent variahle.

4. Experimental subjects. The selection of these depends on the
independent variable primarily, 2lso financial circumstances as
well as home facilities, Some of th~ more convenient ones are:
insects, planaria, microorgatuisms, barley seedlings, etc. The more
traditional ones are rats. A limited number of these can be had
from the College and the Junior Museum on a first come, first
served basis. They can also be purchased from pet shops and
laboratory supply houses at a cost of about $1 per rat. At least
fifteen subjects are needad per experiment, at the rate of 3 per
group, and 5 groups. Mice are also suitable in many cases and
are slightly cheaper.

5. Variables. Three types of these have to be identified in connec-
tion with your topic: The independent variable (Stimulus), the
dependent variable and at feast two irrelevant variables. The in-
dependent variable is the factor which you predict is going to
have some effect on the experimental subjects: vitamin on the
growth rate of rats, sunlight on the growth rate of baby chicks,
water on the growth rate of seedlings, etc.—to mention some of
the simplest ones; or transaminase level in blood szrum as a re-
flection of cardiac infarction, ribonuclease effect on learning trans-
mission through cannibalism in planaria. It has to br measured
in concrete units: mg/day, s.i.g. units, micrograms /ral, hours of
exposure/day at given intensity level, ml/day. The dependent
variable (Response) is concerned with the efect of the inde-
pendent variable upon the experimental subjects. It must also be
measured in concrete units: average weight per group in grams,
height of seedling in cm, percentage of damaged tissue in the
heart, percentage of conditioned response to stimulus. The ir-
relevant variables are those which may affect your results unin-
tentionally . age, sex, and genotype are some of the more com-
mon ones. A more general way to define the term ‘‘variable” is:
any magnitude which has different values under different condi-
tions. In an experiment, the effort is to hold all such magnitudes
constant excent two, cne which is given different known values
(the independent variahle), and the resulting values of the other
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(the dependent variable) are observed and recorded. From these
observations, the relationship between the two wvariables can be
computed. unless results have been distorted by a third varzble
which has eluded control (the irrelevant variable),

The control groups are the extreme cases settling the limits within
whicll you pian to test out the independent variable, Both are
essentia; te reveal the characteristics ¢f .he experimental subjects
uncer two extreme cases: (1) in the total absence of the inde-
pendent variable in the environment (negative control or C-)
and in the presence of an extremely large amount of the inde-
pendent variable (rositive control or C+). The function of the
C- 15 self-explanatory. The C+ is essential in order to evaluate
the area within which the experiment will take place. Alinost any
factor: physical, chemical or biological has an cntirely different
effect on experimental subjects depending on the level at which
it s applicd The simplest example is perhaps the :ffect of water
on barley seedlings (or rats, assuming forced fe.uding is used,
as commonly performed on humans during the Dark Ages when
torture was fairly common practice). The effect of wuter can
be illustrated as follows:

[&N
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/

Incruasing water application ;r day
STIMJLUS

A casual observ-tion of the graph points out the extent to wkich
the dependent variable response will vary as a result of the level
of application of the independent variable. The same overall pat-
tern prevails regardless ¢ f the independent variable used so that
a positive control must be used in order to evaluate approxi-
mately where is the upper range of the independent variable lo-
cated for the particular experiment you have designed: Within
the “beneficial zone” as in the case of 1 C-4, the “even zone” as
in the case of 2 C+4, or the “detrimental zone” as in the case of
3 C+.

The independent variable functions as the LIMITING FACTOR
when its dosage is such that a change in its concentration re-
sults in a “‘beneficial zone” or ‘‘detrimental zone” pattern. Under
those conditions a change in independent variable concentration

is reflected immediately in the characteristics of the experimental
subjects.

This concept of the limiting factor is a fundamental one in
biology. Under all circumstances, individuals as well as pooula-
tions are limited in their development by one f-.ctor. This factor
may change quite rapidly from one moment to the next, but at
a1y time there is always one and only one limiting factor
operating.

If we are to follow the curve of the figure above from iws point
of origin at the intersection of the 2 axes, we find that the water
supply is the luniting facor to the growth rate of t! & plant, until
the ‘“‘even zone’ is reached; there, the dependent variable no
longer responds to increases in independent variable concentra-
tion. Another characteristic of the environment has become the
nmiting factor then. As the water concentration increases still,
the independent variable then exerts a harmful effect on the
subjects and once more becomes the limiting factor. No popula-
tion of any organism las learned to exert a seli imposed limit-
ing factor yet, this appiies to nan also, as shown by the present
population explosion.

7. Test Groups. These are ihic three groups exposed to varying
levels of the independeat variable within the limits set by the C—
and the C+-. They should be fairly evenly spaced Letween these
two extremes. Suppose the C- is 0 lhours of sunlight per -lay and
C+- is 24 hours of light per day, then test groups I, 1T, and I1l
might well be respectively 6, 12, and 18 hours of sunlight =x-
posure per day.

8. Rereiences. You should list there a least two sources other than
vour textbook which you have consulted in connection with the
design of your experiment. These may be periodical articles or
books. Periodicals should be listed i the following fashion:
author’s name, author’s initials, year of publication, article title,
periodical title, volume and page numbers. Book references should
include: author’s name, author’s imtial(s), year of pubiication,
book title, publisher’s name and address (city at least). These
references may be secured through any of the three recommended
procedures for topic selection: (a) You already have some in-
terest in an area of hiological sciences and have checked on
recent develop nents in that area through the B.A.S.1.C. “key”
to biological abstracts, the Biological Abstracts proper and the
original pullications Jocated through the abstracts in that se-
quence. (b) You have developed som= interest through review of
proposed experiments in such manuals as are listed in the refer-
ences; (¢) you have been assigued an experiment and related
reading by the instructor,

9. Equipmen* and/or ma‘erials you cannot secure. This is self-
explanatory. Please rely on yourself as much as possible as little
allowances are available so far for that purpose. Every =ffort will
be made, however, to keep lack of facilities from preventing you
to perform a valuable experiment.

Once the sclection form is received by the in-
structor it 1s examined and given maximum credit
(10 points) if wroperly filled, or returned to the
student without any grade, but with specific sug-
gestions for correction by the student. Once cor-
rected the selection form is resubmitted, and the
procedure described above repeated if necessary.
In the returned papers the traditional bank policy
1s followed: “charge for extra handling,” one
point lost with each resubmission. When the se-
lection 10orm is completed properly the student
proceeds with the actuil performance of the ex-
periment.

The use of the selection form has proven in-
valuable in various ways:

P Effective communication between instructor and student as
the attention of both is concentrated on the critical aspects
of the experiment design. Oral communication is ertremely
valuable for psychological, often emotional recasons, but so
far as concrete subject matter considerations are concerned
this procedure appeared to be superior.
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P Deterence of procrastination as an early deadline has to be
met in completion of the first step in the independent study
and increasing penalty associated with lack of attention.

» Training in the analytical process of study as independent,
dependent and irrelevant variables have to be identified in
a student chosen area.

P Effective foundacion for the actual performance of the ex-
periment and subcequent reporting of the work, using quanti-
tative expression of the results in graphic and tabulated
form.

The selection form is the first of four formal
assignments involved in the independent study
part of the course, which includes also traditional
presentation and test. The other three assignments
are: the progress report, final report (with extra
points allowed for use of a foreign language in
whole or part) and oral presentation of the study
to the class by the student:,

REFERENCE
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The book s exoellence and timeliness
exemplified 1 the - hapter A fter John Dew
What?’ The five bawic pwants of Dewe
1897 Credo are b:eflv statd Their 1962
placerients as coo.eived Lo Bruner are o
pounded with the senctration and fasciat
that charactenize ~te whole hook.

We knew the Dewev's child-centered
ucation was vald even though nt led to .
surdities. We have not yet caught up w
him, nor has he bren icared of the dam
that misguided discip'es committed  agan
him. The great gap between the concepti
of a prophet and the performance of his f
lowers means a -hadow over the hgure
Dewey as over n.ay another in the Fistory:
man. The placing of '-hn Dewey in the p,
is a sobering fact to fu. o ~

While for Bruner 'he student 1s avowee
a central concern throghout, the emphasis
placed upon two srine ples: (1) “The stry
ture of knowledge—it- connectedness and f
derivations that make one idea follow fre
another—is the proper cimphasis in edu
tion.” (2) “The unitv of knowledge 1s to!
found within ku. wledg: aself. if the kno*
edge is worth musterng.” The pursuit or
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