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Abstract:

The study resulted from the belief that the demonstration teaching method in biology laboratory
teaching could be.as effective as the individual teaching method. The investigation was two-directional.
Literature was reviewed to determine the validity of the belief and to substantiate the kinds of
experiences and materials that would characterize an experimental demonstration teaching method
which emphasized the use of multi-sensory aids in developing effective learning of principles of
biology. Literature provided this, and made possible the experimental part of the study - the
effectiveness of the demonstration method.

The experimental study was conducted in a one semester course of 18 weeks in one university with the
selection of 154 non-biology students in 7 sections of general college biology. All laboratory sections
were scheduled in two two-hour periods. The 77 students forming the control group were taught by
four instructors each teaching one laboratory section for two two-hour periods per week by the
individual laboratory teaching method; the experimental group of 77 students was taught by the author
for the required time of two one-hour periods per week by the demonstration teaching method that
made extensive use of multi-sensory aids. The second hour of each scheduled laboratory period was
made optional for self-study. A standardized achievement test consisting of two forms was
administered, one at the beginning and the other at the end of the semester, to measure the effectiveness
of the experimental group on achievement gain.

The following summary findings resulted from the review of liter- . ature and the measurement of
achievement differences: (1) there was no statistically significant difference in achievement gain
between the two groups; (2) the findings indicate that females do slightly better by the individual
method and males also by the individual laboratory method; (3) students of upper class standing do
slightly better by the individual method; (4) students in the individual laboratory method do better on
the application of laboratory experiences; (5) principles of learning can serve satisfactorily as
guidelines for the use of appropriate multi-sensory aids in presenting the major principles of general
biology; and (6) a combination of demonstrations and individual laboratory work will benefit the
non-biology student in the laboratory.

Based upon the findings of this study, one conclusion can be drawn. If the limited sample were to be
expanded and the same experiment be conducted under the same conditions and the same results be
obtained, one could conclude that the demonstration method making extensive use of multi-sensory
aids would be a satisfactory approach in meeting the laboratory needs of non-college biology students
in general college biology.
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ABSTRACT

The study resulted from the belief that the demonstration teach—
ing method in biology laboraiory teaching could be as effective as the
individual teaching method, The investigation was two-directional. Lit-—
erature was reviewed to determine the validity of the belief and to sub-
stantiate the kinds of experiences and materials that would characterize
an experimental demonstration teaching method which emphagized the use of-
multi-sensory aids in developing effective learning of principles of biol-
ogy. Literature provided this, and made possible the experimental part
of the study — the effectiveness of the demonstration method.

The experimental study was conducted in a one semester course of
18 weeks in one university with the selection of 154 non-biology students
in 7 sections of general college biology. All laboratory sections were
scheduled in two two-hour periods. The 77 students forming the control
group were taught by four instructors each teaching one laboratory sec—
tion for two two-hour periods per week by the individual laboratory
teaching method; the experimental group of 77 students was taught by the
author for the required time of two one~hour periods per week by the
demonstration teaching method that made extensive use of multi-sensory
aids. The second hour of each scheduled laboratory period.was made
optional for self-study. A standardized achievement test consisting of
two forms was administered, one at the beginning and the other at the end
of the semesier, to measure the effectlveness of the experlmental group
on achievement gain.

The following summary findings resulted from the review of liter—.
ature and the measuremént of achievement differences: (1) there was no
statistically significant difference in achievement gain between the two
groups; (2) the findings indicate that females do slightly better by the
individual method and males also by the individual laboratory method; (3)
students of upper class standing do sllghtly better by the 1nd1v1dua1
method; .(4) students in the individual laboratory method do better on the
appllcatlon of laboratory experiences; (5) principles of learning can
serve satisfactorily as guidelines for the use of appropriate multi-
sensory aids in presenting the major principles of general biology; and
(6) a combination of demonstrations and individual laboratory work will
" benefit the non-biology student in the laboratory.

Based upon the findings of this study, one conclusion can be
drawn. If the limited sample were to be expanded and the same experiment
be conducted under the same conditions and the same resulls be obtained,
one could conclude that the demonstration method making extensive use of
multi-sensory aids would be a satisfactory approach in meeting the labor-
atory needs of non-college biology students in general college biology.




CHAPTER I

INTRODUCTION

The laboratory has played an important part in the science
programs of the secondary schools and colleges in America for nearly
two centuries. It has been a place, both indoors and outdoors, for the
tréining in science.which would instill in the student an accuracy in
observation, a precision in the formulétion of a problem, and the accumu-
lation of adequafe evidence to arrive ét a workable conclusion. The
claims made in the pas®t fér the impéct of the laboratory on the student
have been widely accepted. Until 1900, no one doubted the absolute
necessity of laboratory quk in the college introductory science courses.
Yet thé discrepancy between the instructor's goal and the student's
achievement has been more_pronounced ip the laboratory than in any other
area of science teaching.

Today, the valués of the individual laboratory teaching method in
the science depariments are being challenged more than ever before by
people in science. Their challenges seem to stem from the following
areas of concern:

1. The inadequacy of the individual laboratory teaching method
as a teaching method in science.

2. The critical attiﬁude of scientists and educators toward the
individual laboratory teaching method.

3. The inherent role of science stressed in general education.

4, The problems complicated by the greatly increasing college




enrollment.

5. The influence on laboratory teaching of multi-sensory aids
and principles of learning.

Fach one of these areas of concern merits consideration as evi-
denced by a survey of literature and the interrelationships among these
factors which are complicated and over-shadowed by the crisis of the
rapidly expanding college enrollments.

Several inadéquacies of the laboratory teaching method wers re—
vealed by Gloege1 who investigated the current practices in the teaching
of college general chemistry laboratory in forty-three oo;leges and uni-
versities in four states of Northwestern United States up to 1958. The
study revealed the folloWing major inadequacies of laboratory teaching:
(1) the lack of a challenge %o brighter students, (2) the prevalence of ‘
the laboratory manual which encouraged "cook-booking" and "dny~labbiné“
of laboratory experiments, and ‘(3) the use of "classical experiments"
which consisted of going through a set of motions to confirm already
known .results.

Other inadequacies were expressed by Kruglak2 in Laboratory and

Purposeful Activity on the nature of the laboratory stated that "the cook—
book directions, the tedious verification of already known relationships,

and the lack of integration with other course activities have been typi-

1Gloege, George H., Current Practices in the Teaching of College
General Chemistry Laboratory in the- Northwestern States 1o 1958 Unpub-
Tished Doctoral Dissertation, 182 pp.

2French, Sidney, Accent on Teaching, p. 184-185.
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cal of the short-comings in the science laboratory.” In recent years,
some instructors have become skeptical of any contribution that the
laboratorj teaching method might have for educational objectives, and
they have turned to other laboratory teacﬁing methods.

A critical attitude toward the individual laboratory feaching
method has been expressed by several scientists and ed.u_oatorse For in-
stance, Gibson stated that the individuwal laboratory experiments are
repetitiouély recorded in the laboratory manuals and the experiments do
not teach scientific inquiry. '

The inherent role of science in general education has been rec-—
ognized for over 60 yeafsa During the past two decades a dgcided trend
toward general education for sqience students has been apparent and has
been accelerated by varying needs of students who come from a diversified
social and culfural background. The many new scientific discoveries in
the field have produced such a staggering amount of knowledge that it has
become necessary. to single out ‘the most important scientific principles
and findings.

The rapidly increasing enrollment in the American secondary
schools and colleges has created severe problems of space, time, staff,
and facilities in the laboratories. The need for a large staff to con—
duct and supervise the individual laboratory teaching has been a finan-
cial and ménpower drain for many schools. The veteran enrollment affer

World War II and the "war~babies" enrollment in the early nineteen

3
p. 192,

Gibson, Raymond. The Challenge of Leaderéhip in High Education,
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sixties each fostered critical demands on space, staff, and equipment in
laboratory teaching of the colleges and universities.

The influence of experimental studies on laboratory teaching has
been evident in science teaching. Cunningham4 in 1946 summarized 37 ex—
perimental studies, mostly at the high school level with only 8 studies -
in biology, which compared the demonsiration teaching method with the
individual laboratory teaching method.

Cunningham's major criticism of the experimental studies was
their lack of good experimental‘design and a failure to use proper sta-
tistical treatment of the data. His summary on -the research appeared to
indicate that the assumed values of laboratory work in science, suéh as
(1) increasing the power of observation, (2) acquiring factual infor-
mation, and (3) clarifying the understanding of structures through vis-
ualization are obiained equally well, and often more economically in
time and money, by the démonstration teaching‘method than by the individe-
ual laboratory teaching method. _

During the middle 1950's, new laboratory teaching metho@s were
developed because of a reform movement in the science curricula in the
secondary schools. The Physical Science Study Committee, the Chemical
Bond Approach, and the Biological Science Curriculum Study introduced
three new 1dboratonymoriented approacheé which emphasized scientific in-

quiry in the laboratory for the science students in the secondary schools.

4Cunningham, H.R., "Lecture~Demonsiration Versus Individuwal Lab-
oratory in Science." — A Summary, .Science Education ' 30:70-82, March, -

1946,
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There are several research studies comparing these new approaches with
the traditional laboratory methodso5

After World War II many colleges and universities initially
turned to survey courses to facilitate fhe Handling of this increasing
enrollment which consisted mostly of freshmen who were non-science ori-
ented and who took the science survey courses to fulfill the science re-—
quirements of their genmeral studies programs. The survey courses were
designed to feach the major principles in science courses. At firsi,
many of the survey courses were taught without individual laborato;y
work, but after Sputnik in 1957 laBoratory work was added to survey
courses. The values of the laboratory work in survey courses for non-—
science students‘were questioned by such men as Ginsberg6 who pointed
out the dissatisfaction that fellow scientists and educators were expres—
sing over the requirement of laboratory work for general science educa-—
tion.

The writer has been a staff member of a biology department in a
State University in Wisconsin where a general oolleée biolcgy course of
one semester is required for non-biology students. This c;urse is taught
as a terminal course in the biological sciences ooveringAa survey of the

major principles in integrated biology. The freshmen enrollment has in-

5Lehman, David L., Abstracts of Recent Research and Development,
BSCS Newsletter #30, Boulder, Colorado, January, 1967.

6Ginsberg, Benson, "To What Extent Should Laboratory Require-
ments be a Part of Science Education for Non-science Majors?", Current
Issues in Higher Education, National Education Association, Washington,
D.C., 1960, p. 70,
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creased from five hundred tonnearly three thousénd students in the last
five years with mostlof this enrollment comprised of non~biology students.
During the 1962-63 school term, the five credit general biblog& course of
two two—hour laboratory periods per week was reduced to. four credi%s be-
cause one of the Htwo-hour laboratory periods was dropped. The main rea—
son for this reduction was lack of space and staff to maintain the normal
amount of laboratory work for the non-biology students. This reduction
in the amount of laboratory work with no apparent reduction in ﬁhevnumber
of biolagical principles covéred in the laboratory produced some doubt
in the depariment as to the assuméd value of two two—hour laboratory
periods as a necessary requirement for an adequate presentation of the
general college biology course. The instructors were able to devo£e
more time to the preparation and presentation of thg one two-hour labora~
tory period per week, and there wéé an obvious opportunity to increase
the use of the multi—sgnsony aids.

The universal nature of these concerns about the values of lab-
oratory teaching methods in science in the uniyersities coupled with the
writer's personal experiences with problems of the individual laboratory
teaching method led to the donviotion that an‘investigation involving a

different laboratory teachiﬁg method was necessary.

Statement of the Problem

The problem of this study was two-fold: (1) to review the liter-

ature to determine history and nature of laboratory' teaching methods, to
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determine factors which would be used to equate the two groups, and to
.select gtatistical instruments to establish comparaﬁility of the two
groups; and (2) to create an experimental methad that utilized multi-
senéony aids and to test the effectiveness of this method for achieve-
ment gain., The problem resolved itself into finding the answers o
certain questions. The following major question was to be answered:

Is the demonstration teaching method as effective as the

individual laboratory method for non-college students in

general college biology?
The following minor questions Qere also to be answered:

" Are there sex differences revealed in the effectiveness of
the two' laboratory teaching methods?

Is class standing a factor in the effectiveness of the two
methods?

Does the nature of the application of laboratory experiences
influence the effectiveness of the two methods?

Procedures

Specifically, the problem was investigated by the following pro-
cedures:

1. An examination of the litérature relating to the problem of
the étudy was made to determine the history, nature, and related exper—
imental situdies of laboratory teaching methods in general biology.

2., Prior to the study, the writer used one of his classes in
general biology as a pilot group to determine the time regquired to pres—

ent certain biological principles by the demonstration teaching method
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utilizing multi-sensory aids. This procedure was used to reconcile time
with course content.

3. Personal and science background faciors were selected as re-
vealed by review of experimental studies as a basis for equating the two
groups. Techniques were developed for collecting information on each
factor to establish comparébility of the two groups.

4. Statistical instruments were selected for determining com-
parability of groups and effectiveness of the experimental method as
measured by achievement gain.

5. Summary findings were reviewed and conclusions drawn.

Definitions

For‘this study, the following definitions are given to the

terms listed:

~ Non~biology students are those studenis who are majoring in any

field of study except biology.

General College Biology is a one-semester or one-~term introduc—

tory course in college biology which covers the major biological prin-~
ciples of integrafed biology.

Individual Laboratory Teaching Method is a method in which the

student has a station, microscope, dissecting equipment, laboratory
manval and other devices to explore biological principles with the stu-

dentfs own scientific creativity.

Demonstration Laboratory Teaching Method is'é:method in which the
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student has a étation for viewing the instructor but neither microscope,
dissecting equipment, nor laboratory manuals were used. Multi-sensory
aids and other devices are used to present principles deemed important
by the instructor. |

Terminal Course is the name given to the course required in the

field of biology of one semester duration and it can not be counted as

biology credit for the biology major or minor.

survey Course7 is a course designed to give a general view of

an area of study by covering the broad priunciples of the discipline°

General Eduoation8 iz a broad type of education aimed at devel--

oping attitudes, in‘beréstsy and behavior congidered desirable by society

but not for preparing the student for a specific type of vocation.

Multi-sensory aids are those auditory and visual learning mate—
rials which provide a concrete basis for conceptual thinking. A list of

those used in the experiment appears on pages 44-46.

Limitations

Certain limitations were placed on this study and are noted:
1. The review of literature in laboratory teaching methods was
limited to the libraries of Montana State University in Bozeman, Montana;

Wisconsin State University in Whitéwater, Wisconsin and the University of

7Good, Carter V., Ed. Dictionary of Education, p. 108

8Ib;d,, p. 183,
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Wisconsin in Madison, Wisconsin.

2. The experimental poriion of fhis study was limited to one
semester of 18 weeks since this was the length of the éourse opgned to
non-biology majors.

3. The study was limited to one university because ?he planned
method required the availability of the multi-sensory aids at the univer—
sity.

4. The selection of cooperating instructors was limited to fullw
time biology instructors who had previously taught general college biol-
ogy at Wisconsin State University, Whitewater, Wisconsin.

5. The study was limited to non-bielogy majors who were en—
rolled in the course during one semester at Wisconsin State University,
Whitewater.

6. The measure of achievement was limited to one well-standard-
ized test of knowledge in general 5iology because this test had been one
commonly used in other experimental étudies of laboré%ory teaching
methqu. The test had comparab}e formg for measuring initial knowledge
at the beginning of the study and for measuring achievement at>thé end.

'A review of literature of laboratory teaching methods is réported

in Chapter 2.




CHAPTER II

REVI?W OF LITERATURE ON LABORATORY TEACHING
METHODS IN BIOLOGY

The purpose of the review of literature was o provide back-
ground information concé;ning the histbﬁy and status of labofatony
teaching methods, to search for relevant factors which might challenge
the values of laboratory teaching methods, and to present a brief sum—
mary of previous investigations.of-this particular problem and closely
related problems. |

The review of literature was undertaken fto consider the three
following topics: (%) the history and status of laboratory teaching
methods, (2) the nature of laboratory teaching methods, and (3) the ex-
perimental studies related to laboratory teaching methods. The three

topics will be presented in the order listed.

The History and Status of Laboratory
Teaching Methods
A review of literature relating to the history and status of

laboratory teaching methods was made to establish a basis for the rest

of the study and to determine if relevant factors have influenced the
status of laboratory work during the last two centurie’se "Committee re-
ports and the comments of professional peéople were sought becauée their
statements usually described the rationale for proposed changés in labor-

atory teaching methods. Literature at the secondary school level was re-
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viewed in éonjunotion with the college level information, since the
laborétony teaching methods have been utilized at both levels-of educa~
tion. Recently, the application of laboratory experimentation in the
secondary schools has helped to set patterns of laboratory work in
colleges. |

The history and status of those laboratory teaching methods were
considered in periods which are related to changes in emphasis on labor;
atory teaching methods. The& are discussed in a chronological sequence
from the colonial period to the present and are described under the six
following headings:

1. Approach to medical courses and regular science courses with
laboratory teaching methods in pre-civil war period.
| 2. Influence of The Morrill Acts, Hatcﬂ Act,'and German scien-—
tific training on laboratory teaching methods in the post~civ¥l war
period.

© 3, Effect of general education trends on the teaching of biol-

ogy by fhe individual laboratory teaching method in the early twentieth
century.

4. Influence of the economic depression on the teéching of biol~
ogy by the individual laboratory teaching method.

5. Influence of increased\scientifio knowledge on laboratony
teaching methods during and after Wérld War Il.

6. TEmphasis on scientific inquiry in laborgtory teaching

methods after Sputnik I. -
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The preceding periods were chosen by fhe writer because the
history and status of laboratory work has been closely related to the
changing events in histofy, Laboratory teaching methods are usually
associated with science courses, so it was necessary o hake reference
to science courses with and without iaboratony work, Lanratony teaching
methods in biology were meager in some of these time periods so reports
on other science courses were included during this transition.

o~

Approach to Medical Courses and Regular Science Courses
Through Laboratory Teaching Methods in
the Pre-~Civil War Period
Medical +training experience in a few colonial colleges formed

the beginning of individual laboratory work in science training. Some

individual dissections of cadavers were performed but more often the pro-

fessors made the dissections while the students were observing, answering

and asking questions about the parts concerned. This medical training
was a carry—over from the laboratory movement in the European medie&al
schools with their dissection of human bodies for private research and
for the teaching of anatomy.

The medieval universities in Burope had curricula which consisted
mostly of law, divinity, and medicine which were copied by the colonial
colleges. Aside from the individual laboratory training in medicine
during this colonial. period, the only other science course in the col-
leges was descriptive natural philosophy.

The first half of the nineteenth century witnessed a period of

s
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lecture~demonsitration in college science courses where the instructors
assembled "apparatus" for demonsiration experiments. After 1800, the
chalkboard was appearing in some schools as were some other new teaching
aids. Simple equipment, such as model steam engines, air pumps, and
hachines to show simple mechaﬁical powers, was being built to teach
chemistry and physics. By 1830, such science courses as agriculture,
geology, chemistry, botany, and economic entomology were being considered
because the knowledge might help the farmer.

Harvard College founded the Hollis professorship for the express

purpose of carrying on scientific training with demonstration experi-

ments.

Influence of Morrill Acts, Hatch Act, and German
Scientific Training on Laboratory Teaching
Methods in the Pogt~Civil War Period

The Morrill Acts of 1859 and 1862 gave public lands to create
land—-grant colleges of agriculture and engineering., New colleges were
organized, specifically under this act; while other existing colleges
agreed to serve as land-grant colleges. At first, there was little
scientific agriculture to be taﬁght because the science was in its in-
fancy, but insiructors encouraged students to bring in plant materials

from their farms to be used in practical teaching experiences, This >

'11Brubaoher, John, and Willie Rudy, Higher Education in Tran-
sition, Harper and Brother Publishers, New York, 1958, p. 17.
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allowed the student 4o perform individual laboratory work. The Hatch
Act of 1887 created the experimental stations where extensive.field
laboratory work was instituted. This new scientific pfocedure was
.adopted by the colleges. This focused renewed emphasié on individual
laboratory work. Several high schools began to teach manual training
and agriculture thus allowing boys to work individwally in the labor—
atory, During this period,; many college science departﬁents still
taught scienoe-courses for the most part in a descriptive way with some
teacher~demonstrations, since the.equipment was either too expensive,
scarce, or considered too d;ngerous for the students to handle. TFor
instance, in the field of chemistry, the instructors gave lecture-demon—
strations to be observed by the students.

However, during this same time period in American .education
Thomas Huxley and Louis Agassiz introduced the individual laboratory
teaching method in biology because they believed that “seeing is be-
lievin,g;a"/‘2 These instructors used speoimens and Qrew sketches on the
chalkboard while the students examined, dissected and sketched their
findings. The laboratory was comsidered a blace to present the evi-
dence from nature and illustrate the basic biological concepts to the
studeﬁts,

Many of the college professors in the American colleges during

this post—civil war period had received their scientific training in

12Hurd, Paul, Biological Education in American Secondary Schools,
1890-1960, B.S.C.S. University of Colorado, Boulder, Colorado, 1963,
p. 145, .
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German universities, and they had brought back to the American colleges
the wide—spread use of the laboratory as an indispensable part of scien—
tifie instructiono13

Even with this movement toward individual laboratory work in the
colleges, the natural sciences in most institutions of higher learning
were still treated with indifference or contempt until nearly tﬁe begin-—
ning of the twenfieth century, because of the beliefs that there was a
minimum of basic knowledge contributed by the sciences and that the
laboratory was not designed for the teaching of the practical application
of the natural sciences.

Between 1870 and 1890 the transition from the lecture~demon—
strations to individual laboratory work was apparent in most schools,
The land-grant colleges, agricultural experimental stations, and the
German universi‘i;iesv influence on training in the scientific method all
were factors which aided in the realization of the double laboratory
periods for science courses in the high schools and colleges.

The Comhittee of ‘I‘en14 in 1893 investigated the whole field of
secondary education in both’private academies and public secondary
schools. Their study recogunized that the secondary schools should not

exist solely for the purpose of preparing students for colleges, but

13Brubacher, John and Willis Rudy, op. cit., p. 184,

14National Education Association, Report of the Committee on
Secondary School Studies, Committee of Ten, Washington, D.C., 1893.
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rather that the schools' science curriculum should be tailored o fit
those students whose entire formal education terminated with second;ny
school. The Committee of Ten concluded its meeting with the resolution
that double periods of labbratony work in natural science courses should
be required only for entrance fto college and this increase in time fa;
vored the laboratory manual in biology. The implementation of the scien—
~tific method in labératony work produced the laboratory manual because
directions were needed to follow this new method of learning biology,
and thus the laborétory manual became very popular to serve this aspect
of learning in biology.

The period from 1890 to 1900 has been characterized by Hunter15
as the great period of the laboratory manual in biology. Laboratory
work in all of the experimental sciences was seen as an ideal procedure
for the training and exercising of the faculties of the mind dévoted to
observation, will power, and memory. This'growth of individual labor-
atory work with the manual received its strongest support from the
"mental discipline theory" of psychological development rather than from
any biological'justificatiqn. As late as 1960, the excuse for laboéatony

work in a surprising number of curriculum studiés and textbooks was still

that of "mental discipline',

15Hunter, G.W., Chairman, "Report on Commititee on Secondary
School Science of the National Association for Research in Sclence
Teaching,™ Science Educatlon 22: 223-233, May, 1938.
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Effect of General Education Trends on the Teaching of
Biology by the Individual Laboratory Teaching
Method in the Early Twentieth Century
By the beginning of the twentieth century, the individual labon;
‘atory teaching method was deeply entrenched in the science curricula of
most American secondary schools and colleges. In the biology laboratory,
the student would géin a comprehensive and connected view of biological
principles by the dissection and examination of specimens and reproduc—
tion of accurate drawings to secure precise observationso16
This emphasis on discipline and training in laboratory work.
affected all aspects of secondary school science feachingo Under the
influence of contemporary concepts of subject matter and methods appro-
priate for discipline, both subject matter and methods became highly .
formal and there developed a widespread dissatisfaction with individual
laboratory work in the secondary schools. This dissatisfaction within
the specialized sciences courses of botany and zoology opened the way
for the development of general biology in secondary:schools. Educators
écknowledged that the forﬁal'individual laboratory work which had been
required for the.potential college student was not designed to benefit
the non—specialist student who was seeking a general education and who
did not expect to continue his formal education beyond the.secondary

schools, Educational theory that influenced the introduction of general

biology in secondary schools élso affected the authors of fextbooks and

16Hurd., Paul, op, cit., p. 15
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laboratory manuals who recommended legs formal laboratory work for the
student seeking a general education in biology.

The pe?iod after 1900 in America was one of great industrial-
ization and urbanization, and along with this went an increasing aware-
ness of the importénoe of science for general education and the place
of science technology in the industrial expansion. The demand for a
high school education increased but the percentage of students aspiring
to a college education decreased. While‘the.number of students in
college rose during this period, the enrollment represented a aeoreasing
fraction of the secondary school population. l

In 1907, the Central Association of Science and Mathematics

17

Teachers appointed a committee to “prepare a statement of the bio~
logical creed that might serve as a guide in the development of biology
courses in the secondary schocls.™ The committee members thought that
the biological subjects were particularly fitted for general educational
purposes because of the "light they throw on the study of life."™ During
this period, the ™"mental discipline theory" was rejected and more
importance was attached to capitalizing on students'! interests and
experiences.

Several suggestions for the improvement of science teaching in

secondary schools were made by the Committee on Natural Sciences of the

17Otis W. Caldwell, Chairman, 1909, "A consideration of the
Principles that should determine the courses in Biology at the
Secondary School,” School Science and Mathematics 9:241-247.
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National Education Association in 1913,18 The committee expressed the
opinion that a variety of teaching methods should be used to present
biology and other science .courses. It was felt that +the laboratory
work should be better structured with less atten£ion to useless drawings,
detailed microscopic work and complicated experimentation.

A committee report published by the éommission on the Reorgan—
ization of Secondary Education in 1918 héd considerable influence on
laboratory teaching in secondary school science courses because obser—
vations concerning laboratory procedures revealed that the experiments
were not original, but only checked generalizations which were already
mentioned in the textbooks and the laboratory manuals. No new scien-
tifio data were being formulated by this method because the labdratony
work consisted pfimarily of blank—-filling and note-taking. This
committee said that the aim of laboratory instruction should be to
develop a consistence of significant "ideas" within the classroom and
having the laboratory serve in providing concrete experiences.19

A% the college level, general education returned to prominence
in discussions of the college curricula after World War I. The interest

in general education appeared to be a reaction against over—speciali-

zation brought on by World War I and a desire to return to the basic,

18Pea,body, James E., Chairman, "Preliminary Report of the Biology
Subcommittee on the Reorganization of Secondary Education,! School
Science and Mathematics 15: 44-53, 1915,

19‘I‘he Committee on the Reorganization of secondary schools,
1918, Cardinal Principles of Secondary Education, Bulletin, 1918, No.
35, Department of Interior, Bureau of Education, Washington, D.C., p. 32.
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liberal; and unifying purposes of higher eduoation,zo General education
was considered necessary fop'the preparation of a well-educated pefson

in society.

Inflvuence of the Economic Depression on the Teaching
of Biology by the Individual Laboratory
Teaching Method

The depression years of the 1930's in America produced a ques—
tioning attitude of educational pracitices that was charécteristic of a
time of economic and social crisis. Learning theory indicated that the
selection of course content should be in the form of principles or gener—
alizations, rather than detailed facts, in order to promote better
learning and retention of kmowledge. The strongest criticism was
leveled at.the individual laboratory work and its lack of educational
réturns for the time and money spent. Extensive research was performed
during this time to determine the values to be gained ffom.the individual
laboratory method as compared with the teacher—demonsiration method.
The investigations revealed that the student could accumulate "facts"
by either method but that the demonstrations were more‘economical in
time and money. The net result was. that the double or tﬁo—hour labor—
atory period in science teaching was dropped in the majority of secon-

dary schools .in Americaoz1

20Wahlquistg John and Thornton, James, State Colleges and Univer-
sities, The Center for Applied Research in Education, Inc. Washington,
D.C., 1964, p. 35.

21

Hurd, Paul, op. Sit., p. 73.
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By the early 1930's, some "big name" colleges were turning to

. new methods of laboratory teaching. One of those, the University of

Chicago, began to use the demonstration method to teach those students
who were enrolled in introductory science courses to serve their ggnerai
edﬁoational needs. $Since those students were not pursuing a field in
science; the administration believed that the long hours spent in the
laboratory were not necessan& gince the demonstration method could be
used to cover adequately the same principles. Howevef, the science
majors were given laboratory work in the specialized science courseéa22
An innovation at Iowa State College in General Botapy in 1935
called the Group-Conference Me‘bhod23 eliminated thé lecture, quiz
section, and all routine laboratory exercises. Initially, the student
was encouraged to feel that the laboratory was a workshop and that the
instructor's function was not to pour out information, but rather to
aid the student in arriving at tenable conclusions. After about thirty
minutes of work on a.problem, a student in the group would explain the
demonstration and the instrﬁctor would guide the students'! observations
and deductions. The instructor utilized thought questions which en-

couraged the stﬁdent to organize hisg previously acquired information.

22Knight, Bdgar W,, Twenty Centuries of Education, Ginn and
Company, New York, 1940, p. 316,

23Dietz, S.M,, "The Development of the Group~Conference System
of Teaching," Iowa State College Journal of Science, 11: 45-46, 1935,
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Influence of Increased Scientific Knowledge on
Laboratory Teaching Methods During and
After World War II

World War IT and the birth of the "atomic age™ raised questions
about the purposes of education as a whole and science teaching in par—
ticular. The movements in science toward general education which had
begun in the 1930's were temporarily overshadowed by course adjustmeh£s
made to meet "war-time emergencies." Severe shortages of laboratory
equipment and staff madg it necessary to use the demonstration method
in teaching many science courses. Those science courses in high school
which did offer individual laboratory work did so on a one-hour labor—
atory period basis. "Most secondary school bilology classes during the
war were taught either by class discussions, student projects or in-
structor demonstrations.

Some evidence from World War II training progra,ms24 has been
cited to support the claim that good demonstration experiments can
accomplish most, if not all, of the ends of laboratory work in an intro-
ductory science course. It was recommended that in lieu of individual
laboratory work an adequate number of good demonstration experiments be
given in the science courses. The need for training large numbers of
servicemen in a éhort time was met by utilizing multi-sensory aids in
the demonstrations.

After World War II, the large veteran enrolliment under the "G.I.

24M0Grath, Farl, Toward General Education, Wm. Brown Company y
Dubuque, Iowa, 1948, p. 96,
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Bill" in the cdlleges and universities put a premium on classroom space
and staff so that mény four-year institutions could not provide the
necessary instructional quality and ftime to adequately supervise individe-
ual laboratory work. Under these adverse conditions of overcrowding,
many adminiétrators and scientists realized that the individual labora\
atory work in the college introductory science courses was neither
practical nor realistic for all the incoming freshmen. Many four-year
institutions turned to other methods énd approécheé of ‘eaching labor-
ator&'science courses. ©Some science departments decided to reduce
labora£ony perio&s? others dropped them aliogether, and still others
turned to survey courses especially in the introductory science courses
for the non=-science studenits. The sﬁrvey approach purported to feach
the major principles of the science courses and often entirely omitted
the individual laboratory work. The non-science students made up a
majority of the college freshmen veteran enrollment.

The rapidly increasing enrollment after World War II was not
the only factor which encouraged the survey courses, but their growth
and development at the college level appeared o be a reaction against
the growth of specializafion and the philesophy that knowledge for its
own sake was inherenily valuable., By 1950, the number of survey courses
in science for general education had increased so rapidly that over one—

half of the four-year institutions of higher education were offering

themu25

23AndersonB Kenneth and Smith, Herbert, "Science," Encyclopedia
of Educational Research, 3rd ed., The MacMillan Company, New York, 1960,
pa 12190 ! ,
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During the early 1950's, the enrollment in the colleges leveled
off, but most science departments continued with the survey courses
gince they were considered an effective procedure for teaching intro-—
ductory science courses for general education.

In this period after World War II, educators and scientists
were confronted with the task of getting rid of the outmoded knowledge
in courses to make room for the later and more adequate information.
Both the physical sciences and the biological sciences since mid—century
have taken on a new vigor. The many new research tools and techniques
had advanced discoveries faster than anticipated. In many sections of
the country the need for school construction, science facilities, and
equiﬁhent could not keep pace with the demands of the enrollment, es—
pecially in the secondary schools.

| Simon26 in 1953, gtudied the teaching methods used by high school

biology teachers and found that among seventy-seven teachers, demonstra—'
tion—-discussion techniques, iectures, and test recitation were the most
often cited methods. Laboratory work was not considered essentiél for
teaching biology as only three percent of the teachers were ﬁsing individ- -
val laboratory work.

By the middle of the 1950's, many scilentists had beqome increas—
ingly disturbed regarding the textbook content in their fields at the
secondary school level, The writers of the existing %extbodks had

attempted to squeeze new scientific information into traditional high

2urd, Paul, op. cite, p. 210.
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school and ccllege level textbooks with the result that a patchwork of
new scientific discoveries were included. In the secondary schools,
the most imbortant generalizations and principles in science could not
be separated by the most cép&ble instructor or the most brilliant stu-—
dent.27 The secondary school science curriculum committees were
meeting to determine new approaches fto science teaching when Russia

startled the scientific world with the launching of Sputnik I.

Emphasis on Scientific Inquiry in Laboratory
Teaching Methods after Sputnik I
After the advent of Sputnik I, the science curriculum com-—
mittees were given even more impetus to revise science courses. The
committees sought to remove much of the descriptive materials of the
existing courses. They also sought to reduce the number of concepts
and to update the major ones in the courses. New laboratory experiments
were devised that were appropriate to the development of science., The
need to improve laboratory work received the most attention, and recom-
mendations were made for a more experimental approach to the study of
science courses. The first high school science course to be completely
reorganized was physics, followed next by chemistry, and then finally by
biology.

An attempted revision in biology was launched by the Biological

27Bruner, Jefome7 The Process of Education, Harvard University
Press, Mass., 19671, p. 19.
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Soience Curriculun Study (B.S.C.S5.) which was established in 1959 as
the result of the efforis by thg American Institute of Biological Sci-
ences to improve biological education at the secondary school level,
The program which was iantroduced inté a few of the high school biology
departments in the early31960's placed considerably more emphasis on
laboratory work than had the traditional biology. The experiments were
vof an investigative nature which introduced students to biology as a
"process of inquiry" rather than a body of known facts.

Man& of the secondary school science programs, because of these
new laboratory-—oriented approaches, were offering better science instruc-—
tion to the students than were the survey courses in the introductory-
science courses in the colleges. After the advent of Spuinik, many
vcollege science departments reinstated individual laboratory work in the
survey cou?ses to improve science'instruction and also to counteract
criticism of the lagging science programs in the American educational
system. The laboratory manuals in many of the survey courses still con- )
tinued along traditional lines, but beginnings of revisions weré showing
themselves' in' certain of the ﬁew appréaches in secondanyléchool scilence
courses. The authors of college textbooks were revising chapters on
such concepts as tﬁe cell, cellular respiration, and DNA synthesis.

" | By the early 1960fs the "war—babies" were entering collége.
The expansgion in studené'enrollment foréed scienqe departments once
again to question the values of individual laboratory work in the science
cﬁrriculum for both the majors and the non-majors. Survey courses with

laboratory work for the non-science students were continually increasing
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in number to meet the need of the incoming freshmeﬁ students, and new
methods and approaches were also being devised te reduce or supplement
the individual laboratory work for the science majors. The cost of main-
faining the laboratory equipment, supplies, and sitaff for the survey
courses along with the specialized courses waé becoming such a burden
to the science depariments that the quality of the specialized courses
for the majors was in danger of being down—graded.

Expansion has been a constant characteristic of American higher
‘educationo The total enrollment in all typeé of institutions of higher
learning increased sixteen times befween 1900.and 1960, Thé proportion
of the age-group (18-21) who were enrolled in the colleges and univer-
gities rose during the same period from four percent fo thirty—seven
percent with the most rapid increase in the last decad_e.o28

Current liferature revealed several innovations in the methods
and approaches to teaching specialiged bidlogy courses which appear fto
be the outgrowth of a shoritage of space, staff, and equipment due to the
increasing college enroliment with more students entering bioclogy énd
other science courses. Some of the newer methods and‘approaohes are:
teaching machines, audic-~tutorial system, programmed ‘teaching, project
teaching, taped lessons synchronized with 2 X 2 slides, close-~circuit

T.V., independent study, and a combination of lecture and demonstrations

in one~hour periods.

28Wahlquist, Thornton, State Colleges and Universities, The
Center for Applied Research in Education, Washington, D.C., 1964, -p. 2.
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A study of the literature oonce;ning the history and status of
}aboratory teaching methods disclosed that laboratory teaching has been
- performed since the colonial period. The creation of land-grant colleges
and Germaﬁ scientific training had ad§anoed'the individual laboratory
method while trends in general education and periods of economic de-—
pressions had encouraged the demonstration teaching method. The scien-
tifio knowledge expleosion and the increasing enrollments coupled with the
launching of Sputnik I has caused science departmenis. to search for'new
approaches and méthods o meet this challenge of laboratory teaghing
methods,

The nature of 1aboratory teaching methods is presented next.

The Natﬁre of Two Laboratory
Teaching Methods

The individual laboratory teaching method and the demonstration
teaching method have been used in various forms for nearly two centuries
in the secondary schools and éolleges in America; The procedures will
vary in their approaches to the solution of soientific problems as will
the amount of time, space, and equipment required,to apply the scien—
tific method but the method chosen should be the one which fhe depart-
ment or the instructors consider more beneficial for the students. The
nature of two laboratory teaching mefhods are considered in this study:
'(1) individual laboratory teaohiﬁg method and (2) demonstration

teaching method.
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The Nature of the Individual Laboratory Teaching Method. The

conventional laboratory is the pléoe for bondpcting individual or group
research and for the teaching of. students in connection with the materi~-
als and skills of a particular aspect of science. The laboratory can
take on many formé, 6oth indoors and outdoors, and consists of various
facilities. The student can learn to apply &he‘scientific method by
actually dealing ﬁith probiems wﬁich demand a solution. The laboratory
is where one learns why scilence insists on precise measurements, accu-
rate observations, and conciseness and clarity in communication. A
laboratory activity is one in which the student gets first-hand sense
expefiences with materials, phenomena, and methods of science;

The essential steps involved in the sdientific method are: (1}
locating and defining a problem, (2) formulating one or more possible
solutions to the problem, (3) acéumul;ting data in relation to the
problem, and (4) testing and verifying to obtain a conclusion.

The scientific method consists of a modified "$rial and error"
procedure. Some recent writers on scientific procedure have raised the
question as to whether or not there is any one scientific method; sug-
gesting rather that there are "related scientific methods" which have
Pasic aspects in oommon.29 There is also a tendency in current liter-—
éture in science education to refer to "problem—solving” rather than t&

the scientific method.

29Van Deventer, W.C., Laboratory Teaching'ig College Basic
Science Courses, Science Education, Vol: 37, No. 3, April, 1953, p. 159.
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Some common elements run through all scientific work to produce
a scientific attitude. They include objectivity, open-mindedness, an
insistencehon accuracy of observation, precision of measurement, an
accumuilation of adequate data, a belief in the orderliness of natural
processes, and a realization of the tentativeness of all conclusions.
These are goals for the student and ones which are applicable to a wide
range of life situations.

The advantages of the individual laboratory method are many as
revealed by the review of literature. A few are listed:

1. The laboratory offers an opportunity for individualized
instruction.

2. The laboratory is a placelwhere the overt behavior of the
student can be best appraised by direct observation.

3. Laboratory work can be used to illustrate certain character—_
istic stages in the development of sciencé, such as to show the effect
of instrument precision.

4. The laboratory can be used to dispel the notion that the
scientific method is not a magic formula for making discoveries. The
student is faced with situafions which he must resolve through his own
ingenuity..

The objectives for the individual laboratory teaching method
were reviewed because they serve to give direction and purpose to labor-

atory teaching methods.
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The For;y—Sixty YearbookBo presented a concise statement of

these objectives under eight general headings:

1. Functional facts are the basis of scientific thinking and
serve as one of the aspects of general education.

2. TFunctional concept is a "major idea" and may be confused
with a principle. A principle is often composed of two or more concepis.

!

3. Functional principle isla statement of some fundamental pro-
cess which is capable of being demonstrated or illusitrated. Principles
are important for laboratory teaching because of their application to
solve daily problems in new sitﬁations, andlto provide first-hand obser—
vations.

4. Instrumental skills are needed to handle laboratory appa—
ratus and scientific instruments. Skills are necessary for experimen;
tation.

5. The scientific method helps the student to develop problem—
solving skills.

6. Attitude is the goal which hélbs one to develop science for
a vocation or avocation.

T. Appreciation is the feeling of a student for scientific
training.

8. Interest is a quality which makes a person curious about

science.,

3OScience Educatioﬁ in American Schools, Porty—-sixty Yearbook
of the National Society for the Study of. Education, Part I, Chicago,
Illinois: University of Chicago Press, 1947, p. 300.




33

These eight major objectives of individual laboratory methods
have served as a guide for the teaching of laboratory work. Howeﬁer,
"1aborat$ry“ as a term has been ﬁsed in educational circles to refer to
various types of teaching projectis in which the students proceeds "on
his own", either alone or as a member of a group in working on a chosen
topic within the subject matter area. This use of the term "laboratory"
usually implies some handling of materials on the part of the student
and guidance rather than direction on the part of the ins;bruc‘bor,31

Probably in no area has greater attention been given to the
scientific method than in the area of undergraduate teaching of intro-
duotony'science courseé with laboratory work. Yet it is questionablé in
most cases whether this teaching embodies true laboratory procedure.
Many "laboratory procedures"-for teachiﬁg purposes have become eséenw
‘tially "cook-book!" operations. The experiments are "exercises!" which may
give practice in the éeveiopment of skills and technigues of laboratory
work but this constitutes a distortion of the ofiginal meaning of
laboratory work for undergraduate laboratofy teaching.

One of the factors whiéh may be blamed for encouraging "exer-
cises" in laboratory_wérk is the labq?atory manual. The manual has been
'criticized as a teaching aid in laborétory work because it often does not

fulfill the need for "real" experiments, '"open—ended" experiments,

proper evaluation of laboratory work, and the prevention of "cook-

booking'" and "dry-labbing®. The laboratory manual should be written

'31Van Deventer, W. C., op. cit., p. 160.
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considering the following points:

1. The problems of laboratory work'must be "real" for the stu-
dent or they must be given a semblance of reélity for the purpose of
motivation. The exploration must he at the student level of understand-
ing or else he follows the directions without learning.

2., The experimental approach fo.a prgblem oftgn requires a
longer pefiod of time than a single laboratory period. To pursue the
objectives of a problem, the stﬁdent needs a block of uninterrupted
time of considerable magnitude so that he can press forward his investi-
gation without interruftions by other class activities.

3. The proper evaluation of laboratory results by testing is
needed to‘determine the amount of learning from the experiments which
are conducted in the laboratory. |

4, The use of formal or essay type of laboratory reports are
needéd to prevent "dry-labbing" and "blank;filling" of the laboratory
manuals. These latter two practices rely heavily on copying from other
students and obtaining the answers from the texts.

5. The so—called experiments in conventional manuals are
practically worthless if used "as is".

In the laboratory, the instructor is the key to success, yet in
most of the larger colleges graduate teaching assistapts serve as labor-
atory instructors. One of the glaring faults of laboratory instructors
has been their tendency to explain orally each step of the experiment
with the result that they tell the students so much about the experiment

that there is little time or curiosity left to carry out the work. Since
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laboratory work is based on performance with apparatus and materials, a

partner is more likely to be a hindrance than a help.

2

3
Cole™ 1in 1940 stated that "laboratory work will eventually be

restricted for the most part to those intending to become specialists in
a field of science and probably omitted altogether for those who want
only a survey of main facts and general conclusions.”

Despite strong recommendations in favor of laboratory work con-—

33

tained in the Harvard Report™ in 1945, the physical science courses at

Harvard were taught without individual laboratory work. Yet some science
instructors have assumed that laboratory work is an essential part of
biology or science instruction and that a non-laboratory course is not

really a sclence course.

Mursell in 1949 stated that college freshmen are too immature
for traditional laboratory work as shown by his comments:

The instructor should realize that if a student is to
learn much biology from a series of standard laboratory experi-
ments in which he follows the instructions in the manual, the stu-
dent must already have achieved considerable maturity in objective -
thinking. The laboratory work is highly specialized, with exacting
manipulative problems. The purpose of the experiment is usually
technical and narrow, The form of the write-up, dictated by the
manual, is too stereotype, does not lend itself to a recording and
focusing of the actual experiences and explorations that the stu-
dent desires.

When scientific immature students, and this includes many
college freshmen,  are put up against experimental situations, they

32Cole,~ Luella, The Background for College Teaching, Farrar &
Rinehart, Inc., New Yérk, 1940, p. 331.

33Harvard. Committee, General Education in a Free Society,
Harvard University Press, Cambridge, Mass., 1945, p. 168.
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are apt to go through the motions, without any real benefits in
the way of improved objective thinking. They learn, as they
always must, in accordance with their developmental level. The
individual science laboratory is an example of the fallacy and
the futility of premature challenge to be found in education. 34

Furthermore, Ginsberg has guestioned in particular the value of
the individual laboratory method for the non~science student:

The problem of laboratory requirements has a practical

_as well as a pedagogical side. The practical side has to do
with the space, facilities, and manpower to carry out an ade-
quate program of laboratory imstrucitions for all students

during an era of peak enrollment as is now facing the colleges.
The important concepts in any scientific field can and have been
taught without formal laboratory instructions. There are also
many laboratory courses that keep the students oceupied with
highly dubious and dispensable busy work. 3D

In some institutions, a gquestionnaire has been used to obtain
student’s reaction to the laboratory. A% Harvard36 the students were
. overwhelmingly opposed to the individual laboratory work.

Huffmire37 in an artiecle entitled Teacher—demonstrations

stressed four weaknesses of individual laboratory work. The conventional

laboratory should:

1. Be a place where "Ieal" problems are undertaken, but too

often the students! only concern is to follow the directions in the

34Mursell, James, Developmental Teaching, McGraw—Hiil Book Com-
pany, New York, 1949, p. 239.

35Ginsberg, Benson, op. ¢it., p. T2.

36McGrath, Earl J., ed. Toward General Education, The Mac-—
Millan Company, New York, 1948, p. 108,

37Huffmire, Donald, Teacher-demonstrations, Science Education

33:263, April, 1965.°
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manual and confirm an alreédy known principle. Thus, the scientific
method is not followed or grasped.

2. Provide for individual differences in gaining laboratory
experiences for the gifted student. Individualism of laboratory work is
not the usual procedure aé most instructors want uniformity in expefi—
mental results. |

3. Not be required for all scientific investigations. Problem-—
doing experiments can benefit students who lack the ability for original
;c'esearch°

.40 Be adequately equipped with facilities and time period for
pursuing the objectives of truly scientific learning and training.

There is a great dichotomy'betWeen the biologist and the educator
oﬁ the values of individual laboratory work. The biologist believes that
laboratory work is an indispensable part of most biology courses. The
training shouid develop in a student an understanding of the methods,
attitudes, and approaches held by the biologist; The educator, on the
other hand, wants the contenis to bélpéeful for the student as part of
his general education. In departmental coufses, the student is bent to
the need of the subject ﬁatter while in the general'education-OOurses
the subject matter is bent to the need of the student.38

The impetus toward general education is linked with the expansion

of knowledge and its incorporation into an increasing number of disci-—

¢

38

French, Sidney,-Accent on Teaching, Harper & Brothers,; New
York, 1964, p. 15.
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plines and speoialities°39 The colleges and universities need to change
the emphasis from facts about science and replace it with a more intelli-
gent understanding of the principles of science and their broad implica-—
tion to society. The methods of science are indispensable in the solu-~
tion of world problems, but the results of science itself musf be "human—~
ized" by placing the emphasis on the development of better human beings
in a better environment. So inadequate are the science requiremehts for
the general education studies, that a student may graduate from college
and yet remain scientifically illiterate. Then again, the science
- specialist may go through college without becoming aware of the social
implications of science.40

The'instructors of biology for general education must select
from the vast storehouse of knowledge of life science those ideas and
principles which have significance and which have functional meaning in
the lives of studentso41

Increased enrollment has brought with it a wide range of cultural
and social backgrounds which the college must take into account in edu-—
cating the students. Many scientific p}oblems incorporated into the
basic materials of general biology are tangible and objective while many

of the social problems such as those discussed in esthetics, ethics, and

39Dressel, Paul & Lorimer, Margaret, General Education, Encyclo-
pedia of Educational Research, 3rd ed. The MacMillan Company, New York,

1960, p. 571.
40

41

Hurd, Paul, op. cit., p. 34.

French, Sidney, op. cit., ». 152.
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religion are of a subjective and intangible nature. These problems find
their way into general biology courses and the only objective data avail-
ablevare'of a personal nature and possess only’subjeotive Validityo42
Therefore,‘those gocial problems in biology can not be designed fﬁr a
problem~solving situation as treated in the individual laboratoryO‘ Yet,
many social problems can be taught by the demonstration teaching method
with mu}timsensony aids. Por instance, by means of thé motion pictures
the reproductive process and live birth of the human can be observed in
a matter of minutes. No amount of reading or experimentation can dupli-
cate the effectiveness of this presen‘tationo43

Statistical information concerning recent enrollment'in the

44

colleges and universiiies ' réevealed that only seven percent of the
gtudents who take bio;ogy are majors or minors in that discipline while
most students are non~biology students who take general biology for gen—
eral gducation requifementse

The laboratory has been a location in which one can obtain skills,
techniques, and procedures of laboratory teaching, follow the steps.of
the scientific method, and. develop a scientific attiﬁude. The objectives

of laboratory teaching give direction to science teaching. The individ-

unal laberatory teaching method has not been considered enfirely satisfac—-

42
43

Van Deventer, Donald, ggg‘oitag p. 169.
French, Sidney, op. ¢it.; p. 155.

4481monﬂ Kenneth & Marle Fullam, Projections of FEducational
Statistics fo 1974~75, United States Government Prlntlng Office, Washing-
Ton, D.C., 1965, De 22.
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tory for at least sixty years. The expansion of scientific knowledge
has precipitated é trend toward the development of general education.
General education and increasing college enrollments have thus become
twe major factors in creating a dissatisfaction with individwal labor-
atory work. |

- A search of the literature was made to determine a different
teaching method which might alleviate the problems of a shortage of
space, staff, time, and equipment as well as an effective method of
teaching students. The recurring reference to the dgmonstration method
led to a survey of the nature of this laboratory teaching method. It is

reported next.

The Nature of the Demonstration Teaching Method. The review of

literature on the teaching of‘léboratory methods revealed that the
demonstration method has been used as a’teaohing method throughout the
history of laboratory work. The method has been considered important
for lagoratory teaching especially during periods of rapidly increasing
enrollments in colleges and universities when i% provided'for an economy
of space, étaff,land facilities, as well as being an effective labor-
atofy teaching method. The demonstration method, when utiliiing the
proper multi~seﬁsory aids and sound principles of learning, can be used
to help counter-act the problems created by the factors which are chal-
lenging the values of thé individual laboratory teaching method.

One of the factors which has made inconclusive much of the re—

search in the area of laboratory teaching methods has been a failure to
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adopt a standard definition of "demonstration.® The term has been erron-
eously applied to teaching experiences which are basically very different
in their approach and their effects on the students being instructed. A
distinction should first be made between "lecture-demonstration' and
"experimental-demonstration”, and then the term "demonstration" itself.,

Good45

in the Dictionary of Education defines the "1ecturemdemoﬁstration“
as a "method of teaching in which the instructor gives an oral péesent—
ation of subject matter while demonsirating with certain devices." A
device is any activity having a justifiable educational aim which helps
to stimulate the student to a greater effort in learning., The "eXperi;

. 26

mental-demonsitration® as defined by.Anderson and Smith

in the Encxclof

pedia of Educational Research is "effective gtudent participation in

v

postulating, suggesting, testing and drawing conqlusions about a problem."
A functional definition of demonstration is needed. G‘rood_47 de—
fines "demonstration™ as the "procedure for deing sohething in the pres-—
ence of others either as a means of showing them how to.do it or in order
t0o illustrate a principle." The definition of demonstration which the
writer deemed best for this study is now given. The instructor demon-
strates materials to focus attention on a natural phgnomenon for the pur-
pose of (1) stimulating inquiry, (2) é@ding realism and vividness in the

process of concept formation by utilizing multi-sensory aids, and (3)

4'5(}006., Carter, op. cite,; p. 124-
46Andersoﬁ, Kenneth & Smith, Robert, op. cit., p. 1223.

47Good, Carter, op. cite; Po 124.
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exemplifying the application of a principle.

Mort and Vincent in an Introduction %o American Education define

the terms method and techniques-as:

"A method of teaching refers to a broader term which is
used throughout the school year or term, while a technique in
teaching refers to a specific procedure-that may be-used for a
day, week or longer. Some fechniques may fit any method. The
demonstration method can be used throughout the semester but a
laboratory technique may vary from concept to concept. An
ingtructor may adopt some modern techniques and yet, for the
most part, retain his old methods."4

Huffmire49 listed the following contributions that the demon-
stration method can make to laboratory teaching: (1) creating a problem,
(2) developing a point, (3) explaining a principle, (4) helping in re-
view, (5) beginning or ending a lesson, (6) showing methods and tech—
niques, (7) displaying objects and specimens, and (8) providing for a
student’s needs, such as teaching accurate observation, organizing data,
and preparing a good report,

'Huffmire5o has also listed several limitations and disadvantages
which have been attributed to the demonstration method. The writer
critically congidered them in designing this study. The possible limita~-
tions and disadvantages are (1) possible lack of visibility, (2) limita-

tion of the students for opportunity to become familiar with materials,

(3) the fact that scientific information cannot be grasped by sight and

48Mor'b, Paul and Vincent, William, Introduction to American
Education, McGraw-Hill Book Company, New York, 1954, p. 319.

49Huffmires Donald W., op. cit., p. 262-265.

5OHuffmire, Donald, op. cit., p. 262.
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sound alone, (4) demoristrations may proceed so rapidly that'the student
may fail to grasp their full meaning, (5) certain students may dominate
the discussion period, (6) no active student participation during the
demonstration, (7) elaborate demonstrations tend to be too convincing,
(8) the method is concerned With problem—doing, rather than. problem- ;3
solving, and (9) the method does not use the inductive method in answer—
'ing a problem since a conclusion is drawn from only one observation.

Demonstrations have been substituted for laboratory work either
partly or wholly for several decades with varying degrees of success.
In some colleges demonstrations are used effectively, and this method has
been given good support by both faculty and student evaluationa51 This
fact has been reéognized by instrvuctors of courses for non-major students
with the result that in some cases the use of the demonstration teabhing
method has come to replace individual laboratory work altogether. The
increased use of multi-sensory aids has helped to meet the need for
adequate demonstrations.

With the present rapidly increasing college enrollment, the
number of students who take survey courses in general collége biology
t0 help fulfill their general education requirements in the biological
sciences has placed a heavy burden on the existing laboratory space,
facilities and staff. The bilology department's major function becomes
one of teaching survey courses to large numbers of students, largely

freshmen, rather than the teaching of advanced biology courses to the

-

51Van‘Deventerg Wo Coy Opo Cito, Po 1860
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biology majors and minors in the deparitment. This factor makes it imper—
ative that a more economical and effective.method of laboratory teaching
be of vital concern in the best interests of future p%ogress of biology
departments. The demonstration method was considered as a'laboratony
teaching method that would help alleviate the populatiop problem men—
tioned because the objectives of biological gduoation can be presented
by fhe demonstration method wtilizing fthe proper multi-sensory aids.,

Multi~sensory aids appropriate to this method are presented next.

Use of Multi-sensory Aids for Laboratory Teaching Methods. Multi-

sensory aids provide the concrete experiences which are essential for
learning and are especially valuable in laboratory teaching methods.
Multi~sensory aids are very important for presenting fhe biological prin-
ciples in general biology. The following multi-sensory aids were avail-
able and.they are listed with a short definition. The aids may assume a
var;ety of forms, but in most cases their names are sufficient to indi-
cate their nature and use in the demonstration method:

1. Chalkboard may serve to visualize work in practically every
-aspect of biology, such as for diagrams, sketches, and drawings.

2. Specimens, living or preserved, are usually displayed as a
sample.

3; Model is a replica — a representation often in miniature of
a plant or animal, or part of an organism. The model may be 1argef,

smaller than life size, made to scale, or life-size but all provide

depth to the organism,.
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4. Textbook illustrations are a variety of forms from photo-

graphic reproduction of pages in other books to diagrams and figures of
every conceivable type.

5. Photographs and microphotographs have a life-like represen~

tation ranging all the way from natural size to the microscopic world
seen under the compound and the electron microscopes.

6. Drawiﬁgs are usually made for publication purpdses by an
artist.

T. Sketches-are usually thought of as pictures in which the
ideas are embodied in rather crude or simple fashioﬁ._

8. Diagrams may suggest a picture and often are not iﬁ the
ordinary sense like the objéct represented, but corresponds to them in
certain points and only in a vague way. |

| 9. Gharts are drawings or diagrams large enough to be used with
the entire ciasé.

10. Museum is a collection lérgely of visual material of the ex~
hibit, object,:and pictorial type for the purpose of displaying and
making readily available the various materials housed fhere. The museum
is egsentially a grbuping of materials to serve.some general or specific
purpose.

11, 8Slide—~film or filmstrip are a series of related sequence

pictures in a strip which are usually shown on a screen by means of a

projector,

12. g.g 2 slides are usually in color and can be obtained commer—

¥

cially or else an instructor can use an adapter on a microscope to pro-—

qd
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duce pictures of microscopic life.

13, Motion picture consist of a series of photographs taken on a

strip of film and when introduced into a motion picture projector gives
the impression of life and motion, either black and white or colored.

14. Flannel board consists of a flat piece of stiff backing, such

as plywood; covered ﬁith a felt-like material. Objects with a sensitive
béoking cohesively cling to the flannel board. The most effective
feature is .the flexibility and appeal that visualland manipulative
materials, such as diagrams, symbols, sketches, letters, words and terms,
have in the presentation of a concrete leérning situation. The use of
various colors for different heédings and topics is very effective for

discrimination.

15, Bioscope or microp?ojeotor projects .microscope slides or
minute objects greatly enlarged upon a screen so that\the'entire class
can see the image at one time.

16. Duplicators can reproduce materials from a master copy, such.
as diagrams, sketches, and charts,. for each gtudént and with the aid of
various colors can compare and contrast special topics and aépects of
drawings. »

The techniques and procedures employed with the multi-sensory aids
will be brought out in Chapter 3 in presenting the design of the experi-
mental method,

In summary, the review of literature revealed that the demonstra-

tion teaching method can stimulate inquiry, exemplify the application
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of a principle, and utilize multi-sensory aids for concept formation.
The demonstration method requires less space, time, staff, and equipment
than the individual laboratory teaching rethod. The disadvantages and
limitations of the demonstration method might deter the student from
learning laboratory skills but the proper use of multi-sensory aids can
correct these limitations. The demonstration teaching method has been

" used by various secondary schools and colleges and has been favorably
received by administrators, scientists, and educators. The constantly
increasing enrollment’has encouraged survey courses that place reliénce
on a large array of multi-sensory aids in teaching the students._ These

efforts have been successful.

Principles of Learning as Related fo the
Use of Multi-sensory Aids
The use of multi-sensory aids is especially valuable in demon-
stration teachingo52 The student will make progress in the development
of behavior patterns when he observes good demonstrations of the materials
to be learned. The multi-sensory aids can provide concrete experiences

53

which are essential for enriched learning. In providing the concrete
experiences essential in learning on the associative level of imstruction,

these aids not only give meaning to words and to symbols, but clarify

52McClusk;y, ¥, Dean, Audio-Visual Teaching Techniques, Wm. C.
Brown Company, Dubuque, Iowa, 1949, p. 12.

531pid. p. 11.
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ideas involving higher abstractions. The multi—-sensory aids help in the
devglopment of reflective thinking Which in turn depends upon the learner's
ability tO‘récombine experiences and 1o relate them to problems at hand and
to their solu;tion°

254

In his book, Theories of Learning, Hilgar reviewed 10 theories

of learning and developed 14 points of sound psychology of learning as
agreed upon by psychologists writing in the field of learning theory.

FPive of these points have a particular bearing upon the use of
milti~sensory aids in teaching: (1) A motivated learner acquires what he
learns more readily than one who is not motivated; (2) Learning under
the control of reward is usually preferable to learning under the control
of punishment; (3) Meaningful materials and tasks are learned more
readily than nonsense materials and tasks not understood by the learner;
(4) Information about the nature of a good performance, knowledge of one's"
own migtakes, and knowledge of successful results aid learning; and (5)
Transfer to new tasks will be better if the learner can discover relation-
ships for himself and if he has experienced during learning the application
of principles within a variet& of taéks°

The first point by Hilgard deals with motivation as related to the
use of multi—éensory aids in. the teaching of general biology. MNotivating
the class toward an oﬁjecﬁive requires that attention be directed to the
events at hand. When the student’s attention is focused on events by self-

direction, sufficient energy is assured to promote learning as long as

54Hilgard, E. R., Theories of Leérning,'Appleton—Croft~Century,
New York, 1948, p. 486. ‘
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necessary until mastery iS‘obtainedc55 Motivation, as an element in the
learning process, has long been regarded with respect. One of the most
common and logical motivational devices is the inétructional orgahization
necessary for the usage of multi-sensory aids. This instructional moti-
vation is centered in the sequence in which the student is introduced to
the t&pic and to the content organization of the learning material.
Learning seems t0 be more complete and more efficient when it is ener-
gized and directed by these two factors. The demonsiration method, like
learning; must be goal-directed. The implication of Hillgard's sound
point is that carefully organized multi-sensory learning materials will
aid in both goal setting and the motivating effect of seeking to achieve
the goal.

The second point deals with learning under the control of reward.
This reward may be in the form of reinforcemenf which strengthens approp-
riate responses and is most useful in facilitating learning when applied
frequently and promptlyo56 Reinforcement has a significant effect upon
the learning of concepts. The instructor can reinforce the students in
the classroom by making them aware of what they are learning. By this
approach a mental attitude or emotional tone is developed which is a key
to more effective learning.

The third point of agreement among psychologists is that meaning-

55‘I‘ownsend, Edward A. and Burke, Paul J., Learning for Teachers,
MacMillan Book Company, New York, 1962, p. 204.

56 McDonald, Fredrick, Educational Psyohology, Wadsworth Publishing
Company, Inc., San Franolsco, 1959, p. 120.
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ful materials and tasks are learned more readily°. The significance of
the activities in which the sfudent is engaged and the satisfaction which
they bring to him when completed is promoted by meaningful learning. The
rote learning, now so common in biolqu teaching, needs to be directéd to-
ward. learnipg of a conceptuai nature that leads the student to some under;
standing. of the structures of the subject. When the problems are real
and meaningful to the learner; problem—solving becomes the ?iohest
learnihg experience., Understanding tends to improve retentiion as mean—
ingful material is more likely to be remembered than non-meaningful
ma‘terialos7 An important factor that appears to influenée the acquiring
of generalizations is familigrity with material in which the general-
ization is formed.

A study by Tyler58 demonstrates that knowledge of principles
and generalization is more likely to be retéined than is knowledge of
1esslm§aningful.material such as te£minologye Tyler measured how much
course content was retained after one year, using the terms learned in
biology, knowledge of principles, .and ability to interpret new experi-
ments, The results indicate that much of the ferminology is forgotten
but that the principles and experimental interpretations are retained.

The fourth point of agreement about learning concerns the value

of student's information about the nature of a good performance, know-

5T1pia., p. 120.

58Tyler, R., Some Findings from Studies in the Field of College
Biology, Science Education 18 (1934), 133-142.
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ledge of his own mistakes, and knowledge of successful result. The
latter is an effective reinforcer for students as it serves #o strengthen
habits, evokes already established habits, and provides the motivation
for learning or performinga59 A good reason for summarizing at the end
of each demonstration period is to establish full awareness of éorrect
response and both reflection and contrast with a wrong answer or inco?—
rect I‘esponée° Thus the last response that stands out at the end of a
learning period is the correct one.

The fifth point of agreement is that the transfer of learning to
a new task will be better if the student can discover relationships for
himself and through his own experiences apply the principles witﬁin a
variety of tasks. ‘Transfer of learning is more likely to take place
when the "thing" or "idea" to be transferred is a generalization. Con~—
cepts cannot be learned without some experience in generalizing the
phenomena which are to be conceptualized. This experience ailds the stu~-
dent in making necessary discriminations. To acquire learning a person
must abstract or infer from sensory data and his experiences. The
permanence of student learning of principles and generalizations in
biology is dependent to a great extent upon the degree to which the
learner is able to conceptua}ize his knowledge of relationship between
two or more concepts.

The brinciples "]earning meaningful materials" and "the transfer

of learning" are very appropriate guidelines for the use of multi-sensory

59Mursell, James, ope. Cit.; p. 246,
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aids in the "demonstration method." Meaningful msterials such as con-~
cepts or "ideas" can be transferred to a new task if the student can
make generalizations from what he learns. Multi-sensory aids help in
the development of "ideas" which the student can use to conceptualize
his knowledge of relationships‘in his own experiences. He can discrim-
inate because of the sensory data. This knowledge of ideas in a course
will be retained while facts would soon be forgotten.

A recent.experiment By Boguslavsky6o illustrates the utility
of accentuating essent;al characteristics., Two groups of biﬁlogy stu~
dents were to learn how té identify %he parts of flowers. One group was
given "real" flowers and was taught the parts with the real flowers as
examples. The second group was presented with a large and simplified
diagram of the parts of a flower from which the parts were to be learned.
The resulits of the experiment indicated that the group using the_diagram
learned the parts of a flower more accurately and easily. They were also
able to generalize their knowledge to real flowers better than'the first
group. Abpérently for the group using the diagram there were no other
stimuli %o interfere with attention to the crucial features of the
fléwers which had to be learned.

Insight is the point in the learning process at which the student
perceives meaning in the situation and understands what he is doing.
When these understandings have been tested in many situations they become

generalizations., The best learning is possible when these generalizations

60Boguslavsky, G. W., '"Psychological Research in Soviet Education,”
Science 125 (1957); p. 915~18.
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are used to meet the demands of life in as many situations as possible, -

Concept formation is a process in which a person interacts with
his environment and organizes the mass of stimuli that he‘is experiencing.
The following experiment re&eals that the proper environment is necessary
for concept acquisition. »

Marks and Ramoﬁd61 performed an experiment in ﬁhioh concepis
were evoked in two different situations described as "real life" and
"textbook". . The concept foermation task was the same for both groups
except that the subjecis in the ¥real life! situation actually performed
the task themselves by manipuléting the cards. The "textbook! group
produced significantly more correct solutions at a significantly higher
rate than did thé tregl life" group. The conclusion was that complex
learning environment may be so threatening that it inhibits concept
acquisi{:ion°

| The faqt that learning is a developmental process means that
the sequence of learning experienoes is. important. Conceptual learning
moves from the concrete to the abstract, frem the visibie t0. the invis-
ible, and from the known 1o the unknown.

The learner normally proceeds from concrete observation; o
abstraction of ideas, to application of these ideas in yéal and concrete
situations,  to generalizations érawn from a number of such applications,

and finally to assimilation of these generalizations as a part of the

S

61Mark, M. R., and Ramond, C., "A New Technique for Observing
Concept Evocation," Journal of Experimental Psychology, 42:424-20, 1951.
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learner's permanent understanding.

The use of multi-sensory aids provide concrete experiences essen—
tial for sound learning. Psychologists are in agreement on several prin-
ciples of 1eayning theory which can be applied to the use of multi-
sensory aids. These are the concepts motivation, reinforcement, the
learning of meaningful materials, a knowledge of results, and the trans-
fer of learningo

Multi~sensory aids provide for known, concrete, and simple ideas
which can be utilized to gain new geperalizations of a more abstract and
complex nature, Studies of a psychological nature provide information on
why'people learn and the factors which can inhibit learning. Research

sudies in the teaching of laboratory methods are reported next.

Experimental Studies of Laboratory
Teaching Methods

An examination of the literature was made to determine what ex-
perimental studies had been made éoncerning the methods and techniques
used in labofatony teaching methods in general biology. These experimen-
tal studies have been divided into three groups on the basis of: (1) lab-
oratory teaching techniques using mulii-sensory aids, (2) Laboratory
teaching methods using multi-sensory aids, and (3) Laboratory teaching
methods appropriate to the achievement of the objectives of biology in

general education.

r

62Mursell, James, op. cit., p. 384,
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Laboratory teaching techniques using Multi-sensory Aidg. Labor—
atory teaching techniques different from those generally covered in the
individual laboratory method were found in studies at both the.secondary

63, in 1945, made a study at the secondary

and college level., Tobler
. school level which involved the value of the instruction prepared biology
drawing ﬁersus the original student laboratory drawing. The conclusion
ﬁas that high school biolbgy studenis Who uséd prepared biology drawings
made better scores on examinations of factual learning than equated
groups of students who prepared and labeled their own drawings.

Rulon64

s in 1933, found that the teaching effectiveness in
science could be increased as much as twenty percent, when measured in
terms of learning retention, with films used in combination with modern
teaching methods,
65 . .66 . .

Stathers in 1933 and Breckhill - in 1941 reported studies com—
paring the effectiveness of the microprojector with the compound micro-
scope. The study by Stathers compared experimental and control groups

from the same high school 1o determipe the effectiveness of the use of

the microprojector on the achievement of students. The experimental

63Tobler, I. Vance, "Teaching Values of the Prepared Biology
Drawings Versus the Original Laboratory Drawings," Science Education

45:479-82, 1945.
64Hurd, Paul, op. giiu,‘bo 225.

658tathers, Allan, "The Microprojector Compared with the Individ-
nal Microscope in Teaching HIgh School Biology," Science Education 17:59-——
63, 1933.

663reokhill, Edith, "A-Study of the Microprojector as a Teaching
.Aid," Science Education 25:215-18, 1941.
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classes used only microprojectors while the control classes used only
the traditional micfoscopes; The data obtained supported the accep—
tance of the hypothesis that there was no significance in concepiual
information between the experimental.groups which used the microprojector
and.- the control groups which tised the microscope. '

Two studies'at the college level concerning techniques were re—
viewed. Alpern67 in 1936 compared the effectiveness of the student-made
and prepared drawings in college bioiogy classes. Hé found that the
labeling of prepared drawings and the procedures of making original
drawings were equally effective with regard to students® acquisition
and retention of the factual information derived from laboratory work.
The time saved by the use of prepared drawings wﬁuld rate it the more
efficient procedure of the tw§ techniques.

Two recent studies by Kie1y68 in 1958 and Novak69 in 1961
utilizing photomicrographs produced objective daté for current teaching
techniques. Kiely compared the learning value of student-made drawings

and photo-micrographs in pre~professional biology courses. He found that

students of both low and high intelligence guotients learmned and retained

67Alpern7 M,; A Comparafive Study of the Effectiveness of Stu-
dent-Made and Prepared Drawings in College Laboratory Work in Biology,"
Science BEducation 20:24~30, 1936.

68Kiely, Lawrence, "Student Drawing Versus Photomicrographs,"”
Science Bducation 42:66-73, 1958.

69Novak, Joseph D:, "The Use of Labeled Photomicrographs in
Teaching General College Botany,” Science Education 45:119-122, March,
1961.
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‘more faétual-information when photomicrographs were uéed.

An éxperimental study by Novak in 1961 investigated the learning
effect of labeled photomicrographs on a student’s achievement in general
botany. The time~honored procedure required each student to draw de-
,tailed replicas of the materials stu&ied. The major hypothesis to be
tested involved the neasurement of the effectiveness of labeled photo-
‘micrographs supplied in addition to the regular outline drawings in the
iabofatory manual on student's achievement in a college general botany -
céufse.

‘Tﬁé study involved forth-three students in a general botany
class which met three times each week for two-hour periodé, The first
hour was a lecture and the second hour'was devoted to laboraiory work.
Tﬁe.lecture‘waé given by the author'of the study and the laboratory was
supervised by the~author and teaching assistants. The students were
" divided into two groups at random and were given'a pre-test. Four tests
were given during the study.

The students were selected at random and then divided into two
groups as follows: (1) Group I, the control group, with outline drawings
provided by the laboratory manual; and (2) Group II, the experimental
group, with outline drawings provided byAthe laboratény manual plus
l@beléa photomicrographs;

The results of the stuéy indicated that there was a tendency
for higher scores on the tests given after a period of instruction when
labelgd photomicrographs were supplied. ‘The déta sugges%ed that the usé

of labeled photomicrographs may be of value as a supplement to outline
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drawings in a laboratory guide.

A study by Donor70 in 1965 dealt with the use of laboratory

'drawingso Drawings are usually considered as developers of the ability

to observe specimens accurately, to think critically, to understand Bio~
logical knowledge, and to apply this kndwledge_to the solution of a
problem. The author's hypothesis was that the consiruction of laboratory
drawings was nof necessary for effective learning in biology. The stu—
dents were randomly assigned at the time of régistfation o an experimeﬁ—
tal study group called the non-drawing group, and one called the drawing
group or control group. Both groups followed the same syllabus, utilizgd
the same materials, and met for the same periods of time. Thé experi-
meptal group did not draw or diagram any of the biological tissues or
specimens which were studied but were requested to answer a series of
éuestions pertaining to the materials studied. The Nelson Biology Test
was used as the achievement test. The findings indicated that the ccn-
ventional practice of ﬂaving students construct their own drawings in

the laboratory could be eliminated without any loss in achievement.

The reports on experimental studies of laboratory teaching tech-
niques using multi-sensory aids revealed that thé.vafious techniques de-
vised and used for the experimental groups revealed that in general the
results compared favorably with those used by those in the individual

laboratory work groups.

70Donor, A..Eo, "An Investigation of the Value of Student-Made
Drawings in Introductory Biology Laboratory Courses,'" Dissertation Ab-
stracts, University Microfilms, Inc., Ann Arbor, Michigan, Vol. XXVI, No.

T, 1965, p. 82.
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Laboratory Teaching Methods using Multi-sensory Aids.
71

Cunmningham in summarizing 37 research studies in soience‘teaching be—
tween the leoturemdemdhstration and the indi&idual laboratory method ob-
tained the following informafion on laboratory teaching methods using
multi-sensory aids:

jo The research techniques used.

2. The appropriateness of the controls.

3. The measures of achievement.

4. The adequacy of the data,

5. The investigators'! interpretations of the results.

6. The reactién of critics to the various research studies.

Some of the variables which were ccqsidered as factors in the
comparative studies were: (1) Age and sex of students, (2) Time of day
and length of periods, (3) Size of apparatus and closeness of studenis
and who performed the demonstrations, and (4) Effect of reduction in lab-
oratory time.

Cunningham drew several conclusions from the 37 studies in:

‘science. teaching methods using multi-sensory aids. The more important

conclusions were:

1. The demonstration method can be used effectively to teach
science in the laboratory if the aim is to produce learning of +the
factual type and if economy of time, money, laboratory facilities, equip-—

ment and staff are desired.

71Cunningham, Harry, op. cit., Do 74,
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2. The individual laboratory teaching method should be used if
the acquisition of laboratory skills, resouroefulness, and solving labor-
atory problems are desired outcomes.

3. Both methods should be considered if the purpése is to allow
for individwmal differences, to consider problem—solving situation, and
to provide for a variety of techniques for many types of teaching csny
ditions.

Since 1946, when Cunningham presented his summary on the demon-
stration versus the individual laboratory teaching method, there have
been many changes in science teaching in the high schools and colleges.

There have been several post-World War II research studies in
science ét the college level but only a few in biology. One of those in

re in 1947. Two gfoups were equated on the

biolog& was made by Mallison
basis of I.Q. and used o compare achievement of one group taught by the
demonstration method with the other group which was taughf by the fradi-
tional laboratory method. A list of experiments was compiled as sug-
gested laboratory exercises for a:genéral college biology course to be
used by the instructors involved. One set of experiments was written up
as a %eacher's ﬁanual for the presentation of leotﬁremdemonstration by
the instructor. The other set was written up as individual léboratony

exercises to be used by each student.

The students were given the same test and covered the same coﬁrse

72Mallison, George B.; "The Individual Laboratory Method Compared
with the Lecture-Demonstration Method in Teaching General Biology,"
Science Education 31:175~78, No. 3, April, 1947.
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materials, The only test given was at the end of the study. An evalua-—
tion of the findings showed that no conclusion could be drawn as to the
relative merits of either one of the itwo methods of labérafony présentaw
tion. However, the individual laboratory did show a slight trend toward
the better preparation of the students for the examination.

The recommendations from this sfudy were that a pre-test was
needed to equate the students of the two groups instead of I1.Q. scores
and that the groups should have been larger than 75 students.

Schefler73

in 1965 made a study which merits consideration be—
cause of the experimental desigﬁ and the statistical treatment which was
used to produce current research study in college biology.

The hypothesié tested was that there was no significant differ-
ence between students taught by the inductive method and those taught by
the illustrative method in terms of gain from the pre-test to the post-—
test., The procedure involved 800 students in general college biology
who were randomly assigned at registration and were considered a randém
sample of the sampling population.

A pre-test was given to all students at the beginning of the
experimental study and a post—test at the end of the study ﬁsing the
same measuring instrument. The investigétor taught fhree sections of
the experimental group.

The data were assémbled for analysis and the analysis of covari—
%

73Sohefler, William C., -"A Comparison Between Inductive and
Illustrative Laboratories in College Bioelogy," Journal of.Research in
Science Teaching 3:218-223, 1965,
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ance was applied. A five percent levél of significance was selected.
The New York .State BiologyﬂRegent Scores and the Regents Scholarship
Examination scores were included in the analysis as controls of academic
aptitude.

The findings revealed that in no case did either method produce
a statistically significant difference in achievement, In oné case the
effect of the instructor was significant with both‘methods.

Laboratory Teaching Methods Appropriate for the Achievement of

the Objectives of Biology in General Education. Some recent studies

were locateq in the literature which attempted to measure the objectives
of general education in comparative studies of laboratory methods in
science. No definite study in biology was located, but all were designed
in the physical sciences.

14

Bullington' ™ in 1949 carried out one of the first post-war
studies at the college level for general education. V\Taro'L?5 in 1956,

carried on a study in research comparing ftwo methods in physical science

instruction for general education of college students. Bradley76 in 1962

74Bullington Robert A., "A Study of Science for General HEduca-
. H ? A
tion at the College Level," Science Education, 33:235-241, April, 1949.

75Ward, John N,, "Group Study versus Lecture-Demonstration Method
in Physical Science Instruction for General Education of College Student,”

Journal of Experimental Education, 24:197-210, 1956,

7'6Bra'<itle;y, Robert L., "Lectute-Demonstration versus Individual
Laboratory Work in a Natural Science Course at Michigan State University,"
Dissertation Abstracts, 23:4568, May 1962,
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17

Moosnick in 1963 produced studies in general education in physical
gcience at the college level.

The purpose of Bradley's study was to determine the role of the
individual 1aboratpry and the lecture—~demonstration methods of teaching
natufal science in achieving the objective of general education as meas—
ured by a paper and pencil test.

The aims and objectives of general education giveﬁ for the natural
science courses were to gain: (1) an understanding of science, (2) an
understanding of subject matter, (3) the methods éf science, and (4) an
understanding of the relationship of science to other areas such as social
studies and réligion°

All étudents in the study were enrolled in one course at one time
in-one school., PFour sections of students were randomly assigned at the
time of registration. A facterial design involving five variables varying
in two ways was involved. The éxperiment was carefully conitrolled with
respect to the instructional time, laboratory apparatus and equipment,
and the evaluational instruments. |

Information on initial status of the students obtained by. the
College Qualification Tests, sex, and previous collége laboratq:y science

was ftabulated. The criterion for achievement gain‘was the final examina-

tione.

17

"Moosnick, Monroe, "An Exploration of General Education in the
Natural Sciences," Dissertation Abstracts, 23:4263-4264, May, 1963.
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In the experimental design, six null hypothesis were tested:
1. No difference between the subject matter achievement by
methods.
2, SeXes.
3. Instructors.
4., The above median and the below median group as measured by
the CQT~T Scores.

5. Groups who had previous college courses and those who did

not,

6. No interaction between method, sex, above median and below
'median.

The experimental data were subjected to the analysis of covari-
ance.

ﬁive of the gix null hypotheses were accepted and the sixth - no
difference between the above median and the below median group was re—
Jjected.

The conclusion was that the experimental evidence showed that
neither method was superior for teaching natural- science when the achieve—
ment scores and the aims and objectives of general education are measured
by a paper and pencil test,

There was evidence thgt one instructor was more effective with
high ability students than with'low ability students. The exXxperimenter
reoommenaed that the teaching methpd or methods be considered in view of

each college's own resources and that the method used be the one that is
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the most efficient for the situation.

In summary, the literature on experimental studies revealed
several at both the secondary school and college level. Many of the pre-
World War II studies lacked good experimental design and failed to use the
proper statistical treatment. Current experimental studies are few in |
general biology and none for the non-biology student &t the college level.
These experimental studies were considered on the basis of laboratory
teaching techniques which involved the value of the prepared draWinés
versus the original siudent drawings, the effectiveness of the micropro-
jector with the compound microscope, and the value of the phofomicfographs
to supplement the regular outline drawings in the laboratory manual.

Experimental studies were also considered on the basis of labor-
atory'teéching methods using multi-sensory aids. Thé most important
method considered was the demonsiration method which was summarized to
include all major experimental studies in secondary school science until
1946. At the college level, the available studies revealed that the dem—

onstration method compared favorably with the individual laboratory

teaching method.

Summary

Literature indicated that the demonstration method and the indi-
vidual laboratory method have existed since the colonial period. Both
laboratory teaching methods were used interchangeably until 1890. At

that time, the individual laboratory method became dominant in both the
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secondary schools and colleges because of congressional acts which fa-
vored individual research and the influence of the German uriversity
training. By 1930, more and more schools were turning to thé demonstra~
tion method as the individual laboratory was not considered entirely sat-
isfactory for meeting the challenge of the frend toward general education
and the increasing enrollment at a time when the country was in a social
and economic crisis. Howe‘vers the advantages of the scientific method
allow for individualized instruction, for observation of overt behavior
of students in the laboratory, and for illustration of certain character~
istic stages in the development of science. The objectives of the scien~
tific method which deal wifh.skillsy cognition, and interest and appreci-
ation of science ard well recognized and have given direction to labor-
atory teaching methods in the secondary schools and'collegea

The demonstration teaching method ﬁas.frequentLy mentioned in the
literature and a definite relationship existed with the demonstration
method and the reoccurencé of the factors which affect the individual
laboratory method. The nature of the demonstration method allows for
less space, less staff, and equipment when proper multi-sensory aids are
utilized. Psychologists and educators in the field of learning theory
are in general dgreement that learning is aided by the proper use of
multi~sensory aids. The principles of motivationp learning meaningful
materials, and transfer of learning have all been given great importance
in laboratory teaching methods.

~

Laboratory teaching methods that have been compared in experimen-—
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tal studies for over forty years have in general lacked good experimental
design, failgd to consider many variables, and have not used the proper
statistics for the data. Special techniques such as’student drawings
versus teacher drawings, use of micro-projector versus compound micro-
scope, and use of the film versus its non-use compared favoraﬁly w;th
effectiveness as techniqués in the laboratory work. The demonstration
teaching method has been compared with the individual laboratory teachiﬁg
method mostly in the physical sciences, especially at the secondary
school level. Few studies were available at the Qollége level in biology
with no studies reported concerning the noh—biology student in general
c§11ege biology.

To -determine the effectiveness of the demonstration teaching
method versus the individual laboratory teaching method in general col—
lege biology'for non-biology studénts, an experiment was designed and con-—

ducted by the writer. This design is described in Chapter 3.




CHAPTER III

DESIGN OF THE EXPERIMENTAL STUDY

In setting up the experimental study, it was necessary to first
secure bermission from both the college administration and the biology
department chairman since the experimental group in the study was taught
in less required laboratory time than the control group. Once this was‘
accomplished, there were five major problems to be considered in design—
ing and conducting the experiment: (1) gselection and assignment of stu—
dents, (2) selection of factors to equate the two groups, (3) standard-
ization of laboratory course oon%ent, (4) selection of instrument to
measure achievement gain, and (5) determination of statistical tech~
niques. .

Instructors were selected who had previously faught the general
biology course and who were scheduled to ﬁeach the course during the
semester of thelstudy, The number of class sections and the time of day
for each class section of each cooperating instructor were studied to
make certain the desired sample size of the experimental study could be

set at approximately 150-175 stu&ents.

Selection and Assignment
of Students
All non-biology major students were registered in laboratory
clags sectioﬁé of general college biology at random. All were unaware

of which instructor they would have for the course since all instructors
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in the biology department were listed by coded numbers in the registration
schedule. Four cooperating instructors, who had previously been selected,
each had -one of the laboratory class sections selected for the study. -
These four sections with an enrollment of 77 studentis comprised the con-
%rol group. Three of the laboratory class sections to be taught by the

experimenter were selected so that there were 77 students to comprise the

experimental group. The control of 77 students and the experimental

. group of 77 students combined to make a total of 154 students (7 sec—

tions) which fitted the desired sample size originally set at 150-1T75

students,

It was necessary to equate the two groups to determine if they

were comparable for measuring achievement gain.

Selection of Factors for Equating
the Two Groups
The review of literature and experimental studies revealed that
certain underlying factors were common in equating the two groups. The
eight selected factors appeared in the following four groupings in accor-—

dance with the means to be used for gathering information. The individual

. Tactors were underlined .for easy identification.

1. Five factors were selected on which to secure information on

personal data and science background. Age, sex, and class status were

the personal data factors while the total numbgr of science courses and

achievement in high school biology were the science.background factors.
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Information on’ these factors was obtained by a questionnaire.78
Age was considered pertinent since students of the same age gen-—

erally have similar high school backgrounds. Sex was selected as a

factor since certain skills in the laboratory might be to the advantage

of one sex over the othér one. ' Class status was used since most fresh-
men take general college biology during the first year and would have

equal years of previous schooling. The total number of science courses

was used as an indicator of the science ‘background of the students.

Achievement in high school biology was considered since a difference

might influence achievement in the college. course.

2. Comprehensive background of high school achievement was

measured by the American College Test (A,C,T.) composite scores in the
areas of English,.humanities; mathematics, and natural sciences. Tais
teét is given to entering collegé'ffeshmen:at Wisconsin State University,
Whitewater, Wisconsin, and détarwere available.

3. The "Nelson Biology Test, Form Am" to determine initial

knowledge of general biology was selected to be administered at the

beginning of the study. A second form of the same test was selected to
measure achievement gain at the completion of the study.
The "Nelson Biology Test, Form Am" was deemed appropriate for

this study because it tested for thé knowlédge of biological facts, conw

7856e Appendix C: Student questionﬁaire on Sciencé and Personal
Background, . ' ' -
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cepts, principles, and the ability to evaluate.experimental procedures
and scientifiic problems in the laboratory. I also had two forms that
were designed to be used as initial and final tests for measurement of
achievement gain.
This was clearly brought out by Johnson, a reviewer for the
Nelson Biology Test who stated:

"Both forms, Am and Bm have broad coverage of subject
matter which will meet the requirements of many subject—
centered instructors. Nearly two-thirds of the 75 questions
involve the application of information or interpretation of
materials. The student must have a thorough understanding of
a basic biology vocabulary to do well. The examination should
be an asset through its influence upon the teaching of biology
and as a measuring instrument.” O

4. Laboratory. course content was equated by standardizing the

major topics and.major principles inherent in the topics in general

biology,

Standardization of Laboratory
Course Content
To determine if the demonstration teaching method was as effec—
tive as the individual laboratory teaching method, it was mecessary to
standardize the laboratory course content of the two methods. The
instructors were to prgsent the same course content. The following two

sources were used in the determination of the laboratory course content

80Buros, Oscar K. ed. Tests and Reviews: Sciende—Biology, The
Fourth Mental Measurement Yearbook, Highland Park, New Jersey: New
Jersey Gryphon Press, 1953, p. 604.




72
of the two groups:

1. The course syllabus of general biology designated by the
biology department was the source for a checklist of major topics ! and
representative plant and animal speoimens82 to be emphasized by the
cooperating instrgqtors.

2. Martin's publicatipn83 was the source of the major principles
selected under each major topic in general biology to be covered by the
two groups. |

Characteristics of the Two Laboratory Teaching Methods. In order

that the differences between the two laboratory.methdds be clearly under—
stood, understanding the characteristics of-each is essential. Both

methods are characterized:

Thé Experimental Group of 77 students was informed at.the first
}aboratory period that they were part of an experimental study and would
‘be given a test‘to determine initial knowledge in biology. They were
told that‘they woula be taught by a laboratory teaching method different
from the conventional one at the university. Laboratory manuals or
biclogy supply kits would not be used since microscope study or dissec-

-tion of specimens would not be performed as in the control group. The

81See Appendix A: List of Major Topics Covered in General Biology.

82 See Appendlx B: List of Representatlve Plant and Animal Speci-
mens used in General Biology.

83Mart1n, Edgar, The Major Principles of the Biological Sciences
of Importance for General Education, Bulletin 308 United: States Govern-—
ment Printing Office, Washington, D.C., December 1962, p. 34.
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required laboratory porfion of the course would meet for two one;hour
periods per week, and the biological principles would be demonstrated by
the instructor through the use of multi-sensory aids, The second hour of
each laboratory period was optional and could be used at the discretion
of. the student for observing diéplays and questioning the instructor who
would be available during the hour. |

The required one-hour laboratory period was characterized by

the following utilization qf time and the activities performed.

The class period structure for the experimental group during a

demonstration period of 50 minutes incorpor;ted the following pro-—
cedures:

1. The first five to ten minutes were spent as an overview.be-
ginning with a brief introductory lecture to present the day's topics’
and followed by an elaboration upon the principles involved. At certain
points in the lecture the instructor referred %o the appfopriate multi—
sensory aids which would be demoﬁstratedu

2. During the next 35 to 40 minutés, the instructor demonstrated
the various multi-sensory aids to explain the topics previously mentioned
and the principles involved. Dﬁring the demonstration the students were
allowed torpar%icipate with que;ﬁions and discussions.

3. Duringlthe last five minutes. of the period, the instructor
summarized the principles inherent in the topics.

The nature of the demonstrations in the experimental method was

designed for the instructor to use various multi-sensory aids to demon—
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strate the major ideas or principles of a biological topic while incorpor—
ating sound principles of learning. There were 20 méjor ﬁiology topics
included in the general college biology course. Howéver, only the four
major topics of mitosis, parasitism, alternation of generation(moss) and

embryology have been chosen here to illustrate how various multi-sensory

-aids were utilized to explain the principleg inherent in a topic.

Mitosis was introduced to the demonstration group by making re-
ference to a wall éhart to give an overview of the sequences of stages
for the process. Other multi-sensory aids to be used were: 2 X 2 slides,
models of the various stages of mitosis, microprojector, and mimeographed
materials.

The 2 X 2 slides were shown in order of sequence for a typical
animal cell in the stages of mitosis, while the mimeographed material
of the stages were labeled to show stages and the structureé character-
istic of each stage. Clear‘pléstic models were uséd to show the depth
of the cells and the position of the various structures including éhromom

somes while the cells were undergoing the process of mifosis. The micro-

projector was then used to project the image of the microscope slides

from plant tissue on a screen so that the various stages were shown to be
scattered throughout the actively growing tip of the plant tissue. This
method also helped to show that miftosis was a continuous process but

was divided into definite stages for better undersitanding of the process

and the structures of each stage.

The review of the stages of mitosis was supplemented by the use
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of 2 X 2 slides not in a natural sequence so that the student recognition
of the stages and structures was not dependént on memory in order of
occurrence.

The -major principles obtained from the study of mitosis were as
follows: (1) the process is cﬁaraoteristic of both plant and animal
cells, (2) the growth in number of cells is dependent on the process,
and (3) the number of cﬂromosomes remain constant for each generation.
Although there are certain structural ohanges'with mitosis in the aﬁimal
cell as compared with the plant cell, the process is characteristic of
all actively growing cells., |

Parasitism ﬁas introduced by referring fo a wall chart as an
overview fo show the highly specialized external structures and appeair-
ances of roundworms and flatworms which are endoparasites. The following
mutli—-sensory aids were used: 2 X 2 slides, plastic mounts, preserved
specimens, filmstrip, and mimeographed materials of the life cycle of the
liver fluke.

The filmstrip was then shown so that the'shapes, sizes; numbers,
and habitats of parasites could be compared and contrasted. Preserved
gpecimens and clear plastic mounted spe;imens were passed among the
students so that they could determine the actual size of the parasites,

Large wall models of the dissected parasiticlworms were presented
to show that certain systems have degenerated because of the nature of
the habitat in a host. The same model illustrated that the reproduqtive

system was very specialized because of the various stages necessary to
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complete the life cycle,

The 2 X 2 slides were displayed by the film projector to demon—
strate the stages of the adult livér fluke as a host in man to the other
two hosts and habitats which are included in the life cycle of the para-
site. The students labeled tﬁe‘mimeographed sketches to follow the gteps
of the life cycle with the various hosts and to explain that the life
cycle was an alternation of generations in these lower animals.

In summarizing parasitism the following major principles were
expounded: (1) parasites are successful because of special external
structures which resist being destroyed by the host, (2) the development
of ‘a specialized reproductive system helped the complexit& of their life
cycles, and (3) parasitism was due to poor sanitation coﬁditionsa

Alternation of generation in the moss plant was introduced by a

wall chart to show the various stages in the life cycle.

The following multi~sensory aids were used: filmstrip, preserved
and living specimens, models, microprojector, and mimeographed materials.

The filmstrip was used to show various yepresentative mosses, |
their habitats,\and the structures which are used in identification.

Living and preserved.materials were demonstrated to show the
actual size of the moss plant and the_primitive nature of the structures
in fhis group of plants.

The large model of the moss plant was displayed to contrast the
difference between the sporophyte and the gaﬁetophyte stage.

The microprojector produced the image of the microscope slides on
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a screen to show details of the moss plant, especially the reproductive
structures of both the males and females.

The wall chart and the miméographed méterials of the life cycle
were used to explain the concept of alternation of generation which
showed how the sexual stage alternated with the asexuai stage.

In summarizing, the following principles were inherent in study
of mosses: (1) the moss has a true alternation of generation in which
the gametophyte stage (sexual) alternate with the sporophyte stage
(sexual), (2) fertilization was necessary to produce the sporophyte stage
and meiosis was necessary to produce the gametophyte stage, and‘(B) mosses
have primitiye plant structures. "

Embryology was introduced by referring to a large wall model of
the various stages in the deveiopment of the frog. This included stages
from the egg to the adult. The various multi-sensory aids were used:

2 X 2 glides, whole set of embryo models, mioroprojector, models on wall,
and mimeographed sketches of starfish eﬁbryos in various stages of devel-
opment,

The microprojector showed the images of the microscope slides of
starfish embryology for observation of various simultaneous stages of
development for comparison, such as the two-celled, four-celled, and the
morula S‘Eage° Mimeographed sketches of embryology were: labeled for fhe
different stages by the student.with colored pencils to discriminate the
germ layers.

Next, more complete stages of embryology were demonstrated with
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the 2 X 2 slides of frog development given in a sequence from'the one—
celled stage through a well developed embryc to the tadpole. Enlarged
pictures of embryos of fish, frog, turtle and chicken and man were com—
pared to show the similarity in.early stages and how differentiation
occurs as development proceeds.

In summarizing embryology, the principles inherent in the topic
were as follows: (1)’all organisms begin as one-celled and are similar
in appearance, (2) as deﬁelopmenilocours the oharécteristics of each
organism becomes apparent, and (3) thé type of cleavage is dependent on
the amount of yolk available.

Control Group. The studenits were informed at the first labor-

atory period, at which time they were given a test to determine initial
knowledgé in biology, that tﬂey were the conitrol group in an experimental
study and they would be taught by the conventional laboratory method84 of
two two-hour periods per week. A laboratory manual was designated, and
a required biological supply kit was indicated for the individual labor-
atory work.

The clagss period structure for the control group method. The two

_hour laboratory period was characterizéed by the folloWing procedures:
1. The first 10 minutes were spent getting microscopes readied,

reading laboratory manual for directions and receiving directions from

84Bulletin of Wisconsin State University, Whitewater, Wisconsin,
1964-66, p. 57. "The general biology course, Biological Foundation 120,
consists of three lectures and two itwo-hour laboratory periods per week
for the semester.n
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the instrnntor of the topics and principles to be covered for the two—

houf period’°

2. The next 100 minutes were spent eiamining microscope slides,
then sketching and labeling on plates or in the laboratory manual. Afier
. the dissection of épeoimens, they were examiﬁed;'sketched, and labeled.
Short periods might be spent directing the entire class to a speecial
topic or principle.

3. The last ten minutes were spent clearing away materials and

then handing in properly labeled sketches.

Contrasting Study Teéhnigges with Specific Laboratory Materials for

the Two Groups.  Although the laboratory course content was standardized

for both groups, the nature of this study purports to establish certain
sharp contrasts between the two laboratory teaching methods. Specific

laboratory materials for certain laboratory study techniques merit special

consideration in the study. These are listed as follows: (1) microscope
slides, (2) sketches, (3) laboratory manuals, and (4) dissected specimens.

1. Microscope slides. In the experimental group, all microscope

slides weré projected upon a screen by a microprojector to be viewed by
the entire class while in the control group;_all microscope slides were
examined by the student individually. For'example, ﬁhe study of tissues
was oondpcted as follows: The experimental group viewed the image on the
screen and labeled mimeograph sketches and ail viewing and stﬁdying of
the same tiésue at the same time. The control group examined and studied
the various tissue slides and then sketched and labeled on plates or in

the laboratory manual to show tissue types. These were handed in for
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gorrectfons,

2. Sketches. In the experimental group, all sketches were mimeo—
graphed, and the stg@ents labeled them during and after observing the
demongtrations; while in the control group the materials studied were
sketched and labeled by the student. For example, the study of morphology
of the root, stem, and leaves of plants, was conducted as follows: The
experimental group viewed the demonstrations preseﬁted by multi—sensory
aids and then labeled the mimeographe@ sketches provided. The control
group examined and studied microscope slides containing cross—seétions
of.r&ots, stems and lea&es, and then sketched and labeled on plates or in
the laboratory manuals, .

3. Laboratory Manual. The experimental group did not use a

laboratory manual for directions but fook notes on the demonstrations and
labeled mimeographed. sketches. In the control group, the laboratqnf
manual was used to give directions for sketching, dissecting, and intro-—
ducing new terms about each specimen covered. For example, the testing
of classes of foods was conducted as follows: In the experimental group
the instructor demonstrated various foodstuffs to the class and then
tabulated the results on the blackboard.

In the control group each stﬁdent took various foodstuffs and
placed them in test tubes and added certain chemicals, and heat, to deter-
mine the classes of foods. The results were then entered in the labora-
tory manual. |

4. Dissected specimens. In the experimental.group, the dissected
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‘specimens were displayed among jhe students at the tables and the instruc-
tor pointed out the structures on a large wall charit. The students label-
ed the structures on the mimeographed sheets. In thé control group, the
students dissected the preserved specimens and then sketched and labeled
the appropriate parts in the laboratory maﬁual° For exampie, the earth-
worm examination was conducted as.follows: In the experimeptal group the
students examined dissec%ed earthworms displayed in plastic mounts while
in the conitrol group, éaoh student followed the directions in the labora-—
tory manual and dissected the earthworm to study and examine the struc-
tures. ‘They then sketched and labeled in the laboratory manual before

handing in completed work for corrections.

Selection of Instrument té Measure
Achievement Gain in General Biology
To determine aohieyement gain in general biology by the two labor-
atory teaching methods, the "Nelson Biology Test, Form Am" was given at
the beginning of the study aﬁd the "Nelson Biology Test, Form Bm" to
measure achievement gain was given at the conclusion of'the’oourse to
both groups. '.
FBach form of the‘Nelson'Biology Test consisted of eight pages
with a total of 75 multiple choice items. HFach item had one of five
correct respénses, with a total of T5 correct answers for the entire test

which could be scored objectively. Each form was a timed-test of forty




minutes. /

Determination of Statistical
Technigques

To det%ermine the effectiveness of the individual laboratory
teaching method versus the demonstration teaching method in college
bioclogy by non-%iology students, it was necessary to choose statistical
techniques to test the hypothesis 6f the study. The preliminary pro-—
cedures involved:’ (1) determining the initial similarity of the two
groups, (2) chdosing statistical techniques for relating sample
groups, and (3) selecting statistical techniques to measure achieve-

ment- gain.

Initiak Simi}arity of the Two Groups., The five factors of age,
sex, total number of science courses, class status, and high school
biclogy grade were treated by the statistioal technique the measure.of
central tendency, the mean. The A.C.T. composite,éoores were treated by
the t~test technique to determine if the means of the itwo groups were
signifioaﬁt and could be matched on these scores.

Choosing Statistical Techniques for Relating Sample Groups. The

specific statistical techniques for relating sample groups were chosen

to determine (1) if the analysis of variance, F-test technique, was used
to determine if the four samples from the control group could be poole&
to form a composite control group and the three samples from the‘experi-

mental group could be pcoled to form a composite experimental group;
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(2) if the pooled. variance, the t-test technique, could be used to deter-
"mine the pooling of the composite control group with the composite exper-
imental group to dete?mine a normally distributéd population; and (3) if
the Pearson-Product-Moment Correlatién.Co—efficient technigue could be
used to meésure the ‘relationship between the students of the experimental

and the control groups on the two forms of the Nelson Biology Test.

Seleoting a Statistical Technique to Measure Achieyement Gain.
The statistical technigque selected to measure for achievement gain in
general biology between the students of the experimental and control
groups was the t-test, a measure of difference between the means for
correlated samples.

The experimental investigation was conducted in accordance with
the design, and all results were treated by these carefully selected
stétistioal measures., .A report of thesé results are presented in

Chapter 4.




CHAPTER IV
THE EFFECTIVENESS OF THE DEMONSTRATION TEACHING METHOD
VERSUS THE INDIVIDUAL LABORATCRY TEACHING METHOD
IN GENERAL COLLEGE BIOLOGY

To determine the effectiveness of the demonstration teaching
method versus the individual laboratory teaching method in;general‘éollege
biology by non-biology students, five phases of statistical comparison of
the research data collected.during the experimental study were required.
The five phases of statistical comparisons were conducted to determine:
(1) personal and .science backgroﬁnd data for equating the experimental and
control groubs; (2) the pooling gf the four samples from the control group
to form a composite control group and the three samples from the experi-
mental group to form a composite experimental group; (3) the pooling of
the composite control group with the composite experimental group to de-
termine a normallyrdiétributed population; (4) the extent of the correla-
tion between the scores on the ini£i§l test of knowledge in general biol-
ogy and the scores obtained on the final test for achievement gain in
general biology by the fwo groups; and (5) fhe achievement gain in general
biology between students of the composite experimental and control groups.

These five comparisons are presented in the following sections.

BEquating Personal and Science Background Factors
of the Experimental and Control Groups

The review of experimental studies in. the literature revealed -
that the nature of this experimental‘design encouraged the use of statis-

tical comparison of the experimental and control groups on personal and
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science background data in order to establish greater confidence in the.
two as similar groups when considered in addition to the initial test
scores., Data on the six factors used for equating the two groupé are
presented in Table 1. An inspection of these data reveals rather quickly
the equality of the two groups on the basis of age, sex, class status,
science background, and general high school achievement.

As a further check to determine the initial similarity of the
two groups, it was decided ‘o use the Chi Square86 test of significance
in regard to the criterion of sex. This check was made to test the
,hypdthesis that the males and females in the two groups could be combined
into one control group of maleé and females and one experimental group of
males and females. The calculated value of significance of difference in
sex was .654 at the 0.05 level. The hypothesis thaf there was no signif-
icant difference was not rejecfed since this value indicated there was no
gignificant difference in the distribution of méle and female students
between the two groups;

Data in Table 1 reveal that the mean of the experimental group
(47.50) differs from the mean of the control group (45.48) on 4.C.T. com-
posite scores. The t-test for difference87 between the means of sample 

groups equal size was used to test the hypothesis that there was no sig—

86Downe, N. M., and Heath, R. W., Basic Statistical Methods,
New York: Harper and Brothers Publishers, 1959, p. 148.

87Wert, James, Neidt, Charles, and Ahmann, J. Stanley, Statisti-
cal Methods in Educational and Psychological Research, New York: Appleton-
Century-Croft, 1954, p. 129.
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nificant difference between the means of the two groups. The calculated
value determined was 1.047 with 63 degrees of freedom at the 0.05 level

of significance.

TABLE 1. DATA USED FOR EQUATING THE 77 STUDENTS OF THE EXPERIMENTAL
GROUP AND THE 77 STUDENTS OF THE CONTROL &ROUP; BY AGE, SEX, CLASS -
STATUS, TOTAL NUMBER OF SCIENCE COURSES, HIGH SCHOOL BIOLOGY GRADE,
AND A,C.T. COMPOSITE SCORES

Factors Used - Experimental Control
for Equating (17D (17
Mean Age ' ‘ 18 years 19 years

' 11 months O months
males | 33 39
Sex f- :
females 44 : ‘ 38

Class Statusﬁ . -
" Number of : T1 . T2
Freshmen

Mean Science ,
Courses Taken 3.2 3.3

Mean High Schbol
Biology Grade * 2.76 ‘ 2,68

Mean A.C.T. .
Composite Score ' . A7.50 j 45.48

*¥Biology grade based on scale A-1; B-2; C-=3; D-4 for 71 students
in Experimental Group and T4 'in Control Group who had taken high school
biology. :
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This valﬁe indicated there was no significanf difference between the two
groups. Thus thé two groups were equated for the study on the basis of
general high school achievement as measured by the A.C.T. composite

SCcores.

Pooling the Four Samples of the Control Group to Form One
Composite Control Group and Three Samples of
the Experimental Group to Form one
Composite Experimental Group

Since the samples used in this study were drawn by regular regis-
tration procedures from one University but taught by different instruc-
tors, it was necessary to delermine if the students in the four class |
sections of the control group.could be pooled to form one composite con-
trol group and to determine if the three class sections of étudents of
the experimental group could be pooled to form one composite experimen—
tal group. The scores from the test of initial knowledge in general bi-
ology were obtained from the "Nelson Biology Test, Form Am", administered
at the beginning of the experiment before laboratory teaching methods in
general biology commenced. The analysis of variance - single classifi-
cation, F-test for unequal size samples88 was seleéted to analyze the
test scores of the participating students to determine if the sample
groups were derived from the same sample population or if they denoted
significant populétion differences.

The hypothesis was established that no significant difference

88Ibid,, Do 177{
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existed among the initial test scores of‘the four sample groups of the
control group taught by four different instructors. The values for the
analysis of wvariance on initial test scores among four class sections
and 77 students of the control group are presented in Table -2,

TABLE 2, ANALYSIS OF VARIANCE OF INITIAL TEST SCORES AMONG FOUR CLASS
SECTIONS AND 77 STUDENTS OF THE CONTROL GROUP WITH UNEQUAL S3IZE

SANPLES
Source of Degrees of sum of ' Mean
Variation Freedonm Squares ngare
Between Groups 3 483,51' - 161,17
Within Groups 73 5413.19 o 74.15
Total (N-1) 76 5896.70
161,17

B
3y 13 = A5 < 2.17 (F~value).

The F-value of 2.17 was not significant so the_four sample gfoups
of the control group could be treated as a composite conirol group.

Since the four samples of the control group could be tfeated as
a composite éontrol group, it was aléo necessary to determine if the
three samples of the experimental group could be considered as a compos—
ite experimental group. The hypothesis was established that no signifi-
cant difference existed among the initial test scores of the three sample

groups of the experimental group taught by one instructor. The values
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for the analysis of variance on initial test scores among three class

sections and 77 students of the experimental group are shown in Table 3.

TABLE 3. ANALYSIS OF VARIANCE'OF INITIAL TEST SCORES AMONG THREE CLASS
SECTIONS AND 77 STUDENTS OF THE EXPERIMENTAL GROUP WITH UNEQUAL
SIZE SAMPLES

Source of Degrees of Sum of Mean
Variation { Freedom Squares‘ | Square
Between Groups 2 316.38 | 158.190
Within.Groups 74 . 3211.91 43.404

Totgl (N-1) 75 | 3528.29

r 158.190
2, T4 = —%%TZ%Z = 3,644 (F-value).

Since the F-value was 3.644 and the critical value was 3.313 at
the 0,01 level, the hypothesis that there is no significant difference

between the two groups was accepted.:

Pooling the Samples of the Composite Control and
Experimental Groups to Determine g :
Normal Population

The results obtained indicated that the four samples of the con—

trol group could -be pooled to form one composite control group and the
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three samples of the experimental group could be pooled to form one com—
posife experimental group.

To determine if both composite groups represented a single homoge-—
neous and normally distributed population, the variances of the initial
test scores for. the composite control and composite experimental group
were used. Before proceeding to pool the variances of the two composite
groups, an F-test was made.89 The P~value was 1.67 with 73, 74 degrees
of freedom at the 0.01 le&el of significance, The null hypothesis was
accepted.

Since the results indicated that there was no significant dif-
ference between the variances of the two groups, the two variances could
be pooled. The variances of the initial test scores for the experimental
group and the control groups were poole&90 to determine if there was a
significant difference in the sample population of the experimental and
control groups. The t—-value found was .480 with 152-degfees of freedom
at the 0.05 level of significance. The hypothesis was accepted thus
assuring that the two composite groups could be péoled and considered

as a normally distributed population.

‘

891pid., p. 134.

Prpid,, p. 135.
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Determinipg the Correlation Between Scores on Initial
Knowledge and Final Achievement Gain in General
Biology as Basis of Measuring Achievement

To determine the validity of using the initial test scores of the
participating students in general biology as a basis for obitaining
matched pairs in itesting for difference in £he results in final achieve-
ment gain in biology, it was necessary to determine the extent of the
correlation between the scores of the students on the "Nelson Biology
Test, Form Am," and on the “Nelson Biology Test, Form Bm,"91 The Pear-
son Product-Moment Correlation Coefficient92 was computed to determine
the relationship of the correlation between the initial test scores and
tlhie final achievement gain test scores., - The experimental group correl-
ation was °69'while the control group was .79. Both correlations at the
0.05 level of significance with 77 degrees of freedom ﬁere highly signif-
icant and cleafly indicated that the t~tes£ for correlated samples could

be used to measure achievement gain.

Determining Achievement Gain Between the Composite
Experimental and Control Groups

To determine the effectiveness of the demonstration teaching

method versus the individual laboratory teaching method, it was neces-

91A1ternate forms of the same achievement test can usually be
used for the initial matching and for the final test results in experi-
mental studies concerning achievement gain that occurred under different
methods of teaching.

92Wert, op. cit., p. 81.
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sary to test that there was no significént difference in achievement
gain between the compesite experimental group and the composite control
group.

The hypothesis sfated that there was no significant difference
in achievement gain in generai biology between the students who were
taught by ﬁhe demonstration teaching method and the students taught by
the individual laboratory teaching method. For all tests of significant
difference in achievement gain between the composite experimental group
an@ the control group; the level of significance was_set-at 0.05 on a
two-tailed test.

The t—test technique for correlated samplesg3 was employed in
six different applications to test the hypothesis that there was no sig-
nificant difference in achievement gain between students tagght by the
individuai laboratory teaching method and the demonstration teaching
method. The six applications for testing for no significant difference
in achievement gain between the two groups as determined by the final
achievement test scores involved matching the initial test scores of the
control group with the initial fest scores of the experimental group as
follows: (1) éixty matched pairs of composite groups on initial test
scores; (2)”twenty~seven matched pairs of females: (3) twenty-seven
matched pairs of malesi (4) twenity-five matched pairs of upper-third

class standing; (5) eighteen matched pairs of lower-—third class standing;

and (6) sixty-three matched pairs on basis of iaboratory achievement,

931bid., p. 141.
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T-values in the. six categories which were tested for achievement

gain by the t—test for correlated samples are presented in Table 4. .

TABLE 4. MEANS AND CALCULATED AND CRITICAL VALUES OF ACHIEVEMENT GAIN IN
THE T-TEST FOR CORRELATED SAMPLES OF MATCHED PAIRS IN COMPOSITE GROUPS
IN SIX CATEGORIES TESTED

ya

P ——

Achievement | No.* [Tests Achievement Test Means Calcula%ed ,Critical'

Categories 1** - Value of t [Value of
Experiment Control LRHR
Group ' Group
General 60 | I 39.03 38.95 |
Group 60 E 42,87 ©45.26 1.960 - 2.000
Femalés 27 I 38.81 38.80
27 F .74 43.89 1.165 2.052
 Males’ 27 | I 38,22 38.19
27 F 43.07 . A45.78 1.801 2,052
class o] a3 | I 46.52 | A1.15 ‘:
Standing 25 F 50,18 52.74 147 2,060
g;z::‘third 18 | 1 " 32,65 27.50
Standing 18 B 37.39 35.19 .840 .2.110
Laboratory
Experiences 63 | I 18,01 17.91
Achievement | 63 ki) 18,21 19.52 1.811 1.995

*Number of matched pairs of experimental .and control groups.
*¥Initial (I) and final (F) achievement.
**%%Critical value of t at the '0.05 level of significance.

' The hypothesis of no significant difference in achievement gain in
general biology between the experimental group and the control group at

the 0.05 level of significance was not rejected in the six different

categories. v
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The following findings are revealed by the data given in Table 4:

1. The closeness of the means (18.01-17.91) on the initial test
and the mean gain of the control group (17.91—19,52) of the 63 matched
pairs on laboratory experiences achievement, although not signifiqént,
favored the individual laboratory teaching method.

2. Since the means of the 27 matched pairs of females and males
were almost identical on the initial test, the mean gain in score of 5.09,
although not significant, indicated the females did slighfly better by
the individual teaching method. 4 comparison of mean gains also indi—
cates that the males did slightly better with the individual laboratory
teaching method also.

3. The mean gain in achievement of‘25 matched pairs of upper—
third clags standing indicates that the control group was siightly supe—
rior (.63) on the initial test, buf it gained 5.59 for the semester com-
pared to a gain of 3.66 for the experimental group. The gain was not
statistically significant but reveéled some superiority by the individual
method°

4. A comparison of results of 18.matched pairs in lower—third
class standing reveals that those in the individual method gained 7.69
compared to 4.74 for the experimeﬁtal group. Although not a significant
difference,_ability of the lower third %o profit by the individual method
was shown. |

Differences in means of the 60 matched pairs reveal a mean gain

of 6.31 for the control group and 3.84 for the experimental group. Al-
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though not statisticglly signhificant, it does point to some superiority

for the individual method.

Summary

The data collected during the investigation were analyzed statis-
tically to determine the effectiveness of the deﬁonstration teaching
method versus the individuwal laboratory teaching method in general col-
lege biology by non-biology students for gchievement gain.

The data gathered of the six factors - sex, age, class status,
previous science courses, high school biclogy achievement, and general
high school achievement — clearly rgveals (Table 1) equality of experi- |
mental and control groups for equating purposes. . The one factor, high
school general achievemenf on A.C.T.; revealed a difference in means
- which was not found to be significant when the t~test was applied.

The analysis of variance was employed to show the validity of
pooling the four sample groups to form a composife control group and
the three samples to form a composite gxperimental group; Results showed
this to be wvalid, and the use of mean—pooled variance validated the
pooling of the two composite groups. The result did indicate %hat there
was no -significant difference in the sample population and that the sam-
ple gfoups did represent a no?ﬁally distributed population for the study.

The relétionship between the initial test scores and the final
test scores was computed by the Pearson Product-lMoment Method. The co-

efficients of correlation were significant for both groups and establish
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the validity in the use of the t-test for correlated samples in measuring
achievement gain. Results of its application (Table 4) to matched pairs
of the composite groups revealed that there was no significant difference
in achievement gain between students of the experimental and control
groups in the six categories tesﬁed. Although not significan?t, there
were differences revealed that would indicate (1) a slight favoring of
the individual laboratory method, (2) slightly better work by feméles in
individual teaching and also by males in the same method, (3) upper—
third class étanding students better in the individual method, and (4)
‘that 1ower—thir& class standing students also did slightly better by the
individual method.

A general summary, conclusions, and recommendations are pre-

sented in Chapter 5.




CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

The study resulted from the beligf that the demonstratiqn teach—~
ing method in biology laboratory teaching could be as effective as the
individual laboratoryAmethod so commonly practiced. The conditions of
greatly increased enrollments and the general education needs of non—
biology majors accentuated the need to search for.a laboratory teaching
method to meet the problems of materials, space, and staffing. This
study was a search for such a method. I% was two-directional. Liter-
ature was feviewed to detefmine the validity of the belief and to sub-
stantiate the kinds of experienées and materials that would characterize
an experimental‘demonstratipn laboratory teaching method which emphasized
the Use of multi-—sensory aids in'dévelopihg the effective learning of prin-
ciples of biology for non-biology majors. The reviéw of literature pro-—
vided this and made possible the second part of the study - an experimen—
tal investigation of the effectiveﬁess of the proposed. demonstration
method.,

The experimental part of the study was made by selecting two
equal-numbered samples of non-biology majors in a one-semester course and
equating them as comparable groups on the basis of age,Asex, class status,
previous science courses, achievement in high school biology,; general
achievement in high school, initial knowledge of biology at the start of

the college course, and laboratory course content. One hundred and fifty-

four students were selected to comprise the equal numbered samples of T7
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for four laboratory sections taught by four insitructors to form the con-~
trol group under the individual laboratory tcaching method; and 77 for
three laboratory sections taught by the author as the experimental gfoup,
using a demonstration teaching method based on extensive use of multi—
sensory aids. Two two-hour periods per week were scheduled for both
groups, but for the experimental group the second hour of each session
was optional for selfwstudy. A standardized aohievement test‘(Nelson
Biclogy Test) was administered at the beginning and end of the semester
to measure the effeotiveﬁess of the experimental method for achievement

gain,

y Summary

The examination of literature revealed that both the individual

laboratory teaching method and the demonstration method have existed in
the United States since colonial time. By 1900 the individual laboratory
me thod dominéted, but since that time both methods have been used concur-
rently. Since the 1930's, scientists and educators have been increasingly
critical of the individual laboratory teaching method because the values
inherent in the method have not been fully realized by the students. At
the present time various experimental methods are being explored in the
continuing search for laboratory teaching methods which place emphasis on
the general education values inherent in the sciences and which meet the

demands of the rapidly increasing college enrollment,
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Both general and specialized experimental study reports in liter—
ature revealed (1) that principles of learning can serve with confidence
as guidelines for the use of appropriate muliti-sensory aids in presenting
the principles of biology, (2) that a combination of demonstrations and
indi&idual lab&ratony work will benefit the student in the laboratory,
and (3) that there are rather well-established factors for equating
groups, for experimental design, and for achievement measurement.

Results of the experimental investigation are given in a detailed

summary at the end of Chapter 4, pages 95-96. There are, however, some
general summary statements that can be made from the findings. They are
as follows: |

1. The measurement of achievement gain in the composite groups,
although not significantp pointed in favor of the individual laboratory
teaching method with 6,31 gain compared with 3.84 for demonstration
ieaching. |

2. TFemales appear to do slightly better by the individual method,
and males also appear to do slightl& better by this method.

3, Students in the upper—third class standing were slightly sup-
erior in the individual teaching method but probably could do equally
wéll if taught by either method. The lower—third class standing also did
slightly better by the individual method.

By contrastipg the mean achievement gain of all students in the
experimental group, not just matched pairs, which was 3.94 (pre—test

mean—39,62, post-test mean—43.56) with the mean achievement gain of all
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those in the control group which was 6;54 (37.67, 44,21) for one semes-—
ter in biology, it appeared that there wés very little achievement gain
by the students of the two group;sn However, when compared with the norms
from Nelson Biology Test for a full year in biology, the experimental
group revealed a 14 percentile rank increase (72, 86) and the control
group revealed a 20 percentile rank inoreése (68, 88); both represent
substantial achievement gain in general biology for one semester. The
apparent large initial test scores as based on percentile norms (72, 68)
could be accounted for since most of the students had taken high scﬁool
biology.

The following observations were made by the experimenter during
the study, and although not substantiated by statistical treatment nor
by a summary of notes, are presénted: |

1. There was evidence of attentiveness by the students to ali
multi~sensory aids and their use of contrast and discrimination in the
development of the principles during.the demonstrations.,

2. The highly structured nature of categorized displayed mate-
rials attracted the students' interest, even students from other classes
who recorded structured materials.

3., The attitude exhibited by the students toward the demonstra—
tion method was favorable and was in odntrast to the experimenter's pre-

vious expefiences in teaching the indiﬁidual laboratory method.
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Concluaions

From the fiﬁdings 6f the study, two conclusions were drawn:

1. From the strength révéaled by achievement of persons inva
biology laboratory situation with demonstration teaching stressing exten—
sive use of multi-sensory aids and the apparently equal strength by one
that stressed individual involvement, one could safely-conclude that a
search for a m&re-effective laboratory teaching method should include the
strengths of both -~ the value of contrasting and discriminating and that
of individual involvemént.

2. If the limited sample were to be expanded and the same exp;rim
ment conducted under the same conditions with the same results obtained,
one could conclude that the demonstration'method,making eitensive use of

multi-sensory aids would be a satisfactory approach in meeting the labor-

atory needs of non-college biology students in general college biology.

Recommendations

The following observations and recommendations became evident
during the course of fhe eiperimental study and are p;esented‘hefe to in= _
dicate areas of possible future pesearch related to laboratory teaching
methods in general biology.

In;view of the fact that increasing student enrollment is of para-
mount importance in maintaining proper laboratory facilities and staff,

biology departiments need o invesiigate the possibility Of‘other'laborm
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atory methods than those used in this study.

A survey of learning principles and experiences with the e;peri-
mental group clearly indicates that biology instructors need to become
more involved in the use of multi-sensory aids in the development and pre—
sentation of principles in biology. N

The attitudes of non-biology students toward laborator& teaching
methods indicate clearly the need for investigation‘of ways of stimulating
a greate£ spirit of inquiry.

Intensive experimentation is needed to deftermine the appropriate-~
ness and effectiveness of multi-sensory aids in the development of differ-
ent majér ideas in any discipline,

Considerable study and experimentation should be made of a "com—
pact lecture~demonstration method™ in each class period instead of certain

days for lecture and other days for demonstrations.
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List of Major Topics Covered in General
College Biology

The following major topics covered in previous semesters as pre—
sented in the course syllabus for Biology 120 (General College Biology)
were used as standard course content for both the experimental and control
groups.

7. Chemical and physical properties of matter
2. Diffusion and osmosis '
3. Plant and animal cells

4. Plant and animal tissues

5. Mitosis and growth

6. Meiosgis and reproduction

T. Plant processes

8. Cellular respiration

9. Digestion of foods

10. Photosynthesis
11. Protoplasm

12. Morphology

13, Alternation of generation

14, Taxonomy and classification

15, Genetics and heredity

16, Ecology

17. Pardsitism

18. Embryology

19. Plant and Animal Distribution

20. Plant and animal diversity .
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Appendix B

List of Representative Specimens for General
College Biology '
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List of Representative Plant and Animal Specimens -
for General College-Biology

The following representative specimens will be used in General College

Biology during the experimental study:

1. algae ' 13. protozocan

2. fungi 14. sponges

3. Dbacteria 15. hydra and jellyfish
4. mosses and liverworts 16. flatworms

5. ferns and fern allies 17. roundworms

6. pines 18. segménted worms .
7. flowers 19. mollusk (clam)

8. fruits , 20. grasshopper

9. seeds ' 21, crayfish

10,‘ leéves 22, fish
11. stems 23, frog
12, 7rTooits 24. rat
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Appendix C

Student Questionnaire on Science Background

b i
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Student Questionnaire on Science Background

Please answer all questions and make any added comment if you

wish.
1., Name 2. Age 3. Sex
4. What is your present status? Freshman Sophomore Junior Senior
5. What high school were you éttending when taking high school biology?
6. Which high school text did you use for biology?
To. Which year did you take high school biology? First Second
| Third Fourth
8. Check the following courses takgn in high school: ____;biology,

10.

1.
12.
13,
14.
15.
16,
17,

—_ Chemistry, ___ physics, ____general science, ____advance science
Type of biology imstruction? ____ lecture-discussion,
____leoture—demqnstration, ____lecture-laboratory, ____ other:
Greatest area of stress? ____botany,l_;__goo}dgy,

____human biology, ___all three
Frequency of laboratory work? __T_pone, —few, ___ regular

Worked with a microscope? yes, no

High School biology grade? A, B, C, D

Did you enjoy high school biolégy? Ves, ﬁo, ' indifferent
Did you have B.3.C.5, biology? ____ yes, no

Did you have physical science in.COllege? yes,' no

Any comments concerning information not asked on this questionnaire?
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Tables




TABLE 5.

17

INDIVIDUAL DATA ON STUDENT NUMBER, AGE, GLASS STATUS, SEX,
TOTAL SCIENCE COURSES, A.C.T. COMPOSITE SCORES AND HIGH SCHOOL BIOLOGY
MARKS FOR 77 STUDENTS OF THE EXPERIMENTAL GROUP

Age

Student Class Sex Total A.C.T. H.3.
Number Status Science Composite Biology
Courses Score Marks
Yrs, Mos.

1 20 10 2 F 2 — c/c
2 18 06 1 M 2 20 c/C
3 18 03 1 F 3 76 A/B
4 19 04 1 F 5 — A/A
5 18 - 06 1 M 5 82 B/C

6 19 01 1 F 2 20 -
7 19 04 1 F 3 48 A/A
8 20 09 1 M 5 48 c/c
9 18 11 1 M 5 33 . A/B
10 19 06 1 M 5 _— B/C
11 20 01 1 M 3 52 c/C
12 21 02 1 M 3 —_— B/B
13 23 06 1 M 2 — /B
14 18 08 1 F 4 55 c/c
15 19 04 1 F 3 - B/B
16 18 04 1 F 3 11 C/B
17 18 07 1 F . 5 33 A/B
18 18 03 1 F 4 87 B/B
19 18 04 1 M 2 55 B/B
20 18 06 1 F 3 26 ¢/D
21 18 09 1 F 4 20 A/B
22 18 11 1 F 3 8 c/B
23 18 03 1 F 4 9 .C/D
24 18 10 1 F 3 40 ¢/D
25 18 .07 1 F 3 15 B/C
26 18 06 1 F 3 69 A/B
27 18 10 1 P 3 76 B/B

28 18 09 1 F 2 62 -
29 17 08 1 F 2 62 A/B
30 18 03 1 F 3 33 c/c.
31 18 07 1 i 3 26 A/B
32 18 05 1 M 5 26 ¢/D
33 18 05 1 F 3 40 A/A
34 18 08 1 F 3 62 C/B
35 18 05 1 F 3. 15 c/c

36 18 09 1 F 2 48 -
37 18 03 1 F 2 8 ¢/c
38 18 05 1 M 3 33 A/B
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TABLE 5 (Continued)

Student

Age Class Sex. | Total A.C.T, H.S.
Number Status Science Composite Biology
Courses Scaore Marks
Yrs. Mos.
39 19 01 1 F 3 48 B/B,
40 19 02 1 F 3 33 c/c -
41 18 05 1 F 3 76 A/B
42 18 07 1 M 3 26 ¢/D
43 18 02 1 M 2 69- -
44 18 03 1 F 4 91 A/B
45 18 10 1 M 4 33 B/B
46 18 03 1 F 4 62 A/A
47 21 05 3 M 2 —_— c/c
48 23 o7 2 M 4 — C/C ‘
49 19 .04 1 M 2 40 c/C
50 18 10 1 U 4 33 ¢/B
51 18 11 1 i .3 55 B/B
52 20 05 1 F 3 20 B/C
53 18 07 1 M 2 40 -
54 18 11 1 F 4 55 B/B
55 18 09 1 F 4 55 c/c
56 19 03 1 M 2 40 A/B
57 18 09 1 F 4 76 A/B
58 18 07 1 M 4 82 c/cC
59 19 04 1 F 3 33 c/B
60 18 10 1 M 4 26 c/c
61 18 1 1 M 4 62 A/B
62 18 09 1 F 1 40 A/B
63 18 06 1 F 3 48 A/A
64 19 00 1 M 4 40 ¢/D
65 18 10 1 M 4 20 A/B
66 18 09 - 1 F 3 76 A/B
67 18 10 1 M 2 40 -
68 18 08 1 F 4 87 B/B
69 19 07 1 F 3 40 /B
70 18 10 1 M 3 87 B/B
71 18 11 1 F 3 55. B/B
72 18 11 1 M 4 55 ¢/D
73 18 00 1 M 4 15 C/B
T4 18 03 1 M 2 48 c/c
75 19 03 2 F 3. —_— C/B
76 19 01 1 F 4 82 C/B
17 20 08 2 M 2 . 40 6/C
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INDIVIDUAL DATA ON STUDENT NUMBER, AGE, CLASS STATUS, SEX,
TOTAL SCIENCE COURSES, A.C.T. COMPOSITE SCORES AND HIGH SCHOOL BIOLOGY
MARKS FOR 77 STUDENTS OF THE CONTROL GROUP '

m, e e
Student Age Class Sex Total -A,C,T. H.S.
Number Status Science Composite Biology

Courses | Score Marks

Yrs. Mos.

78 19 10 1 M 3 - c/c
79 19 01 1 M 5 43 B/B
80 19 00 1 M 5 87 c/c
81 19 04 1 M 3 26 B/C
82 18 11 1 F 3 40 c/c
83 18 06 1 F 3 33 B/C
84 18 05 1 M 5 55 B/C
85 18 07 1 F 4 40 c/c
86 19 06 1 F 3 40 c/C
87 18 07 1 F 2 20 A/C
88 18 08 1 M 3 _— B/C
89 19 08 2 M 5 e A/A
90 18 00 1 F 2 33 B/C
91 18 10 1 M 3 15 c/c
92 20 02 1 M 3 35 B/B
93 18 04 1 M 4 87 A/A
94 18 04 1 F 5 87 A/B
95 18 09 1 F 3 20 ¢/c
96 19 01 1 M 4 40 B/B
97 18 02 1 M 3 82 ¢/c
98 18 02 1 F 5 33 A/B
99 18 07 1 M 5 97 B/C
100 18 09 1 F 4 20 B/B
101 18 03 1 F 4 40 B/B
102 19 05 1 F 2 15 c/c
103 22 08 1 M 2 — B/C
104 19 00 "1 M 3 _— ¢/C
105 18 08 4 F 3 — ¢/D
106 19 01 1 F 3 62 A/B
107 18 09 1 F 2 15 A/C
108 18 10 1 F 4 48 B/C
109 18 07 1 M 2. _— c/C
110 18 04 1 M 3 15 ¢/D
111 22 01 1 M 2 —_— A/B
112 19 04 1 M 2 62 ¢/D
113 18 10 1 F 4 55 B/D
114 19 02 1 M 3 62 A/B
115 18 05 | 1 M 3 55 c/c
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TABLE 6 (Continued)

Student Age Class Sex | Total A.C.T. H.S.
Number Status Science Composite Biology
: Courses Score Marks
Yrs. Mos.
116 18 06 1 M 4 62 -
17 19 00 1 M 4 55 ¢/D
118 19 02 1 i 4 11 A/B
119 18 10 1 M 4 40 ¢/D
120 18 05 1 F 2 62 A/A
121 19 09 1 M 5 76 A/B
122 18 06 1 F 3 33 A/B
123 19 02 1 M 3 82 A/B
124 18 02 1 F 3 4 B/B
125 18 01 1 F ) 33 ¢/D
126 20 00 1 i 4 20 ¢/D
127 18 07 1 F 4 40 ¢/c
128 19 00 1 F 5 33 ¢/C
129 22 01 4 F 2 _— A/B
130 18 07 1 F 3 82 B/B
131 18 06 1 Ui 2 48 AJA
132 19 00 1 M 3 26 c/c
133 18 07 1 M 5 76 B/D
134 18 04 1 F 5 26 B/B
135 18 08 1 P 2 69 A/B
136 18 07 1 F 3 55 c/c
137 19 00 - 1 M 3 5 c/c
138 18 04 1 F 3 33 A/A
139 18 09 1 M 3 40 c/c
140 19 02 1 M 3 20 A/B
141 18 11 1 F 4 26 ¢/D
142 19 02 1 M 2 — c/c
143 18 04 2 M 1 55 B/B
144 22 01 1 M 2 _— -
145 18 11 1 F 3 69 -
146 19 11 2 M 2 —_— -
14T 18 08 1 F 5 8 c/c
148 18 04 1 F 3 15 B/C
149 19 00 1 F 4 82 B/B
150 18 09 1 F 4 33 A/B
151 18 09 1 B 4 40 c/c
152 18 07 1 F 4 62 A/B
153 18 10 1 F 2 33 c/c
154 23 10 3 M 2 _ c/c
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TABLE 7. INITIAL XNOWLEDGE TEST SCORE, FINAL ACHIEVEMENT GAIN TEST SCORE
IN BIOLOGY, AND INITIAL TEST SCORE, ACHIEVEMENT GAIN TEST SCORE ON THE
APPLICATION AND IMPLICATION OF SCIENTIFIC KNOWLEDGE FOR BACH STUDENT
OF THE COMPOSITE EXPERIMENTAL GROUP

Student Facts, Concepts, Application And Implication Of
Code Knowledge In Biology¥* Scientific Knowledge In Biology¥¥
Number
Initial Achievement Initial Test Achievement Gain
Knowledge Gain Test Score I Test Score
Test Score Jcore
1 41 51 21 . 20
2 28 40 24 29
3 48 60 16 13
4 37 31 18 20
5 59 58 15 "
6 26 32 16 22
1 45 51 18 21
8 36 50 28 25
9 46 52 20 24
10 28 39 14 17
11 40 - 48 19 26
12 36 46 14 b 22
13 26 29 21 20
14 44, 47 15 13
15 44 40 17 - 19
16 33 36 21 15
17 42 56 13 21
18 54 62 16 | 21
19 42 36 19 . ‘ 20
20 36 44 19 - .22
21 35 43 17 S 14
22 41 39 20 ' 23
23 45 53 23 | 18
24 39 44 18 : 14
25 34 34 22 20
26 37 47 15 16
27 43 41 18 17
28 41 51 18 20
29 51 42 20 27
30 33 40 18 18
31 44 44 25 , 22
32 36 36 16 20
33 32 43 21 15
34 41 44 7 16
35 44 39 13 16
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TABLE 7 (Continued)

Student Facts, Concepts, Application And Implication Of
Code Knowledge In Biology¥* Scientific Knowledge In Biology*#*
Number . :
Initial Achievement Initial Test Achievement Gain
Knowledge Gain Test Score Test Score
Test Score Score
36 37 38 24 27
37 30 24 16 11
38 40 47 23 22
39 33" 30 14 17
40 39 28 23 20
4 43 45 18 18
42 33 24 16 14
43 413 43 19 . -1
44 46 63 16 18
45 37 33 15 14
46 43 45 21 26
47 38 56 20 21
48 41 46 13 16
49 43 46 20 | 22
50 33 43 10 19
51 48 42 . 14 17
52 38 A3 14 11
53 41 45 22 21
54 40 45 16 21
55 40 50 20 13
56 37 44 16 21
57 45 61 20 13
58 38 50 20 22
59 39 37 21 17
60 44 47 17 22
61 41 34 15 ' 16
62 45 49 14 18
63 42 50 22 27
64 21 35 9 15
65 33 36 19 16
66 40 48 22 . 17
67 4 39 17 14
68 50 48 18 12
69 40 32 16 8
70 50 59 21 19
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TABLE 7 (Continued)

Student Facts, Concepis, Application And Implication Of
Code Knowledge . in Biology¥* Scientific Knowledge In Biology**
Number ,
Initial Achievement Initial Test Achievement Gain
Knowledge Gain Test Score Test Score
Test Score Score
11 50 57 19 17
T2 25 34 17 22
73 39 35 19 23
14 37 41 21 21
75 A4 44 20 16
76 53 56 22 23
17 38 42 20 13

* 75 Test items
*% 35 Test items
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INITTAL KNOWLEDGE TEST SCORE, FINAL ACHIEVEMENT GAIN TEST SCORE
IN BIOLOGY, AND INITIAL TEST SCORE, ACHIEVEMENT GAIN TEST SCORE ON THE
APPLICATION AND IMPLICATION OF SCIENTIFIC_KNOWLEDGE FOR EACH STUDENT

OF THE COMPOSITE CONTROL GROUP -

Student Facts; Concepts, Application And Implication OFf
Code Knowledge In Biology¥* Scientific Knowledge In Biology**
Number :
Initial . Achievement Initial Test | Achievement Gain
Knowledge Gain Test Score Test Score
Test Score Score
78 29 32 20 15
79 36 50 15 18
80 57 52 23 22
81 36 46 18 20
82 35 38 17 ' 18
83 39 36 20 13
84 34 34 17 14
85 34 48 17 22
86 42 45 18 o 21
87 32 37 11 ' 11
88 51 50 - 16 31
89 43 47 24 23
90 30 35 13 9
91 25 23 8 8
.92 48 46 22 22
93 47 61 23 24
94 49 62 20 20
95 30 37 12 14
96 46 46 21 19
971 35 43 19 20
98 35 46 13 24
99 51 58 20 20
100 32 34 2. 30
101 27 29 15 ‘ 14
102 39 35 24 ] 21
103 40 56 16 23
104 43 50 23 18
105 50 57 17 16
106 36 51 28 31
107 24 - 40 10 15
108 31 43 22 23
109 33 48 21 13
110 33 42 12 8
111 36 47 19 ‘ - 16
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TABLE 8 (Continued)

——]

P

Facts, Concepts,

——

Application And Implication OF

Student
Code Knowledge In Biology¥* - Scientific Knowledge In Biology¥*
Number i
Initial Achievement Initial Test Achievement Gain
Knowledge | Gain Test Score Test Score
Test Score Score : :
112 39 40 17 25
113 57 65 17 18
114 42 52 5 7
115 47 48 23 22
116 51 57 14 19
117 42 A7 21 22
118 40 45 16 14
119 46 51 11 8
120 36 49 10 9
121 42 55 22 27
122 36 49 17 15
123 46 51 12 14
124 35 46 14 12
125 44 50 18 28
126 32 48 14 16
127 39 50 12 14
128 37 30 19 25
129 40 47 12 13
130 54 59 16 16
131 50 61 26 27
132 25 28 16 14
133 43 58 18 17
134 22 25 15 23
135 45 48 17 21
136 31 43 18 23
137 18 20 18 19~
138 44 41 14 23
139 35 37 21 27
140 23 25 18 20
141 40 30 14 26
142 26 32 23 25
143 41 A7 23 21
144 13 26 10 19 .
145 38 42 7 16
146 50 50 14 18
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TABLE 8 (Continued)

Student Facts, Concepts, Application And Implication Of
Code Knowledge In Biology¥ Scientific Knowledge In Biology¥**
Numbexr '
Initial Achievement Initial Test | Achievement Gain
Knowledge Gain Test . Score Test Score
Test Score Score
147 32 38 12 22
148 23 38 17 ‘ 20
149 37 52 18 -7
150 .32 38 23 ‘ 29
151 33 39 21 22
152 43 57 22 26
153 42 38 21 22
154 33 43 16 15

* T5 Test items
%% 35 Test items
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