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ABSTRACT

Four interrelited flelds within the secondary school blology
progfam wver~ investigated In this inquiry, These were the project
method, the utilization of live orpganisms, the study of animal
behavior and plant tropisms, and the study of insects, Eighteen
'sécondary school bionlogy teachers in southwestern Alberta were
interviewed_between‘April 30 and May 4, 1973, to investigate the
nature and extent ~f proje;t.impiementation and live organism
utilization and to obtain teacher opinions on the advantages and
disadvanteges of implementing projects involving dnsect behavicr.

Few corrolatlons were found between various aspects of the
vteacher“s backsround and his tgaching methodolozy and considerable
variety was fbupd in the various methods of project 1mp18mentation.
A majority of the teachers interviewed wers using the project method
and a majority of the teachers felt that projects were most valuable
in developing ihe process aspects of blology and in providing for
irdividualized instruction. Although 94,43 of the teachers used live
organlsms and 83, 3% used feral organisms, the diversity of organisms
;tilized and the length of utilizati~n was found to be low,
Relatlively few projects involved the use of insects or the study of
behavior,

The information obtained from the teacher interviews was used
to dgviso 12 student guldes dealing with insect behavior. Thls was
supplemented by recommendations from the available literature,
consultation with menmbers of the Department of Entomology at the

Unlversity of Alberta, and examination of equirment used in that

T
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department, These projects were deviﬁea\between June 1 and July 31,
1973. Fourteen sqcondary school blology students conducted six of
these projects in the fall semester. A total of 10 insect speéies
Were cultured by the studente for use 1n.these projects, The students
Were interviewed between December 14 and December 20, 1973, to obtain
their opinions on the advantages and disadvantages of conducting
projects involving insect bqhaviér and to evaluate the effectivengss
of the student gulides devised by the writer.

‘Students indicated that the projects were most valuable in

developing an understanding and appreciation of 1live orranisms and in

~~"providings content whicl was relevant and interesting to the student,

A majority of thé students indicated that the main values of the
student guides were the provision of background information and the
provision of guidance in experimentation and interpretation of
results, Few problems were encountered in experimenting with and
culturing insects and all students indicated satisfaction with the
student guldes used,

Froﬁ the apparent success of the projects implemented in this
inquiry, itbwould appear that there are several advantages in using
insect: in student projects and that the study of insect behavior is
feasible at the seccondary school level. ‘From the reéults of this
inquiry, the writer has offeréd several recommendations on the
utilization of the project method and on the implementation of
rrojects involving insect behavior to assist teachers in the

utilization of living organisms in their classroom instructicn,
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CHAPTER I
INTRODUCTION
I.  BACKGROUND TO THE INQUIRY

This inquiry dealt with four distinct but interrelated
fields within the secéﬁdary school blology program. These filelds
were the use of projects, the use of live orpanisms, the study of
animal béhavior and plant tropisms, and the study of insects.,

The pros and cons of the project method have been debated
by pedagogical theorists ever since the method was first proposed
over 50 years ago, Concern over this topic has been renewed lqcally
with the incorporation of a project unit in the Alberta Biology 10
and 20 curricula in September 1969 and in the Blology 30 program in
September 1971, The current Alberta biOIOgy curriculunm guide
(1971) suggests four general obgectives for the high school biology
coursest =

1. To enable the student to familiarize himself with his
immediate biological world, and to realize the importance
of the intexrdependence of livinglorganisms and the part
man plays in this schenme ’

2. To develop the ability of a student to carry out
successful independent study and learning

3. To develop sound procedures for blological field and
indoor laboratory study

4, To develop an understanding of and an appreciation for
the mothods used by scientists; the means and conditions
under which science advances; the role of biologists;
the importance of accurate and accessible records,
constantly improved instruments, and free communication,

Comparing these general objectives with those suggested in

the guide as objectives of the project method, a close parallel can



A

be seen;g

a) To give each student an opportunity to do an in-depth
study in an area of his interest

b) To encourage students to formulate questions for inves-
tigative purposes

¢) To further famillarize students with research methods
and procedures :

d) To enmable students to practise methods of proper
scientific reporting

e) To permit the development of empathy with the sclentific
researcher,

Since the project system had been in use in Alberta secondary biology
courses for four years, it seemed appropriate to the writer to
determine the organization and extent of inplementation of projects
in at least a number of secondary school bigiogy classrooms,

Orlans (1968) has noted that the use of live organisms in
the classroom has increased over the past twenty years with increased
emphasis on learning scientific principles by performihg experiments,
Similarly, the introduction of the project method has been
accompanied by an increase in the opportunities for the utilization
of living organisms, However, informal discussions withlothe;
blology teachers throuchout the province at bofh reglional and
provincial conferences appeared to indicate that a minimal number of

1live organisms were being used in Alberta schools, Recent research

by Jacknicke (1968) and Dyke (1970) has confirmed this observation

and both have: recommended that'there be further studies to determine

the extent to which local resources are being utilized, With the
inclusion of projscts in éli levels of secondary school blology in

Alberta, it seened desirable to determine the present use of live



orpanisms in these projects and to compare the findings with the
results of these earlier studies, f

In order to supplement and update earlier resgarch on the -
use of projects and the use of live organisms, this inquiry also
attempted to investigate, within the project context, two areas of
bio;ogy that do not appear to have been treated by previous
research--ethology and entomology. Etholory, being a relatively new
science, has received attention only in approximately the past ten
years, and entomology, covering such a large collection of specles,

does not appear to the knowledge of the writer to have been treated

in depth,

II. PURPOSE OF THE INQUIRY

The purpose of this inquiry was to investigate how projects
dealing with insect behavior can be implerented and conducted,
Thro - venues of research were utilized in an attempt to achieve

this nurpese, First, 18 teachers were interviewed to determine the

ﬁature of Drv  to »aling with insect behavior as they were
currently Y. - "4 in a sanmple of secondary schooivﬁiology
classes in s¢ - lberts, The school systems covered 15 thfs
sample are list:. ik I,

Secon.. ana bt .ta obt "r2d from the interviews -
and a surve: oI t. —ature --~rved as the basis for the
development o7 a se - le: oot Jeal: "2=h insect behavior,
This was supp.em3nted < cc. -~ th . ecmbers of the Entomology

Department, University of .lbex. and mint icn of the equipment

used in that department,
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Third, these projects were then implemonted in the classroom
by several of the teachers involved in the initial interview besides
by the writer. The results of this implementation were analyzed by
the writer throurch the use of student interviews,

It was on the basis of these three procedures that the
ultimate goal of this inquiry was reached: to formulate
recommendations on the implementation and organization of projects
dealing with insect behavior to assist toachers in the utilization
of 1living organisms in their classroom instruction,

More specifically, this inquiry attempted to answer the
following major questionsi
1, To what extent are secondary school biology students in the

selected school systems of southwestern Alberta conducting

projects dealing with insect behavior?

2, What are the advantagzes and disadvantages of implermenting
projects dealing with insect behavior as perceived by the
teachers of this sample?

3. How might factors limiting or hindéring student research
into insect behavior be ninimized? ‘

4, How might insect species be used in the study of behavior?

, The initial teacher interview was designed in an attempt to

provide answers to questions one and two, The construction and

implementation of projects dealins with insect behavior was
followed by an analysis through the use of student interviews in an
attempt to answer questions three and four,

Besides these-primary concerns, the 1nqu1ry’attempted to

answver four additional questions, Answers to the following questions




w\fe dorived from the initial teacher interviews and used as

guldelines in the construction of projects dealing with 1nsect

behavior.

i, To what extent are projects being implemented in secondary
school blology classrooms in this sample?

2. To what extent are local, living orpanisms being utilized

in student projects in secondary school blology classrooms?

3. To what extent are live insects boing utilized in student
projects?

4, To what extent is behavior beiﬁg investigated in student
projects?

III, LIMITATIONS OF THE INQUIRY

The sample used in the inﬁerview of teachers was restricted
to secondéry schools 1n the indicated school systems of southwestern
Alberta, and as such, the findings reflect the eduQ§tional clim&te
_ of that area, The sample interviewed was further restricted to
secondary school biology teachers’glthOugh it 1s recosznized that
other teachers may be studyinz animal behavior and uéing 1ive
orsanisms, This was deemed necessary by the writer in 1light of the
scope of the projects to be constructed and the sector of the school
population that would be using them, The procedures used to select
these teachers and inmplement the projects are discussed in Chapter
I1I, ' -

To facilitate the héndling of the data obtained, the
advantages and disadvantages of using projecd% were restricted to

those dealins with insect behavior. Similarlf, the advantages and

)

—
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disadvantarses of using 1ive organlsms were restricted to insect

spacles on the initial tea;her interview.

In the construction of projects dealing with insect.behavior
the exerciseé proposed in the inquiry were limited to those which
the writer felt could be conducted by secondary school biology
students. The projects dealt only with easily obtained 1nsect
specles and the exercises susgested were restricted to those
involving common and unsophisticated equipment.

The sample used in the interview of students was restricted
to secondary schools involved in the interview of teachers., The
sample interviewed was further restricted to those studehts who had
elected to study insect behavior. The épinions stated by these
studeﬁts in the interviews may-possibly reflect thelr personal
Interests in imsect behavior, Students in the writer's classes

also may have been influenced by the fact that they were being

taught and evaluated by the writer,
IV, DEFINITION OF TERNMS

To clarify the terms used in the inquiry, the following
definitions of the ma - .erms are provided here for ready
1

reference,

Ablotic Stimuld

~o

Those slgnals which arise from nonliving matter,
»

Accessibility
The ease with which local resources can be obtained or the
case with which students can bs taken on field trips to study local

resources, Thles definition was provided for each teacher during the .



interview,

Arricultural and Forest Entomology !

That branch of applied entomology dealing with crop and
forest interrelationships with insects.

Applied Entomology -

That branch of entomology concerned with the application of
scientific principles to the solving of problems of insects that are
harmful or beneficial to man,

Behavior

The responses of an organism to its environment, both in the
natural habitat ard in experimental laboratory conditions. Behavior
includes both animal responses and plant tropisns,

Biology Course

Any subject in which at least 50% of the instructional time
was spent on living organisms, their 1ife processes, or their
relationships to each other or to the environment,

Biolooy Metheds Course

1 Any university or college course involving curricuium and

#
instruction in the biological sclences, ,

Choice Chamber

Any apparatus providing an experimental organism two
alternative stimull to determine which of the two stimull is the
nore favorable.

Class Project

Any project initiated by the teacher and/or students but

conducted jointly by all members of the class,



Commercial Orgzanisms

Any organisms which are obtained from pet stores or

blological supply houses.

Comparative Behavior Project

The analysis and comparison of behavioral patterns exhibited

by different groups of organisnms. ‘ C

v
\

Concurrent Implementation

The implementation of projects at the same time as other
aspects of the course in contrast to unit implementation,

Coordinated Behavior

Behavior consisting of a series of simpler reactions and
resﬁonses related to'each other to result In a unified-act or

behavior pattern.

Culturing
The cultivation of living organisms so as to promote their

growth and encourage their reproduction,

Ecology
That branch of biology dealing with the relationships of

living organisms to their environment and to other living organisms.

Entomology
That branch of biology dealing with the study of insects,

Exrror of Central Tendency
- The tendency of raters to avoid using the extreme positions
on a rating scale,

Error.of Leniency

The tendency'of raters to be overly generous in descriptions,



Ethologzy
That branch of biology de~ling with the innate behavior

patterns of livins organisms in response to both blotlc and abiotic

stimulil,

-Feral Orzanlsms

»

Those organisms, native or introduced, found 1iving under
natural ‘conditions as opposed to commercial organisms,
‘Field Trip
‘ A visit made to a particular area for the purpose qf first
gand observation, This visit is usually selected‘and orgaﬁized by
the teachef. | ‘

Full Year University Course

A course offered for the duration of « .. university year in
contrast to one offered fof one semester,

General Behavior

The overall responses composing the be!aQior of an organisn,

Generalizable Knowledse

N

That accunulation of background information whicb.can be
applied to a variety of specific situations in contrast to incisive.
knowledge,

Gradient

Any apparatus providing an experimental organism with a
change in intensity of a stimulus per unit.distaﬁce to determine
which intensity is the most favorable,

Group Project

Any project conducted by two or more students but not by all

-

menbers of a class,



Incisive Knowledpe ' .

That accumulation of backzround information wgibh can be used
to discriminate between and critically analyze new concepts,

Individﬁalized Instruction

Any teachings methodology designed to account for individual
Interests and differences in learning capabllities.

Individual Project

Any project conducted by one student,

lu.ate Behavior

Behavior in which reactions to stimuli appear to be
predetermined. Innate behavior 1s unchanged by learning.

Instinct

A complex, relatively rigid inherited pattern of behavior
released by a complex environmental situation and leading to the
satisfaction of an inner drive,

Kinesis

An undirected locomotory reaction in which the rate of
movement or the frequency of turning depénds on the 1ntensity of the
stimulus,

Laboratory Exeréise

An ihvestigation involving structured procedures and
usually minimum opportunities for student initiative in designing
and interpréting the investigation,

Learned Behavior

An adaptive change in behavior based on experience and

differing from individual to individual,
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Likert Scale

A scale In which the respondent 1s asked to indicate the
degree of agreement or disagreement with a set of unscaled itens,

Maintenance Facility

The relative ease of collecting, culturing, and utilizing
a llve organism in comparison with other species,

Medical and Veterinary Entomology

That branch of applied entomology dealins with parasites

1

and disease in relation to 1nsects,

Mechanical Stimuli

™~

Those of éfavity, pressure, sound, and touch,

Naetural Resources

.

) ~
Those materials, living and nonliving, supplied by nature.

Opsrationdl Thousht

A process of reasoning based on an organized collection of
concepts, Concrete operations are'those in which these concepts are
used to apply logical thought to Practical problems and céncrete
-’ tuations., Formal opsrations are those in which these concepts are
used to apply légical thought to abstract situations,

?hototaxis |

Movement 1n a specific direction in relation to the source of
light, A novenent towards the source of lighthis a positive
phototaxis., A movement away from the source of light 1s a negative
phototaxis,

Process Approach

Any teaching methodology designed to encourage students to

understand and exhibit skills, methods, and attitudes associated

11
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wilth a particular field of knowledge, In secondary school biology
courses this approach could include the learning of laboratory skills,
the practising of proper methods‘of scientific reporting, and the
developing of’attitudes of curlosity and inquiry,
Project |

An activity guided byf£he teacher but selected and carr
out by the student or a gréup of students and involving laboratory
and/or fleld research and Qhe writing of a reﬁort. In contrast to
field trips and laboratory exercises, the Procedures are usually
selected by the student,

Rhythmlec Behavior

Behavior which occurs in a regular cycls,

Rural Schools

Those schools whose student population is derived from a
rural area,

“condary Scﬁool

Any Alberta institution offering instruction in at leas
Grades 10, 11, and 12,

Social Behavior

The behavioral responses of a group-living organism to
others in the group but not to organisms which are not members of
that group,

Stofed-p;oducts Insects

Those species of insects infesting stored domestic‘and
commercial supplies,
Taxis

A directed locomotory reaction towards, away from, or at a )
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constant angle to the stimulus,

Teachins Experience e

The total number of Years of classroom teaching disregarding
grade level and subject area,
Tropism
- A nonlocomotory response in which an organism bends towards

the stimulus, Tropism usually refers to Plants and sessile animals,

Unit Implementation
The implementation of projects in a single block of time
consecutively with other aspects of the course,

Urban Schools

Those schools whose student population is derived from an
urban center., For thg purposes of this inquiry, urban schools
were those in the Lethbridge School District Number 51 ang the

Lethbridge Catholic Separate School District Number 9.



CHAPTER II
REVIEW OF RELATED LITERATURE
I. THE USE OF PROJECTS

Theoretical Research
+

The project method, in one form or another, has long been
recommended by pedagogical theorists, The activity m%thod suggested .
by Rousseau in the eighteenth century, the "education-room"
suggested by Froebel (1887) in the nineteenth century, and the
problem method suggested by Dewey (1938) in this century all closely
resemble the philosophy behind the project method, both in intent and
in conduct, Bleeke (1968) has conducted an exteﬁsive Investigation
into the history of the project method in the United States,

It was under the lsadership of Wiliiam Heard Kilpatrick,
however, that the project method ieceived its greatest émphasis on
this continent, Kilratrick (1935) felt that the project method
could be used to achieve three main objectives, The immediate
objective was the provision of experiences that lead the student on
to further knowledge; the intermediate objective was the acquisition
of deslrable learning oﬁtcomes such as knowledge, skills, habits,
and attitudes; énd the remote‘objeptive was a higher level of |
living due to the acquisition of these outcomes, To accomplish
this, he suggested that a course of studies should include the
following:

"1. A clear account of the theory, with emphasis on the
new kind of gims ZInvolved in the project nethod?,

"2, A few specimen projects of various sorts worked out in

14
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detall to show the kind of thing to be expected and
why, with a study of the correlatlve outcones,

"3, A list of susrestive projects much larger than could
possibly be used, with appropriate reference materials
and suzgestions for equipment,

"4, Some account of outcomes reasonably to be expected,

- with emphaslis on habits, attitudes, and appreclations,
since these have too generally been overlooked--such
outcomes not to be held up as imrmedlate objectives but
to help the teachers and puplls estimate their own
progress, .

"5, Some self-teaching and self-testing drlll materials
with a statement of correlative desirable standards."

Since the emphasis on the project method in the 1920's and
1930's, varilous edu;ators have written in support of the approach,
proclalming a variety of advantages inherent 1n the project method
for the achieveme - of not only the preceding objectives but also
many other gogls. Among the more recent articles are those by
Kastrinos (1956), Washton (1967), Chancey (1968), Duffy and Putt
(1969), Richardson (1959), Campbell (1973), Huffmire (1961),.
Simmons (1961), a:d Stern11?3} (1965). These were theoretical
articles and no evidence wé;'cited for the claims made by the
éuthors. At the §Eﬁ§:j}me a nunber of educators have polnted out
the disadvantages and dangers related to the use of projects, two
of the more comprehensive reports being the papers presented by
Baﬁser and Bagley (1921) at a symposium on the difficulties of the
project method, The learning requirements for the inquiry method
of instruction sugcgested by Ga;né (1963) are clos2ly related to
potential problems in usinz the project method. For a secondary
school student to be able to formulate and test hypotheses

critically, Gagné noted that he needs generalizable and incisive
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knowledre, This knowledge must include not only factual knowledge
but also knowledzge about such methods as observing, inferring,‘and
conceptual lnvention, .

The theory of sequential cognitive development susgested by
Piaget (1952) might account for some of the'problems'encountered in
the project method. Pilaget has suggested that as a child develops
he is capable of handling stimull more and more remote from himself
in time and space, Cognition is seen as a function of experience,
intellectual saphistication, and age. Between the ages of seven and
11, the child is typlcally at é st&ée of mental growth Plaget refers
to as the perliod of concrete operations. During this period the
v child is capable of logical thouggt based on a set of concepts which
have been internalized into orranized systems., The child can deal
with classes, relatibns, and numbers and he can apply opsratlonal
thousht to practical problems and concrete situations, Between the
ages of 11 and 15 the éhild enters the final period of development,
the period of formal operations. At this time he develops the abllity
to think in abstract terms and to consider hypotheses and the
possible consequences if the hypotheses are true,

Brown (1955) noted that 1t is at the formal operations
period that the child is capagie of working like a scilentist,
Berlyne (1964) further noted that it is at this final stage that the
hypothetical-deductive processes of sclence are open to the child
and that "not before the fgrmal-operations stage does the child plan
truly scientific_investigations, varying the factors in all possibls
combinations and in a Systematic order."” Theoretically, students

enrolled in secondary school biology classes should be in this final



stage of &entalldevelopment. The project method would provide these
students an opportunity to practlse sclentific skills and methods,

However, Inhelder and Piaret (1953) have indicated that
Although all children go throuzh the stases of mental developmqnt 15
the same order, they do not develop at the same rate and that the
suggested ages for each stage are not absolutely fixed., This has
also been noted by Brown (1965), lefrancois (1967), and Buell and
Bradley (1972). It 1s possible for secondary school biology
students to be at the stage of concrete operations., Thils has two
major implicatlons with respect to the project method, First,
teachers should be aware of the fact that some students may not be
capable of forminz hypotheses and devising scientific experiments and
that some students willl require assistance in these aspects, Second,
teachers should provide projects within the capabilities of a child
in the concrete operational period and teachers should modify the
objectlves of the project method accordingly,

Other criticisms are cited in the literature on educational .
theory but the authors are not identified. These critic;sms
include complaints that students "do not learn as much", that the
rethod 1s time consuming, that it requires extra work on the
teacher's part, and that there is a lack of reference material and
equipment., The valldity of those theoretical statements directly
related to the areas covered in this Inquiry will be examined in

more depth when discussinz the findings by the writer,

Experinental Research

Experimental research has been sparse and the findings

-
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contradictory, In describing expsriences with the project method,
Brown (1967) noted that curlosity and enthusiasm were developed,
research was stimulated, and the students learned basic techniques
in animal cara. Furthermore, he noted ﬁhat experimentation
- requires careful observation, patience, and perseverence, all of
which are.desirable tralts to be developed in students, and that
his project class had a "ten point advantage” on laboratory tests
and informal quilzzes, However, the nature of these tests and Eis
mathod of evaluation were not indicated,

Similarly, in discussing projects conducted by 340 students
in grades nine to 12 for four one-week periods Foster (1970)
reported that the program had an lmpact on student value systems

and increased thelir maturity "to an observable extent", Among the

student opinions cited were the views that the Project was worthwhile

and relevant, that they could study on their own and at their own -
speed, that they had to work harder, that they found it difficult to
discipline themselves, and that they felt some of their‘classmates |
were too immature for the responsibilitieé involved in the project

nethod, : }

N,

West (1956) further reported success with é biolozy methéds-
course wnich included four to six hours a week on projects, He
noted that teachers who have taken the course later have puplls who
submit "excellent ;nd numerous" secondary school exhibits at
regional falrs, In describing the use of projects in secondary
school biology classes, Colyer (1952) observed that projects "allow
creativeness, discovery, incite intereat, expand learning, and

enhance the fileld of science to the student.,”
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The validity of these four articles is obscured by the lack
of explanatory notes on téstinz devices and control of variables,
and thelr inclusion as experimental research mirht be questioned,
In Ausubel's (1963) terns, these descriptlions of existing programs
might be considered "enthuslastic but wholly subjective test ‘als",
but they are representative of much of the literature on the
method,

Novak (1958) described an experiment involvinz 522 student.
in two intrcductory botany courses at the University of Minnescta,
one group ha?ing recelved the conventional lecture method and the
other group covering the same material, but at a faster rate so that
81x weeks could be devoted to projects. A problem-solving pretest,
a boténical facts and principles pretest, and a scientifié attitudes
rretest were administered and then compared with factual and
“practical tests during the course, a problen-solving post-test, a
sclentiflc attitudes post-test, and a fact retention post-test,

He found that those students taking the conventional course
retained facts best and were less variable on tests for botanical

knowledge, It was also found that the rroject method provided for
individual differencés better and that the projsct group was
superlor in problem-solving and scientific gttitudes‘tests, but not
at a significant level, In considering these findings, 1t should
be remembered that this study dealt with college students and that
the coverage of material by the two groups was at a different rate
which may account in part for their differences,

In studying the outcomes of participation in science

project activities, Hale (1957) administered a sclence process-
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product test and a sclence 1lnterest test to 952 grade nine students
and asked teachers to rank them on sclentific knowledsse and under-
standinz of pgxocesses, After sciexce projects were completed- for
a sclence fair, the same or equivalent tests were given, the
teachers ranked the students a second time, and a questionnaire

was given to the students,

Hale found that project making had no effect on a student's
achlevement or interest in science, The teacher and the school
were found to be fhe greatest notlvating factors rather than
awards, class time, or gradc i, He also found that>the ma jority of
the students involyed in projects would not have participated in
projects if th;y had not besn required to do so, and that although
a majority of the students fely that they had learned something, a
large minority did not feel that they had, Unfortunately, these
were items checked off on the questionnaire and no attempt was made
to determine the reasons for these responses in the study,

Hale noted that students who did investigation type
projects excelléd in achievement over those making construction
type projects but not over those making demonstrations or no
orojects at all, this Inconsistency suggesting the need for further
study, The greater the numbter of years a student conducted projects
the more likely he chose science as a career, but whether the:
career éhoice was due to projects or vice versa was not determined
fron the data collected\‘ These results must be considered with
~reservation since the stﬁdy Involved grade nine students working

on projects for a science fQ;r and thus might not be applicable

to other types of projects.
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In contrast to these findings, Cowan (1967) reported that
introduction of the projsct method into the fourth year of the
English secondary school improved working standards, understanding,
discipline prodblems, Interest, and attendance of the 56 students
involved, However, the entire class concentrated on one central
theme and a number of subject areas were integrated in order to
conduct the project so again application to this inquiry 1is

1imited,

Local Research

Two studles have been conducted on the project system in
Alberta secondary schools, Anderson (1972) interviewed 10 urban
and elght rural teachers in the Edmonton school system and the
Peace River District and administered a questionnaire to 340
urban and 220 rural students in grades 10, 11, and 12 to determine
the orfinization and implementation of Biology projects; He found
that of the rufal sanple, 7L%Aof’the teachers conducted projecté in
grade 10, 71% conducted projects in grade 11, and 30% conducted
projects in grade 12 whereas the rercentages for the urban sample
were 72.8%333%, and 1007 respectively,

These\results would indicate that despite the theoretical
advantages of the project method and the Department of Education
on that projects be conducted in_all'three blology
courses, there are limitations in 1its implement;tion and . there is
a need to assist teachers in‘gvercoming these proSlems. Among the .
problems ildentified by Anderson's study were lack of space and

reference material, lack of teacher experience with projects, and



large classes, /

Anderson also found that 100% of the rural sample conducted
projects concurrently with the course material compared with 36.3%
of the urban sample., The significance of this finding for this
inquiry 1s noted by Andersoni

~ The prime advantage of the sihglo-unit approach 1is 1ts

short time-span which prevents the student from becoming
bored with his project as he may do in the cencurrent
methed, Conversely, however, it is impossible to carry
out many experiments, such as population surveys or animal
behavior studies, under the unit method, The teacher who
uses the single-unit approach is therefore placing
considerable restriction on toples, .

These findings by Anderson, besides his findings on project

implementation and teacher opinions will be analyzed in more detail

‘in comperison with the findings by the writer,

In contrasp to Anderson's findings, Darroch (1972) found
in an interview of seven urban and seven rural Blology 30 teachers
in Edmonton and the neighboring districts that 77% ran thelr
projects concurrently and 23% devoted a unit of time to project
work related to Unit II of the biology course (current biological
prdblems). Fourfteen percent of the teachers reported that none of
the projects conducted were related to Unit II and 65% of the
teachers indicated that only 15 to 30% of the projects wexre related
to this unit despite the recommendation by the Department of
Education that Biology 30 projecis be 1ﬁ the area of conservation
or pollution., A study conducted by Dr. Paul Paetkau at the
University of Alberta on the use of projects in the area of ecology
should provide additional information on this tor’ -

Among the reasons clited for the lack of projecis related to
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current biological problems were the need for laboratory space and
equipment and the lack bf familiarity with the local environment,
Thus, this study again points out the need to assist teachers in
utilizing their local resources to supplement material in the text
and the need toAprovide 11lustrations for bossible project
activitles, However, care should be taken in applying the results
of thése_two studies since both are based on small samples of the
total teacher population, |

| II. THE USE OF LIVE ORCANISHS

Althouzh a considerable number of .educators have recommended
the use of live organisms in the classroon ngith (1960), Hélmquist
(1960), Ratzlaff (1972), Mayer (1973), Welnberg (1962), and Taylor
(1965i7, others have cautioned teachers on the propef care and
humane treatment‘bf live aﬁimals [ﬁhim&l Welfare Institute (1960),
Orlans (1968), Jernigin (1971), Rowsell (1969), Ansevin (1970), and
Russell (1972)/. Despite the advantages and values of using 1live
organisms claimed in these papers, no comparative research showing
the effect of live organisnm utilization oﬁ student achlevement could
be found by the writer.

Research available on £he exten£ of live organism_
utilization, on the other hand, has 2en consistently negative on
this continent. Abbott (1954) sen% out a queStibnnaire to 120
schools in the United States, From the 45 returns, he found that
teachers rely mainly on charts and specimens pfeserved in bulk (35%
and 2% of all cases reported respectiyeli). Permanent demonstration

preparations accounted for 163 of the cases and microscope slides for
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127 whereas only elght percent of the cases involved the useof live
organisms.

In investlgating the use of fresh-uater organisms in Alberta
Jacknicke (1968) interviewed 11 teachers of Biology 20 or grade
elght in the County of Lacombe. He found that 647 of the teachers
collected or used local ormanisms but only 18Y% of these cases
actually involved teachers in the collection activity., The most -
frequently used groups were protozoa (reported by 63% of the
teachers), arthropods (63%), and chordates (36%). Only 36% of the
teachers surveyed cultured organisms. When asked why teachers
might not use local organisms; the teachers offered the following
three major"}easonss it was too time consuming; teachers had
inadequéte knowledgé of what organisns were available, where they
could be found, how to culture theh, or how to collect thém; and
there was a lack of facilities for collection'and culturing,

Simtlarly, Dyke (1970) found in an interview of 30 grade
elght teachers in Edmonton that only 20% of the teachers used live
mamnnals and only seven percent used fe‘%l manmals. The reasons
glven by teachers for not using live feral mammals were again
extra teacher involvement, lack of facilities, and a lack of

teacher knowledge, . . . ‘gvgf

From these studies, it would appear that despi%? the
suggesteq advantages of using live organisms, most teachers:are\not
using sucgm;esources. However, these studies involve small
populations ar Dboth Alberta studies include junior high s;hool

‘science teachers in the survey so a direct application of these

results to secondary school blology 1s not possible. Besides,
— T
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these studies were conducted before the project system was
v

introduced into the entire biolog; program, The introduction of the

project method may have altered the extent of live animgl

utilization, Furthermore, the elimination of departmental

examinations in 1973 might have encouraged a decrease in emphasis

on the learning of content and a corresponding increase in the
~7""Tactivity aspects of the Biology 30 program., A study dealing with
the use of plants in secondary school blology curreﬁtly being
conducted by Mr. Gary Schofield at the University of Alberta should
provide more information on the utilization of live orgapisms A
Alberta classrooms,

In contrﬁst to these studies, a survey on the use of 1live
organisms in England by Keliy and Wray (19?1) presents a
considerably differejt picture., A questionnaire was sent to 257
secondary séhools, nd from the 193 responses over 100'species of
organisms were repotted in use, Micro-organisms, plants, insects,
’fTrogs, mice, and gérbils were the most abundant‘organisms uéed.

Schoo;gidependea mainly on purchasing organisms;\although anphibia,
reptiiés, pPlants, and invertebrates otﬁgfzthan insects were usually
collected, Insects and ;mali manmals were the only groups bred to
any great extent.

The major problems noted by teachers wers feeding, breeding,
and maintaining organisms over holidays, Supply, housing, and
handling were problems only with a few specific species, From
these results, Kelly and Wray concluded the three ma jor needs were

the establishment of mainteﬁance facilitles for species to assist

teachers in their choice of organlsms, the establishment of

w
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organizational arrangements to care for organisms over holidays,
and the establishment of purposé—built organlsm accomodation in
schools, '

No clear reasons for the different results obtained in this
study can be noted, The Nuffield Sclence serles implemented in
English schools prior to the Kelly~Wray Qtudy emphasizes the use of
llving organisms and natural history, which may account in part for
the findings, However, to the knowledge of the writer no studies
have indicated a change in live organisnm utilization with the
introduction of American blology programs also emphasizing the use

of live organisnms,
III. THE USE OF ETHOLOGY PROJECTS

No‘réééarch could be found on the advantages and
disadvantages of projects in ethology nor directly on the extent
of their use. Jacknicke (1968) did find that of the seven teachers
using fresh-water organlsms, five used them for classification, four
for microscope work, and two for manipulation of materials, Among
the miscellaﬁeous topics listed applicable to this inquiry were
the 1life cycles of insects, éwareness of'thevlocal environment,
training in observation, examples of animal movement, and
stimulation of interest,

Similarly Dyke (1970) found that of the six teachers using
small mammals, three teachers used them to study structure, two to
study feédingbhabits and diet, two to study conditioning, two to

study general behavior, and one teacher for each of the following:

--reproduction and growth, locomotion, display, and the effect of

j N
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drugs on behavior. It should be noted that most of these uses are
ethology topics, However, when asked for suggestions on how feral
mammals might be used only 27% (eight teachers) suggested behavior
compared with 60% suggesting ;he study of structure, 60% suggesting
the study of ecology, and 30% suggesting the studonf reproduction,
For the first time in the hilstory of the Nobel citations,

the 1973 prize in medicine was awarded to three behavioral
scientists; The reciplents were Konrad Lofenz for his research
on the behavior of birds, Nikolaas Tinbers ... for his research on
the bshavior of fish, and Karl von Frisch for his research on the
behavior of insects.,. Ethology has becous: an influential science
'only in approximately the past ten years and only recently have g
number of educators recommended the inclusion of a course oﬁ behavior
in the curriculum /Tokke (1962), Scherba (1967), Polt (1971),
Gantert (1965), Crossman (1967), Shépley and Coultas k1971), and
Demchik (1973)/. J.P. Scott (1962) suggested that a course in
ethology would unite various disciplines of blology since the causes
of beha%ior ares

related to genetics, anatomy, and physiology as weil as to

the process of learning and external stimulation, Behavior

itself is the building block of social organization and, in

turn, of the organization of populations, Thus it is v

possible to relate most of the facts of blology to behavior

in a natural and 1nterpsting manner,

In describing a course on the social behavior ;nd

organigation of vertebrates for graduate students in biOIOgy and
psychology who were teaching in the schools, H,J, McKenna (1971)

concluded

Let me emphasize the importance of developing a éourse
in biology that is more relevant to our students--a course
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that will attempt to tie in our environmental problems,
war, conflict, and other soclal questions with the living
world around us. ' In addition, many students have not found
themselves, and a course that will allow them to understand
themselves better as a part of nature should open the door
to discovery and make for a better social human being,

Iv, THE USE OF INSECTS

As in the case for the use of ethology projects, no research
could be found showing the advantages of using live insects over
any other method although a number of educators have recommended the
use of live insects in the classroom /Lener (1963), Masteller (1970),
Hadley (1953), Backhouse (1972), Hanawalt (1954), Mohler (1963),
Bates (19?3), and Zipko (1973)7. In discussing the ways stored-
products Insects can be used in the classroom, ¥ills (1966) noted
the‘following advantagesi

1, They can be studied in nearly natural habitats.

2, Most have short life cycles if conditions are
favorable,

3. They are easily obtainable and inexpensive to
maintain,

L, They require a minimum of attention,

5. Mot only can they »e used for the entomological part
of blolo~y, but also as exanples for discussion of
important blological processes common to all animals,

If these claims are valid, then it is Probable that the use of
insects can overcome several of the'majdr problems indicated by
teachers an! theorists in the research summarired_in the preceding
sections,

6n1y two studles could be found dealing with the extent of
insect utilization. Jacknicke (1968) found that of the seven

" teachers usins fresh-water organisns, five used insects, This was

the most common group of arthropods used, The most common insects




29

were ants, bees, wasps, flies, butterflies, and moths. However,
usually only one kind of organism was used by each teacher and none
collected aquatic insects or aquatic larvae. Only one teacher |
cultured arthropods, this beins an ant and a bee colony for {
>observation purposes, An extensive summary on culturing attempts
Wwas also included in the study, . j

Kelly and Wray (1971) did not indicate the extent to which
insects as a group were used, but they did 1ist ?be use of
Individual species and the percentaze of schools using them,
These specles were the locust (72% of the schools reporting their
utilization), cockroaches (42%), stick-insect (64%), bee (34%),
mealworm beetle (i&%), Drosophila (13%), flour-moth (seven percent),
and Tribolium (five percent), All of these were cultured by at
least some of the schools, the exact percentage not beinz indicated

in the paper,

V. SUNMFARY OF RELATED LITERATURE

A large percentage-éf the literature on.%hg_project method
has been of a theoretical or a testimonial nature, The theories
proposed by Gagné (1963) and Piaget (1952) have indicated potential
problems in the inquiry method of instruction, Experimental research
has indicated that the project method provides for individual
differences and inmproves student interest, working standards, and '
understanding. A 1ow éorrelat1on has been found between the use of
projects and problem;solving ability, scientific attitudes, and
cholce of science as a career. Conversely, other research has found

no relationship between the use of projects and student achievement




or 1nterest,

No research could be found dealing with the effect of
projécts on student achievement in Alberta., Research by Anderson
(1972) and Darroch (1972) has indicated that the ma jority of
secondary school teachers conduct projects but that lack of space
and reference materilal, lack of experience with projects, large
classes, 'and lack of familiarity with the local environment were
serioué{problems. This inquiry ;nvestigated both of these aspects
of pﬁégect utilizatlion, The effect of the project method on the
learning of content and development of skills and attitudes was
investigated by implementation of projects followed by student
1ntefviews, and the advantages and disadvantages of the project
method were investigated by‘a survey of 18 secondary school blology
teachers,

Despite the la;*ge nunber of papers recommending the use of
live organisms, research has shoﬁn'that with one exception in
England teachers are not making use of this resource, Jacknicke
(1968) found that seven out of 11 Biology 20 and grade eight
teachers interviewed used local fresh-water organisms and Dyke
(1976} found that six out of 30 grade elght teachers interviewed
used small mammals, These teachers indicated that possible reasons
foarthe lack of 1live animal util;zation were the extra teacher
involverent and time consumption, lack of teacher knowledge, and
lack of facilities, Since the former study was ébnducted before
project implementation in Alberta secondary schools and thg latter

did not deal with secondary schools, this inquiry investigated the

extent of live organism usage by 18 secondary school blology

Ce—
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teachers and the advantages and disadvantages of implementing
projects dealiny wilth insect behavior,

Few studies could be found on either the study of behavior
or the use of insects at tho secondary school level, Dyke (1970)
found that small mammals were used mainly for the study of behavior
and related toplcs in grade eipht, Jacknicke (1968) found that the
ma jority of the arthropods used were terrestrial insects but there

was only one report of culturing insects, 'Ibb use of invertebrates

NN

for behavioral studies was of minor occurrence according to his
study. This inquiry investirated both the extent of usage and the
problems and advantages of implementing projects dealing with

insect behavlor in the secondary school bilology program.



- CHAPTER IIX
METHODS AND PROCEDURES USED IN CONDUCTING THE INQUIRY
I, METHOD OF TEACHER INTERVIEWS

On Februrary 20, 19?3,.a letter of intent was sent to each
Suporintgpdent of Schools in the previously mentioned school
systenms, sThis letter explained the purpose of the inquiry and
requested the names of the biolozy teachers in the school system
(Appendix I1). Permission was obtained to contact each of the
teachers and request their assistance, As suzgested by Good (1966)
and noted in the studles by Jacknicke (1968), Dyke (1970) and
Anderson (1972), an interview has several advanages over a
questionnaire. An interview usually provides a higher rate of
résponse and teacher attitudes and replies can be more accurately
analyzea since it is possible to clarify questions and answers,
Besides, responses tend to be freer with personal contact., The
size of the sample population was small endugh to make the use of
an interview methgd possible despite the geographical distances
between'teachérs in the survey. ¢

On April 9, 1973, each teacher was sent a letter explaining
the purpose of the inquiry and requesting his assistarfe (Appendix
III). Then at the end of the month each teacher was contacted by
telephone to deterﬁine his willingness to take part in the survey
and to establish the time and place of the interview, This procedure
was preferred over the use of malled replies since it was fal£ that

there would likely Be a higher rate of response with verbal contact
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and the nature of the interview could be clarified if the teacher
had any questions. All of the 18 teachers contacted by letter
agreed to take part in the survey when contacted by telephone,

These interviews were conducted between April 30 and May &,
1973. The sample population covered four school divisions, two
districts,\and one county in southwestern Albsarta Qith a total of
12 rural agd}six urban secondary school biologzy teachers (Table I).
The reasons ;or selectiﬁg thls area were threefold: the writer was
acquainted with the schools and blolosy of the area, the proposed
projects could be implemented in school systems adjacent to the
writer's place of employment, and the survey would provide
information about an area not considered in previous studies and
thus extend previous findings,

Furthernore, the area provided a cross-section of rural and
urban teachers with varying degrees of accessibility to natural
resources, The sample included both 1&rge compésite secondary
schools and small junior-senior high schools and ~ *h separate and
public school systems, Not only does the area include a wide range
of soclo-economic comnunities such as farming, ranching, oil,.
nining, and lumberins, but it also covers a wide range of
ecological habitats, from short-grass prairie and aspen parkland
to foothills, mountain forests, and subalpine meadows.{ Due to this
diversity in both educational and biological aspscts, it was felt
that the area would provide a representative survey of southwestern

Alberta, particularly with a survey of the total teacher population,



TABLE I

SCHOOLS VISITED IN THE INQUIRY

SCHOOL NUMBER OF
TEACHERS
- INTERVIEWED
Cards£on High School o 1
Catholic Central High School : 1
Coalhurst High School 1
Crowsneét Consolidated High School 1
F.P, Walshe High School 1
J.T. Foster High Schbol h
gate Andrews High School .. . i
Lethbridge Collezlate Institute . 3
Livingston High School ‘ ' 1
Magrath High School ' 1
Matthew Halton High School ; - 1
Noble Central High School ‘ 1
Picture Butte Hish School 1
Willow Creék Composité High School 1
Winston Churchill Hich School : 2

TOTAL - 18
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II. EXPILANATION OF TEACHER INTERVIEW QUESTIONS

The 1nterview»guides Wwere numbered so that the teachers
in the survey would be anonymous, Besldes the date and the school,
the following information was recordéd to provide a brief teacher
profile and to determine if any of these variables were related to
the instructional procedures uéed by the teacher:
1, Sex of the teacher,
2, The number of full year biology, ethology, ontomology, and
biological methods courses taken, sepestered courses being

recorded as one half of a year,

3 The number of years of teaching eiperience.
4, The number of years of university training,
S. The year of graduation and the year last attended univergity

to determine the most recent date of university attendance to
upgrade training, _If a teacher held more than one degree,
the n. ure of each degree and the year it was granted was
recorded,

o The nuzber of classes tauzht at the time of the interview,
the texts used in biology classes, and the average size of
biolozy classes,

7 The teacher's opinion of the accessibility of natural
resources and any difficulties encountered by t -eacher
in utilizing such resources,

In addition to this information, the following questions were
askeds

1, "What number of projects currently being conducted take



each of the.following formsé a. 1nd1v1dua1‘projects

b. small group projects c. entire class projects,"

This question was designed for two purposes, first to
deternine the percentages of the total for specific projécts in
questions two to filve; and second, to determine the extent of
project use, If teachers did not conduct projects, questions two

to eight inclusive and question 14 were omitted,

2, "What number of these projects deal with behavior?”

3. "What number of these projects deal with live organisms?"”
b, "What number of these projectc :al with live insects?”

5. "What number of these projects deal with insect‘behavior?"

These four questions provided information on the extent of
studies in behavior and the extent of live organism utilization

for comparison with earlier findings by Jacknicke (1968) and

\

Dyke (1970),
6,  "ATe these projects chosen by the teacher, the pupil, or by
both of these methods?" |
7. . "Are these projects run conéurrently with the~regular
biology course or as a unit of time?"
8. "Approximatély how many weeks of class time are spent on
student projects?” |
The purpose of these three questions on the nature of
projects currently being conducted was twofold: +to compare the
results with the findings by Anderson (1972) and to es£ablish
guldelines for the construction of later projects since the method
of choosing projects, the method of implementing projects, and the

method of conducting projects place limitations on the types of
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projects dealing with insect behavior that can be used in the

classroomn,

9. "How would you rank the following objectives of projects
in importance? (5 very high importance, 4 high importance,
3 medium importance, 2 low importance, 1 very low
importance) s.,." 4

10, "o what extent do you feel projects dealing with insect
behavior can achlieve the preceding objectives? (5 very high
achievement, 4 high achievenment, 3'med1um achlevement,
2 law achievement, 1 very low achievement)"

« Ten objectives were listed 1in these two questiong and
provision was made for the teacher to identify additional objectives
(AppeﬁdikﬁIV). The objectlves 1n\£hesé two questions were tépse
found most frequent?-r in the literaﬁure, most of which were A
suggested in the c. .¢nt Alberta biolegy curriculum guide (1971)

‘\\\_ajf the junlor high.school project guide published by the Edmonton
Public School Board (1970). The projects designed later by the
writer attempted to emphasize those 7b3ectives deemed most important
'by the teachers in the survey,

11, "To what extent do you feel the following items are
advantages in conducting projects dealing with insect
behavior? (5 very high advantage, 4 high advaﬁtage, 3

mediun advantage, 2 low advantage, 1 very low advantage)

"
L N

12, "To what extent do you feel the following items are
problems in conducting projects dealing with insect

behavior?. (5 very great problem, 4 great problem, 3
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medium problem, 2 1ittle problem, 1 very little problem)

Ten possible advantages and 13 possible problems were
listed and provision was made for thé teacher to identify additional
items (Appendix IV)., These two questions were designed to ‘determine
the opinions of teachers on the use of projects dealing with insect
behavior so that the proposed projects could be designed to attempt
€§ overcome suspected problems and to emphasize goals deemed most
applicable by the teachers, A list of advantages and disadvantages
was used since 1t was felt that teachers would not consider a
sufficient number of aspects in the time limited to an interview,
13, "List asvspecifically as possible those insects used

during the school years 1969/70 to 1972/73 and indicate:

a, 1f they were used in projects or in laboratory exsrcisesy

b, if they were purchased, collected by puplls,» or collected

by the teacher; ¢, if there were any attempts to culturse -

the insects; .d, the number of cultures maintalned; e. how
lonz the insects were used (in weeks); and f., the reason

the Insects were used, "

14, "List those etholozy projects which have been conducted
during the school years 1969/7C to 1972/73 and the crganisms
used, "

These two questlions wers desizned to determine the extent
of entomolozy and ethqloay research in the schools, fhe reriod
1969/?0 to 1972/?3 wigyselected since this Es the period during
which projects have baen inplemented in the Alberta biology program,

- . 4
A pariod of four years was covered instead of just the current year




for several reasons, First, the restriction in toples to insects
and behavior would result in a small amount of data if only one year
were considered, Second, the total range of usare could only be
determined if the four year period was considered since if the topics
are chosen by students, topilcs will possibly differ from year to
year, Third, the extent of usasze would also be more accurate since
the extent, like diversity, might depend on student choices,

One disadvantage of covering a perlod of four years was that
teachers could not recall all projects conducted over this period,
even when notified of these two questions by telephone prior to the
interview, A second disadvantage was that teachers were unable to
ldentify specific species that were used for some taxonomic groups
since the species had not been determined in the project or could
not be recalled by the teacher, A third disadvantage was that four
teachers had less than four years teaching experience, The
organisms used ahd the projects conducted during the years these

teachers did teach biology were included in the analysis of responses

to these tuo questions, It was felt by ‘the writer that the advantages‘

of éovering a period of four years outweighed these disadvantages

although it was realized that the data obtained would be incomplete,
III. METHOD OF PROJECT CONSTRUCTION

Twelve projects dealing with insect behavior were designed
between June 1 and July 31, 1973, From the data on the method of
project 1m§1ementation (interview questions one, six, seven, and
eight), it was evident that these projects had to be adaptable to

meet a wide rance of instruc.ional methodologies, An attempt was
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:"jmade to include those objectives emphasized by the teacher sample
in each of the projects, these main objectiveé being the following
1tems: to give each student an opportunity to do an in-depth study
in an area of his interest; to encoufage formation of investigative
questions, to practise methods of proper scientific reporting, to
develop attitudes of curiosity and 1nquiry, and to encourage.a ‘
respect and feeling for ldving things.

The major problems sugpected by teachers in the survey
received cloée consideration in the design of these projeéts. The
equipment involved was limited to materials commonly found in the
school or home, or whicﬂ coﬁld be constructed by the student., A

summary of background theory was provided in each projaQ:}:o

overcome the lack of reference material and make each proYect self-

-6

contained. Collection and culturing techniques were also
summnr;zed and the exercises were selected so that each project
could be conducted anywhere from ohe to eight'weeks, depending on
the depth desired by the teacher and/or the student,

The 1n$ects suzgested were those invoiving the‘ least amount
of care and those that were the most likely to produce positive
results, ‘Furthermore, the exercises were selected to include
insc . 5 commonly found in Aiberta, especially those that were

. to be in use alreadyvalthough an aitempt was made to

.o the " utilization where more appropriate insects
could be us - oy A

W1 1 thes. :¢ iderations, the 'Tertiary (third figure)

Index used to class y scientificbliterature by the bepartment of

Entomology, University of Alberta, was consulted, From this list,

ko



topics were chosen to cover a representative range of behaQioral
topics, Over twenty exerclses were finally selected from avallable
laboratory guides, secondary school blology texts, education
periodicals, and entomology ;esearcﬁ rapers, These :gre modified
for second%ry school use and for continuity within e;hS?behavioral
tbpic. This research was supplemented by examination of equipment
used in the Entomology Department of the.University of Alberta and
consultation with personnel of the Department,

A description of the content and Qgsign of these‘projects
was included in the materials sent to the teachers 1n September

for implementation in the schools (Appendices VI and VII).
iV, VMETHOD OF PROJEUCTIMPIEMENTATION AND EVALUATION

On September 1, 1973, the 18 teachers in the initial survey
' were contacted by letter (ApPendix V). They were notified that
coples of 12 student guides dealing with projects on insect behavior
were avallable, Permission was requested to interview any students
using these guides upon completion of their project. Acqompanying
this letter were the followlng itenms:
i, Teacher Guide to Insect Behavior Projects: a summary of
the philosophy, objectives, structure, and methods of U
3 implementation of the projects dealing with insect behavlor,
(Appendix VI)
Student Guide to Insect Behavior Projects: a summary of
N ’
'the objectives, experiments, and insects involved in each
: of the 12 guides, (Appendix VII) .

o

3. The proposed Student Interview Guide designed to evaluate

PR
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the advantages and disadvantages of conducting projects

dealing with insect behavior, This guide also attempted

to evaluate the specific project gulde used by the student.

(Appendix VII1) ‘ .

L, A request form and a stamped, self-addressed envelope,
Specific student guldes were forwarded to‘fhe two teachers who
responded to this letter,

The Student Guide To Insect Behavior Projects was also
posted in the writer's classroom along with other available project
guides and suggestions. The writer's grade 11 and grade 12 stﬁdents
Wwere given two weeks to review available literature in the library.
They were then allowed to choose their own research topiés within
the guldelines suggested in the current Alberta curriculum guide
for blology (1971). . |

To ensure that students had given forethought to the
selection of their topiés, a Project Selectlion form based on the

recommendations made by the Edmonton Public School Board (19?0),

- Thurber and Collette (1965); Richardson and Cahoon 1%51,, :nd

Ricard (1965) was used (Appendix IX). By using thi: form, students
were made aware of possible problem areas in their resecarch.
Furthermore, the writer was able to ensure that the students
understood the objectives of the projéct method, and that they had
a definite outline of research before beginning the project., It
was found that fewer students changed topics later in the semester
in comparison with previous years when such a form was not used.

On Novgmber 26, 1972, teacher guildes for the four specific

projects which had been selected were mailed to the respective
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teachers, At this time the two teachers were asked to arrange for
appointments at their convenience so that the students involved
could be interviewed., The teachers were also :néquested to prepare
their students for the interview by asking the students to begin
thinking of the advantages and the disadvantages of the specific
guides that were used. The writer's students were given the same
instructions Nﬁvember 29, 1973. The 14 students who had conducted
projects on insect behavior were interviewed by the wrlter between

December 14 and December 20, 1973,
V. EXPLANATION OF STUDENT INTERVIEW QUESTIONS

The student interview guides were numbered so that the
students in the survey would be anonymous., In additioh to the name
of the gulde anc the insects used in the project, the students were
asked the followiné questionsi
1, "To what extent do you feel the following items are

advantages in conducting projects dealing with insect

behavior? (5 very high advantage, 4 high advantage, 3

medium advantage, 2 low advantage, 1 very low advantage)

Seven items were listed and provision was made for the
student to identify ;dditional advantages (Appendix VIII), The
purpose of.this queétion was to obtaln the student's opinions on
the value of projects dealing with insect behavior, It seemed
reasonable to assume that the student's responses would also have —\
reflected hiez opinion of the advantages of the specific project he

had completed,

o



2.. "To what extent did you,find the following items were
prodblems in condﬁcting your project on insect behavior?

(5 very great problem, 4 great problem, 3 medium problenm,

! 2 1ittle problem, 1 very little prohlem) ...."

Fourteen items were listed and provision was made for the
student to identify additional prdblems he had encountered (Appendix
VIII). The purpose of this quesfion was twofolds to determine the
practicality of conducting projects on insect behavior and to
evaluate the success of the guides in overcoming possible problems
suggested in the literature,

3. “The project guide you used ?ontained the following nine
sectlons, 1Indicate in the first column which aspects were
helpful to you'and how they were helpful, Indicate in the
second column how the guide might be changed to be more
helpful,”

The nine sectlons listed covered the content of each student
guide (Appendix VIII). The purpose of this question was to evaluate
the specific gulde that was used so that reconmendations on the
construction of student guides‘could be made. This question also
provided further 1nsight into the advantages and disadvantages of
conducting projécts on insect behavior since during the interview
the st;dent stressed what he had derived from the project and what

difficulties he had encountered,

VI. SUMMARY OF PROCEDURES AND METHODS

On February 26, 1973, a letter of intent was sent to the

Spperintendents of Schools 1n seven school systems in sogthwestern
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’Alberta. Permission tb contact the secondary schoolybiology
teachers in those areas was obtained and on April 9, 1973, each
teacher was sent a letter explaining the pUrpése of the inquiry and
requesting his assistance, At the end of the month appointments were
made with the -teachers by telexri.ure, Interviews with the 18
teachers were conducted between April 30 and May 4, 1973, to
determine the extent and nature of projec? implementation, thq
éxtent to which live organisms were being used in the stﬁdy of
behavior, and the opinions of the teachers on the use of projects
dealing with insect behavior, |

This information, supplemented by recommendations from the
available literature and examination of'equipment used by the
Department of Entomology at the University of Alberta, was vsed to
devise 12 projects dealing with insect behavior, These pro jscts
were devised between June 1 and July 31, 1973, and an attempt was
made to cover each of the major aspects of insect behavior as
listed in the three figure index used by the Department of
Entomology. These guideg are summarized in Appendices VI and VII,

On September 1, 1973, a summary of these guldes was sent to
the teachers interviewed earlier in the year and coples of specific
student guldes were forwarded to the two teachers requesting thenm,
The writer‘s students in grades 11 aﬁd 12 were also glven a summary
of the gulides and coples of specific project guidés were provided
upon the student's request, Between Octobe; 1 aﬁd November 26,
1973, teacher guides to accompany the student.projécts were devigéd
from available 1literature gnd the writer's previous experiments

with insqcts.



On November 26, 1973, the two teachers requesting guldes were
again contacted ko arrange for interviews, and between December 14
and December 20, 1973, the 14 students who hadvconducted projects on"
insect behavior were interviewed, The purposes of this interview
were to determine the student's opinions on the advantages of
~conducting such projects, to determine the problems encountered
by these students,.and to evaluate the effectiveness of the student

guides which’ had been used,



CHAPTER IV
. ANALYSIS OF TEACHER INTERVIEW DATA
I. TEACHER PROFIIE

Since only two out of the 18 teachers surveyed in sogth-
western Alberta were female, no attempt was made to determine a
correlation between this variable and the content or method of
conducting prejects., Similarly, no conclgsions could'be drawn
from the number of ethology courses & teacher had taken since only
two teachers were involved. Both of these teachers reported that
students were conducting projects dealing with behavior but neither
reported projects dealing with insect behavior.

No significant.differences in the content or method of
conducting projects could be found between teachers having
entomology courses in'their background and teaéhers lacking such
backgrouﬁd. It would appear that having taken an entomology course
did not bias a teacher towards the use of insects in projects, No
differences in the content or nethod of conducting projects could
be found in relation to recency of university training nor in the
textbooks used, However, conéideréble unity was found in the
cholce of textbook, 16 teachers using the BSCS Green Version (1968),
one the BSC3 Yellow Version (1968), and one Otto and TowL;'(1965)
in Biology 103 11 teachers using the BSC§ Yellow Véféion,’five the
BSCS Green Version, and one Otto andi Towle in Biology 203 and five
teachers using Weisz (1963) besides McElroy gl; al, (1968)'in

Blology 30. The teacher profile for these variables 1s presented
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in Appendix X,

Course Backeround

A relationshif appsared to exist between the number of
blology methods courses taken and thé incidence of projects dealing
with behavior, insects, and insect behavior (Table II), The
percentage of teachers reporting that these three types of projécts
Were being conducted by students increased with a correspoﬁding

increase in the number of methods courses taken,

A similar but less marked trend was also found when comparing

the number of wpiversity blology courses taken and the proportion
of teachers reportinz that students were conducting projects dealing
with behavior in their classes, Sixty percent of those teachers
having taken from zero to four biology courses indicated that
claésroom behavior projects were being conducted, In contrast,

. 100% of those teachers having taken nine or more biology courses

reportéd that classroom behavior projects were being conducted,

< >

Teaching Experlence

A low correlation appeared to exist between the number of
years of teaching experience and the incidence of projects dealihg
with behavior, 100% of the teachers wiih one to three years ‘
experlence reporting such projects in contrast to only 3% of £he
teachers having over 21 years experience, Simllarly, out of the
five teachers reporting 100% of their Biology 20 projects dealt
with live organisms, four had from one to three years experienée.
Conversely, out of the four teachers reporting none of their

Biology 10 projects dealt with live organisms, three had 16 or more
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TABLE II

TEACHER PROFILE AND PROJECT TOPIC

49

VARIABLE rio;, D s USED USED INSECT
o |- OF w OR INSECT BEZHAVIOR
CEACH S ales Nt PROJACTS PROJECTS
. R w20 " YES 210 YES N0
R LB -4 Ro. | & [ro.f 2 o ] T |no.T @ RO %
No. of S 0 "0 3 13%4 0 0] 3 {100| 0 0] 3 1100
Blologzy 1] 10 9 ttaol .1 | 10|l 3| 30| 7| 70|l 1| 10 9| 90
Methods +1 4 L4 |1100] 0 ol 31 7511 ] 25/ 2| sop2] 50
No. of 04 5 3 601 2 | »0] 0 | 5 f100f O 0| 5 |100
Biolocy 5-8 7 s 71 2 29 4 13| 3] 21 29{ 5 71
Courses o+ 5 5 1100] 0 ol 2 40| 3] 60l 1| 20/ 47 80
Years . 1- 3 5 51100l 0 | o] 2| uo 3,1 60| 0 ol 5 |100
of L 7 It 31 7511 |25 0 0] 4 |100| 0 o & {100
Teach, 8-16| 5 L | eol 1 |20 3| 6021 so| 2| so{ 3| 60
Exper, 21-28 3 1 3312 {67, 1] 33121 671 1| 33| 2| 67
. Years of -5 8 8 1100} 0O 0l 31 37|51 631 2| 25/ 6| 75
Univ, 5 6 31 50y 3 |sof 2| 33[4| 67| 0 0} 6 | 100
Training &+ 3 21 6711 [ 33| tjwd3 2] 670 1| 33| 2] 67
Year -1960 5 2 | 4ol 3 [ 60] 1| 20{4& | 80| 3 60| 21 4o
of 61-68 6 611001 0 | ol 21 33148 | 421 21 33| 4| 67
Grad.* 1969+ 5 Ll 80y 1 |20 3| 60l2]40] 0| 0| 5100
No. of b5 4 2| 50 2 |50 1) 25{3} 75 1| 25/ 3] 75
Classes 6 7 S 71 2 [ 29 3] 4314 ] 571 1| 14| 6| 86
o4 6 611001 O | Ol 2 3314 ! 67 1| 17{ 5| 83
Class 16~-21 7 61 861 1 (14 3 4314 | 57| t| 14] 6| 86
Size 22-25 5 5 {100{ 0 0] 2 B0|3] 60| 3| 60| 2| 4o
26-30 5 2 | Lo 3 |60 1| 20{4 {80 0f of 5|100
Accessi- Bx| 13 |11 | 85) 2 [ 15| 5| 3818 62| 3| 23|10 | 77
bility** VG i 2| s0f 2 500 1| 25{31 75 0| oOf &4 |100

* Year Bachelor of ©ducation Degree was granted., One teacher with
less than four years of training excluded.

** Ex: excellent; VG: very 004,
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years experience,

A relationshlp also appeared to exist between the number of
years of teaching experience and the amount of class time devoted
towards projects (Table III), Teachers having from one to seven -
years qf experience reported both extremes (zero weeks and six weeks)
whereas more experienced teachers having eight to 28 years .of
experience tended to be more moderate, the majority devoting three

to four weeks of class time towards projects,

University Training

There also appeared to be a relationship between the nurber
of years of university training and the incidence of projects
dealing with behavior in this inquiry. With the exgeption of one
teacher having three and one half years7of’universlty traininé; all
teachers sﬁrveyed‘had at “east four years of university training -
and one degres, Ten of the 18 teachers had tvo degrees, Of the

' A
eight teachers having less than five years training, 100% reported

the use of projects’dgaling with behavior., The incongruity between
this relationship and the relationship noted for the number of
university blology courses taken would appear to‘indicate further
rgsearch 1s required fér these two varilables,

Although not as.distinct as for teaching experience, a
similar relations! ip appeared to exist between the number of years
of university training and the amount of class time spent on
vrojects, those teachers with more tréining again devoting three to
four weeké of class time, |

A relationship was also found between the .year of graduation

H



TEACHER PROFILE AND PROJECT IMPLEMENTATION

TABLE III

VARIABLE NO. METHOD OF WEEKS OF CLASS TIME SPENT
OF CHOICE
TEACH.| PUPIL |PUPIL &
TEACHER 2 3
o [NO. % [NOL % % % %
No. of 0 3 3 {100l 0| o o 1| 33 33 33
Biology 1] 10 7 | 70| 3| 30 ol 4| 4o 40 20
Methods +| & 2 | 50| 2| 50 50l o] © 50 0
No. of 04| s 5 |100] o] o} 0 ol 1| 20| 2| »o 4o
Biology ° 5-8| 7 L | 571 31 43| 0 o| 3| 43| 3| 43 |
Courses 9| 5 3 160] 2| 40f2| 40| 1| 20| 2 40 0
Years  1- 3| 5 5 (100l o 0] 1| 20 2., 80{ 1] 20/ 1| 20
of I 2| 50 2] 501 25/ 1] 25| 0 of 2| 50
Teach, 8-16| 5 2 | 4ol 31 60] 0 0l 1| 206{ 4| 80l 0 0
Exper. 21-28| 3 31100 0/ o] 0 of 1| 33/ 2| 67/ 0| o
Years of -5 8 51631 31 3701 131 3| 371 3| 37/ 1 13
Univ, 51 6 5183 1| 17/ 1| 17 2| 331 1| 17/ 2| 33
Training 6+ -3 2167 14 3310 of o 0| 3100 0| 0
Year -1960( 5 31 60| 2| #o] o of 1{ 20| 41| 80| 0 0
of 61-68 | 6 6 [100) 0| 0| 1| 17{ 3| 50| 1| 17| 1| 17
Grad.*  1969+| 5 2 1 40| 3] 60{ 1 20{ 1| 20! 1| 20| 21| &0
No., of bes| 4 | 2 {50 2| 50/ 0] ol o ol 2 | 50 50
Classes 6] 7 61 86] 1| 14| 1| 14| 3| 13 31 43 0
7+ 6 67l 2 3301 17{ 2] 33| 2| 33 17
Class  16-21| 7 | & | 570 3| w3 1| 1 3| #3] 3| w3l 0] o
Size 22-25| 5 360/ 2] sofo| ol o] 0|3 60| 2! 4o
26-30| 5 5 [100] © o[ 1] 20l 2| so| 1| 20 1] 20
Accessi-~ Ex| 13 10 | 771 3| 23 8/ 31 231 6 | 46 23
bility*> Ve A 24,500 21 50 25 2| 50| 1| 25 0

* Year Bachelor of Educatibn Degree was granted,
less than four years of training excluded.

** Ext Bxcellent;

Very Good

One teacher with




and the use of insect projects in this 1nq;ir&. Twenty percent of
those teachers receiving: their Bachelor of Education degree before
1960.reported classroom projects involving insects compared with 60%
of‘those receiving their degree since 1969, However, no corresponding
relatlonship could be found for the related aspects of project

content such as the incidence of projects dealing with behavior, the
incidence of projects dealing with 1ﬁsect behavior, and the use of
live organisms., . Thls incongruity may possibly be due to Mo small

sample size 1n this inquiry

The year of graduatiOn appeared to be related to the amount”
of class time- &pent On'progects. This was in agreement with the
relationshlip of this aspect to both years of teaching experience

.and years of university training. Twenty percent of’Fhe oraduates
since 1969 devofed no class time towards projects and 40% devoted
five to sixiwegggﬁof.class time towards projects. On the other
hand, no gfaduat;s before 1960 reported these two extremes and 80%

devoted three to four weeks of class time to project work,

Number and Size of Classes

- The nﬁmber of classes taught might be related to the use of
projects dealing with behavior, 507 of those teachers teaching four
to five classes having used projects lo.ling with bshavior in
contrast to 100% of those teachers having sevim or more classes.
Conversely, with respect to class size, the incidence of projébts
dealing with behavior was higher in smaller classes (Table II).

A similar relationship mizht exist between class sizh }nd

the use of insects. Forty~three percent of the teachers having 16
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to 21 pupils per class reportegfusing insects compared to 20% of
those teachers having 26 to 30 pupils per class, Class size might
also influence the method of-chooslng projects, One hund;ed

percent of those teachers with 26 to 30 pupils per class left the
choice of a project topic up ;5 the pupil whereas only -57% of those

teachers with 16 to 21 pupils per class used this method exclusively,

Accessibility

All teachers reported accessibility of natural resou es as..
excellent and withoet restrictions (13 tea " ~s) or very good eithix,
vcertain limitations (four teachers). .ssc  ‘mitations wers the
lack of diversity in accessible habit is and.cifflculties in
arranging field trips due to conflicts ¢ other claases,‘zeck of
Lo nsportation, or la;ge class sizes, Due to the similarity .
hatveen these two assessments of resource accessibility, only
«811cht differences wers found between the two groups with respect
L'to the use of projects dealing with behavior, insects and insect;
behavior (Table II), In all three_aspects a larger pepcentage‘of
teachers in the group describing accessibllity as excellentv
reported the investigatlon of such topics than in the group of

v,

e teachers describinp accessibility as having limitations.

Rural/Urban Differences ' -

_J '_ff Dividiny the teacher sample into ruraf and urban teachers,

a relationship appeared to exist between this variable and the study

- of Behavior, insects, and insect be» 4vior in this Survey (Table V).
I).

TAY larper rercentage of the rural sample reported the election of

these three types of projects, Differsnces also exlsted in the

L3

oo
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TABLE IV

RURAL/URBAN COMPARISON OF TEACHER:

/
\ s w.  TEACHERS*
TANJHCT ASPECT - : “SuraL URBAN
L NO., % NO., %
“UsED pEtAvIORTPROJECTS ¢ Yes 10 83 3 60
oy No 2 17 2 40
USED INSECT PROJECTS Yes 5 b2 1 20
o | No 7 58 It 80
USED TNSECT BEHAVIOR yYes 23 25 0 0
~ PROJECTS No 9 75 5 100
METHOD OF CHOICE Pupil 9 75 3 60
Pupll and e
Teacher 3 25 2 Lo
WEEKS OF CLASS TIME ~'nT 0 1 8 1 20
‘ 1 -2 L 33 1 20
Y g W3-k 6 50 1 20
5 -6 1 8 2 40
" USED PROJECTS IN BIOLOGY "10 12 100 L 67
| 20 . 11 92 3 60
30 0 T12 100 Lo 80
METHOD OF Concurrent 11 92 4 80
IMPLEMENTATION : Unit 0 0
| e Both 0 . 1 20

* Population Totals: 12 Rural, 5 Urban fgr each aspect except
Biology 10 Projects (12 Rural, 6 Urban) a



method of conducting projects. A gronter percentage of rural

teachers was found to rely - puj 1 c¢hoice of topics in the election
projects, No urban teac me found to rely exclusively on Eﬁ'}y

the unit method of implementing projects. MR

One of the six urban teachers did not use the project

method., In Table IV this teacher has only been included in the

item "USED PROJECTS IN BIOLOGY”.v Since one urban teacher did not

teach Biology 20 or 30, thg urban ponulation totals for this 1£en~

were six Blology 10 teachers, five Blology 20 teachers, and five

Biology 30 teachers, Of the urﬁan population, 66.?% of the teacher;L

used the project &g}hod in Biology 10, 60% used the project method

in Blology 20, and 80% used the project method in Biology 30, The » .

percentages of rural teachers using the project method were 100%,

91,7%, and 100% respectively,
' .
II. PROJECT IMPLEMENTADMN OGN

As shown in Table V, the mo;t common formpproject;.toék in
each grade was a combination of individuval and grgﬁé projects,
The only other form commonly used was individual projects in -
Biclogy.BQ. Teachers offered two reason% for this chdnge in
procedureéx classe§ were smaller and £hus teacher time and
equipment_ﬁere‘available for each student, or, students had practice
in project ;ork in~priof blology courses and wers encouraged to
attempt individual research in Biology 30, A |

Only‘one teacher did not conduct projects in any of the
three grades taught, éhis teacher indicated dissatisfaction with

studenf performance on projecis .zid substituted labo.ci-ry exercises

* )
2 -
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TABLE V

FORM OF PROJECTS IMPLEMENTED

TYFE OF PROJECT

NUMBER OF TEACHERS

BIOLOGY BIOLC®Y BIOLOGY ALL 3
10 . 20 30 COURSES #*
Individual Only 1 2 4 1
Group Only 2 2 i 0
Class Only 0 0 1 0 -
Individual and Group 11 8 6 o
Individual and Class 1 2 2 1
Individual, Group and
' Class 1 -0 2 3
No Projects Conducted - 2 3 1 i *
TOTAL NUMBER OF \
TEACHERS 18 17 17 14

e

* Only those teachers conducting projects in all three courses have

been included in th

is column,
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for this portion of thé course, A second teacher conducted projecté

only in Blology 30 due to large class enrolments, resulting in a

lack of teacher time ;;d laboratory facilities as well as a heavy

teaching load., A third teacher conducted projects in Biolosy 10 and

Bilology 30 but not in Bilology 20. This teachér indicated two factors

hindering pfoject implemehtationx {%%§%q§§$10 and Biology 20 classes

were conducted for only one half ;‘gémester; makling long-term .

projects impossible, and the school lacked a laboratory, One

teacher was teaching only Bilology 10 as a temporary instructor due

to large biology enrolments. In analyzing the procedures used in all

: blology courses taught by each teacher, these four teachers were

excluded, Of the 14 teachers conducting projects in all three

courses, nip? (64.32) used a combina£ion of individual and egroup

projects and three (21.4%) used all three methods in their teaching,
None of the teachers conducting projects relied exclusively. *°

on teacher choicelin implementing projects.(Table VI). The

ma jority of the éeéchers In each grade allowed the student t&

chgose the topic (68,7% of the Biology 10 teachers, 71.4% of the

Bioiogy 20 teachers, and 68,7% of the Biology 30 teachers). T;e

useﬁof;bth mephods occurrad if é student wag unable to decide on a

topié;'@f a studenp'procrastinated, or 1f class projects were being

,‘,“.-

used. S .

gﬂyfhﬂsftwo teachéﬁgAcgﬁducted pro{ects'as a unit of time, One
used this me}hod exclusiveiyv§§_ai1 threg grades. The other teacher.
conducted group.projects cégcazrently with~he course in all three

grades but in addition conducted individual projects in Blology 10

as a unlt before allowing pupils to work on group projects,



58 -

TABLE VI

PROJECT METHODOLOGY

PROJECT ASPECT NUMBER OF TEACHERS
BIOLOGY 10  BIOLOGY 20 BIOLOGY 30

METHOD Teacher 0 0 0

OoF Pupil 11 10 11

,  CHOICE Both 5 b -5
TOTAL 16 14 16 e

MZTHOD Concurrent 14 13 15

OF Unit 1 é}” 1 1

- oy R
IHPLLMENI&TION Both 1 iy O 0

A\

TOTAL | o 16 14 16




AN
The amount of class time £.-.nt on student projects ranged

from no class time to eight weeks (Table VII). Nine teachers (53%)
oted the same amount of class time ih each grade taught and four

teachers (23%) varied the time according to the grade. The ratios

used by these feur ;eachere for Bilology 10, 20, and 30 respectively

Were two, four, and five weeksy six, four, and eighf weeks; four,

four, and seven weeks; and three, three, and six Qeeks. Two teachers

devoted no class time towards projects and two teachers had !
projécts only in one grade. Computing the aferage'ameunt of class
time devoted by each teacher for all biology classes in which projects

were conducted the nmost frequent responses were one week (29% of

the 17 teachers), four weeks (23%), and three weeks (1&%)

Teachers volunteered the following reasons for devoting no V8

or little class time towards projectss time was needed to cover
cou;se content, coverag% of coufse content was more important than
project work, students wasted time when class timeﬁwas gliven,
projects were treated as assignments, projects ipvolved fleld
research or wers of chh a nature that they could not be conducted
in }he school, and clas~ periods were too shortAfor projects to ba

~

conducted efficiently, : : g
‘/
ITII. TEACHER OPINIONS'O# PROJECTS

A five-point Likert scale was used to grade ltems on the
following four topics: the importance of project objectives, the
achievement of these objectives by projects dealing with insect
behavior, fhe advanteges of using projects dealing with insect

behavior, and the disadvantages of using'projectg dealing with
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TABLE VII

- CLASS TIME SPENT ON PROJECTS

NUFMBER OF NUMBER OF TEACHERS NUMBER OF TEACHERS*

WEEKS - BIOLOGY BIOLOGY BIOLOGY TOTAL RURAL =~ URBAN
10 20 30 SAMPLE THACHERS TEACHERS
0 2 2 2 2 1 1
1 5 4 5 5 b 1
2 1 0 0 0 0 0
3 2 2 2 3 2 1
4 4 6 3 L I 0
5 0 0 1 1 1 0
6 2 0 1 2 0 2
7 0 0 1 0 0 0
8 0 0 1 0 0 0
TOTAL ' R
NUMBER OF :
TEACHERS 16 14 16 17 12 5

* The average amount, of class time devoted towards projects by each
teacher was determined by totalling the amount of class time spent
in each course and dividing by the nunber of courses taught,
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3

insect behavior, Tgacher responses were then ranked according to
the total number of teachers that indicated the item was of high
importance or very high importance, The sum of these two columns
was used 1n an attempt to overcome errors of leniency and central
tendency commonly found on questions asking the respondent to rank
items as noted by Helmstadter (1970).

The most_important project objectives according to this
survey were the following items: to develop and encourage attitudes
of curiosity and inquiry (88.9% of the 18 teachers indicating that
this objective was high or very high in importance), to glive each
student an opportunity to do an in-depth study in an area of his_
interest (83.7%), and to encourage a respect and feeling for living
things (72.2%). Teachers indicated ;hat objectives of 1east
importance were the following items: to permit the development of
empathy wi£h the sc;entific researcher (only 33.,3% of the teachers

indicating that this objective was high or very high in importance),

to allow students to evaluate the work of peers (27.8%), and to

evaluate the effect of scientific discoveries (27.8%).—

Four teachers each sucgested one additional objective
besides those in Table VIII. These objectives were "to provide f
student initiative"”, "to provide student motivation™, "pp deveYop
initiative in individual study”, an& "to relate biological tifeory
to practice”,
achievement

Three teachers found it difficult to assess t
[

of these objectives by projects dealinz with insect Pehavior due to

a lack of familiarity with such projects, As a resylt, the total

population for this aspec’ waé 15 teachers (Table IK)., The




TABLE VIII

IMPORTANCE OF PROJECT OBJECTIVES

62

OBJECTIVE

NUMBER OF TEACHERS

INDICATING IFPORTANCE (ITEMS

TOTAL RANK

1 2 3 4 5 4+ 5)
VERY LOW ME- HIGH VERY
LOW DIUH HIGH

a, To rrive each student an

opportunity to do an in-

depth study in an area of :

his interest 0 1 2 7 8 15 2
b, To encourage students to

formulate questions for )

investigative purposes 0 1 5 .25 7 12 4,5
c. To further familiarize

students with research

methods 0 1 5 8 L 12 4,5
d, To enable students to

practise methods of proper i ’

sclentific reporting 0 1 6 5 6 11 6
e, To permit the development of

empathy with the scientific

researcher ‘ 0 4 8 4 2 6 8
f, To develop and encourage

attitudes of curiosity and

inquiry 0 o 2 8 8 16 1
&+ To encourage a respect and 3

feelins for living things 0 1 4 3 10 13 3
h, To provide material supple-

nental to the course 1 3 5 6 3 9 7
1. To ealuate frmaeffect of

scientific didvfreries 1 5. 7 &4 1 5 9.5
J. To allow stufents to - o |

evaluate work of peers 4 3 6 b g1 5 9.5

ok
S




TABLE IX

ACHIEVEMENT OF OBJECTIVES BY PROJECTS DEALING WITH INSECT BEHAVIOR

~ -

AN

OBJECTIVE NUMBER O TXATIERS TOTAL  RANK
INDICATING WCHIRVEYNT (ITEMS
1 2 3\ & 5 W&+ 5)
VERY IOW N&- VHIGH VERY
LOW DIUN HIGH

a, To E&ve each student an
oppertunity to do an in-
depth study in an area of :
hils interest 0 2 6 ly 7

b, To encourace sﬁ@dents to
formilate questions for
investicative purposes . .0 0 6 4 5 9 5

c, To furthegr famniliarize

studentg“with research ' S
methods .0 0 5 6 4 10 3.5

d. To enable students to
rractise methods of proper

sclentific reporting 0O 0 L 4 7 11 1.5
e, To permit the development of

empathy with the scientific :

researcher 1 1 6 5 2 7 7
f. To develop and encourage

attitudes of curlosity and .

inquiry 0 0 L 4 7 11 1.5
7. To encourase a respec£ and

feeliny for livins things o 3. 2 L 6 10 3.5
h. To provide material supple- ,

mental to the course 1 2 5 3 L Vi 7
1. To evaluate the effect of :

scientific discoveries 0 47 3 1 4 10
Jo To allow students to L e

evaluate work of peers 2.2 Y5 4 2 - 6 9

s &



objectives that teachers felt would most likely be achioved were the
followinq 1temss to develop and encouiage attitudes of curiosity
and inqufyy'(73.3% of the teachers indicating high or very high
achievement), to enable students to piactise methods of proper
sclentific reporting (73.3%), to encourage a respect and feeling
for 1iving things (66.7%), and to further familiarize students with
ressarch methods (66.7%). Objectives least likely to be achievet
according. to this survey were the ;tems "to allow stuv . its to
evaluate the work of peers" (only 40.0% of the teachei. cadieadi g,
high or very high achievement), and "to evaluate - . .ffect of
sclentific disc eries" (26,7%). |

Over 504 of the teachers surveyed felt each advantage of
projects dealing with insect behavior suygested was of high or very
hiph importance with the exception of the item "stimulation of
further research" Only 44.4% of the teachers felt that this was
a high or very high advantage, The major advantages of Projects
dealing with insect behavior seen by these teachers were the
following items: development of skill in sclentific thinking and

problem-solving (88, 9@), provision for active student involvement
(87, 7vf), 11lustration of biolog ical principles (77.8%), and
provision for individualized instruction (72 2%).

Objectives of least 1mportance besides stimulation of
further research vere the items "development of techniques in using
raboratory equipmeni (only 50% of the teachers 1ndicating high on
very high advantage), and "development of an appreciation for living
organisms" (61.1%). Only one teacher offered an additional

advantage, that being to provide research opportunities in the field,



TABLE

X
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ADVANTAGES OF PROJECTS DEALING WITH INSECT BEHAV. "

NUMBER OF TEACHERS TOTAL RANK

. ADVANTAGE
INDICATING ADVANTAGE (ITEMS
1 2 3 4 5 4+5)
VERY LOW ME- HIGH VERY
LOW DIUM | HIGH
a., Stimulates interest and
motivation 0 0 6 5 7 12 6
" t. Provides for individuallzed
s Anstruction 0 o 5 8 5 13 b
Sghe
c; Stimulates further research 0 1 9 4 4 8 10
d. Develops an appreciation for .
living organisms 0 1 6 6 5 11 8
e, Provides for active .
involvement 0 o0 3 6 9 15 2
f. Can be used to 1llustrate :
biclogical principles 0 1 3 5 9 14 3
S+ Pevelops skill in scientific .
thinking and problem-solving 0 0 2 11 5 16 1
h, Develops scientific attitudes 0 0 6 6 6 12 6
i, Provides student with content . -
of special interest 0 0 6 6 6 12 6
J. Develops techniques in using
laboratory squipment 0 0 9" 3 6 9 9

.
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Four main problems were indicated by teachers in this
sample, These were the following itemss lack of Proper equipment
(61.1% of the teachers indicating this was a {. eat or very great.
problem), lack of adequate reference material (50%), too time
consuming (50%), and\insufficient teachér backzround in collecting
and culturing techniques (50%4). The least important problems
according to this survey were the following 1items: lack of
adequate space (only 27.8% of the teachers indicatinz this was a
great or—very gréat problem): difficulty in cultﬁring insects (27.8%),
and difficulty in haqgling insects (16.7%).‘ Two other problens

suggested were lack of assistance available to the teacher and

uhavaiiabillty of insects when they are needed,
IV. PROJECT CONTENT

Live Onranisms

.S?Yenteenvout of the 18 teacherg\(94 g) used iive organisms
in their teaéhing, 15 teachers (83,3%) using only *eral orpanisﬂs or
feral orpanisms in additicn to commercial organisms.‘ §ixteep of
the 17 teachers using prove,cs (94, 1%) reported thgwése of live
organisns in student projects. The Onej%eaéher who did not use
live organisms in projects nor in his teachin0 had no biOIOgy ory
blology methods backﬂround and was teaching only Biology 10 as a
temporary 1nstructor due to larce biology enrolnents,

As indicated in Table XII, the propbrtion of projects
involving 1live orzanisms varied‘considerably between teachers for

each grade, However, 633 of the Biolbgy 10 teachers indicated that

" at least half of the Projects bteing conducted involved live
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.TABLE XTI

4
v

« PROBLEMS IN CONDUCTING PROJECTS DEALING‘WITH INSECT BEHAVIOR .
. . Wy
e
PROBLEM NUMBZR OF TEACHERS TOTAL “RANK-'
‘ ’ ‘ : INDICATING PROBLEM e (ITEMS
: . 1 2 3 L 5 4 +5)
VERY LITTLE Mu- GREAT VERY
LITTLE DIUM GREAT
a. Lack of proper equipment 2 . 1 4 5 6 11 1
¥ Cue
b, Lack of adequate space 3 3 7 1 -l 5 11.5
c. Lack of adequate Coo ) v “
reference material 1a 3 5 "9 3
‘d, Student lacks sufficient - o i : :
e ** bilologleal backsround 0 3 7. 5 3 8 6.5
. :\;’ . . i B Q‘ \u, vv : .
% .8, Cla@sgas are too large 0 b 6 L% 3 afé 6.5 -
o . i , v ‘ v f‘”"‘ e’
«  f. Lack of student interest L 73 & 5 3 8, 6.5 ’
€. Too tine gdnsum;ng, %Wffff“M  u‘ Ay ‘H;_5v 4?{) 9 3
. h} Insufficientsteacher -~ 3 ,
3 backsround in collecting,. oo A
and culturinp technique 1 R b 9. 3
3 .
‘ﬂ.-..' i)
1. Iro dﬂquate knowled"e of
what insects. are -
~available o 1 6. 4 4 3 7 95
_Je -Adequite insects are. un-
available the year round 0 2 8 4 L & 6.5
k. Insects are too . -
.difficult to handle in .
experiwents LT .2 5 8 "R i 3 13
"1, Insects are too
. -difficult to culture: 2 3 8 5 0” 5 11.5
. Y
m, Insects are too . o v
Aifficult to maintain
wwer holldays 1+ 6 I 6 1 7 9.5

Q
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organlsms, compared with 71% of the Biolosy 20 teachers and 56% of
the Blology 30 teachers. In computing the average for all three

courses, four teachers had to he excluded as explained on page §5

&

by
resulting 1n a population total of 14, Eleven of thesec teache%%,

(78.6%) indicated at 19553 half of the projects being conducted
involved live organisms, . v

Insects -

-

(L Current Utilizqtioh

69.

Althourh d¥1&o of the teachers surveyed were currently,, Eﬁ%

2

usinﬁ live arranisms, only 33. 37 (six teachers) reported current
3 "xﬂu\, h‘;,\.‘ \k_ ¢ Lo

use ogginsects. of thosp tearhers conducting progects in all three,
L @

kg S vy
insects, the proportion of all prOJects beinU conducted ranging P

: W“d 4 : NX 'A“‘

“from one to 25 percent (Table XIII% One teacher indicated 70% of iy

g W

& the Biolo~y 20 ﬁ;ojects~%urrently being 003%u°ted involved 1nBGCt8'

:etics with Drosophila.

,the majority of these being studies bl

v-t

iy‘ﬁ)“-fu_ " . e . . B .
: ¥1ization e ‘

. -

In contrast to the relatively low incidence of current oo

s

lgh‘%insect utilization, the perventage of teachexs reporting ;He
' 3
h'utili%ation of insects between 1969 and 1973 was found to be -
| considerably hicher (Table XIV) - FAifteen of the 18 teachers
(33, @ ) reported the use. of inse ts over this period 2ll using
» only feral inoecto or feral insects in dddition to commercial o
insects.v From “hu to elght insects were reported by each teacher,

nost of the teachers reporting two insects in addition to

Drosoohila. - 0



;:\3,‘,. TABLE XIII
— v . »’?M‘ﬁ"} .
USE OF LIVE INSECTS\IN.pOJECTS o
:/, . ¢
N
[N d
PERCENTACE OF TOTAL S NUMBER OF TEACHERS .
PRQIECTS CONDUCTED BIOLOGY BIOLOGY BIOLOGY ALL 3
N 10 20 : 30 COURSES*
0% e 12 9 4 o 8
‘1- 5 ) 1 3 - 1 4
L0 6 ~ 10 2 o0 . & 1 0
s 11 -25 | 1 R R .
o over 25 - 0 1 ‘ 0 - 0
% B ‘ » . - . . '
- TOTAL NUMBZR QF o e :
TEACHHZRS' 16 14 16 14 -
1{.’ - ‘ e u“‘s}j 'v~ —
. ; - _ : -
* Only those teachers conducting projects in all three ‘courses have
been included in this item. The averagq percentare of total
- projects was ¢ terained by totallin~ the pircentare for each
.. rouxse and dividing by the number of courses taught.
o 4 ._ e
< o ’ " i
£ N - !
(e . '
i , - N -
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TABLE XTIV .

_ ) [ . INSECTS USKD, 1969 - 1973
o REFERENCES

18 respondentsy tivo with one year experience, one with two years
experience, and one with one year experience 1in Bdology 20 and
Biolory 30, Numerals indicate the number of teachers reporting
each aspeot insect utilization,

4

Where a culture attempt ic indicated, followed YWy & zero, the

'iiattempt failed,

C

d

s e
e
f

Invaded tbe school and utilized,

Student contirued on into Entomology.

\‘.~

» ) ¢¢L .
e yloject won the Lethbridge Dis+rict science Falir,

\u
LN t u" Teis

Lcnﬁ%% o‘ uze unknown, ﬂ@
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The six insects used most frequently Wwere Drosophila

(reported by 11 teachers), grasshoppers (flve teachers), houseflies

o
\

(five teachers), ants (five teachers), mea%:orms (four teachers),
and butterflies (two teaChers) oiX teachers reported the use of
general collections and five teachers reported the usnlof aquatic
collect%hns for general observations. Of the six orders reported,

the Diptera and the Coleoptera contained the preatest diversity of

7
. . . "

species used. B R i, ‘
, : L
Tho majoritj of the e insects were used in projects, only .

~
B ' g

éy ked being used excluschly in laboratory exerciccs and

8 Water strlder an@ water Qeetle being used in connection

¥

‘wd mealworms, Teacher" wcre actively involved in the collection of

J

insects in only two cases. The remain@er of the insects werxe .
collected by'the pupils eieebt"for'the scale insect which invaded
the schéoiland was'subseouenfiy‘utilizediin a st%gent broject' The

sources of the insects in the 57 cases of insect utilization were

‘thus 67.5% pupil collected 27, 2“ purchéised, 3.5% teacher collected

o

and 1.8% invasion, - o,

All 15 teachers reportin; tne usc of insects' also .reported

that the insects wére cultured, but only nine teachers (6%§7//;i:>,' .
< I .

reported the culturing of fexal species. The mvst frequently
cultured were Drosognila (reported by 11 teachers), ants (five
teachers), houseflies (four teachers), and méalworms (three
teachers)., Attempts at‘culturihg the remaining ihsects were
reported by onl& one teacher for each species, These insects were

g§§sshoppers, scale .lusects, .glant water bugs, hawk moths, and

[

ith field trip.. Beside" Drosophilﬂ *eachers purchased prisshopperé

e
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- used immediately, 2& 6% wer@

K4

Q
blowflies. Two teachers also reported the maintenance of aquatic

collectlons and one teacher reported the miintenince of o reneral

insect collection, An averare of 10 Drosophilffigultures were

mointained in each project whereas usually only one culture was

malntained for each feral insect. Two attempts at culturing.

failed, these being prejects using grasshoppers and glant water buzs,
The majority of the ;nsects were used for poriods of ona

to four weeks (45.6% of all cases reported)., Ths Drosophila, ants,’

and houseflies were the only insects mainpainedvfor one semester,

and the mealworm was the only 1noect malintained for an entire year, .

0f the 57 reports of insec;{c ‘ﬁ%.lization, 14,05 of the Insects woro

¥ gl

) #yg.for dne to two weeks, 21,0%

were used for three to four weels, 14,07% Were used for five to
eight weekg, 5.2% were used for 10 to 12 weeks, 8,8% were used for
18 weeks, 1,87 were used for 24 weeks, and 1,87 were used for 35
wesks, The remaining Bogivof'the cases Teportad were used for V

unknown lengths of timey .

Behavlor "5-%fff S . —

_urent- Investivation
W
- Thirteen.of the 18 teachers surveyed (72 2%) reported that

1 .

exercises involvinp the study of benevior.were curuently being used

f

as part of their teaching provram. Thirteen of uhe 1? teachers

usin0 the project method (76.5% )ﬂ{ndicated that students were

I

currently conducting behavior projects. However, the percentage of

projects currently belng conducted that dealt with behavior varied

considerably fronm teacher to teacher in eacgrgrade (Table XV)., Less -

SN

i
IR S

a
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TABLE XV

LY

PERCENTAGE OF PROJECTS ON BEHAVIOR

{

w o \
i
PERZSNTACE OF TOTAL -~ NUMBER OF TEACHERS s
PROJECTS CONDUCTE BIOLOGY BIOLOGY BIOLOGY - ALL 3 (%5&
10 20 ~ 30 COURSES*
0% L 6 3 4 1
1 - 10 2 4 4 ‘ 4
11 - 20 5 . i 1 3
21 ~ 30 - 0 . 2 3 1
J N o
31 -0 1 o - 0 3
. , 4 . -
41 -~ 50 2 2 2 o 1
51 - 60 0 0 1 , 0
61 - 70 : 0 0 0 1 p
71 - 80 0 , 1 -1 0
. :
81 -0 0 1 0 0
" v
TOTAL NUMBER OF o -
TEACHERS a 16 14 16 ; 14
£ ) T ) LR N
v,/ - ; \ - 3
. ' . . . Y * .
* Orﬂy those teachers conductine prOJ&,ts in"all thres courses have
beer i:l ~Ad in this item. The averame percantaze of total -
pr. jecte ’:IC-.L leteruinad by totalling the ‘pexcentace for each
cC rse an’ “ldine b/\the nurber of courses .taught,
hH%



k"behavior Wero currently being cozdéﬁ%ﬁﬁ at’ the time of the survey,

.behavior of mealwoxég beiqk conducted in Bilolozy 10,

N
R

}“r e

NQ;%E half the projects conducted in Biology 10 dealt with behavior

and only 14% of the Blology 20 teachers and 137 of the Blology 30
téachers reported that the proportion of projects dealing with
behavior was over 50%. S

_Again, 1ﬁ computing the average for all three courses, four
telichers had to be excluded as explalned on page 55, resulting in a
populatioq total of 14 teachers., The most frequent percentages of
total projects conducted were from one percont to 103 (reported by

“

295 of the teachers), from 11% to 208 (21% of the teachers), and

 from 3195 to 4O (°1” of the teachers) despite. the overall range from.,

zero percent to 903 indicated “1n f,he ta,ble. & _
th involvlnﬂ Insect

Only three teachers repO%éw& fhat pro

\
N,

One teacher reported that students were studyinw feedinﬁ behavior of
tent caterpillars 1n.Biology 20 and %Pat'students were studying
responses of prasshovpers to cheﬁical stimull in Biolozy 30, A
second teacher reported one project on ge eral behavior of blowflies

and one project on the gensral behavior of hoﬂgbfii§z Yboth Rrojects’

L being’in Biolozy 20. A third teacher reported one project on geng§al

N ) -
\ A .
“Past Utilization of Insects , <

A broader view pf 1rseot utilization can be seen from the = '
data coverinﬁ insect utilization from 1909 to 1973 (Table xvi),

Twenty-four types of investigations were reported nine of HliCh

e - ¢

dealt directly with behavior. Thesé are tqpics 14 t0o 22 in the -

‘ aécempanying table, Another eigﬁt Investigations dealt with

J
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R C TABLE XV

USES OF INSECTS, 1969 - 1973
&\ REFERENCES
N

N e .
a 1:\Y§5 adents, two with one year experience, one with two years
pe

- ex i:..ce, and one with one year experience in Blolorv 20 and
BLolony 30,
b  Reasons for using (numerals indicate the number ot/*eacuerN
w4 reporting the topic): /

1 Ceneral Study e ’ ‘

, 2 Taxonomy (classification) : S
3 Fhyslology (structure and function) ,
4 Genetles (heredity) , LA
5 Morphology (structure) ) ‘;é?

)

Ecology -~ general

7 -. dispersal ‘ ‘:'”
3 - overpopulation : '
9 Appled hntomolowy - parasitoloFyhfyeterinary Lntoméﬁh&
10 ~ bacterlology (Medicval Entomolovl.kya",:
11 ~ crop relationships (Agricultura1 R
y , Entomdlopy)
L 12 : -~ insecticlde chain reaction with chicks
o ' - (Agricultural Entomolegy)
R 13 e ~ control methods (Agricultural Entomolory
: ‘4 Behavior - general . ‘ i .
15 - social . - o v .
16 - feeding - o
17 = tunmelling , o
18 - trail laying
19 Responses to -~ chemlcals |
20 - 1light & - L j
21 - @lectricity - @
22 - pollutants ' - ’
23 Use in ,Gheaning skulls v -0 -
-~ 24 Use 1n fggainv o&her organisms s '_ -

o] Total number of differem reasons for using the insect,

~ri N

a Colleﬂtion and study of copoons.
=3 Total number of different teachers using insecte for this reason,
f Total number of different species used for each reason‘(excludﬁnw

ceneral and aquatic collections),

\J.

N

/




Sy
TABLE Xv{ . =
\v -\
USES OF INSECTS, 1969 ~ 19‘73.“1']‘
. ' oy e R
ORGANISM BN AT o|.
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closely related fields, ecolory (three aspects) andhappiied
entomoldgy (five aspects), Each teaéhcf reported anywhere from one
to nine typos of Iinvestlcations, the average being five types.of
irvestigation> for each of the 15 teachers us ing insects.

The most comffon types of investizations were those involving
venetics (reported by 10 teachers @ all dealing.with Drosophila),
taxonofy (sevan t‘achers), genoral behavior (seven teachers),

w e B
pnysiology (six teachers); and social behavior (reported by five
tfﬁﬁ%ers and all dealing with‘ants) o The | reatest variety ofV
5di;cts used in any one topic was in the study of structume#@nd

Teavhers uved a total of seven different species to .
" L

function,

.

lllustrat :

is principlo. Six dffferant op_c1es were utilized in

_the study of m-rphoquy, six species in the study of pegerai

. ot e
%

behavior, ‘and fivgzapecies in the stgdy of taxonomy.-; .4”01'
On the ayerage, each,insect was used for one?or two

"differeni topics by the teaeﬁer or the stmdents, ¢F;6¥¢the total

a
-

‘ey, the mealworm was used for the greatest variety of topicn
.

‘"?idﬂht). Other insects us@d for a divei?ify of reasons were the >. B
grasshopper (six topics), ant (six toplcs) fruitfly (four topics), .
and Hoasefly (four bopiCQ) General callecticnsiuore maintained for
"Ueneral study by one‘ueacher, for the study of tsxonowy by five .
teachers for the study of ansiolorv by tnree +eacners, and for the

..(A‘

sdey of morpholoby by ons. teucher. Sirilariyy aquatic collections
e ‘

. % :
wers maintained for reneral tudy bj one ueac}er, for the study of
taxonony by ons teacner, Jor the c*udy of phfsiologyﬁby one teacher,

and for r*emaral studies in ecology by three teachers,

%
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| (77.87). From one to 24 different organisms were listed by eadh 4

80

Past Utilization of Other Animals

ifty specific animals were listed in connection with
etholozy pqg&ecte conducted during the period 1969 to 1973 (Table

XVIi). These were reported by 14 out of the 18“teachers‘surveyéd

feacher, the most frecuent number of orpanisms listed being'three

or fivé. The orbaniipmxmantionad most frequently were the white

mouse- (eight teacherqg -ant (fiva teacherﬁ), and planaria (four . .
V&w “u J i

teachers), - w7,
: I » . s ~ ‘
” the five major groups of orﬂanisms used“BF’;(lgxout of
the 50 animals) were manmals, 26n (13) were birds 267 (13) were

1nvertebrates, eipht percent (four) were fish, and four percent

(two) were amphibia. Of ‘the mammals, 11 (61.1%) were roden+s, s;x b

of these being ferallorganisms.” Of the inveriebrmtcs, nine (69 2”)(ﬁ :
- L b o )
were ihSects. Thirteen of the 50 animals were commercial orranisms A

O »
or domestic organisms (267%). ‘

From the table 1t would appear that mammals and birds were

the most frequentlv us°d orvanisms, However, 18 of all oruanlsms

u : \4‘ . [

listed wers reported bv the same teacl i (narked by an asterisk on
/

-

- the table). This accounts, for 3cx of the \pecieo listed Of the

St

93 different tohavior projeCLsg 27 of these (293) were also repofted

i

solely by this one individual., As a result, the totgl nunber of
A .
or nismf,'nartiCLlarly in classes Aves and lammalia, and tbe totai

N A 1

. 9\\51
number of prowects was not as extensive nor as diverﬂe inFthe total

’ : o A;.)
teacher pogulauion as Lt may first appear, ' .

Each teachor renor+ed anywhere Pron ona tO«eﬁrht ty“qa of

investizatiqns into behavior, the majority of the Qeachers reporting



TABRLE XVII

ANIMALS USED IN PROJECTS DEALING WITH BiHAVIOR, 1969 - 1973
REFERENCES

8

a 18 respondents, two with one year experience, one with two years
experience, and one with one year experience in Blology 20 and
Biology 30,

b Total number. of teachers reporting utilization of the organism, -

¢ Aspect of Behavior (numerals indicate the number of teachers
reporting the topic):

1 General Behavior
2  Ecology and Behavior
3 Range and Distribution . ‘ .
4 Species Interaction
5 Reproductive Behavior
& Nesting Behavior (Birds )/Dennines Behavior (¥ammals)
7 Feeding Behavior, Food Selection '
8 Learning (Conditioning)
9 Maze Learning
10 1Isolated versus Group Behavior
11 Phototaxis (Response to Light)
12 Thermotaxis (Response to Heat)
13 Responses to Salinity
14 Crop Relationships
15 Responses to Pesticides
15 Responses to Pollutants
17 Responses to Alcohol
18 Cage Interactions (Peromyscus and Mus) L
19 ' Barnyard Behaviotr .
20 Social Behavior

"~ 21 Responses to Chemicals
22 Tunnelling
23 Trail Laying
24 Responses tc  :ctriclty

d Total number of 4i - =rent aspects investigzated with each orranisnm,

e Behavior involvi.: regeneration,

f Specles unknown.

g Various species,

h  Feeding behavior upon hateching,

1 Two teachers reported projects dealing with responses to smoke and
one teacher reported a project dealinc with responses to mercury,

J Interactions with deer,

k Total number of different species used to Investigate each aspect of

behavior. Unknown species have not been tabulated,

1 Total number of different teachers reporting investigation of each
aspect of behavior including projects involving unknown species.

¥ All projects marked with an asterisk were repo I by the same
individual, - '
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TABLE Xv.

ANIMALS USED IN FROJECTS DEALING WITH BEHAVIOR

1969 - 1973

2

o
=
=gl o o]

=

JANISM

i

BEEE Ejzrﬁy?qé“IBTIi 12[13] 18] 15 i3115'1n 10] 20]21] 22]23 2%

ASPECT OF BEFAVIORS

INVERTERRATES
IKSECTS
Grasshopper
Tent Caterpillar
Drosophila
Blowfly
Housefly
Ant
Fealwornm
Potato Beetle
Ladvbird

Ll V2 S WP

AN e

r
'a
|

OTHwit
Planaria
Clan
Snail
Crayfish

. -
S WSS WV USSP N — 1 2 e

FISH
Trout
Tropical Fish (f)
Goldfish
Swordtails f

Gupples

DN ) s ‘;_.,_.._‘;:
AN
. —

AMPHISZIA
Frogs (f)
Chorus Froo
Borcal Toad

s
I
L

-
o= ]
o
-
ﬁ__
-
Ll 3 V) D) o £ pa pa

General (f)
Grebe

Hawk (f)
Red~tafled Hawk
Swalnson's Hawk
Prairie Falcon
Upland Gane
Birds (g)

Ll e A
-

[

*

* *
I « x x0T
=
U= ISE AT S
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TABLE XVII (Continued)

o

ORGANISM ASPECT OF BEHAVIORS

et deTols]

BT ‘W‘E?T()TI{E 131 ]15[ 46 |17

%

o
[
N
W
f=y

ey g

-

California Gull
Tern
© o owl (1)
Great Horned Ow)
Swallow
Crow
Magple
Robin
Srarrow
Dorestic Chicken

-
* & ok w

Ll o N R T T W

N

i Pd pt Pl pe pb g b Ny

KAMMALS !
ROLEZNT (FERAL)
Vole 111
Microtis PR *
Feromyscus 2 !
Richardson's ) ‘ .
Ground Squirrel |2 # 1 1 ,//\"
Porcupine 171
Reaver 41 * P!

B pb ja

P s Ay

=3
[

Hampster
Guinea Pip
White Mouse
White Rat
Gerbil

ROLENT (CQiMER.) ! : } |
1
i
!

NHCDI\)&
N
S
W

W e O N\

OTHER

¥hite-tail Deer
Kule Deer

Coyote

Red Fox

Lamb .

Semi-wild .
Domestic Cat
Dozestic Dos
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TOTAL ORJANISYS (k)| |2
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2
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four different projects, The most common types of 1nvestigations
involved general behavior (12 teacher: reporting such projects),
reproductive behavior (ssven t?achers), feeding behavior (seven
teachers), so¢ial behavior (five teachers), maze learning (four
teachers); phototaxlis (four teachers), and responses to pollutants
(four teachers). Twenty-three different orranisns were named for
the study of general behaviog. The only otheﬁ$aspects of behavior
in which a diversity of organisms were used were behaviqr related to

the ecology of the organism (11 specles, all reported’ by one teacher),
™~

nesting or denning behavior (six specles), feeding behavior aﬁd‘foqd
selection (nine species), reproductive behavior (nine spgciéé), and
maze learning (five species). nd

The méjority of the organisms utilized geré uéed for only
one or two reasons by the teacher or the students., From the total
survey; only the white mouse was used fof a diversity of reasons
(10 different topics). The ant was the next specles having the
greatest diversity (five different topics), followed by the goldfish
(four different topics)., Of the nine insects used in thg study of
behavior, the ant was used for the greatest variety of reasons, The
mealworm was used to investinat;‘three topics and the grasshopper was

\used to investigate two topies, the remaining species being used for

only one specific topic each, ‘ _ ' , g

Past Utilization of Plants
I'm addition to the animals mentioned, 11 specles of plants
were listed in connection with responses to stimuli (Table XVIII).

kight of the 18 tedchers mentioned plants (44,4%), Each teacher

/ N ,,/_\\

N
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TABLE XVIII

85

PROJECTS INVOLVING PLANT RESPONSES, 1969 - 19?3&

TZACHERS REPORTING  NUMBER

ORGANISM . "NO, OF NO :
' TEACHERS EHAVIORAL ASFECT éb) OF
USING 2 3 4 5 &. 7 . 3PECTS
" Sunflower 1 (, 1 1 - 2
Corn 2 2 1 1 3
Radish 1 1 1 1 3
Rye 1 1 1 : 2
Barley 1 1 1. 2
Tomato S 1 1 1 1 3
Wheat 1 1 1 1 3
Oats 1 | 1 1 1 3
Common Bean 6 6 3 1 2 1 5
Geranium L o111 g 5
Coleus 1 1 i 2
Unidentified 2 1 1 2
TOIAL SPECIESS 118 7 5 2 1 1
TOTAL TEACHERS® - 7 04 2 2 1 1.1

a 18 respondents, two with one year experlence, one with two years
exXporience, and one with one year experience in Biology 20 and

Biology 30,

b Behavioral aspect:
Response to Light (Phototropism
Response to Gravity (Geotropisnm

Response to Nolse
Response ™ Music
Emot:ons

N O EWN e

¢ . Total number of different aspects investigated with ezch n1ganism,

" d Total number of different species used to investigate each

behavioral aspect,

e Total number of different teachers
each behavioral asrect,

)

Response to Magnetic Rays (Hagnetotropism)
Response +o Chenicals (Chemotropism)

reporting investigation of



listed from one to five sﬁecies, the ma jority naming three‘species.
The spocies used most often hy teachers were the.common.bean (six
teachers), geranium (four teachers), and corn (two.teachers), all
other specles being used by only one teacher each, Teachers used_
plants for one to four types of responses, the majority of the
teachers reporting two types of projects dealing'with bshavior,

The most common types of projects were those dealing with
phototropism (reported by seven teachers) and geotropism (reported
by four teachers) The greatest variety of Plants used'in any one
topic was in the study of‘phototropism. Eleven different species
were used to investigate this topic, compared with eight species
used to investigate geotropism, seven specles to investipete
magnetotropism, and five species to investigate.chemotropism. Fron

the total sanple, the common bean and the geranium were used for the

; greatest variety of reasons (five types of projects for each),

V. SUMMARY OF TEACHER INTERVIEW DATA

v

The number of entomology courses taken by a teacher, the
recency of university training, and the textbooks used in secondary
. school biology classes did not appear to 1nf1uence the “content or
method of conducting student projects. A greater Proportion of
rural teachers than urban teachers used the project method Only
one teacher did not use this method in any biOIOgylclaes taught
and only two teachers did not use this method in every blology class,
A greater number of projects dealing with behavior, 1nsects, and
insect behavior were reported’ by rural teachers, teachers with a

v

greater number of biology methods courses in their university,

=
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background,'end teachers‘reporting that accessibility of natural
resources was excellent There was a higher incidence of. projects
dealing with- ‘behavior among teachers having less ‘teaching experience,
less university training, more university biology courses, smaller
classes, and a greater number of secondary scnool biolog y classes,
The incongruity between the number of years of university training
and the number of universlty blology courses taken would appsar to
indicate that further research 1s requlred for these two variables,
A higher incidence of projects dealing with 1live organisms was found '
among teachers having less teaching experience. A higher incidence
of projects dealing with insects was found among teachers who had
gradnsted since 1969 and teachers who had smaller secondary school
biology.-classes, ‘ |
More‘extreme amounts of class time sere devoted towards
student projects by teachers having less teaching experience and
less university training, The most frequent forms projects took
were individual and group projects. Individual projects tended to
be more common in Biology 30 tben in Biology 10 or Biology 20. Most
teachers allowed students to choose their own topics and.no teacher

relied solely on teacher choice., HReliance on student choice _

—

~—

appeared 10 be. more frequent among Tural teachers and teachers
having large olesses. Concurrent lmplementation appeared to be the
most common method of project implementation, Most teechers devoted
the same amount of class time towards projects in each grade, the
,,,f_cemost frequent amounts of class time being one, three, and four weeks,
The most important objectives of rrojects according to the

1

teachersvin this survey were the items "to develop and encourege\'

N
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"attitudes of inquiry” and "to give each student an opportuniﬁy to

do an -in-depth study in an area of his 1nﬁerest". The least -
1mp6rtant objectives weré the items "to allow studenﬁs‘to evaiuat |
‘tﬁe‘ﬁork of peefs" and "to evaluate the effect of Scieptific
B discov;fies". The objéctives that teachers felt would most likely

be achieved by projed#s dealing with insect behavior were the items

"to deve10p,;nd encourage ;ttitudes of cur%psity and inguiry" and

"to enable students to practise methods . of proper scieﬁtific T -
tréporting". The major advantages of projects dealing with insect
behavior as seen by these teachers were the‘items "deveiopment.of
skill in scientific'thinkipg and problem solving" and "proyisign for
active.student 1niplvemen£". The least important objective was the
item "stimulation of further research", The main problems indicated
by the teachers in this survey were the following items: lack of
proper-equibment, lack of adequate reference material, exercises are
~too tilme consuming, and insufficient teacher baékground in collecting
and culturing techniques, |

| It‘waé fodnd that 94,4% of the téacheré surveyed.kere

cﬁrrently using live organisms and 83.3% were using feral specles,
However, the proportion of projects involving live organisms varled
>considerably between teachers fof each grade. Only 33.3% of the
teachers were curren%ly using insects althoggh 83{Q%'of the teachers
reported that they had used insects over the period 1969 to 1973,

The insects réported most frequently were Drosopbila, houseflies,
grasshoppers, ants, and mealworms, The maj;rity of these insects

vwere used in projects and the majority were collected by students,

All teachers reporting the use of insects also reported that attempts



were made at culturing them. The majority of the insects were used
for perfods of oné to four weeks.

Although 72,.2% of the teachers reported the study of beh .vior
in their classroons, SQékof the teachers iﬁdicated'that projacts
involviné behd&ior accounted for less than 20% of all projects being
conducted, Only three teachers reporééd projects on insect behavior
currently being conducted at the time of the interview, The most
common types of studies involv;pg insects 1d this survey were
,‘genetics, taxonomy, general behavior, physiology, and social

behavior. - On the average, each insect was used for one or two

\ ¥

different topics.

Fifty spécies of animals were_liépedlinrconnecfion with
projects .involving behav;or. Mammalé; birds, dand invertebrates were
the grouﬁs,mention’ed most frequently,’ The' ‘most common mammals
mentioned were rodents and the most common invertebratés ;ere
insects., The most common types of investigaﬁions were those
involQing'gene:al behavior, reprodnctivé behavior, and fpeding
behavior., The majority of the organisms were utilized fé:_only one
or two topicg.

Eleven species of plants were listed in connéction With °
reéponses to stimuli, The species mentioned most freqﬁently were
the common bean and the geranium, -The most common types of projects

mentioned were those involving phototropism and geotropism.'
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DISCUSSION. OF TEACHER INIERVIEW DATA

~ -

I. TEACHER PROFILE

If a teacher has eﬁrolled 1A an optional university course
such as a course in entomolozy, it may be suspected that his .
interest in the subjecf, combined Wwith his university training in
that area, would 1nfluence his content emphasis wheﬁ‘teaching
bilology. Simil&rly, if a blology te;cher has attended university
recently it 1is likely that he has been exposed to new trends and
concepts 1n education ggdlin sclence, This exposure Might also
influence his' teaching techniques and the content of the subjects’
he tgaches. The uéé of live organisms, the project method, and‘the
fleld of ethology are three aspects of biology or biology teéthing
-recelving recent attention, In this study, teachers who had taken
a course in entomology and teachers who had attended university .
receﬁflybdid not appear to differ from those who had not attended’
university recently and who did not have an entomoiogy backgrouhd
with respe = to the content or implementation of projects in -
secondary school biolo?y.

It might also be suspected that a teacher's choice of tex?s
in the subjects he/%eaches may refléct his own emphasis in teaching,
In Blology 10 and ﬁiology 20, the teacher has a choice between three
textbooks, the BSCS Green Version (1968), the BSCS Yellow Version
(1968), and/éito and Towle (1965), Lee et, al, (1967) noted that
the Green,Version approached the study of blology from the'ecolbgical

\ , -

\
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and behavioral perspectives whereas the Yellow Version approached

 biology from the concepts of bilolozical unity, diversity, and

continuity, In the preface of Modern Biolory, Otto and Towle (1965)

indicated that their text approached the study of blology through

basic biological priﬁziples in molecular and cellular biOIOgy;

genetics, reproduction, evolution, and classiflcation. Despite
t%ese differences in approacﬁes, no difference in teaching
methodology within the project context could be found between
teachers using diffcrent texts. Rather,‘teachers tended to use the
textbook recommended by the Alberta biology curriculum guide (1971),

This study found/that teachers who.had taken a blology
methods course tended to have a greater percentage of clqgsroom
projects dealing with behavior, insects, and insect behavior than
those tegchers’who had not taken a blology methods course, Dyke
(1970) similarly found a greater percentage.of teachers with a
methods cov e us fbhammals in the classroom. This study also
found a greater percentage of projects invol;ing.behavior anong
teachers with a greater number of university bioiogy courses,
Dyke (1970) found a low positive CVrrelati?n between the mumber of
university blolezy courses and the use of live mammals, However,
‘Anderson (1972) found no significant difference between the number
of blology courses taken and the types of projects conducted, The
lacﬁ of sufficient‘categories at the upper end of his scale for
this varlable may account in part for this inconsistency.

Teachers having one to three years of teaching experiencq
reported a greater porcentage of classroom projects dealing with

live organisms, They also devoted more extreme amounts of class
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_ time towards projects, a greater percentage of these
devoting zero or six weeks of class time compared with\N
fburvweeks for teachers havine over eirht years experience, Thene.
‘findin@s are 1in a;reement with those by Dyke (1970), who found
teachqrs using live mammals had three years or less éxperiencb.

On the other hand, Anderson (1972) found no significant difference
between years of teaching experience anq‘the typ@g ok projects
conducted,. This 1nconéistency indic%tes the neéd for further

research with respect to this variablg. /

Teachers having %t least three and one half yeafs‘of
training but less than five years of tralning were found £o have
more student projects dealing with behavior th;n teachers having
five or more years tréining; Teachers with less than five years
training aléo had a greatgr percentage éf teachers devoting both‘
extremes of clﬁssltime to these enterprises. Again, Andersonfs
(1972) finding that there was no signifiéiﬁtkdifference between
‘typés of projects and yesars of university tréininp, and the
inconpruity between this variable and the number of univer°ity
biolovy courses takén within this inquiry, indicates a need for
further research before any firm c;nclusions can be drawn,

Teachers who sraduated since 1969 were found to have more
students conducting projects dealing with insects than teachers who
graduated before 1969.‘;There 1s no clear reason for this relationship
and the finding micht be attributed todthe small sample size in
this inquiry, Of those teachers devoting zero or §ix weeks of class

time towards projects, a greater percentage had graduated since 1969,

This finding supports the earlier finding in this inquiry, that less



BB

-axperienced toachers devoted more extrenmo amonnts ot class time

towards projocts,
Those teoachoru teachlins a fower nualer of classes toaded to-
have fewer student projecis on behavior wheresas thoso with smuller

- ,
¢lass sizes had moro projects on both bhivior and on tnsacts,

.
Thosa teachers with smalicr classen ulgd’?nndnJ to rnly upen both
teachor cholecr and puapil cholce 1n decidin& on 1rojoct topics:
Teachers who rated accecsibility of nitural resources a6 beiny
excellent tended to have more student projécts on behavior, ;nsoctn,
and insect behavior. Thls may possibly rof10c£ a ~sreator utjiizatton

of natural resources in soneral, To the knowledyse of the wxiter, no

studies have been conducted in which the varlables of year of

graduatlion, the number of classes tausht, class size, or teacher

-opinion of accessibllity of natural resources havé been’related to

the use of projects. A survey of a larser popu]a£ion will be
required before firm conclusions can be drawn about thesz variables,
Rural‘éeachers Wwere found to have a sreater percentage of
studént projects dealing with behavior, in;ects, and insect behavior,
Rural and urban teachers were also found to differ in the p:opoftion,
of teachers relyins on student cholice of project topics, and in thé
proportion of teachers conducting projects concurrently, In
comparison with the findin-s by Anderson (1972), only‘twolpcinta of
agreemen£ appear to exists a qreafer percentace of rural tedchers
roly on pupll choice of topics and a greater percentdse of rural
teachers conduct projects concurrently with the course (Table XIX),

.'The small population sice of bbth of these studies ~?obabiy



TABLES XIX

COMPARTSON OF FINDINGS ON RURAL/URBAN DIFTFERENC

PERCENTAGE OF TEACHERS

~ROJECT ASPECT FRANZ — ANDBRSON, |
\'»—'

USED BIOLOCY  Rural  Bilology 10 100 71
PROJECTS Biology 20 91,7 71
Blology 30 100 80

Urban  Biology 10 67 72,8
Biology 20 60 80
Blology 30 80 100

METHOD OF Rural Pupil. 75 57.1

CroICE Pupil and Teacher 25 42,9

‘Urban  Pupil 60 bs, 5

'Pupil and Teacher 4o sk.5
METF® °%"  Rural Concurrent 91,7 100
INPLE. . .. ON Unit 8.3 0
Both 0 0

Urban  Concurrent 80 36.3

Unit 0 63,7
Both 20 0
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accounts for the different findings, and when considered together,
these two studles appear to indicate that there are no significant
differences between rural and urban teachers with resp?bt to
rroject implementation, With consolidation of schools in the
rural areas the size of school populafions, the size of classes,
and the availability of classroom space are probably similar in
both rural and urban schools toééy. Consequently, the problems
encountered by the urban teacher in project implementation are
probably somewhat similar to the problems encountered by the ruralh

teacher,
II. PROJECT IMPLEMENTATION

The most common form projects took in this inquify wag a
combinatién of individual and group projects, 64,3% of the teachers
reporting the use of this form in all three grades taught, This is
lower than Anderson's (1972) finding of 83.3%, but his flgure may
be questionable since there is one teachef unaccounted for in his
statistics. The number of teachers using all three forms of
brojects were in the minority in both of these studies. |

Fewer teachers were found to be omitping projects in this
inquiry than was reported by Anderson. In this inquiry twc of the
18 Biology 10 teachers, three of the>17 Biology 20 teacher: , and
one-of the 17 Biology 30 teachers did not conduct projects,
Anderson's findings were five out of 18, e.’_tght out of 18, an& one
out of 16 teachers respectively, This difference may possibly if
reflect a greater acceftance of this method of instruction, or it

may be due to the sﬁall population sizes in both of these studies,
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All of the reasons for not copducting projects given by
teachers In this inquiry were also given by teachers in Anderson's
study., It 1s the opinion of the writer that most of these problems
can be overcome by the selection of proper projects, Class projects
can be conducted in place of individual or group projects if
classes are too large of if the teacher has a heavy teacggng load,
This approach micht reduce thé'demand on teacher time and school
facilities; Projects utilizing simple equipment or based on fleld
'6bServations can be conducted if there is a lack of facilities.
Short~term projects can be conducted if courses are tahght on a
half-semester basis, The writer is in agreement with Anderson 8
view that it 1s regrettable that some teachers have eliminated
projects rather than adapting the method to overcome these problens,

No teachers in this inquiry relied on their own choice of
toples exclusively and 64,37 allgwed their students to choose the = .
topics., Similarly; Anderson (1972) found none of the teachexrs
relied only on teacher choice of toplics and 50% relied‘on student
choice, These methods are in agreement with the recommendations of
most theorists on the project approach, The project is one method
by which students can pursue topics of thelr own interest, but they
require assistance from the teacher in selecting and investigating
thése topics,

Only one teacher (5;9%) used the unit method of project
implementation exclusively and only one-teacher used the unit
method in addition to projects conducted concurrently with the
course, Darroch (1972) found 237% of the Biology 30 teachers

surveyed used the unit method and Anderson (1972) found 38.9% of
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all teachers sdrveyed used thie unit method., As noted by Anderson
| (1972), the unit method tepds to prevent the student from becoming
borcd with the project “but it also Places limitations on the types
of projects wh{/h can,be conducted, Only one teacher in this inquiry
conducted class projects to introduce the approach before dllowing
students to work on separate topics as is supgested in the Edmonton
Public School Board guide (1970),

The majority of the teachers surveyed devoted the same
amount of class time towards projects in each of the three courses

o
taught, Those who altered the amount of class time devoted more
time in Blology 30 than in Biology 10 ‘or Biology 20, It was also
found that 11.8% of the teachers devoted no time and 29% devoted
only one week of class time towards Projects, Most educatcﬁ? '
recommend that projects be conducted in class time Zﬁiohardeon “
(1959), Richardson and Cahoon (1951). Thurber and Collette (1965),
and Washton (1967)/. - | | ~
| By conducting pfojects in class time, even if only parcially,

the teacher has greater ability to supervise, direct, and encodrage
students, The teacher aiso has greater opportunity to discover and
assess individual needs and interests and individual weaknesses and
strengths. The writer is in agreement with Anderson’s (1972)'
observation that.students need>c1ass time for assistance from the
teacher and that course content need not be reduced to achieve this,
Projects can be adjusted to the length of the class period and

progects can be adapted if the teacher wishes to ensure that

students are exposed to specific concepts,




ITI. TEACHER OPINIONS ON PROJECTS

Objectives

The most important objectives of projects according to the
teachers in this 1nqu1ry were tgé following items: to develop and

. encourage attitudes of in uiry, to give each student an opportunity
to do an in—depth study 1n an area of his interest, and to encourage
a respect and feeling fok living things, Of least importance were
~the following 1tems; to permit the deyelopment of empathy with the
scientific researcher, pé\evaluate the effect of scientifie
discoveries, and to allow students to evaluate the work of peers,
These last two objectives were those recommended by the EdmoﬁtOn
Public School Board projec} guide (1970) for projects atJthe Junior
high,échooi level, From this inqui;x it would appear that biology
teaéhers do not feel that these are'ﬁajor objectives for secondary
school Biology students, '

The objectives raﬁked‘first and third In importance by the
teachers in thisAinquiry were also ranked first and third for
achieveTent of the objective by projects. involving insect behavior,
Similarfy, the two objectives ranked lowest in importance ﬁere’also
ranked ld%est in achievement, The objective "to glve each student
an’ opportunity to do an in—depth study in an area of his interest”,
whil being ranked second in importance, was ranked seventh fér
achfevement by projects dealing with insect behavior in this inquiry,

46.7% of the teachers indlcated high or very high achievement

i ~
whereas the teachers in Anderson's (1972) study felt that this

objective was most 1likely to be achieved by the project method,




61.1% indicating high or very high achievement,
| On all other items listed by Andere:;<e lower percentage of

teachers indicated achievement of the objective by projects in
general than did teachers in this inquiry for achievement of the
objective by projects 1ﬁvolv1ng insect behavior (Table XX),
Furthermore, in the study by Dyke (1970) 66.7% of the teachers felt
that the cse of live mammals Wwould create interest and in the study
by Jacknicke (1968) 6% of the teachers felt the use of local

' resources would stimulate student Iinterest and motivation, It
wouldvapﬁear that teachers in this inquiry felt relatively fewer
students would be interested in inseqct behavior. However, this
‘finding 1s contradicted by the teacher's views on the advantages of
insect behavior projects as noted in the next section,

Two other objectives were ranked high for achievement by
projects involving insect behavior. These two items were "to enable
students to practise methods of proper scientific reporting” and
"to further familiarize students with research methods", Both
objectives Wwere also, ranked high in 1mportance by the teachers in
th%s inquiry, From this 1t would appear that these teachers fslt
t?b highest value of Projects involving insect behavior was to

iilustrate and develop the process'aspects of blology,

K:vanta es A w7 : ‘
/ This opinion is further supportsd by the teacher's views on

/

/ the advantages of projects involving 1nsect behavior, the greatest
// advantage 1ndicated being the item "develops skill 1n scientific

thinking and problem-solﬁing". This advantage was emphasized by




TABLE XX

COMPARISON OF FINDINGS ON ACHIEVEMENT

OF PROJECT OBJECTIVES

PERCENTAGE OF
TEACHERS INDICATING
HIGH OR VZRY HIGH

OBJECTIVE ACHIEVEMENT BY USING3
'BIOLOGY INSECT
PROJECTS BEHAVIOR
Anderson PROJECTS
Franz
a, To give each student an opportunity to do ’
an in-depth study in an area of his interest 61,1 46,7
b. To encourage students to formulate questions
for investirative purposes 38.9 60
¢, To further familiarize students with
~ research methods A bl 4 66.7
d., To enable students to practise methods of
proper scientific reporting Ly L 73.3
€, To permit the development of empathy with
the scientific researcher L4y 46,7
& 0 C2velop and encourage attitudes of
© "2ty and inquiry ‘ - 50 73.3
g T 2g2 a respect and feeling for T '
A ‘ngs " L 50 66,7
h, o . material supplemental to the . Not
Croavrs Listed 46,7
i. To e . w2 ef7ict or sclentific Not e
disco ‘Listed . 26,7
. To 7 "o~ » evaluate work of Not:
peerc Listed Lo
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such theorists as Kastrinos (1956), Stevenson (1928), and Richardson‘
(1959) and was cited as an advantage of tha projeot method ovef the

_ iecture method in the experimental research by Novak (1958), On the
other hand Ga(ne (1963) and Piaget (1952) have indicated basic
requirements which some secondary school students might lack for the‘
development of such skills;

Surprisingly, only 38.9% of the teachers in Anderson's (1972)
study felt projects provided an opportunity for the student to work
like a scientist Anderson noted that this may be dus to a lower
"number of 1nvestigative research projects in his rural population
and that there was some contradiction in the opinions of the rural
’teacherﬂ since they indicated achievement of the related objective
"to enable students to practise methods of proper scilentific
:A reporting . _ »’

_ -Also rated high 1n this inquiry were the 1tem "provides for
active involvement" emphasized by the theorists Richardson (1959)
and’ Duffy—and Putt (1969), and the iten "can be used to 1llustrate
biological principles emphasized by Chancey (1968), Washton (1967),
Mills (1966), and Scott (1962)., The concept of individualized

instruction has received recent emphasis in education, especially

N
o

along the lines of personal inveétigafions in scilence as noted by
Howes (1970) and Brandwein (1962), 1In thié inquiry 72.2% of the
teachers ranked this as being a high or very high advantage of
using projects involving insect behavior and in Anderson's (1972)
study 66,7% of the teachers ranked the concept as being one of the
most important advantages of-the project method., Both Foster (1970)

and Novak (1958) reported achievément of individualized instruction
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wlth the project approach in their experiméntal research,

It was found that 66,7% of the teachers in this inquiry
felt that the item "provides students with content of speclal
interest"” waé a'high or very high advantage of projects on insect
behavior, This contradicts tbe earlier consensus by these teachers
in which only 46,7% of the teachers felt fhat projects on insect
behaviog gave each student an oppoftuhity to do an in-depth study
in an area of his interest (page 99). 1In comparison, Anderson (1972)
found 72.3% of the teachers felt that th. item "the student can
learn content of special inferest to him" was of considerable or
very great advantage for projects'in general.‘ In this respect the
1 findings 1in this inquiry are also in agréement with the findings
ﬁy Dyke (1970) for mammals and of Jacknicke (1968) for local
resources as described on page 99,

A major orjéctive of the project meﬁhod according to
Kilpatrick (1935) was to lead the student. on to further knowledgs,
and Brown (1967) stated that the project ﬁethod stimulated research
améngst his students, H0wevér, only B4,47% of the teachers in this
,‘inquiry rated this item as being an important advantage of projgcts‘.‘
on insect behavior, Similarly only 33.3% of the teachers in
Anderson's (1972) study rated this agian important ad#antage of
projects in general, From these findings it would appear that the
stimulation of further research was not considered a ma jor objective
qof the‘project method by the teachers sufveyed.

The only other advantage rated low by teachers in this

inquiry was the item "develops techniques in using laboratory ]

equipment"”, Only 504 of the teachers in this survey and only 5 I
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of the teachers in Anderson's (1972) studyvrated‘this item as being

an important advantage,

Disadvantages

The major disadvantages of using projects involving insect
behavior indicated by the teachers in this inquiry were consistent
1th the problems usually suggested in the literature for any type
. ‘ :groject. Teachers felt that the most important problem was thé
- lack of proper e%gipment, 61.1% of the teachégs ranking this problem
as great or very great. Anderson (1972) found that 44.4%vof the
teachers felt this was a problem in projects in general, but one
teacher Is unaccounted for in his statistics, ?
Forty-seven pgrcent of the teachers in Dyke's (19?0) stud-
félt that the lack of fécilities was a reason why teéchers‘did not
"use live mammals, and L5% of the teachers in Jacknicke's (1968)
study felt that lack of facilities for collecting and culturing was
‘a reason why‘teachers did not use local resources, In the opinion
of the writer, the lack of facilities may prevent the implementation
of certain projects involving inséct behavior, especially in the
areas of rhr m.c behavior and responses to polarized light, but
even in these categories of behavior projects involving simple
equipment can be‘?onducted. Sample projects have been suggested
by the writer in_Cgapter VII, |
Fifty percent of the teachers in this inquiry and 61,1% of
the teachers in Anderson's (1972) study felt that the lack of
adequaie reference material was an important problem, Fifty

percent of the teachers in this inquiry also felt that projects




involving 1nsect beha?ior were too time consuming, Dyke (1970)
found that 77% of the;teachers felt extra teécher involvement was a
reason why teachers did not use live feral mammals and Jacknicke
(1968) found that 63% 6f the teachers felt the use of local
resources was too time consuming,

Fifty percené of the teachérs in this inquiry also felt
that 1lnsufficient teacher backg;ound'in collecﬁing and culturing
technlques was a great or very great problem, ”Similarly, Anderson
(1972) found 33.3% of the teachers felt insufficient biology
background Was a .problem in conducting projects and Dyke (1970)
found 30% of the te~~hers felt lack of teacher knowledge was a-
problem, Jacknicke (1968) found 63% of the teachers felt that
inadequate knowledgé of culturing teéhniques and 54% of the
teachers felt that inadequate knowledgse.of how to obtain‘living
specimens were important reasons for not using local resources.

On the other hand, teachers in this inquiry felt that lack
of adequate spacé,was a minor problem, only 27.8% 6f the teachers
mﬁthsM%Mm?@aSmmgaQ%twva@wtmwhmm
contrast to 50% of tge teachers in Anderson's (1972) study.
.Difficulty in culturing insects and difficulty in handling insects
were also felt to be minor problems by the teachers in this inquiry,
These views were also expressed by teacheré in studies by Jacknicke

(1968) and Kelly and Wray (1971) re ctively, The housing and

feeding of insects were also felt to be\uminor problems in the Kelly
and Wray study but the maiﬁtenanco over hoNdays and difficulties in
breeding were felt to be significant disadvantages,

From the results of this inquiry in comparison with the
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findings of other studies, the writer is in agreement with the
csnclusion by Kelly and Wray (1971) that one of the major needs 1is
the development of guides to provide teachers information on the
value and maintenance facillty of specific specles, The writer
would also éoncur with the conclusions 5y Jacknicke (1968) and Dyke
(1970) that there 1s a need to provide teachers with information on
the use of live organisnms, Furthermore, there appears to be a need
for the development of project guides for specific organisms and
specific topics to provide assistance to both teachers and pupils
in the selection of projects, Of prime consideration would be
projeéts requiring 1ittle need for reference material and equipment,
exercises that can be conducted within the time available to the

teacher, and organisms that are sasy to obtain and maintain,

IV, PROJECT CONTENT

Live Orzanlsns

It was found in this inquiry that the only teacher'not using
live organisms was a teacher having no background in biology or
biolpgy methods‘gnd teaching one grade temporarily due to excessive
blology enrolments, This kind of situatioé is unfortunate but is one
which nonetheless exists in the schools, Not only was it found that
94,47 of the teachers surveyed used live organisms, but 84,4% used
feral organisms exclusively or in addition to commercial organisms,
Furthermore, 78,6% of the teachers conducting projects in all three
biolozy courses reported that over half of their projects involved
live 6rganisms. These findings are in sharp contrast to Abbott's

(1954) observation that only-eight percent of the instructional
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methodologles reported involved live organisms,.Jacknicke's (1968)
observation fhat 64% -~ the teachers surveyed usedlldéal orgaﬁisms,
and Dyke's (1970) observation that 20% of the teachers surveyed used
iive mammals,

There are three possible explanations for the difference
betwoen the results of this inquiry and the results of earlier
studies. First, unlike the other studies, this Inquiry surveyed
only secondary school blology teachers in a small number of Alberta
schools, Abbott's study was conducted in the United States and both
Dyke and iacknicke included grade eight teqchers in their surveys.
Second, emphasis has\been p%ifgd on the use of live organisms and
local resources over the p&éflfive years, It may be that teachers
afe becoming more comfortable with ;hhz nethod of instruction or

_Rmore cognizapt of its value, Thiz -nd pefhaps of greatest
significance, is the fact that projects have become part of the
Alberta secondary school biology'cufriculum. Not only does the
pfbject method lend itself to the use ofvlive organisms, but the
.choice of ‘topics and the decision to use }ive or%%nisms is at %gast
in part a prerogative of the student. Prior to 1969 th%s decision
was probably one made primarily by the teacher. Furthermore, the
teachers in thils inquiry may have been better tréiﬁed in the use of
llve organisms and the project method than teachers in earlier
studies, ; .

It should also bé‘noted that despite the gﬁeater percentage
of teachers reporting the use of live orranisms in this inquiry,
thé diversity of organisms utilizedgby éach teacher and the length

-~

of time the orsanism was used was still low, This is particularly
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 Drosophila, 27,8% the use of houseflies, 27,87 the use of grass-
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.evident from the summary of results for specific sroups of orpanisms

in the precedins chapter, Furthermore, the percentage of projects

dealing with live orranisms varied with each rrade, beins hirhest

in Blology 20 and lowest. in Bi;lo&y 30, Thio may possibly be due to
the subject content of each grade. Since Blolosy 10 1is ah
introductory course teachers may foel that students iack ther
backsround for working with live orsanisms, Since Blolory 30 deais
largely with human physiolozy, a rreater number of projects in this
grade might deal with this topic and use man as the oxperimental

animal,

Insects

Althouzh 83.4% of the teachers surveyed reported having
used 1nsects durins the period 1959 to 1973, the 33,37 currently
using insepts at the time of the survey was probahly representative
of the yearly average, This is closer to Jacknicke's (1968)
observation that 45,5% of the teachers in his survey were using
loca¥“insects. Similarly, the finding of this inquiry that two
Insects in addition to Drosovhila w - 2sually listed by each
teaéher for the period 1969 t; 1973 1s consistent with Jacknicke's
finding that usually one insect was used per teacher, Furthermore,
although a total of 19 specieé was listed, each species was
usually used by only one teacher,

Out of the 18 teachers surveyed, 61,13 reported the use of

hoppers, 27.87 the use of ants, 22.2% the use of mealworms, and

18.2% the use of butterflies. In comparison, Kelly and Wray (1971)



found 72% of the schools used locusts, 64% stick insects, 42%
cockroaches, 347 bees, 165 mealworms, 13% Drosophila, seven percent
flour-moths, and five percent Tribolium, Jacknicke (1968) found

. the most common 1nseé£s used were the ant, bee, wasp, housefly,
butterfly, and moth.

The exceptional use of Drosophila in this study is possibly
related to the fact that it was used in two of the laboratory
nggcises of the former Biology 30 course for studies 1h genetics
- and was thus an insect familiar to most teachers and one probably_
recommended to students for projgcts involving heredity. AithOugh
neither Jacknicke nor Kelly and w;ay reported the use of aquatic
insects, three aquatic 8pecles were reported in this fnguiry and
27.8% of the teachers reported the use of general éollections of
1iving aquatic insects,

The majority of the insects reported were used 1n projects,
Vsupportiné the hypothesis that the implementation of projects in the
curriculum has had some influence on the utilization of 1living
organisms. Although Kelly and Wray (1971) found that schools
depended mainly on the purchasiﬁg of live organisms, including
insects, this study found that iny three species of insects were
purchased andfyhat 67.5% of aii.cases of insect utilization were
situations in which the students collected the insects, This is
lower than Dyke's (1970) finding that all live mammalé were broﬁght
“in by the students and Jacknicke's (1968)- finding that all local
\ organisms were collected by the puplls with only 18% of the

collections involving the teacher, but it is consistent with the

observation by both writers that the ma jor source of live material
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has been pupll collection,

All teachers using insects also reported attempts at
culturing insects, although only.607 of these feachers reported
attempts at culturing feral species. This is in agreement with
the finding by Kelly and Wray (1971) that the two groups most
frequently bred were insects and mammals, On the othor hand,
Jackéicke's (1968) observation that there was only one attempt at
culturing insects is considerably low, even if the survey covered
only. current utilization, Those insects cultured most frequently

were those used most frequently by the total teacher population: the

ant, Droso Hila;“houséfij; and mealworm, Usually only one culture was

maintained for each species uséd.

¥ Kelly andxﬁfay (1971) found that live organisms were usually
&sed immediately or maintainéd for one term, few orgénismé being
maintained for durations between these two extremes, Simiiarly, Dyke
(1970) reported that live mammals were usually usea for half a day or
for six months, It was found in this inquiry, howev ~. that insects
were usually used for much shorter durations, 45,6% .{ the cases
being maintained for one to four weeks, Th}s'again emphasizes the
observation that although a high percentage of teachers have
reported the use of live insects, in most cases this utilization has

been only for a short period of tinme,

Behavior

Current Investization

It was found in this inquiry that 72,2% of the teachers

reported the study of behavior-in their classrooms and that 76,%%
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of the teachers usiﬁg projects reported the inclusion of projects

on behavior. However, 50% of the teachers using the project hethod
in all three courses reported ihat projects on behavior accounted
fo: onl& one to ZQZ of #11 the projects conducted. Furthermore,

upon examining the organisms used and the'topics 1nv§st1g§ted. it was
found that a narrow range of organ. rs was' being used in these

projects and that a small number of aspects of behavior were being

investigated, &

Past Utilizatibn of Insects .

Of the 24 types of studies involving 1nsé&ts,‘n1ne of these
were directly based on beh&vior. The most common types of studies
were genetics (reported by 66.7% of the teachers), taxonomy (46,7%),
general behavior (46,7%), physiology (#0%), and social behavior
(33.3%). 1In comparison, Jacknicke (1968) found that the most common
uses of local organisms were for classification (71%), for using the
microscope (57%), and for manipulation of materials (28%). Dyke
(1970) found that the most common uses of small mammals were to study
structure "(50%), conditioning (33.3%), general behavior (33.3%), “and
feeding habits (33.3%).

In thié inquiry five types of studies were usually feporfﬁd
by each teacher and usually only one or two topics‘were investigated
for each'insect by each individual despite the great diveréity
possible for each species as seen from the survey of all cases of
utilization duriﬂg the period 1969 fo 1973. This is in agreement
with Jacknicke's (3968) observation that 43% of the teachers used

local organisms to investigate only one aspect of biology.



Sihilarly, each teacher used only one or two specles over the
period of five years covered in thisyinquiry despite the great
diversity of species that can be used for each topic, This is also
in agreement with Dyke's (1970) findings in which two or three
mammals were used h§ each teacher, These observations again
emphasize the need to provide teachers with information on the valus
and maintenance facility of 1live ors nisms as recommanded by‘Kelly
and Wray (1971). If a species is being mainbained in the classroom,
it would surely be nore efficient to use this species to investigate
a variety of aspects of biology. Furthermore,‘in the case of
traditional topice chosen by pupils, it would surely be more
11lustrative and informative for'the teacher and pupil alike to use
previous progects as references to investigate different species each
year rwt er than using the same spacles year after year, Maze
learning in the white rat and social behavior in the ant a.re two

such examples,

Past Utilization of Other Animals

- The utilization of other animals in the study of* behavior
followed the same pattern as was found for the utilization of

insects, Althoubh a total of 50 species was reported for the reriod

1969 to 1973, usually only three or five Specles were reported by

each teacher and 78% of the specles were.reported by only one

teacher each, Kelly and Hray (1971) ailso noted that although over e

100 species were utilized the ma jority were used by very few b/

schools., Since each species was used by only a feigteachers in this

inquiry, the proportion of the total number of projects for each
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'classificaiion does not necessarily represent the number of teachers
utilizing tﬁat group as shown in Table XXI, For example, although
invertebratesﬂaccounted for only 22.6% of the 93 projeéts reported,
55.5% of the 18 teachers reported utilization of this group,

It was found 1n>this inquiry that 66,7% of the teachefs ussed
live manmals and 22,2% used feral species, The mgst com;rlon mammals
were white mice, gerbils, and guinea pigs., Dyke (1970) found 20% of
the teachers werevsurrently using mamﬁals at tﬁe tiﬁe of her éur&ey
and seven ‘percent ;zere using feral specles, the most common mammals’
being white mice and tame rabbits, There are several possible
reasons for éhe hirher incidence of mammal utilization in this

' inquiry., This survey covered a period of five years and dealt with

one spec_ic use of mammals whereas the study by Dyke covered one year

F;nd-all uses. Furthermore, these pvo studies 1nvolved diffe;ent
grade levelé. Both studies do indicate an embhasis on commercial
mammals by teachefs. _

Similarly, it was found in this inquiry that 55% of the
teachers usea invertebrates, 44,4% used insects, and 22,2% used
platyhelminths., The clam, snall, and crayfish weré the only other

'1nvertebra£€sllisted and all three were used by one individual,
These findings areﬁqonsi§%ént with Jacknické's (1968) findings that
63% of the teachers used invertebrates, 45,5% used iﬁsects, and no
feachers used coelenterates, nemathelminthé, or rotifers, However,
Jacknicke found 18% of the teachers used annelids, 27% used
mollusks, 63% used protozoa, nine rercent used platyhelminths, nine
percent used arachnids, nine percent used chilopods, nine percent

used diplopods, and 27% used crustaceans, The absence or lower
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TABLE XXI

RELATIVE PROPORTIONS OF ANIMAL GROUPS .USED -
¢ TO STUDY BEHAVIOR

GROUP SPECIES PROJECTS . TEACHERS

NO, PERCENT NO. PERCENT® "NO. PERCENT
INVERTEBRATES 13 26 21 22,6 10 55.5
_INSECTS 9 18 16 17.2 8 L
™ Feral 7 14 12 12,9 8 Ly,
Commercial 2 L e 4,3 1 5.6
OTHER L 8 5 5.4 5 27.8
Feral 2 L 3 3.2 5 27.8
Commercial 2 L 2 2,2 1 5.6
FISH L 8 9 9.7 6 33,3
Feral 1 2 1 1.1 i 5.6
Commercial 3 6 .8 8,6 L 22,2
ANPUIBIA \ 2 I b 4,3 3 16,7
Feral 2 L 2 2.2 1 5.6
P Commercial Species
- Unknown 2 2,2 2 11.1
BIRDS 13 26 24 25.8 -5 27.8
Feral . 12 24 23 2k, 7 I 22,2
Commercial 1 2 1 1.1 1 5.6
MAMMALS - . 18 ) 36 35 37.6 12 66,7
RODENTS 11 22 23 30,1 12 66,7
Feral 6 12 9 9.7 L 22.2
Commercial 5 10 19 20,4 10 55.6
OTHER 7 14 7 7¢5 4 22.2
Feral L 8 L 4,3 1 5.6
Commercial 3 6 3 3.2 3 16.7
TOTAL ) 50 93 18

q/




i
percentages of these groups in this inquiry may be due to épe small
size of the population or because the survey dealt only with animals
uséd to study behavior, Furthermore, Jacknicke's study also
included teachérs of grade eight, |

Seventy percent (35) of the organisms utilized in the study
of behavior were feral species; but as was found for insect
utilization, most species were used to investisate only one or two
aspects of blology and an.average of only four aspects of behavior
were investigated under each teacher, Thus, despite the diversity
of aspects that can be investigated and the diversity of uses that
can be made of each organism) teachers appear to have concentrated
on only a few aspects and a few species, g‘his again indicates the
need to provide teachers with 1nformation on the use of live

organisms for more efficient utilization of local speciles,

Past Utilization of Plants

Thé/utilization of plants appeared to follow the same trends
as.was found in the utilization of insects and other_animals. Only
two specles of plants weré commonly'used‘by teachers and'?z.ﬂz of
the species named were reported by only one teacher each, Each
teacher used én_averége of only threegspecies of plants and only
two aspects of plant responses were investigated, Furthermore, all
of the plants used werse commercial species,

It would apgain appear that teachers have concentrated on
only a few species and a few aspects of plan£ blology, but it is
difficult to make definite conclusions in this respect siﬁce'this

inquiry investigated only one aspect of plant utlilization, To the



' 115

knowledge of the writer,'there have been no studies on plant
utilization in Alberta as of’this date, A study on the use of
plants in secondary school blologzy which may provide additional
insight into the findings of this.inquiry is currently being

conducted by Mr, Gary Schofield at the University of Alberta,
V. SUMMARY OF DISCUSSION

No evidence was found in this inquiry to support the
hypothesis that entomology background, recency of university
training, or the textbook used in secondary school biology classes
influenced the'content'or method of implementing student rrojects,
Teachers having taken a éreater number of biology methods courses
tended ‘to report a higher incidence of projects involvinp behavior,
insects, and insect- behavior; teachers having taken a yreater
number of university biology courses reported a higher{ffcidence of
projects involviné behavior; and teachers having less eaching
experience reported a higher‘incidence of projects involving 1live
organisms, Similar relationships were found by Dyke (19?0) for the
use of mammals but Anderson (1972) found no significant differences
in project implementation for these variables. This inquiry
supported Anderson's finding that more rural teachers than urban
teechers relied on concurrent implenentation and student choice of
projects, However, no concurrence"was found for the cther variables
7 investigated, indicating a need for further research in this respect

Both this inquiry and Anderson's (1972) study found tha't
the.most comnon form projects have taken was a combination of

individual and group projects, Both studies found teachers tended
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to allow students to choose their o&n toplcs and tended to use the
concurrent method of implementation, Fewer teachers were found to

be omitting projects in this%inquiry but 4#1,2% of the teachers were

found to be‘dovoting one week or no class time towards projects
despite recommendations made by most theorists,

Objectives of least importance according to o »s 1n
this inquiry were the objecti;es sugé;sted fgr Junior ‘on  “hool
electives, Those objectives felt to be of highest impor. ¢ -=re
also ranked high in achlevement by projects involving insect
behavior., The provision o% opportuniﬁies to do an in-depth stuc
iﬁ an area of the stﬁdéﬁtyé interest was ranked considerably lower
than in the Studies by Anderson (1972), Dyke (1970), and Jacknicke
(1968) but there appeared to be some contradiction in thé teachers'
opinions in this inquiry, Tﬁe highest value of projects and the
greatest advantage of projects involving insect Begavior according
to teachers 1n this inquiry appeared to be the deveidpment of the
process aspects of biology., The provision for individualiéed
instruction was also ranked high., Both the process appreoach and
the individualizpd approach towards science teaching has been |
enphasized by recent theorists in education, The na jor disadvantageé
+of projects dealing with insect behavior were felt to be the lack of
proper equipnent, the lack of reference material, and the extra &\\\
time involved. These were also felt to be considerable problems by
teachers in the stulies by Anderson (1572), Dyke (1970), and
Jacknicke (1968).

Although a higsher proportion of ;Fachers were foﬁnd to be

using live organisms in this inquiry than?in the studles by Abbott

.



(198%4), Jacknicke (1968), and Dyke (1970), the diversity of
organisms utilized by each teacher and the length of time th;
orgzanism was used was still low, However, in analyzing the
organisms. used and the topics reportea for the period 1969 to 1973,
1t is realized that four teachers had less than four years teaching
experlence and that this inquiry was limited to the utilization: of
insects and the utilization of projécts involving behavior, These
factors.may account at least in part for the low diversity of
organisms reported, ' The majbrity of the insects reported were used
in projects and collectedszb students, This suppprts Dyke's (19?0)
and Jacknicke's (1968) obsbrvations that the major source of live
organisms has been local collectioA by’students. In contrast to
the findings by Kelly and Wiay (1971) and Dyke (1970), it was found
in this inquiry that organisms were uséa for relatively shgft periods
of time, |

Although 72,2% of the teachers in this inquiry reported the
study of behavior in theii'classrooms, projects involving behavior
accounted for a relatively low proportion of ail rrojects conducted,
The low diversity of specles used by each teacher and the narrow
range of £opics investigated in connection with insect utilization
also appeared to be the trend in the investigation of behavior and 1n
the utilization of other organisms in this inquiry. Dyke (1970) and
Jacknicke (1968) also found that teachers were using relatively few
species and investigating relatively few aspects of blology. The
findings from these three studies support Kelly and Wray's (1971)
observétion that there is a need to provide teachers with information

on the nature and maintenance facility of 1live organisms,
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CHAPTER VI
. B
ANALYSTS AND DISCUSSION OF STUDENT INTERVIEW DATA
I. STUDENT AND PROJECT PROFILE

© Of the 18 teachers contacted in September, only two
requested the use of student guldes on insect behavior, and of the
elght students Initially interested 1n insect behavior only one
continued with the project to completion. The teachers involved
indicated that the main reasons for not continuing with the projects
were a lack of genuine interest in the project appro&ch by the
students and a preference‘for topics involving less experimental
research by those students who were not biologically inclined.
Fifteen of the writer's students selected projects dealiﬁg with insect
behavior, Hoﬁever, two students changed their topic after the first .
month due to a lack/;;\équipment needed in‘the project, Attempts were
made by the students to construct alternative equipment but interest
declined when these attempts failed, f

" The interviews conducted in December thus involved 13 of the
writer's students at the Crowsnest Consolidated, High School and one
grade 12 student at the F.P, Walshe High School., All 14 students were
girls, five enrolled in Biology 20 and nine enrolled‘in Biology 30,
TheseAih students were divided into a total of elght groups. The
behavior projects conducted involved six different project topics, 10
different adult insect species, and four larval forms as indicated in
Table XXiI. All insects were collected locally by the students with

the exception of Drosophila, larval Musca, and larval Calliphora.
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TABLE XXII

« >

STUDENT AND PROJECT PROFILE

STUDENT TITLE SCHOOL GROUP NO. GRADE INSECT
' GULDE (b)  NO., 1IN
NUMBER , GROUP
580 General Behavior CCHS 1 2 12 I'ornlca, Laslusj
(Ant) CCHS 2 1 11 Fornica, Thecabius
. . CCHS 3. 1 11 Formica
FPW - 1 DROPPED TOPIC
JTF - 2 DROPPED TOPIC
584 General and CCHS L 2. 12 Adult and larval
c Iechanical Dytiscus, Musca
Stimuli Iormica, Noctuid ;

o . moth i
5 1 12 Adult and larval °
A . Husca

585,2 Temperature and  CCHS 6 11 Adult and larval

Humidity © Musca
DROPPED TOPIC
DROPFED TOPIC

12 Drosophila

12 Adult and larval
Dytiscus, Musca,
adult and larval
Calliphora,
Coccinellid, and
Curculion.

58f Comparative FPW 5 1 12 Adult and larval
Behavior d Musca
(Grooming) CCHS 8 2 12 Coccinellid and
Curculionid

CCHS -
JTF -

588 Innate Behavior CCHS 7
53¢ Movement - .CHS 8

DN N PNWw

a Adapted from the Tertiary Fiecure Index, Department of Entonology,
University of Alberta, These guldes are described in Appendix VII,

b CCH3: Crowsnest Consolidated High School
FP 1 F.P, Walshe liizh School
JTF: J.T. Foster High School

¢ Thils group orizinally consisted of three students, Two dropped the
topic and the remaining student investigatedltopics 584 and 58f,

d This ~roup investigated poftions of : ;'~s covered in pguides 58t
and 58f.
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Drosophila wore purchased from a biology supply company and Musca and
alliphora were purchased locally, Attempts were made to culture all

.of the insects used,
Il. STUDENT OPINIONS ON PROJECTS INVOLVING INSECT BEHAVIOR

A flve-polnt Likert scale was used to grade studen&sopinions
on the advantageg and disadvantages of conductinc projects involving
insect behavior. Student responses were then ranked according to the

- total number of students that indicated the item was of high
importance or of very high importan?e, using the same procedure as was
used in the analysis of the teacher responses in thls inquiry in an
attempt to overcome errors of leniency and central tendency,

The:main advantages of projects involving insect behavior as
seen by the students in this survey were the followingz items: permits
the student to observe and develop an app;eciétion fdf life animals
(100% of the students indlcating tﬁat this was of high or very high
importance), allows the:ééudént to learn -content of special interest
(86%), and allows the student to learn cohtent relevant to hinm (52%)
Of least importance were the items "provides ideas for further
research" (only 29% of'the studenﬁs Indicating that this was of high
or very high inportance) and "allows the student to learn how to work -

“1ike a scientist" (21%),

The main problems encountered by the students in this inguiry
were the unavailability of adequate insects (50% of the students \
indicating that this was a great yroblem or a very great problem) and
the lack of adequate library reference material (40%)., The least

important problems reported by these students were maintenance of



TABLE XXIIIX

ADVANTAGES OF PROJECTS DRALING WITH INSECT BRHAVIOR
REPORTED BY STUDENTS

ADVANTAGE NUMBER OF STULENTS TOTAL RANK
INDICATING ADVANTAGE (ITEMS
1 2 3 4 5 4+5)
VERY LOW FE- HICGH VERY
LOW DIUM HIGH

a, Allows the student to learn

content relevant to him 2 2 2 L. 4 8 3
b, Allows ‘the student to study

on his own 2 0 5 L 3 7 b,s
¢, Provides ideas for further

research . 2 0 8 3 1 4 6
d. Permits, the student to

observe and develop an

appreciation for live

animals 0 0 o0 7 7 14 1
e Allows the student to learn

how to work 1ike a scientist 0 3 8 3 0 3 Vi
f. Allows the student to learn _ )

content of special interest 0 0 2 12 0 12 2
g. Allows the student to learn

how to use laboratory s

equipment 0 L 3 2 5 7 b5
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PROBIEMS IN CONDUCTING PROJECTS DEALING WITH INSECT BEHAVIOR
REPORTED BY STUDENTS

TABLE XXIV

¢ PROBLEM

NUMBER OF STUDENTS
INDICATING PROBLEM

GREAT VERY

TOTAL RANK

Lack of proper equipment
Lack of adequate space

Lack of adequate library
reference material

Lack of sufficient
biological backgrognd

Lack of interest
Too time consuming

Adequate insects were
unavailable

Insects were too
difficult to handle in

-experimerts

Insects were too

v difficult to culture

1,

M.

n,.

Insects were too
difficult to maintain
over holidays

Practical éxercises
were too difficult

Devising your own
exerclses was too
difficult

Prdject required too
much work

v
Too difficult to
regulate time properly

1 2
VERY LITTLE Mi-
LITTIE
7
14
2 0
2
11
8
I 1
2 4
5 3
11 0
5 6
5 0
6 6
6 3

8.5
13,5

8.5
8.5

8.5

8.5

12

13.5

122
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insects over the holidays (only seven percent ?f the students
indicating that this was a great problem or a very great problem),
lack of adéquate space (zero percent), and difficulty in conducting
the practical exercises (zero percent),

. The commgnts made by the students when asked to evaluate the
specific student guide they used are summarized in Table XXV. From
these comments it would appear that the guides were successful in
overcoming moéi of the problems inherent in the project method, The
two main values of the‘guides as seen by these students were the
provision of background information and the Provision of guidance so
that the students knew what to examine in the project. All students
indicated that the materials were -simple and easily obtained and that
few problems weré encountered in collecting and culturing the insects,
The exercises suggested in the guides dppeared to be wifhin the
capabilities of the students and the majority of the students
indicated that the research was interesting and informative, Students
also expressed a need for guidance in interpreting their findings,
All students conducted one or more of the extended exercises and the
ma jority of the students indicated that these exercises Added to thefr
‘understanding of the topic,

The ;ain changes suggested by the students were mechanical
changes based on the student's Personal experiences with the research
aspect of thé gulde, These cha§§g§_égg;yded/;iternat1ve procedures
the student had devised for collecting, culturing, and experimenting
with the inseéts and supplemental exercises that‘were not mentioned
in the guides, The only majgr ériticism was that the references

listed in the guldes were not avallable in the school library, Only



TABLE XXV

EVALUATION OF STUDENT GUIDES

ADVANTAGE NO, OF CHANGE NO, OF -
STUDENTS STUDENTS
INDICATING INDICATING
OVERVIEW
1, Provides information L
2..Introduces and summarizes 7
3, Indicates what to look for 6
L, Iniicates what is expected
of the student i
THEORY NOTES '
1, Provides information 6 1, Terms are too
: difficult - 1
2. Explains what to look for 7 2. Some sections
too complicated 1
3. liakes up for lack of '
raferences 1
MATERIALS
1, Simple 14 1, Additional
materials
suzsested b
.27 Easily obtained 14 2. Replacements
sugeested 2
CCLLECTION
1, Simple and easily 1, Alternatives
conducted 6 suggested - 2 "
CULTURING
1. Clear and easily 1, Changes in
conducted 10 technique
suggested 5
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TABLE XXV (Continued)

ADVANTAGE

NO. OF ~ CHANGE NO. OF
STUDENTS . STUDENTS
INDICATING INDICATING

PROCHDURES

1,

bxperiments easily

INTERPRETATION

1. Changes in

conducted 9 - téchnique
swrgested 2
Instructions simple ]
and clear 5
Sequences easy to follow 2
. Interesting 10

1, Explains what to look for 12 1, Too difficult 2
2., Keeps student on the right

track 12
EXTEN DD BXLROCISES
1, Added to one's . 1. Supplemental
understanding 12 exerclses
suzgested : 3
" 2, Precise and accurate 3
3. Helps students wishing to
carry on further research 1
RETERINCES
1, Gocd where available 9 1. Lacking in
library,
different
references
should be

listed that are
available 12

125



126

two students suggested a simplification of the content of the student
guldes, and all students indicated that the format and objectives of

each gulde should be left unchanged,

1

ITI. DISCUSSION OF STUDENT INTERVIEW DATA

Tﬁe teacher interviews conducted In the spring revealed that
only five projects were being cbnducted on insect behavior. The low
number of requests for student guides dealing with insect behavior in
September‘further indicated that this particular toplc comprised only
a small proportion of all projecﬁa that were being conducted. This
may be due in pért to a general lack of knowledge and appreciaiion of
insects as experimental animals both on behalf of the students and
the ieachers involved in fhe inquiry. Thié‘may also be due\to a
tendency to conduct projects on a more theoretical basis with emphasis
on library ;eséareh rather than experimental research, either because
of a lack of'intérest on behalf of the students or because Qi}a lack
.of emphasis on laboratory and field research by the teacher, This
tendency was noted phrticularly among rural teachers in the study by
Anderson (1972).

The influence of a teacher's attitudes and personal interests
can be seen in the higher number of students conducting projects on
insect beh;vior in the writer's classes, Nineteen percent of the
writer's students enrolled in Biology 20 and 40% of his students
en:olléd in Biology 30 conducted éuch projects although no limitations
were placed on the types of projects that could be investigated nor
on the types of animals or plants that could be used other than the

restrictions suggested for the humane treatment of live orgahisms by
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the Animal Welfare Institute (1960)., The writer's recommendation of
insects as e#perimental animals\and his own research in the school
laboratory probably accounted at least in part for the number of
projects conducted on insect béhavior. This transference of 1n£erest
and motivation, elther intrinsic or extrinsic; has been noted by (/
various educators, including Brandwein (1962), Halé (1967), Nay and
Crocker (1970), and Allen (1971).

There was a marked difference 1n opinlons between teachers and
students with respect to the advantages of projects involving insect
behavior, All students‘felt that these projects allowed the student
to observe and develop an appreciatién for live animals whereas only
61% of the teachers rﬁted this as being of high or very high
importance. ‘The'learning of content of special interest and the
learning of content relevant to the student were also rated hisher by
the students than by the teachers. However, since the students in \
this survey were motivated to study insect behaviorito begin with,
these respbnses probably reflected their bias and as a result these

~three items were llkely graded higher than they would haye been if
the general student population had been interviewzd,

Both students and teachers indicéted that the provision for
future research was of minor importance-in.these projects, The
least significant advantagze of projects dealing with 1insect behavior
according to the students in this survey ..us the item "allows the
student to learn how to work like a scientist", Ohly 21% of the
students indicated that this was of high or very high importance,

On the other hand, the corresponding item "develops skill in

sclentific thinking and problem-solving” was ranked highest in
N
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importance by the teachers in the survey, 89% of the teachers
indicating that this was of high or very hish importance.‘ Sixty~-
seven percent of the teachers also indicated that the development of
sclentific attitudes was a significant advantage. This disparity
between student and teacher opinioné may be due to a laék of
understanding-on behalf of the students, Students were possibly
unaware of the scientific procedures and attitudes 1nvolyed in the
projects, or they possibly did not realize that the problem-solving
exercises and the interpretations requiréd in these guldes were
aspects of sclentific research, This disparity also méy be due to
overestimatiop on behalf of the teachers,

In comparison with the students in this 1nqui¥y, students 4in
the study by Foster (1970) indicated tha£ projects allowed them to
progress at their own speed and that they had learned how to study
on their own, The learning of relevént content was noted as an
advantage by students in the surveys by both Foster (1970) and Cowan
(1967).% The majority of the students in the study by Hale (1967)
indlcated that they enjoyed conducting projects and that they felt
that they had learned worthwhile material, but a large minority of
the students felt that such activities were unproductive, In the
study by Anderson (1972), 463 of the students felt that learning
basic techniques of plant and animal care was a qgnsiderable or very
great advantage of projects, Sixty-nine perceﬁt ;f the students felt
that learning information. of special interest was a considerable or
very great advantage of projects,

The main problem identified by the students in this survey

was that adequate in»ects were unavallable, 50% of the students
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indicating that this was a great of®a very great problenm, fhe
insects recommended In the six projects conducted were the ﬁousefly
o
(Musca), ant (Formica), dragonfly, diving beetle (Dytiscus), phantom
midge, cricket, mealworm, milkweed bug (Oncopeltus), cockroach,

Drosophila melanoc~aster, and Drosopb;ia virilis. Of these, sﬁudents

were able to obtain houseflies, ants, diving beetles, and Drosophila

melanopaster, Although ¢gther species were avallable, it was found

that students were reluctant to attempt to obtaln local insects,
There were several possible reasons for this., First, witgmthe onset
of cold weather inéects were mcre difficult to find and s gﬂ;&udents

were hesitant/to devote the extra time and energy needed for

1
N~

collection, %urthermore, students lacked the skill and background
necded to locate these insects and prgﬁerréd to utllize the few
specles that were readily avallable. Third, the majority of ﬁhesé“
students had not conducted projects previously or had not conducted
research with live organisms, As a result, the novelty of this
4type of investigation~anq uncert;inty of the technigues involved

[

when working with llve organisms delayed research in some projects,

especially at the grad¢ 12 level,

The only othe major rroblem encountered was the lacktof

adequate library refefrence material, Althbugh the theory notes in

each of the stude uides provided sufficient informaﬁion for the

7 e project, students found it difficult to go

! -
possibly accented this concern by the students, Using the same

L
\

U
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method of analysis as was used in this inqulry for the findinés by
Anderson (19?2), the lack of adequate reference materlal was also a

ma jor problem reported by the students, second only to difficulties
involved in choosing a tople. Twenty-eigﬁt percent of the students
indicated that the lack of references was a considerable or a )
serious problem in Anderson's study (Table XXVI).

The other‘problems indicated in this Inqulry apply to the
project method 'in general, Twenty-nine percent of the students
1ndicated that lack of sufficient bleologlcal backzround, difficulty
in devising practical exercises on their own, and difficuity in
properly regulating time were problems, In the survey cor by
Foster (1970) students 1ndicatéd that they had difficulty 21lining
themselves, that they had to work harder when conducting projects, |
and. that they felt some of thelr classmates were too immature for
the responsibilities involved 1n such eﬁercises. Various theorists
referred to earlier have noted these operational problems and '
stressed'the need for teacher guldance "1 treining stﬁdents to use
the project method. These theorlsts lnclude Richardson (1959),

St. Lawrence (1968), Chancey (1968), and Thurber and Collette (1965),

Other major problems indicated by teachers surveyed in the
spring Included the lack of proper equipment, insufficlent teacher
backgrouﬁd in collecting and culturi;g techniques, and the fact
that projects were too time consuming (Téble XXVII), None of
these 1€ns were indicated as major problems by the students
surveyed ip ;he fall, supporting the writer’s earlier hypothesis
that these problrms could be overcome by properly selected exercises

and the use of student guldes providing the necessary background



TABLE XXVI

COMPARISON OF PROBLENS IN CONDUCTING PROJECTS

AS VIEWED BY STUDENTS IN TWO STUDIES

PERCENTAGE OF STUDENTS INDICATING
GREAT OR VERY GREAT PROBLEM

OBJECTIVE GENERAL PROJECTS INSECT BRNAVIOR
Anderson PROJECTS -
Franz
a. Lack of proper equipment 11,8 14,3
b. Lack of adequate space 9.6 0
¢. Lack of adequate library
reference material 27.9 42,9
d, Lack of sufficient
background 20,5 28,6
e, Projects required too much
work _ 23.4 14,3
- ”~
f. Difficulty in choosing topic 33,6 Not

Listed“




TABLE XXVII

COrPARISON OF TEACHER AND STUDRNT EVALUATION OF
PROBLEMS IN CONDUCTING PROJECTS DEALING WITH INSECT BZHAVIOR

PERCENTACE
INDIVIDUALS IN

OF
DICATING

Not Listed

PROBLEM GREAT OR VERY GREAT
PROBLEM
TEACHERS STUDENTS
a. Lack of proper equipment 61,1 14,3
b, Lack of adequate space 27.8 0
¢. Lack of adequate library references 50 42,9
d. Student lacks sufficient blological
backeround U&,h 28,6
e. Lack of student interest h@.h 14,3
f. Too time consuming 50 4,3
‘8. Adequate insects were unavailable 4l 4 50
h. Insects were too difficult to handle 16,7 14,3
1. Insects were too difficult to culture 27.8 14,3
Je T sects were too difficult to naintain
over holidays 38.9 p 7.1
. Practical exercises were too difficult * " 0
1. Devising your own exercises was too
difficult * 28,6
m. Projects required too, much work * 14,3
n. Too difficult to regulate tipe properly * 28,6
0. Classes are too large 44 L *
P. Insufficient teacher background in
collecting and culturing techniques 4L *
q. Inadequate knowledce of what insects
are available 38.9 *
*
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information, Only one group of students experiencedeifficulty in
obtaining proper equipment, This involved the construction of
speclal apparatus, a thermogradient and choice chambers fér studying
reactions to temperature, Whereas this group eventually changed their
tople, other groups using this guide avolded the problem by devising
alternative exercises, |
Both the students and the teachers indicated that the lack
of space, diff}culties in maintaining and culturing insects, aﬁd
difficulty in conducting experiments with the insects were minor
problems, Only 147 of the s’ ‘dents 1nterviém§1 indicated that the
projects required too much work in comparison ;ith 235 of the
students in the survey by Anderson (1972), Furthermore, the

evaluation of specific puides by the students indicated that few

problems were encountered in the collection, culturing, or

'experimentation aspects of the projects, Where difficulties had

arlsen, students were able to 3o Beyond the information provided
and devise alternative techniques and exercises, Students also
Indicated that the exercises were interesting and added to.theif
understanding of the topic and that the main values of the guildes
were the provision of backeround information and the provision of
guidance in experimentation and interpretation of the results,
Fron these findings, it wouldiappear that the use of
insects in projects offers several distinct advantages, Little
space 1s needed and simple and easily obtained equipment can be
utilized, Insects are relatively easy to maintain, cultﬁre énd
experiment with, and Projects dealing with insect behavior can add

to the student's understanding of specific blological topics,



Such projects can also develop an understanding of and appreciation
for live orpganlisms and provide for 1nd1viduaiized instruction in
toplcs of speclal interest to the student,

The comments made by students also appear to indicate that
students need assistance and encouragement in the collection of 1live
organisms and guidance and training in using th project method,

- Students also need background information on the specific tople they
are investigating and guldance in experimentation and interpretation
of tﬁeir results. The apparent success 1n overcoming or decreasing
these problems by the student guldes utilized in thls inquiry would
appear to indicate that projects on insect behavior can be
incorporated into.the current blology curriculum and contribute to
the educatlon of the student. Furthermére, the‘finqugs of this
inquiry wr1d indicate that the student‘s_background énowledge and
the stude... s ebility for formal operational thought as proposed by
Gagnd (1963) and Piaget (1952) are important{?ensiderations in the
implementatizk\Bf/{he project method,

However, in the analysis of this data, there are at leést'
two limitatlons on ¢he validity of any interpretations that may be
fornulated. Firs%, only 14 students were involved in the student
.1nterviews and only six of the 12 possible projects were evaluated,
These inierpretations can thus be generalized only to the extent
that other students and projects are similar to those involved in
this inquiry. Second, althouzh the purpose of the interviews was
explained to each student, the studénts may have been influenced
by the fact that they wers also belng taught and evaluated by the

writer, As a result, some students may have been hesitant in
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suggesting changes in the student guides or more lenient in

evaluating the advantages and dis advantages of their projects,
IV. GSUMMARY OF STUDENT INTERVIEW DATA

The low number of requests for student guldes dealing with
insect behavior provided further support to the wrlter's observation
that this topic was recelving 11ttle attention in the schools
contacted, Five Biology 20 and nine Blology 30 students conducted
projects involving insect behavior, utilizing six different project
topics, 10 different adult‘insect specles, and four different larval
‘ specles,

The students in this inquiry indicated that the major
advantages of project;'dealing with insect behavior were the items

"pernits the student to obs erve and develop an appreciation for live
animals” and "allows the student to learn content of special
interest", The learning of content of special interest, the
learnlng of content relevant to the student, and the development of
an appreciation for live animals were all rated highe=r by the
students in this inquiry than by the teachers, O0Of least importance
were the items "provides ideas for further reéearch" and "allows
the student to learn how to work like a sciéntistﬁ, Teachers
surveyed in the spring had felt that significant advantages of
projectsainvolving insect behavior were the itenms "develops skill in
scientific thinking and probiem—solving" and "develops scientifiqf,
’ attitudes", This inconsistency between student and‘teachef oplnions
may be due to a lack®of insiecht on the part of the students, or'due

to optimism on the art of the teachers.
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The main problems encountered by the students in this inquiry
were the unavailability of adequate insects and the lack of adequate
library reference materials., It was found that students were X
hesitant to obtain local insects if they were not readily and easily
obtainable. The lack of reference materlal was also felt to be a.
considerable problem by students 1in the study by Anderson (1972).
Other problems suggested by teachers in the spring were not
indicated as being maje; problems by the students in this Inquiry.
Both pupils and teachers indicated that lack of Space, hifficulty
in maintaining and culturing insects, and difficulty in conducting
experiments with insects were minor problems, The two main values of
the student guides used were the provision of background information
and the provision of ruldance 1in experimentation and intexrpretation
according to the students in this Inquiry, All students indicated
satisfaction with the format of the project guldes,

From these findings, 1tswould appear that the use of insects
in prgjects-offers several distinct advantages., From the commen+s
made by students iﬁ this inquiry, it would also appear that students
1eed assistance and eéncouragement in the collection of live
oxrganisms, guldance and training in using the project method,
background information on the topic they are investigating, and
puidance in experimentation and interpretation of results, . The
apparent success of the project guides in this inquiry Wwould indicate
that projects involving insect behavior can be incorporated into the
secondary school biold&y program, but it is realized that this

interpretation is based on a small sample of students and that it is

Probable that students were blased when the interviews were QL‘
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condubted althoush the Projects were graded prior to the interviews,
The findings of this inquiry also indicated the importance of student
background an!’ ability in Implementation of the project method,
although 1t 1is realized that this interpretation is generalizable
only to the extent that other projects and stusents are similar to

those involved in this inquiry,



CHAPTER VII
.UTILIZATION OF PROJECTS INVOLVING INSECT BEHAVIOR
I. RATIONALE

There are few who would deny the need to understand more
fully the roots of human behavior. The controversies aroused
by Konrad Lorenz' book On Aggression and Desmond Morris' The

Naked Ape reveal how little we know about this subject. This
knowledge can come only from a broader knowladge of animal
behavior generally than we now possess, And since behavior
evolves in and is c¢losely conditioned by the community in
which an animal occurs, it is fully understandable only in
an ecological context., It is this fleld--behavior and
environment, or ethology and ecology--that 1s truly the
sclence of tomorrow, .

This quotation from the entomologist H.E, Evans (1970)
reflects the underlying philosophy behind the projects suggested in
this chapter. The prime objective arising out of this philosophy
1s the dev. .opment of a deeper understanding of and appreciation for
the living organism. Students interviewed in thils inquiry indicated
that this was the mgln advantage o(\ignducting projects involving
insect behavior, and it is the contentlon of the writer that a 4.
student cannot Pbt&in a full understanding of biology without
wofking with live organisms. To truly appreciate the process of
life, a student must observe the entire creature as it interacts with
its environment and\igllow beasts, It i1s also the contention of the
writer that printed pa%es in a text, the irritating odor of
formaldehyde, and the crunﬁh of dried specimens are not the sights,
aromas, nor sounds of life, 1It, is only by studying live organisms

S~
in the classroom and in thé field that the natural interest in living

/
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things can be nurtured énd hopefully the appropriate attitudes tpwards

them.developedt

\ The second major objective of the projects proposed in this
chapter i; the dexolopmeng of skills in sclentific thinking and
problem-solving., This was the main advantage of projects involving
insect behavior as seen by the teachers in thls inquiry. Closely
related to this are two other objectives rated hish in importance
by these teacherss the encouragement of attltudes of curiosity and
enquiry, and the provision of practice in methods of sclentific
research and propér sclentiflec reporting, These three objectives
are. based oﬁ the philosophy that for a better understanding of
science a student should funcﬁion llke a sclentist, This philosophy
can be seen in the proééss, discovefy; and enqulry approaches
towards education, Educators such as Schwab and Brandw;in (1962)
and Parker and Rubin (1966) have suggested opportunities should be
provided for the student to emulate research methods of scientists.,

The 1aét ma.jor objective is the provision of content that

is of special interest and that is relevar- \ 2 student, These

(
two items were rated high in importance t - th' stiients in this

“Inquiry. Furthermore, the current biology < i .culum gulde for

:

Albverta (1971) suggests one of the purposes of projects is to allow
each student to do an in-depth study in an area of his interest,
Mény educators, from Ausubel (1964) to Postman and Weingartner
(1959), have emphesized the importance of relevance and imterest

in learning.

Each of these objectives has been selected from teacher

opinions on thé advantages of using projects involving insect

e
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behavior, or from comments made by students who have completed such

-

projects,

IT. PROJECT CONSTRUCTION AND IMPLEMENTATION

David L. Lehman (1963) outlined the following procedures for

tbe development of laboratory and field investigations in blology
courses, First, the specific téaching objectives and the content for
each Investigation should be operationally defined. The students for
whon the investiration is beins designed should then be assessed and
the appropriat?ness of each investigation in the overall course
sequence shoula be determined, Next, the organisms, equlpment, and
%aterials to be used should be identified, After writing a
prelininary rouwh draft outline of the invesﬁigat%on, the teaéher
should make a trial run of the exercise and then write the student
material in complete form, indicating the purpose, materials and
equipment} procedures, and guldelines for interpreting the results.
A teacher's guide should also bg written, indicating the major 1d9as,
sugrestions for teachinz the topic, and background reqding. Fin;lly,
a trial run with a group of students should be made before using the
project with the entire class,

These procedures, supplemented by the guidelines s&ggeéted
by Gilbert Chancey ( 363) for projects in distributive education,
werg used to develop the stucdent and teacher guides used in this
inquiry, The writer attempted to include 15 each student guide
both incisive and generalizable knowledge to assist students in
£olnz bevond tﬁe informatlon provided and in devising théir oWn

lines of investijation as .uggested by Gagné (1963). The overall
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design of these guldes is summarized in the Teacher Guide to Insect
Behavior Projects (Appendix VI). Student‘evaluation of the six ,
guides used indicated that.the format and content of the guildes met
their needs adequately., In particular, students indicated that the
guides»provided Information and puidance needed for experimentation
and interpretation of results, .

| Various authors have suggested problems that may arise in
the implementation of student projects, The main authors referred
to in implementing and evaluating the projects used in this inquiry
were Allen (1971), Richardson and Cahoo:‘b!§51), Thurber and Collette
(1965), St. Lawrence (1968), Ricard (1965), Coakley (1968),
Coutant (1956), and Miller and Blaydes (1962)., Valuable informatien
.can also be found in the guide for junior high school electives by
the Edmonton Public %chool Board (1970) and the guides for secondary
school blology and Science 11 by thewDepartment of Education in
Alberta (1971). |

From the evaluation of the projects used in this inquiry

and the writer's own experlences with these projects four main
potential problems were indicatedj$ First, some students experienced
difficulty in obtaining insescts. This prodlem was largely resolved
by the students by substituting other local species th&&\zgzg
readily available, This problem does suggest, however, that
teachers may have to provide some assistance or guldance in the
collection of insects, YcMullen (1964) and Beirne (1963) are two
valuzble and inexpensive resources for teachers lacking backeround in
thé collection of insects, and Needhanm et, al. (1959).provides a

comprehensive summary for the maintenance and culturing of most
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invertebrate Afoups. Insect; can also be purchased from the major
biologiq&l suplly houses, the two closest sources being Science
Borealls Limited in Mississauga, Ontario, and the Northwest
Bilologlcal Sup ly House in Victorla, British Columbia., Insect larﬁae,
particularly mgalworwq and maggots, are also sold in some pet stores
as fish food and in some hardware stores as fish bait,

A seconfi problem encountered in the use of theée guldes was
the lack of adequate library reference‘material. Although the
essentlal information was provided in the student guides,. students
who wished to gq heyond this information were unable to find
appropriate refe%ences. Since the majority of the students in tﬁis
inquiry were from the writér's classes, the problqm was largely
resolved by loaning texts from the writer's own Tibrary, The most
u;eful.references in this respect were found to i Carthy (1958),
Stokes (1968), and Kalmus (1948)., These three texts provide a
summary of invertebrate behavior theory, speclific expefiments on
animal behavior, and specific exﬁefiments with insects respectively,

The third problem that this, inquiry revealed was the need
for guldance in experimenting with live organisms and in interpreting
the results of the experiments, Students who were interviewed
indicated that this was one of the main values of the student
guldes on insect behavior, The writer also found that by providing
such iInformation in ?he suides, less guidance had to be provided
during class time ih}éeﬁiarison with those projects lacking such

,

cuidelines, X
| .
The fourth problem reveaied was the need for guldance and

training in usinz the project method itself, Althoush the use of
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student guldes alleviated this problem to some extént by outliningv
specific objectives and-procedures, frequent student-teacher contact
was still needed. This inguiry lends support to the previously
clted research indicating that secondary school students may still be
» at the stage of concrete operations andﬁthat sone secondary school
students lack the abstract thought required for the development of

hypotheses and the planning of sclentific experiments,
ITI. INSECT BEHAVIOR TOPICS

New lights burst forth: I received a sort of mental
revelation. So there was more in science than the arranging
of pretty Beetles in a cork box and giving them names and
classifying them; there was something much finer: a close
and loving study of insect life, the examination of the
structure and especially the faculties of each specles,

There are a wide variety of toples that a student can
investigate at the secondary school level to reveal this nature of
life referred to by Fabre (1912), the "Virgil of the insects", The
followinz summaries are a few examples of the projects developed
within the guide;ingshof_}‘ preceding rationale and éuggestions
for project Implementation, with emphasis on those projects that

Wwere conducted by students as part of this inquiry.

General Behavior

Studying the general'behavior of an organism not only
Inereases our knowledge of that organisﬁ, but is essential in that
1t. forms a basis and a reference for future Investigations into all

.other aspects of tﬁat organism's biology, One of the most evident
‘reasons for the study of general. behavior is that through observation

ofvthe interactions of an organism with its environment and with



other forms of 1ife, we obtain a better understanding of the entire
organism, Such observations also increase our understanding of the
processes of behavior, not just the behavior of the organism under
Investipgation, but also the behavior of related species and similar
forms of 1ife, This in turn increases our knowledge of the basic
principles underlying behavior, principles that explain the responses
and interactions of all forms of 1life from the unicellular améba to
the most complex of all creatures, man himself,

Furthermore, information obtained from research on general
behavior increases our understanding of the web of 1ife and the role
the organism has in 1it, undeistanding that man must have as his
ihcreasihg pqulation places greater and greater stress on the
intricate interactions of nature. Indeed, through the study of
general behavior we obtaln evidence of various mechanisms of
individual and species survival; problems that must be met by all
organisms, man included, |

A common project on general behavior frequently conducted
by students 1s the study of an ant colony. Three groups of students
studied ant behavior in this inquiry. One group studied the genus
‘Formica, one group studled both Formica and Lasius, and one group
studied the genus Formica and the aphid Thecabius, The projects
involved the construction of an observation nest, analysis of the
nesting material, and examination of the orsanization of”thé colony,
Initial colonization, individual behavior (running, feeding, cleaning,
and nest bullding), and soclal behavior (examining, licking,
aggression, food sharing, ereeting, and carrying) were investigated

also, Where appropriate species or castes are avallable, this
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project could also include mating behavior, egg laying, brood
behavior, and slave-keeping, Extended exercises for the more
interested student could include examinatlon of sense organs involved
in the beﬁavioral responses and examination of colony movement,
trail-laying b?havior, and the effects of the pPhysical environment
(such as temperature, 1light, and humidity) on nest activity. From
these observations students should be able to relate the various
behavioral responses to the anatomy of the insect, to adﬁptations
for species survival, or to both of these facets of interpretation,
Examination of the general behaviormof specific sbecies of
insects was one of the most frequently reported projects on insects
in the teacher interviews held in the spring. Althouvgh requiring a
more sophlsticated nest and sone degree”of caution, students could
also Investigate the behavior of soclal bees along the sam 'iines as
those susgested for ants. Students could also combine ecollosical and
behavioral” Principles in a study on insect success{?n. fne example of 0 .
. S
such a project would be the Investization of parasite and scavenger '
succession in cow-pats., One student in this inquiry combined the
study of ant behavior with the study of aphids, Hex research
included an examination of running, feeding, and examiying behavior
ratterns in the aphid beSides interactions between Formica and

Thecahius Ppopuliconduplifolius,

thtqmic Be%awior, “ndezenous Periodicity

Rhythmic behavior refers to behavior which occurs in a

regular cycle, either a long term cycle such as seasonal nigration or

mating or short term cycles such as dally patterns of activity and _ h
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sleep, These cycles fall under one of two categoriess exogenous

rhythms or endogenous rhythms, Exogenous rhythms are those which are
direct respq
C il
controlledf

gd when the organism is placed in new
hd1tions ’

N g )
Endogeﬁqg§_rhythns are those 1in which responses arise from

within the ~vganism and thus are not changed when the organism is
placed in new environments, This .ternal control mechanish is

termed a "biological clock", but how 1t operates 1s still largely’

,‘1

unknown, Some theorists claim the clock 1s "set" by external
stimull; others claim that it is controlled by the heredity of the
érganism. One area receiving considerable attention by Behaviorists
is that dealing with circadian rhythnms, endogenou;s rhythms }El_',j,:f‘g a
periodicity of approximately 24 hours.

Most experiments on rhythmic behavior in insects involve
complicated equipment or periods of tiﬁe extending beyond that
usually‘devoted’towards student projects. One exception is’the study
of rhythmic behavior in the milkw.ad bug Oncopeltus, .One group of
insects can be raised from eggs under a photoperiod of 16 hours light
and eight hours darkness while a second group can be raised under 10
hours of light and 14 hours of darkness with the temperature being
between 25 and 35 degrees Centigrade. Mating, feéding, and
oviposition behaviors of khe two groups are then compared, This
requires observations at two to four hour intervals to note the types
of movements, frequency of occurrence, and péicentage of insects

involved for each activity. By placing half the insects under



constant dark and half under constant lirht and repeating these
observations, students can also determine 1f the rhythms observed are

endosenous or exogenous,

Orientatlon, Kinesses and Taxes in General

Behavior is the result of information received by the
organism from both its external and 1ts internal environments, That
1s, 1t receives stimuli from both its surroundings and from its own
body. Responses to these stimuli are of three types, Tropisms,éfe
nonlocomotory responses in which the organism bends towzrds the
stimulus., Tropisms are usually used in reference to plants and
sesslile animals, Kineses are ﬁndirected locomotory reactions in
which the rate of movement or the frequency of turning depends on' the
intensity of the stimulus (Thorpe, 1963)., Taxes are directed
locomotory reactions towards,‘away ffom, or at a constant angle to
the stimulus, A movement towards a stimulus is called a positibn\\
taxis, a movement away from the Stimulus is called a negative taxis,

Almost any insect can be used to investicate fésponses to
physical stimuli, but species capable of perceiving a variety of
stimili and havine distinct behavioral responses make better .
experimental subjects, Noctuld moths are rarticularly suitable in
these respacts and the writer has had moderate success with both
adult and larval forms, Thigmokineses can te investigated simply by
touching adulfs and caterrillars with a blunt probe, dsing different
degrees of pressure and di- ferent lengths of contact, A whistle,

tuning fork, or oscilloscove can be used to Investicate responses to

sound, Orilentation and locomotor patierns in response to gravity
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can be studied in the caterillar simpiy by balancing it on a board
covefed with fine-grain sandpaper held at different angles,

Olfaction car be studied by placing the insects in a ¢lass
Jar connected to two other jars as illustrated in Figure 1. Possible
test éubstances include local flowers, crushed fruit, and perfumes,
Contact perception (taste) can be studied by suspending the moth and
touching the tarsus of one of the forelegs with molar solutions of
sucrose, gradually increasing the molarity until a response is
produced, To investipgate thermotaxes or hydrotaxes choice chambers
or gradlents are required. These can elthgr be purchased by the
school or constructed by the student, Several possible designs are
illustratqd in Filpures 2 to 4, Phototé&es can bg studled by placing
the 1nsects 1n an observation tray such as'a dissecting pan or an
aquarium, Half fhe tray 1is covered with black construction paper ang
the other half is exposed to a licht source, Students can then
observe the movements of the insects under these two conditions and

the final distribution of insects after a spacific period of time,

Reactions and Responses to General and Fechanical Stimuli
The‘mechanical stimull are those of gravity, pressure, sound,
and touch, The sense orzans that receive these stimuli are known as
mechanoreceptors, Almost any species of inéect'can be used to
investigatq‘ggiiwaspeqt of behavior, The insects recommended in the
student zuid; &giised by the wrlter were diving beetles (Dxtiscus),
houseflles (EEEEE)n and drazonflies, Two groups of students
investigated resbonseg to mechanical stimuli in this Inquiry. One

group used adult and larval liusca and one group used adult and larval

\
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FIGURE 1

OLFACTORY CHOICZ CHAMBER

The apparatus is clamped in a verticﬁl position for flying insects
or lald flat for walking insect=, The light may be used to attract
positively phototactic insects for quicker results, ;KFrom

»

Hainsworth, 1967,)
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FIGURE 2
< TEMPERATURE GRADIENTS

A. Copper or brass bar measures 1" x 2" x 15", After 10 minutes the'
temperature is recorded every two inches alorny the bar by settin~
the bﬁlb of the thermometer on the bar, (Described by Kalmus,

o 1948 .

B, Copper bar 1s 1 2 cm, X 10 cm, x 61 cm, The copper bar is graded
: An centimeters with openings for thermometer readings at even

. - . numbers on one side and at odgd nunbers.; on the other side, Copper
.~ ‘tubes are 30 cm, long with 9 mm, O0.D. and 6 ma., I.D. Copper tube
4 0 - 1s connected to a cold water sourcé’ ' The heating band is’connected
: : to a regulator. Insects are plagced in a glass or plastic
container above the bar, (Used by the Department of Entomology,
University of Alberta.) After W.G. Evans,
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FIGURE 3

HUNIDITY GRADIENTS.

‘A, E-tuba (From Hainsworth, 1967,)

- R

. B. T-tube (From Hainsworth, 1967,)
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CHOICE CHAMBER

Constructed of plywood and fine screen, 230 mm, x 120 mm., x 25 mn.
with a removeable 14d 120 mm, x 50 mm. Openings are 105 mm., in
dianeter and 7 nm, apart, Insects are Placed between the two screens
and the chamber is placed over the stimuli (such as petri dishes of
water and sulfuric acid), sed by the Department of Entomology,
University of Alberta,) fter W.G. Zvans,
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Dytiscus, Musca, Formlca, and Noctuid moths,

In addition to investigating respoﬁses to touch 1in these
insects, students also investirated the reiationship between flight
and tarsal contact by suspending gge insects on a match and touchlng
the tarsi with a sheet of paper. Many insects cease flight movements
" once their tarsl make contact with a surface. Respohses to air
gurrents (rheotaxgs) were investigated by directing a current of alr
to varlouxz parss of the insect. Responses' to sound were investipated
In liusca and adult and larval Dytiscus by noting responses to a
whigstle, tuning fork, and oscilloscope, Responses to gimvity

(seotaxes) were Investigated in adult Dyticcus by altewing itsf
buoyancy with pleces of cork and in adult Musca by observing
movenments i;‘a stoppered graduated cylinder, Students also

.examined the mechanoreceptors of these inscct& aunder a microscope,

The only major problem encountered by wt‘@roups was

suspending the insects on a match with wax, The insects usually came
out of thebether before the wax had hardened, Fast drying glues such
a5 those used in é;king model airplanes were used as an alternative

but the insects had to be destroyed after experimentation,

Reactions and Responses to Chemical Stimuli

¥

The structures receiving chenical stimull, collectively

known as chemoreceptors, can be distance receptors for olfaction or
A Y .
4

contact receptors for taste, These chemoreceptoré are chenically
sensitive cells or sersory hairs  sensilla). InséctS/with nouthparts
modified as a proboscis such as in the housefly or butterfly unfolg\

\

\
or unroll the probescis preparatory to feeding, This ‘response makes®

s
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them particularly suitable for experiments on contact perception.
The Monarch butterfly (Danaus) was recogmended in this project.
Conditioning, threshold levels, and summation of stimull can be
investigated for various chemical solutions by fellowing the
procedure described for sucrose on page 148, Comparisons can also
be made between insects wh;og»hqve been fed only distilled water for °
different intervals of time prior to experimentation,

Olfaction can be lnvestigated by using the choice chambers
11lustrated in Figure 1 or Figure 4%, Monarch butterfly larvae feed
on leaves from the milkweed (Ascleplas). Responses to these leaves
can be investigated in comparison with other local leaves or ihh
comparison with milkweed leaves treated with perfune, turpeutine,
sod}um chloride, or methyl alcohol. The more Interested student can
examine the chemoreceptors and attempt to classify the responses
observed., Responses to water could also be investigated unddr this
topic, Some of the more specific studies that ngh{ be conducted at
ths secondaryvschool~leve1 include odor perception in honeybees, .
sexual attraction in Saturniid moths, and alarm reactions and trail-

layling in ants,
kY tg.

Reactions and Responses to Temperature and Hunidity

—

Tna<sense ofﬁ;ns\>eg§iving stinull which result in responses

e

Nt

"; to,%emperature are collectively known as mechanoreceptors. Humidity

i

differences, on the otheT hand can cause changes in the physical

properties of struotnrés ‘and - thus stimulate mechanoreceptors, or they

-

can cause chemical changes and thus stimulate chemoreceptors, To

investigate these two aspects of the envi:onment, insects are placed
g , o
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~on the gradients illustrated in Firure 2 and Fisure 3 and thelir
initial movements are recorded, Besides\the number of ﬁnsects at
each point on the gradient over a serles of time intervals, students
can record the number of right and left turns if a choice is provided
for the insect. The housefly (Lu ca) was recommended for this
project, | |
One ¢roup of studenus completed thils project, &he ma jor
problem encountered was obtaininc_a thermogradient, both due to a
lack of materials in the school and a lack of technical ability in

r,’.

constructlion of the eqzigpent on behalf of the girls involved, * No
the equipment {llustrated in Fizure 2 could

sultable alternative t
be found and as a result one of the two groups bezinning this
investiration decided to chance théi? tople. The other group of
students nodified their *nvosti~atlgg by studyins the ﬂovenenf of
Musca larvae on three by five inch copper plates which had been
heated or cooled(ts sp;cific tenperatures, The responses of adults
wers {n wvestirated under constant tenp@r&tures by usinz an incubator

and a refrirerator, Students also attempted to study the direction

of movement and speed of Musca larvae by cooling one end of a glass

plate with ice and by hea ins one end with ana eleciric hotplate,
3esides studyins responses to humidity as described on the'preceding
raze, students also examined the thermoreceptors and hydroreceptors

of the housefly,

Peactions and 3@)D0ﬂ§°° to Visval Stimuli and Radizant Heat

Each property of 1isht provides specific information to the

insect, and as such, each Troperty provides a stimulus differing in
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behavioral significance .. om- the stimull resulting from other

properties, Most animals react to only one or two of these

propertles at any onevtime. Behavioral responses can thus be

reactions to the intensity of light, the direction of licht,

wavelengths, polarized 1licht, reflected lirht, radiant heat, or any
combination of these six proberties. The project designed for this

topic covered only the first three aspects of 1light and recommended

~using larval blowflies (Lucilia or Calliphora) and backswimmers

. (Notonecta),

Reactions and responses to light can be investigated by

‘placinv insects in anuobservation tray and exposinﬁ half of the tray

to lisht while covering the other half with black con°truct10n

raper, The types of movement, the structures used in locomotion, and
the flnal distribution can then be studied., The effect of wavelength

can be investigated by covering the tray with colored cellophane or

" by using photozraphic filters, By placing the insects in a beanm of

light from a desk lamp, students can investigate responses to the
intensity. and direction of licht., Using intersecting beams from two
laxps placed at different diétances and angles from the 1hsect, the
student can dotermine if reactlons are due to the "intensity or the
direction of the light., The time taken for habituation to tbe
stimulus and the yime taken for recovery can also be investligated,
Students/wishing a mere detailed analysis of#this éspect of
behavior COﬁid also experimeﬁt with insects which have been sblinded

H

by peinting the eyes with varnish, Students could also investirate’
1
reactions to s”udows and dorsal and ventral lirht reactions in the

backswinmer, 1Insects can be preadapted to llehe or dark prior to



157

experinentation and the responses of insects preadapted for various
lensths of time can be compared, Ho;e elaborate experiments going
beyond the information in the student sulde could include 1li¢ht
compass reacticns in beetles; perception of color in bees; and the“

perception of form, movement, and patterns in almost any insect,

Learning

Behavlor patterns can be innate or learned., Innate behavfor.
1s unchangzed by learning aud is Probably based on inheritance. Innate
behavior includes kineses, taxes, and instincts, Learned behavior is
based on experience and thus differs from individual to individual,
“Since experience and heredity interact in producing a response, many
behavior éatterns are due to a combination of both factors., Thorpe
(1953) has classified learning into the following basic categories:

1, Habituation: an activity of the central negi&us system
whereby there is a relativel& permanent decréase in
responsiveness to repeated s imulation of constant intensity,
This stimulus is relatively simple and 1is repeated fo; a
réiaﬁivcly lon: time without unfavorable results,

2, Classical conditioningx the association of an indifferent
stimulus (one not usually associated with the response) with
an uncorditioned stimulﬁs which produces a conditioned
response, If the two stimﬁli are repeatelly applied in
oveflapping seéuence, either stinulus will elicit the response
ol the other in tine,

3. Triai and error 1eafning: the association of an indifferent

timulus

ter a response has been made, Thorpe notes that
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trial and error learnin- 1s a form of conditlonins in which gt

the stimulus becomes associated with the response due to a

retroactive influence exerted by a reward,

b, Latent learnin-:: the acquisition of igfgrmation’that has no
immediate function but nemnory of this 1nformatiqﬁ subsequgntly
influences behavior, - ' \

5. . Insircht learninc: the sudden’ adaptive roérgéﬂtz;fion'oi b
experlence or the sudden production of a new adaptive reSponsg
that has occurred too qulckly to have been arrived at by
random trial and error learning,

6, Imprintines a unique learning process in which Youns develop
an association with others durlne a sensitive period,

Althoush Thorpe (1963) and Meglitsch (1967) cite examples of
learning in insects similar to insicht and Imprinting, whether insects
can learn by these two methods is still uncertain, 1In the project
desirned for this topic, conditioning in the mealworm Tenebrio $§
investisated, The mealworn is placed in the alley of a T-maze a;d a
1irht is focused on it from behind, If the mealworm turns into the
richt alley, ihe lisht is shut off and the Insect is allowed to
remain in the dark for a minute, If 1t turng inté:i?evleft alley,
the student can either focus the flashlight on the Insect until 1t
enters the risht al;ey or only until the insect berins to turn, These
are known as correctional and noncorrectional procedures respectively,

This exercise is éounterbalanced by havinrs an equal number of
lé}vae“choose the left arm as the correct response, xl-ht to0 10

trials are conducted each session, Polt (1971) surcests that thae

criterion for learning would be 17 correct responses out of 20,
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Students wishing a nore detailed study on 'learning can use two

groups of insects and compare correctional and noncorrectional
procedures, or they can use different intensitigs of liﬁﬁt. Multiple
cues can be studled by placing fine~grain sandpaper under one of the
arms besides usingz the 1lirht as a stimulus, Larvae misht also be

ralsed to determine 1f the learned behavior is retained as an adult,

Pzychle Phenomena, Instiqct and Innate Pehavior
Innate behavior 1Aciﬁ@es predetermined reactions to stimuli
and includes kineses and taxgé. Thorpe (1963) surrested that instinct
refers to behavior patterns cﬁaracterized by the following traits:
1, Instinct cbnsists of an Internal drive that differs from
psychological needs but whose 6;gration is largely unknown,
2, Instinct is innate in the sense that 1t is an imherited
system of coordination,
3. Instinct involves relabi:ely rizid inherited behavioral
responses wﬁiéh are common to all members of a species,
h;' Instinect invo? relatively rizid inkerited releasing
mechanisms such as hormones or nerve impulses,
5. Instin$£ive actions are usually initiated by complex
environrental situations,
Fannin- (1971) sur~ested fiat instinet can be initlated by simple
environmental stimull and he proposed that the orranism responds to
only one part of a complex situation.
‘gzsb\projeCt cévering this topic was designed tuv investigate
the fe@foductive behavior of the frult fy w&ﬁh reference to the role

- ;1':?
of reproductive behdvior as an isolating nechanism in the process of
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speclation, One group of students conducted this project in this
inquiry. Two major probvlems were encountered, Students were able to
obtain only one species of Drozorhila and as such were able to}
investirate the reﬁredugtive patterns but .ot their role Iw -,
1solation, Two different genotypes cuuld have been used insté d, but
students ran out of time‘before a second genotype could be ordeked,
Research was also delayed due to frequent contamination of the cultur

media by mold, lMuch time was lost in sterilizins the equipment and

establishins uncontaminated cultures.,

In thils project the sequence, itative aspect

o

quantitaé%we aspects of the various reproductive movementé of the
male and female were examined, These movements should then be .
compared with the movements in a dlfferent species-gnd then to thé
beha&ioral resporscs betyeen nales of one species and females of the
other species, To determine thé‘role of reproduction in isolation,
ten males and ten females of each specles éhould be placed 1in an
observation cace and the frequeﬁcy and types of copulas recorded, 3y
recordiny the frequency of couplings betweszn like species and betweeﬁ
different species and then comparing this with the behavior pattergs

of each specles, students should be able to determine the decree of

1solation between the two specles,

Cooxrdinated 3ehavior

Coordinated behavior consists of a series of simpler reactions
and responses related to each other to result in a unified act or
behavior pattern, The study of coptiirated bohavior consists of four

major aspectss the control of the bohavior, the variability of the
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behavior, the component responses making up the inteprated processes,

'P‘and the result or product of the completed act,

The project outlined for this topic was the study of

construction behavior in larval caddis flles. Besides examining the

process of case constructlon and the anatomical structures used in

bullding the larval cases, students could examine {1 111ty of
larvae to recognice their cases, the abilil: to‘repﬂTr the ~ase, and
the ability to use materials other than t- found the larva's

natural environment, The types of cases “ullt and the procedures
used by different specles could also be investirated, The project
could be extended to include an examination of behavior patterns
, related to the use of the case,
Other types of coordinated behavior that misht be investigated -

In insects include agzrression and territyriality in crickets,

e~

comrmunication in orthoptera, communication in bees, and socilal
““.behavior, Matins and feedine behaviors could also be studied in

almost any insect,

ovement

The project desi~sned to cover this toplc involved the
locomotion of the cockroach on land, the phantom nidre in water, and
the fly in air., One ¢roup of students conducted this project, using

- the heusefly (Muzea), adult and larval dlvins teetles {(Dytiscus), the
ladybiri beetle (Fanily Cocclnellidas), the weevil (subfamily

A“ /\_
Jurculioninae), and adult ard larval blewflies (calliphora), ,// ‘

rovement ongland vwas investlrcaled by examinin~ the walkinr

and climbin~ movements of the weevil and ladybird beetle, By cooling



162

the 1insects 1in the refrigerator, students were -7 0 examine the
Sequence of le:: movements for both speci-s, T~ - & by which the
weevil was able to upri -t itself when tur over on 1its dorsal

surface, the mdvement of the weevil in response to air currents, and
the movement of the ladybird beetle 1n response to rravity were also
investirated, ' |

| Swimminge movements were examiiAd with the adult and larval .
diving beetles under room conditions and by slowin~ the 1Insects down
Wwith ether and lower tempeiﬁﬁﬁfes. Differences in sypeed and stride
intervalsAWfre deternined }o both terrestrial and aquatic species,
The role of specific gravity was investicated by placinc the adult
and lérval diving_beetles in sucar solutions and the rolec of pressure
was investirated by placing them in a craduated cylinder sealed with
a rubber mendbrane to chanre the pressure, Movements in regponse to
sound were also investicated,

Flirsht was investirated by suspendins the housefly and the
blowfly on a strinc and notine the efrect of tarsal contact on wing.
movement as described on pase 153, The effect of air currents oé the
direction of flicht, the duration of flirht novenents, methéds of
com:éncinr fli-ht, and nothods of landin; were also Investirated. _ .
The pattern of wing movement.was studled by usine a’'strobofla-n,

With the 1icht flashins at a frequency slishtly faster than the
fré;ueécy oflthe winebeat, the vincs appeared to move in slow

moticn, This allowéd the students to examire the patteiy of movement

and chanres ih wing inclination,

]
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Commarative Behavlor Studies

An analysis of behavior patterns exhibited by different roups

can emphasize any one or more of the followlns purposes:

1. To &stablish ruldelines for reneralization of concepts,
2. To determine the relationship between structure and function,
3. To detérmine the derree of similarity between proups and thus

thelr possible taxonomié and evolutionary relatlonships,
4, To determin® the role of the habitat and adaptation,
5. To determine the relatlonship between components in a

bch;vior pattern.
6. TQ deternine thg control of the behavior pattern.

The project deuidhed to 1llustrate this aspect of behavior was
based on éxperiments on groomins behavior conducted earlier by éhe
writer, The recommended insects were the Amefﬁcan COékroach, German
cockrcach,‘house cricket, mealworm”beeﬁle, ; ieed bu-, and the
Héusefly. One student investfﬁatéd this torie, usine the housefly
(§2§gg) and emphasizinsg purposes two and{quf ‘above, ’The insect vas
éooled in the refri;erator and then coveyﬂdswithvchalk dust, The
structures us2d in cleaningg ﬁhe sequenc#, frequency, and duratlon of g
each movemert; and the thoroushness cof éleaning were recérded. In
interp;eting.these observations, the student attémptediio relate tHe
énatomical structures and their functiocns, She also attempied to 8
relate the entire behavior pattern to the habitat and the oth‘er 111‘8' é}‘
processes of the insect, | ' |

The‘student also supplcmeﬁted theese obsérvations by o
investirating the reactions arnd respouses of adult and larval

houseflies to reneral and mechanical stimuli as described on race ,



148, Almost any of the precedlng sections can be molified into a

comparative behavior sﬁudy by chanring the emphasis of the

4

interpretation to achieve the purpuges listed an the preccding@pgge,.*

A

The group: of students studyins insect movement also investinatei$
. : LA

y ~roomins behavior ﬁith emphasis on the»componen£ stapes of the

behavior pattern.' Cleanins mOVETuntS 1n the w vi] 1nd the lad,bird

N

beetle vere compared by this group.

IV, COLLECTING AND CULTURING INSECTS.

“successful culturln" of animals, These . @nts are the

“ !

provisidn of focd, proﬂbctibn from'enemiu Jdtabvle puybical
| envifonment to maintﬂ*n the individual and Bucces sive rénorations,
and sultable c0pditions for roproductlon,, To prov uLfese»?

neceo%ifies, the teacher orr otudent ,must. have some knonled*e of the

natural hﬂbltxuyand llfe his Lorj of tne ors anism dhat is beina

cuLtured. 1here arp ndm§r0us refernnceu available to assist the
s

teacher in thqﬁa,iiéption and cxlﬁurin@ of *nsacts (Appéhdix.XI).

In thf& inquiry 10 insect sbecies were maintalined by students

(Tablé'XXVIII). *n averase of two cultures were maintained for each

.

speclies with an avera-e of 12 insects per culture, The ‘insects were

larval staze; The follewins procedures ‘aré those used by the
' B N ) ". . N

' “ . W
students inm thiw ingquiry, .

Ore .-roup of stulents purchased a dozen blowfly larvae from .

- [

Needham (1059) nu"'e°ts there are four baslc requirement" for

‘maintained rom two te 12 weeks and four spedles were raised from the

164
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TABLEE XXVIII -

3 ¢
.{: -;"‘5‘

INLugCTf COLLE CTrD AND CULTURED FOR STUDENT P} OJL.CTu

T

SECT STAGE AVERAGK AV, NO, OF . L<NGTH OF
NO. OF  INDIVIDUALS FAINTENANCE
"CULTURES - *PER CULTURE (WEBKS)

C‘ﬁﬂg hora From latva * . . . :
(Blowtly) to adult | 1 R ¥ 6 , .

Coccinell td B ‘ , , W
(Ladybird) .. - Adult . S

v
Curculionid ~ E
(Weevil) . Adult

-t oyl -
Dresophila ¥ R ea e 2]
rolano-aster From lapva ‘ . IR Ja

(Fruit Fly) to adult + 5 % 257 7 12

" A
oy . afde
Dytiscus | - Fromwdlarwa = = = : . i
Jater Beetle) to adult . 2 3 : 8
. Formiea *. .-, '~ e ‘
“(Ant 3 ©o20 12
‘ i N ‘ o o
Lasius L
A nt) 1 "r > Qé & Lo

) Fusea domes tica Adult : 2 o~y - 2
(Housefly) . Larva to - oa o

Noctuid ‘ ; 4 o
(Moth) ¢ Adult | - 1 . 2 . 2
Theeabius ! D ' S Lo
povuliconduplifolius _ .
(APhid) - ~Adult 1 - 15

: , .
RN : o o«
: o
:
.




v
- i),

a local hardware étore. The 1arvao WdFL mxintained on fresh beef

v

1lver in o ‘ong~-pint culture howl cor*aixinr two 1nches

of sawdust,

mesh screen, The uawduot waso moi&tened and the livor replaced

larvae escaped throwh the cheesecloth 1t was repTacm1Q§ith a fjne

The cultnre bowl was covered with cheesecloth at first but when the

dally, The larva® bei?n to pup&te in the sawdust three days after

o

beins pnrchusnd. Adults bp»nﬁ

“~
to emerie 18 days after

the larvae

had teen purchaked and 1t hiﬁ“®0~days %3l 12 larvae had pupated,

L

.

for a}pro\imately three wcckg.f )j this time the studesps had éﬁ?

-' )

conpletod theif ) progert and . fhe LTO”flieq were disno ed of
g

3
- N . A ‘\(& 1 o

. '

~ 2, A o

R Wb . a .. K g
U 8T oceine 1140 and Curculgowﬂd Zeetles ¢

v ;(Aumily‘ﬂqﬁcul%o ‘ac, Jubfamily‘Curculieninae) were colldcted)

s

oince

locally,

R

Sy

tve projects,

. . B o
- Trotoshila n2lano-actor (Troit ly) '
' ) o

-

R
i

SUPPLy house, The fruit flies wers cultured in balf-pint nilk bottles

R . . . .

con*ainin- one ineh of nedia,

xilllilters of distilled water, 20 millilite 2rs of corn syrup, and 2. 5

nilliliters of Zacto-Arar until the mixture was clear,
. -

L *added 35 srans of corn neal, 1Qﬂ/;illiliters of distilled water, and

.

< ' ‘ 5

. " . (“\

@

Led

o “"‘

Were u nknown, thnsb

The nmedia was nade by heatin- 175
.- ]

To this wa

S

i °’°"”' .
T The.adults were fed a molutégg \gfiny of )O milk and 50% water
. W, ‘

63‘ ‘

’ * Cne roup of students purchased fruit flies from a commercial

v
.

o Two 1@? yhird Leetleo (ramily uorniﬁkflidac) and two weavils ..

)
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0.k wms of sodium proplohate. The medla was heated further
unt 1t beran to thicken and 1t was ‘hien poured into the culture
N g N .

les, ~ PR

Five cultureq were Wﬁintt;ned continuously for approximately

& ' :
L2 wee s, The adults were fed daily with a few drops of suspension
consistihg of '10 prams of yeast, 10 crans of clucose, and 90 milli-

n

liters of distilled water, The only problem encoun‘ered in culturing

<

a

these iansects was contamin; ion ‘of“the medla by mold. . It was
' S b
necessary to sterilize jtie culture bottles before fhis problem was
. S . owt - ' ¥ W%\
overcome, One culture was maintained,after the-projects were. ud

cownleted for student use in &he "gfshj semester, Increasing the % ,
3
anount of mold inhibltor (sodiun propionate) to 1.6 grams dcldJQd the * -

formation & mold by at least t}rpo ke°ks in thése cultures.

D;tiécusC{Divinr Beetle) ' , - .

N y : : ; '
TWwo proups of students collected divins beetles from loeal
: A3 : :

ponds by usine dip nets made by the students from heavy wire and

. ”, A a

canvas  Two larvae aad three adults were collected, The adults were
v ' -

maintained in o hnlf—rallon battery jar containins pond water and

fed comhercixl FOLifiah food )hn th ree, adults died after
I's . ~ , i
qpp:oxlpa,ely six WEeﬁs. bince divin: beetle larvae are catnigorous
o ~ "
thpy were maint@ined in tHO sppar&te Jars of pond water, They vere

fed IObully'COlleCupd freth -Water crusuaﬁei and both develoged intd

o

adlilts -af fier approxinm teIJ one ronth, Th,oe were mainbained for‘an

adaitional nmonth before they died.
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Formica and Lascius\zkhvs)

Three rroups ofﬁétudenhs studled the yenus Formica, each grroup

naintaining a cultﬁre oﬁ;Lpproximately 20 ants for a period of 12
— weel: . Althourh it was suyuested in the sﬁudent ruldes that all
sthre‘ should L2 collected, students oetained only adult specimens;
S One froup of otuuents UQLd a commeré111 formicarium, one used a
‘%ﬁoldfish bowl approximately half a ~allon in sizey and one construcfed
a nest from two sheets of plate glass and plyweod. ‘The nests werd®
derkened with black construction paper. Drinkin- water was provided.
by using several sections of molstened spoﬁge. food included dead
houseflies; fresh apple* tﬁd bananasy and a dlet consisting of

equal parts of surarf e'v whjte, and melted butter,

S R Students found t the main problur» encountered inw : s
‘ ))ﬁ " \ . %
-the'ant»’were dehydration of the nest and the development of® skl

.

" wasre the prepared dlet had soaked into the .nesting material

\

Attenpts +0 resolve this problem by providing the foo in shallow

3 dishes»was unsuceessful ui’rce the anto overturned the contalners,

-~

Saturating pleces of“bre@d ﬁlth this solutlon was found to be a more
h ]

'successfu} tecﬂnique provided that excess”food Wasyremoved peridod-
. ' o ‘4 3 -
lcally, A% the comedusion of their projbets, two groups of students

~continued to maintain thelr cultures at home, The third culture was

3 ii maintained by thg writer until the spring semesﬁer and it was then ~ '5§;%:f,/
utilized by a sroup of stmdentggstedying learning behavlof. 4;
.ﬂ;:?iguﬁﬁ}A , Oﬁe‘*roup of st ‘*'~éﬁh3ying th2 general hehavior of
?cfmica also attempted to study the ;eneral benavior of T#sius.

Approxirmately 20 adults were housed in a comnercial formicarium but

\

all died withlin four weeks., This may possibly have been due to

-». -

1)



dehydration or starvatlon since the students were neglizent in

feedin~ the insects and maintaining: thé humidity of the nest,

“t
Musea domastica (Houoefly)

Two groups of students maintained adult houseflles and two

. ‘ ( , N
croups of students raised houzizflies from the larval:stare, The

larvae and culture redia were pnrcha edﬁfrom local hlrdware otoreo. g

-

The larvae were maintainod infhc f—pint culture bowls covcred with

ch;eséclbth% Ono proup of stuqe1£“ incubyted the cultnre ai 8¢ -

.u

de&%ées Fahrenhelt, Ohly four out ka&he 12 larvae dp £lcped Into

adults after 11 dayo of’ incuhrtlon, possibly becauso the mudium

’

Ly iﬁ,the incuhator, 30pﬂ groups of students

'9; at roon ‘ﬂgﬁanxture (upnroximafoly 70 decrees

T“a.hrenheit,). nﬂ- 0u1ture uontainﬂd approx1nat91y 18 larvae and all

pupated within 1% days, &

The adult houseflies were housed in half-~allon battery Jar°

hal f~’111rd wilth sawfust, They were fed a solution consisting of 507
A%

/ ‘ S

m%lk and 501 water, Yo eros were obtaired durirns the time the adults

ére maintained, Sirce the 8iluted milk quickly turned sour and had

to be replzced daily, the fllms were dl,poued of a. coon as ‘the
_ -
students conpleted their experiments, The onl rrovlem encountered’ ;\
3 ‘ ‘ ) C T
In rzisir;: houseflies waz in trar: sferrin- then fron tne stoed bottles,

3 N

The ¢hcaze of flies can be avoideﬂ by raisins the adults in quart -

-
PERE AT ) . . Ce . :
#iigk bottles covered with ble cﬁsyo?:LrLction Trater. Since houseflies

are poiébively mototactic, they can be atiracted into a collecting
jarhwith_a lirsht, & damper could be placed between the %tock bottle
i .

ard -the collectins jar to nake this trunsfer aasier, .

Lo . v

A
Y

N | \
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"~ Foctuid Moth

Two moths (Family Noctuldae) were collected by one group of

Sy
: N =) [
. "~ students., The'insects vere naintained on suzar water and housed in a
hﬂTf—rallon ba Lery'jar containin~ reranium leaves to provide tLhe

inseofg FOlllJe in whiﬁh to wide, The moths vere maintained for only

'3 }'

N
two weeks, both beoominn casualties in >ulu—quent experiments when
p students attempted to suopznd them on throa&s wi*h melted wax,
N 45" "
qhan biun Prh:1§00n| dlifcl{us (Poplar Aph}d) L o v . ‘w,:
[z : - e : '

One studeq# gttemp+ed to study aphlds in connecbion with her

A o
.qtudy of 1nt %@havior.» Deer Ivy plants contuininp aphids were plaCLd

o

in a’ cardbou*d box beside th P)th nest with ranaJs brovided betweén

the nest.ghd thé pgtted'plants. TA1l 15 aphida dicd within four

weeké;xpoSéibly due’ Lo the lack of ‘an 3ppropriate host plant, ItM¥is

noted in Needham (%959),that'n6 artificial method for feedins aphids
as been found, ¢ - L Fnde | :fg

3§ .»‘:;’-: e - N
V. HEW@E&WNWS)
. %
The ultjmagg_:oal of this inquiry as indicated on page 4 was
to formulata rezbmmenvlbi)no onrthe‘implementation ggd orranization of

" L

prOJac+° dea11r~ with 1h sect behavior tb assist tedchenrs in. the oy

<utilizatlon OfAliwlﬂE orsanisms in their claséroom Ixsjructlon, From
the information obtained in thevinterviews with teachers‘and with
students, and frow the 1Mp1erentation of such projects, the writer:

would propose the followins recommendatiocns,

First, teachers. s! ould’ havo a clear set o” objectives for

conducting projects and these objeotives should be made clear to the

-z

_—

o . | o o : S

/
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students, 'Hn;’flve ma jor objectives founi to be most important by

the students conducting projecta on 1nsect'»ehavlor or found to be
most flrequently achleved by these stﬁiﬁnts are Indicated in the first
ection of thils chapter,

Second, the objectives of each particular topic under

P

1n§estigat10n should be clearly stated so that the student is aware /<EQ
of tﬁe purpose'and~thé nature of his investiratlon, Tt was found in
this Inquiry that these objectives could be incorporated into th§
overview sumnarizin- the content'of the student guidé.

Third, to ensure that students have siven some foret thoueht to

the selecbion of;;

to prepare a pfelbﬂa‘;
completineg urh a lorm\fh‘ studeht 1s made awave of *he potential

iroolnn areas in his rescarch, Furthermqore, teachers can deternine

if the siudent understands the objectives of the projebt and 1if the -
studeﬂt 1is aware Qf'the teacher's expectations.

Fourtlr, student r~uldes. should be provided for each topic

bein~ investirated, Contained If“the ruide should be = summary of .

o g

.....

the back:round theory, an' o ufline of Anitial procedurez, and
SUS:%@%ﬁgzlires of intenpreta,lon. ctudents in this inquiry irdicated
LT . N - ' .

e . . ' t
that this wa$'the Gcreatest value of the student guides and the writeg
. ] 7 . .

found. that less assistance had to'be givézﬁduring class t;me to
students who used such‘guides.- ‘ _ ‘

ifth, studentéQEhOuld'be.#iveh sane fuidance inhusing the
rroject methbd, partiéuiarly if this approach is new to *hem., Train-
in% and experience are necessary for the student to learn how to

reculate time to advantare and ‘o lgarn Fow to cogduct valid research

%
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in the laboratory or in the fileld, Both uagng (1043) and Kilpatrick
: ' .
(1935) have noted this need for puidance if students are to conduct

Investisative projects, Pil"e* Q;QE’) has noted the Importance of

considerin« the developnent of 1hv0ﬁtiracive abllity in the child,
and Inheldeyr and Placet (105%) have Indicated that the are aE‘hhich

~ ¥

W
Sixth, students need assistance and encouracrement in the

this ability occurs 1is varlable,

collcggion anl utilization of local or:;anisms, Teachefs should alert
students to pessible sougces of 1live orranisms and to marticular
téchniques for collectiog, or the school 1ibrevy should contain
appropriate refercnée»texts outlining such informution.

Seventh, teachers should ensure that adequate library
reference materials are available to the “tndéht before the project
~1s bersun, especially if the siudent is conductins projects for the
first tiae, Althouch the backfroﬁnd theory provided in the ‘student
cuides alleviated “his problem to sone extent, it was found that |
additional refegences vere nee@g%'ﬁor the more interest. - tudents,
It was also found that siudents Who werz more skilled and -)nfidentpiﬁ

the research agpaqts of the p*ogsct methed nhad less need for ,
N \-‘ i b e

UPPWem““tll information, § ‘
. . A~ . .
Eichth, the ormanisms used in projects should be readily— o,

wviis ble, e easy, to aihtaia 1r1 Pnluure, andi easy to expﬂriment with
I Lermore, +H§\re"von ses of the orranisn should be relatively

2 and within the student's ability to interpret, Students 1in

&
this inguiry indicatsd that insects met all of these requirements,

Those that are rarticularly suitable for7investigatin; behavior have

been indicated earlisr in this chapter, : .
" - ' .
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Ninth, the experiments to be conducted should te relatively
simplg and within the student's ability to coﬁduct and to interpret,
Insophisticated equipment and a minimun anount of space should be
required in such experifents, From the findings of this inguiry

projects on insect Lehavior appear to nect these requlrements well,

Few problens in experimentation and knrerpretation were encountered 2
in the six toples investi—ated by the students in this inguiry, The
exercises which in the view of the writer can be conducted-at the
secondary school level wilth a rminimum of difficultx have been
<outlined in this chapter, . - (/-/ _ y
‘ \ i
- _/ ~
vI. @biany o " TZMCT UITLIZATION
E ‘!’ e )
- v-‘4 1"\“ i~ TN

The five main Ob§§bp§Vk s+ of projects deﬁlinj Wwith Iﬁsébt
hbehavior as seen bg the teachers and students interviewed fn this
inquiry were the Followin;‘}tems: the development of a deeper
understandins of and ap eviat;on for the.livin- 6ruanism, the

~ EREY

development of skills in scientific thinkine an? problem~-solving, the

encoura-erent of attitudes of curi0§3iy;aQ§fQMqui:¥J'the provision- of

practicz in metapds of sdientific'reseqrch nd proper sé&fentific "
r@portir(¥>bg& the provisicn of content that is of special interest: .
‘ » - » .
.6_ »‘! ~ . Y .
and that 1s relevant to the student.  The procedures used, for
- " . . _ . -4 :
. Al - ‘\ 4

develepihs stem a nt cuides in an attenpt to mept these objectlves are
" .

outlined in tFis chapter, The for at of these zuides is summarized
in \npozqix VT -

From the implementatian of six of thzase suldes,* four main

rotentlal problems were identified by the uriter, These problens’

N 1

were diffigulties in initiatins student collection of insects, the

3



lack of adequate library reference materials, the need Tor suldance
in exporinmentatlion with live or~anisms and interpretation of the

results of experiments, and the need for jruldance and tra%ninﬁ in
A
usins the project nethod, Susestlons for overcomins these problems

are offered in thils chapter and 12 samrle (rojects are sumnmarized,
The 12 topies covered are reneral behavior; rhythmic behavior,

endorrenous perioliclity; orientation, kineses and-taxes in renerql;
reactions and responses to ~eneral and rechanilecdl stimulig ruuctinno

and responses to chemical stimulil; reaotiéhs?fqd res pon ses to
temperature and humidity; reactions and reUJOnQeQ to visual stimuli

and radiant hea*; psycthaﬁianom“ra, in)tinn$.r¢nd innxté‘%ehavior;
“ .\ h.&

coordinated tehaviors noyﬂmpqt, and, conparah@wyfﬁmﬁdvifw ?tudieo.

Mo,\

The dulturlin- nethods used by students for the 10 gpacics of inoects

“used in this inqluiry are summarized, From the implenmertation of:

'Y
N «.

these projects, nine recommendations on the implemq@é@ﬁﬁon~and
. . 5 o7 " K]

orvranization of projects involvins insect biyavior/are offered,
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CHAPTER VIII

i

SUNMARY, CONCLUSIONS, AND RECOMMENDATIONS

I. pMMARY OF PROCEDURES AND FINDINGS

Extent and-Nature of Project Utilization
Eighteen secondary schoolvbioloky teachers 1in southwestern
Alberta were interviewed between April 30 and May 4, 1973, From

these interviews it was found that teachers:- with a greater number of

"»ﬁlﬁ -
biology methods courses in their university backzround were more

" likely to have students studying behavioé} insect: and‘inéect’" ¢
behavior than teachers with fewer methods cour"es.” This study also
found a preate; percenta'e of'projects dealing with behavior anong

 teachers with a greater nunber of university blolog y courses. v

Teachers with less teaching expegience were found *to have a greater K

percentage of projelts dealing with live organisms and werd found té

devote more extreme amounts of ciass tire towards projects than
teachers with more expefience. | |
Those teachers teaching a.fewei number of“classes tended to

xhave fewer projects clcaflim5 with behavior whereas' those with smaller o
class sizes had more progects dealing with both behavior and insects.’
-A greater prooortion of rural teachers than urban teachers were found
to be using the projeét method, Rural teachers were found to have a
Zreater percentage of students using projects dealing with behavior,
insects, and”insect behavior, Although some of these findings were‘

in agreement with the findings of previous étudies,ethe émall size<of
the teacher population in this inquiry prevents the writer fron

; - . ' 3
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forming any conclusive generalizatfons concerning these variables,

)

The most common form projects took in this inquiry was found
to be a combination of individual and group projects., Only one
teacher did not utilize projects in all th*ee grades, One teacher

used the progect method Blolory 30 but not in Biolorsy 10 and 20
)

and one teacher used th roject method 1n Biology 10 and 30 but not

Taa o #e 4y Biof%ﬂy 20. Noyteachers in this inquiry relied an their own

,cnoice of, topice exclusively and 64, 3% of the teachers allowed their

B -

g . ‘
‘&; ‘studente to choose their own topics, ' The maJorigy of the teachers

conducted projects concurrently with the course, #%he moot frequent
~uuounts of class time spent on projects was found to be one, “three, N

"four weeks, Forty one peroent of the teacherx 1terviewed devoted

yeek orano class time tggards projects.
‘3:) >

Teachers appeared #o place greatest value on the process

<

- aspects of biology *in connection with obJep*ives of the project

method and achievement of ObJeCtiVPS by DISBJEtS dealinc Wwith insect

&

behavior, The most imporcant ochctiveo of projects cccordlag to the

teacher“ in thioiinquiry were Whe followin( items: to develop and '

1 3

encourage attitudes of 1nquiry, to give each 3tudent an opportunity

AN

to do an in~depth study in an area of his intereot, and to~encourage

<

a respect and feelinr for 1living things, The objectives that

- teachers felt woulﬁ-mo st likely-be achieved by progects dealing with

.

‘insech$behavior were the items “to develop and encourage attitudes of -

IZ"

curiositj and enquiry" and "$o enable students to practise methods of
proper scientific reporting” ’ £
The mlgor advantaseo of progects involvinb 1nbect behavior

were felt to be the development of skill iniscieneirlc Shinking and

.'.\-\



e T

e

‘ problom-eolving, the provision for active student involvement, tﬁe

¢

111ustratioﬁ of biological principles, and the provislion for
individualized instruction, The major problems were felt to be lack
of proper equipment, lack of adequate reference materials, exercises
that were too time cehsuming, and insufficient teacher background in
collecting and culturing technlques,

) It waiﬁﬁuund that 94,47 of the teachers surveyed used - live
orzanisms and.zhat 83.37% used feral organisms, However, the diversity

of organjums~§tilized by each tEacher and the length of time the

"ranioms were used were found to be very 18w, Al&&f“gh 33.4% of the

‘teacher° reported using insects during the period 1969 to 19?3, only

33,37 Were found to be usinD innects at the time of ‘the interview.

\
Most teachers Indicated that they had used only three 1nsect species

over the past four years end 1n most cages only for a short period of

1 e

"time. The mbst frequently used 1ﬂSects were Drosovhila houseflies,

o O\

vraoshopper° and ants., Most of the 1nsecto used were collected
locally by the stuuents; All teacbers usinb 1nsects also reported

attenmpts at culturinp them. ﬂf

A

Althouwh 72 o of‘tha teachers reported-che study of. behavior
in theix classrooms, progects 1nvolvinﬂ behavior often accounted for

only one to0 20 of all projects teinp c01lucted at the time of the-

interyiews; Only a narrow rance of orranisms and topics were being ‘

investiﬁated Only three teachers reportud projects on insect

> LH

behgvior cutrently being conducted at the time of fhe interview F'The,
o ) ’

'~;nogt common typas of studies involvinn insects wtre found to be

: enetics, texonomy, generxl behcvior, plysiology,-and soclal behavior,

A;though teachers listed a total of 50 species ofﬁenimals used in

»

- » '
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‘projects involving behavior during the period 1969 to 1973,'7&% of
these were reported by only one teacher each and most teachers 1listed

only three to five organisms, Four of these teachers had less than

four years teaching experience. The groups most frequently us#gd were

mammals, birds‘ and invertebrates. Most of the invertebr
insects, Only two species of plants were commonly used/ by teachers

and all plants reported were commerrial spacies,

Utilization of Projects on Insect Behavior

R

Tie information obtained from the teacher inierviews was used
to devise 12 projects dealing with insect behavior. This information
was suﬁplemented~ey recemmendations from tﬁe\available literature and
examination of equipment used by the Depariment of Entomology at the‘
UniverOity of Q}berta These projects were devised between June 1
pnd July 3L¢/i9?3 Fourteen secondary school blology etudents ;

- conducted projects on insect'behavior in the fall semester, A total
of 10 ad insect species and feur larval forms were utilized in tﬁe
' 81x studeny guldes followed by these students, The é%udents were
interviewed between December 14 and December 20, 1973,

Students who had conducted projects on insect behavior

ihdicated that the main advantages of such projects were the following

items: permitscihe studer. - observe and develop an eppreciation for
live animals, aliows the student to learn content of special interest,
and allows the student to leernicontent relevant to him, The main
problems reported by the students were the unavallability of adequate
insects and the lack of adequate 1ibrary reference materials. Two

additional potential problems identified by the writer were
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difficulties in experimenting with 11lve animals. and difficulties in
using the project approach. Both students and teachers iﬁnicatod that
lack of space, difficulty in maintaining and culturinﬂ,lﬁiects, aﬁd
difficulty in conducting experiments with insects gééé minor problems,
The two main values of the student guider ue  wers ~eported
to be the provision of backrround information and ..  :uvision of
zuidance iﬁ axperimentation and interpretation of results. All
students 1;dica£ed satlsfaction with the format of the project guides,
The maln changes suggested by the students werse changes in techniques

baced on the students' own experisnces and the addition of exercises

devised by the students to replace or supplerent those in the guides,

ITI. CONCLUSIONS

i

Four inferrelated flelds were investigated in this inquiry,
These were the use of projects, the use of liQe organisms, the study
of animal behéwior and plant tropisms, and the study of insects, From
the teacher and student interviews conducted and from the implementa~
-tion of specific projects 1in the classroom, the writer would propose
the following generallizations concerning each of these aspects of the
secondary school blology program, "

First, to the extent that the teachers in the initial survey
were representative of biology teacbérs in the province, it would
appear that most teachers are using the project method in their
classrooms. It would also appear that these teachers view projects
as being/most valuable in ‘the development of nrocess skills and

scientific attitudes and An providing for active involvement and

individualized inst:uction. Students,iop the other hand, appear to
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feel projects are most valuable in developins an understanding of and
appreciation for live organisms and in providing content which is
relﬁvar' nd interesting to the student,

“wcond, it would appear that althoush 1live organlsms are
belnz used to a greater extent 2n the classroom than related studies

have 1indicated, these organisms are being\used only for short periods

of time. Furthermore, there appears to be an inefficient utilization

of local organisms. Only a small vardety of species are being used
and in Qost 1n§£ances thesé organléms are| belyg used‘to investigate
only one or two aspects of biology.

Third, f?bm the succeas of the projects conducted in relation
to this inquiry, 1t would appear that insects are pérticularly
suitable for projécts in gecondary school bilology classes, Among the
advantages found in using insects were that they required 1little
.space, Were avallable locally, were easy to maintain and culture,
required 1ittle expense, and were eas§ to experiment with,

Fbufth,.from the success of the student guides on insect
behavior, it would appear that such pfojects aré suitable at the
secondary school level, Not only did the projects require a minimum
anount of space and unsophisticated equipment, but.they Here
relatively easy to conduct and readily adaptable to the individuall
interests of the students, Furthermore, the projects were used not
only to 1llustrate the principles of behavior, but also to 1llustrate

rrinciples in a variety of related fields of biology.
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- III. RECOMMENDATIONS

Recommendations for Utilization' of Projects

From the preceding conclusions; the writer would propose th
following recommendations conc2rning edch of the éspects of the |
secondary school biolory program investigated, If vrojects are to be
utilized for the development of process skills and sclentific
attitﬁdes,_it would appear to the writer that proggéts should be of
an enquiry .ature, If projects are to provide for individualized
instruction, it would further appear that a wide variety of project
topics must be avallable for the students to choose from, These two
requirements place considerable demands on the classroonm teacher,

{
both in terms of constructing such projects and in terms of guiding

students in conducting their experiments, If projects are to achieve -

these two onjoctives, project guldes must be made available to

provide assistance to both teachers and students. Such project guldes
would have to provide adequate backgéound infdrmation and suggestions
for experimentation and fnterpretation to be self;contained, but they
would have to be open-ended to allow for individual interests and
initiative,

If projects are most valuable in developing an understanding
of and appreciation for 1living organisms, it would appear to the
writer that projects should involve live organisns as frequently as
1s possible, This places additional demgnds on the classroom teacher
yboth in(providing live organisms and in acquainting students wish
their maintenance and utilization, If projegts. are to achieve this

objective, a summary of maintenance facilities for a variety of
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organisms must be made available‘to alert teachers to possible
sources and uses of local resources‘\ .
From the.relatively low incidence of ineect utilization /
revealed in this inquiry, it vould eppeap'tgqt the teazners who were
interviewed have neglected this readily available=natnr11 resource,
A minimal number of problems were encountered in the utilization of
insects in this inquiry, and it would be the recommendation of the
writer that teachers should be encouraged to recommend the use of
insects in student projects, Similerly, the low incidence of prejects
bnﬂdealing with behavior would appear to 1nd1cate that this topic has
'tbeen neglected by the teachers in this inquiry. Relatively few
problé;s Were enconntered in conducting projects dealing with insect
behavigé\in tnis inquiry, and it would be the recommenda:ion of the
writer tnat'teachers should be alerted to the possible types of

-

investigations that can be conducted in this field,

Recommendations for Implementation of Projects on Insect Behavior \

o~ The followins recommendations For the Jimplementation of
projects involving insgct behavior have been derived from the projects
1mp1emented as part of this inquiry. Although these projects dealt
only with insect behavior, it is the vliew of the writer that the
following generalizations are equally applicable to projects involving
other live organisms and other topics, l
1. Teachers and students should have a clear‘concept of the

objectives of:the project method,

2, Students should have_a clear concept of the specific

objectives of the topic they are investicating,



3

. S
5 . },-’

9.

. of the studeﬁts and within the resources of the school. A'

A project selection form should be used to decrease problems
in choosing and COnducting p;ojectg.

Student project guldes Should be provided to assist(gtudents
in conducting théir projects, These guides should provide
the student with both generalizable and 1;cisive knowledge.
The format of the guldes used in this inquiry was found to be
particularly suitable,. )

Students should be given training and guldance 1n using the

project method,

- Students should be given assistance and encouragement in the

. collection aﬁd utilization of local organisms,

Adeqqate library referéggp material should be available for

each toplc investigated, or a summary of information

-essentlal for experimentation should be provided by the

Y

teacher.‘
Organisms selected for projects should require a minimum of
care and be suiéable for experimentation, |

The topicrto be investlgated should be within the capabilities
variety ?f topics should be available to meet the reéﬁirements
of boih the concrete operational, student and the formal

operational student,

Recommendaticns for FTurther Research

This inquiry has revealed seveial areas which require further

investigation, First, more research on the relationship between the

variables investigated in this inquiry and the methodologiles émployed;
- R H

¢
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by teachérs with respect to the JSe of projec@s and live organisms in
the classroom would be enlightening. Such research might reveal the
" reasons for current instructional methodologies, and as such
posuible ways 1n which the ,utilization of projects and live. organisms
can be improved, both in the initial training of teachers and in
workshops for practicing teachers, ‘

| A wider and more compreh9nsive survey of secondary school
biology teachers tQ determine what live organisms are belingz  studied
and how they are being utilized would also be of value 1in providing
more accurate informatiop on the use of local resources throurhout
the\g?ovince.-.This Information could serve as a guide for further
resear?:h by indicating whi’ch‘ o‘rganisms'a.nd topics are being
investlzated most~frequentiy and which are being neglectedlin the
classroom, This info;mation coﬁld also be used as the basis for the
development of guides providing.information'on the value and
maintenance facility‘of'specifip organlsms as suggested for teachers
in England by Kelly and Wray (1971). There appears to :De a need for
alerting teachers to the value of organisms and topics they are not
vauainted with, R

Hore information on how live ofganisms can be utilized 4in the

clgssroom is also ﬁeedéd\to\;mprove efficiency in the utilization‘of
local resources., Studies similar to those conducted by Jacknicke
(1958) and Dyke (1970) céuld be conduéted for other groups of
organisms, The development of student and teacher guides for other
organisms and for other topics similar to the guides devised in this
1nquiry would be of assistance to both students and teachers in the

selection and implementation of projects,



N\

A ‘more detalled study on the availability of local insects
and on methods for malntalning and culturing local insects 1§‘also
needed, Other ways in which insects can be utilized could also be

]

investicated and research on culturing techniques for other groups
of animals would also be of value to the classroonm. teacher.

To the knowledpe of the writer no studies have been conducted
on the'value of the project method nor on its effect on the learniAg
abilities of the studént within the Alberta context. A comparison
between the project method and other instructional methods with
respect to the learning of biologiéal principles and the'development
of sclentific attitudes and process skills could be made, Similarly,
the use of live organisms could be evaluated with respect t$ th9 ‘
learning of biological content and the development of the process‘
aspects of biolozy., Each of fhese studies would hopefully contribute
to the actualization of the poéehtiality that exists in the _

interaction between the teacher, the students, and the live organism

in the project approach to secondary school biology,
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. APPENDIX I
SCHOOL SYSTEMS COVERED IN THE INQUIRY

Crow's Nest Pasg School Division Number 63
Pincher Creek School Division Number 29
Willow Cresk School Division Number 28
Cardéton School Division Number 2

Lethbridge District Number 51

Lethbridge Catholic Separate District Number 9

Lethbridge County Number 26

~z
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APPENDIX I

LETTER TO éUPERlNTENDENTS OF SCHOOLS

Dear H

The (name of school syst

S8ystems in southwestern Alberta

em) has

1205 C&@pus Tower
11145 - 87 Ave,

Edmonton, Alberta
February 26, 1973

been selected as one of the school
to. be included in a survey to

determine the use of insect behavior projects in‘secondary school
bilology courses, This survey will concentrate on teacher utilization

of projects and insects, and on

of behavior, The contribution of those teachers who dacide to
Participate in this study will involve approximately fifteen minutes

in consultation with me,

The results of this interview will be used as part of a thesis for
a Master of Education degree under the advisorship of Doctor C,G,

Permission to contact th
(nare of school systen)
would be deeply apprecia
- of practical value to th
" self-addressed envelopa
you in advance for your

¢ secondary school biolopy teachers in the

to requ
ted, I
e teach
is encl
assista

est thelr assistance in this inquiry
t 1s hoped that this inquiry will be
ers in this Province, A stamped,

- Yours truly,

-'Robert A, Frang

Y
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APPENDIX III
LETTER TO TEACHERS REQUESTING AN INTERVIEW

1205 Campus Tower
> C 11145 - 37 Ave,
) : “Edmonton, Alberta
April 9, 1973

Dear t

(Name of school system) has been selected as one of the school
Systéns in southwestern Alberta to be included in a survey to study
thé use of insect behavior projects in Seécondary school biology.
The purpose of this survey 1s twofold; first, .to determine the
nature of present teacher utilization of projects and insects; and
second, to obtain teacher opinions on the S8tudy of behavior to use
as guidance in the selection and synthesis of insect behavior
Projects, The results of this interview will be used as rart of a
thesis for a Master. of Education degree under the advisorship of

Doctor C.G, Hampson,

If you decids to Participate in this survey, your contribution will
involve approximately fifteen minutes in consultation with me after
or during school or atfyour home, Your assistance in this inquiry
would be deeply apprecfated. It is hoped that this study will be
of practical value to #he teachers in this province,

I will be calling you/in the near future to determine 1f, and where,
‘this interview will convenient for you, . Thanking you for your
cooperation, ‘ '

// ‘ Yours. truly,

/ Robert A, Franz
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- 5. What number of . e orojects deal with

APPENDIX IV

TEACHER INTERVIEW GUIDE

School Date Sex No,
No. Full .Yr., Biology Courses - Teaching Experience
No. Full Yr, Ethology Courses e Yrs, of University Tralning
No., Full Yr. Entomol. Courses e Year of Graduation
No. Full Yr, Methods Courses ____ Yr. Last Attended University

Accessibility of Natural Class

Nonbio, |B. 10[B, 20]B,

St b

Resources1: . Toxt

No, of

w ’ Classes
Class Size

1, What number of Projects currently being
conducted take each of the following forms?
£. individuval projscts
b, small group projects
c. entire class projects

2, ¥hat ‘number of these projects deal with
behavior?

Je What number of these'projects deal with live
organisms? . [

4, What number of ihese Projects deal with live
insects?

insect behavic»?

6. Are these projes:. « 7 the teacher, the
pupil, or by bot i wthods?

7. Are these projects ~ir rently with the N
regular biology ~owsm~: Coomit of ti.

8. Approximately how rany . - 1 time a.o
spent on studen: yro’ -i-” |

|19?



9. How would you rank the following objectives of>projects
_in importance? (5 very high importance, ‘4 high
importance, 3 medium importance, 2 low importance,
1 very low importance)
a. To give each student an opportunity to do an in-depth
study in an area of his interest et ese.tcerocnrorensa
b, To encourage students to formulate questions for
' 1nVeStigat1V3 purposes .-.c-oooco.-nnaao-u-oc-oycc-.on
¢, To further familiarize students with research methods
d, To enable students to practise methods of propexr
scientific reporting L A R
e, To permit the development of empathy with the
801entific researCher L I I I e O S
f. To develop and encourage attitudes of curiosipy and

.iHQU1ry l..'.l..-l.l..l..ll...l'..Q.l...ﬁ.l....".l.’.

8. To encourage a respect and feeling for living things
h. To provide material supplerental to the course ceseage
i. To evaluate the effect of scientific discoveries .,,,,
Jo- To allow students to evaluate the work of peers .....,
k. Other (identify)

10, To what extent dq/you feel brojects dealing with insect ﬁeh&viog
- can achieve the /preceding 6Bject1ves? (5 very high achievement,
4 high achieverent, 3 medium achievement, 2 low achievement,
1 ,

1 .very low ac ement)

11, To what extent do you feel the following items are advantages in
-conducting /projects dealing with insect behavior? (5 very high

L very 1¢w advantage)

advantage/ 4 high advantage, 3 medium advantage, 2 low ij;ﬁg%?ge,

b. Provides for individualized instruction...............
¢. Stimulates further researcr‘; L N
d. Develois an‘appreciation for living organisms v.,.....
e. Provides for active Involvement .u.u.yveoverocecsvass.
f. Can be used to illustrate biological principles ......
8. Develops skill 4in scientific thinking and problem~

501V1ng c.l-O.o.o.l.c.lrc'o.'l.ullo...'..oo...o.-olloo

h. DéVGlOPS scientific attitUdes '..|O-Qn.0!c.o.v'0liito{
1. Provides student with contentof special interest ,,,,

'j; Develops techniques in using laboratory equipment ,,..
k. Other (identify) -

B e

T
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1

12, To what extent do you feel the following items are Problems in
conducting projects dealing with insect behavior? (5 very great
problem, 4 great problem, 3 mediunm Problem, 2 1ittle problem,

1 very little problem) ‘
a, Lack Of,proper equlpmenf"’......................u....-

b.hwkofammmnbspwe,.p.u.u.n.ﬁ.u.u.u.n.u
¢, Lack of adéquaﬁe reference material ettt teiertroncans
d. Student lacks sufficient biological background
e, Classes are too large R R R
f. lLack of student interest R T T T T
8+ Too time consuming R

h. Insuffioient teachor background 1n collecting ang )
cultul'ing teChniqUe’S l'oc'.lvtcoioa;tttaooh!.lo.l'ag..

1. Inadequate knowledge of what insectshare availaile .,,
J. Adequate insects are unavallable the yéaf roud ,,,.,.
k. Insects are toéﬂdifficult to handle in eXxperiments ,,,
1. Insects are too difficult to culture sevesioe it ngrans
m, Insects ;re too difficult to maintain over holidays ,,
n, Other (identify)

13, List as specifically as possible those insects used during the
~- school years 1969/70 to 1972/73 and indicate;
~a, if they were used in projects or in laboratory exercises
b, 1f they were burchased, c~llected by pupils, or collected by-
the teacher - » :

T

. 1f there were any attempts o culturd the insects )
‘d, the number of cultures maintained .
8. how long the insects were used (inr weeks)
f. the reason the insects were used, )
Insect Proj,| Purchased Culture| No, Weeks [ Reason
Lab. | Pupil Col, Main-{Used Used’

_ tTéach, ‘Col, tain,

.
s

14, List .those ethology projecfs which have been conducted during the
school years 1969/%6 to 1972/73 and the organisms used,



APFENDIX V

LETTER TO TEACHERS OFFERING PROJECT GUIDES INVOLVING INSECT BEHAVIOR

Coleman, Alberta
September 1, 1973

Dear ’ H

As a result of the interviews conducted last May, twelve projects
dealings with insect behavior have been designed., The objectives
enphasized in these projects are those indicated as belng the nmost
important by teachers in that survey. The Prodlems and other
concerns tndicated by the teachers have also been carefully
considered. The experiments chosen utilize equipment which is
usually found in the school or which can be made by the student., The
lack of reference material, student backsround, and teacher back- .
ground has hopofully been overcome by including sections on behavior

I am enclosing the following referaences with regards to these
Projects for your perusal; :

58. Insect Behavior Projects (Teacher Guide): a summary of
the philosophy, objectives, content, and implementation of
projects dealing with insect behavior, .

58. Insect Behavior Projects (Student Guide): 1in addition to
the above, a summary ~f the nature of the twelve projects,

If you are interested in us.. y any of these guides for class rrojects
or for laboratory exercises, or if any of your students this term

are interested in conducting projects dealing with insect behavior, I
would be pleased to send a copy of the appropriate guide(s) to you,
Unfortunately, it 1s impossible 4o provide a copy of all twelve guides
at this time, not only because of the cost involved but also since

the guides are subject to revision, ,

This revision will be based on the opinions and experiences of those
using the guldes, Should you wish to use any of the guldes, it would
be deeply appreciated if at the conclusion of the project I would be
able to interview those students using the guide, A copy of the
proposed interview is enclosed along with a stamped, self-addressed
envelope and request form for your convenience,
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If you wish more information on these projects I will be willing to
answer .any questions you may have, Also, if during the implementa-~
tion of the projects any problems or questions arise, I would be
pleased to offer any assistance I can, Teacher guides are proposed
for each of the projects and hopefully will be available before the
‘end of the semester,

Thanking you again for Your former assistance and hoping to hear
from you in the near future.

Yours truly,

Robert A, Franz

Enels Teacher Guide (Number 58;
Student Guide (Number 58
Proposed Interview Guide
Request Fornm
Sslf-addressed envelope

A%
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INSECT BEHAVIOR PROJECTS

REC'EST FORM

Teachers
]

AhdIGSSI N

Please send one coby of the following Student Guidess

Guide Number| No, of Students Usinz Guide | Teacher Guide Requested

The students using the above guldes may be interviewed upon

completion of the project,
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APPENDIX VI

58. INSECT BREHAVIOR PROJLCTS (TEACHER GUIDE)

T

RATIONALE

There are few who would deny the need to undersiand more
fully the roots of humin behavior, The controversies aroused
by Konrad Lorenz' book On Arrression and Desmond Morris' The
Naked Apo reveal how 1ittle we know about this subject, This
knowledge can coms only frem a far broader knowledge of animal
behavior Zenerally than we now possess, And since behavior
evolves in and is closely conditioned by the comrmunity in
¥hich an animal occurs, it is fully understandable only in an _
ecolegical context, It 1s this fleld~~behavior and environment,
or ethology and ecology--that 1s truly the sclence of tomorrow,

This quotation from H.E., Evans (1970) has been the rhilosophy
behind the construction of these projects., A significant aspoct of
behavior studies is that Buch investigations give us a better under-
standing of the entire orcanism., A student cannot obtain a full
understanding of biology without working with live orcanisms, and of
the variety of organisms available, insects lend tannselves well for
this purpose, Insects are readily available most ~f +he Yyear, are
relatively easy to raintain, and can be used in 8ir, . experiments
with minimum difficulty in minipulation and observation, -

- To truly aypreciate the conplexity and mechgnism of living
procesges, a student must observe more. than just.the parts of an
organisnm, he must observe the entire creature as 1t interacts with
its environment and felloy beasts, Throurh observation of insect
behavior, the student can develop an appreciation of the insect (and
other organisms) as a form ef 1ife not really so different from the
student himself, Perhars most important of all, children are -
basically interested in 1iving creatures, and by studying living
organisms in the classroom this interest can be nurtured and the
appropriate attitudes towards living thines developed, Printed
Pages 1n a- text, the irritating odor of formaldehyde, and the crunch
of dried specimsns are not the sights, not the aroras, nor the
Sounds of life, '

OBJECTIVES

~ In keeping with the general objJectives of secondary school
. biology ard the  purposes of blology- projects as enunerated in the
Alberta blology curriculum guide (1971), the exercisec included in
these projects have been selected in an attempt to achieve tasic

educational goals, These objectives include the following items:

S
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To give each'student an opportunity to do an in-depth study in an -

area of his interest,
To encourage students to formulate questions for investigative

pruposes,
To further familiarize students with ressarch mthode nd
procedures, '

To enable students to Practise methods of Proper sclentific
"T“aportingo )

To permit the development of empathy with the scientific
researcher, ’

To develop and encourage ottitudes of curiosity and inquiry, '
To encourage a respect and feeling for living things,

To provide material Supplemsntal to the course,

PROJI  DESIGN

Each project is summarized in the accomnpanying student gulde,

Each of the 12 projects consist of the following nine sectlons

1.

2.

3.

5

. ..

&

An OVERVIEY sunrarizing the topics involved in that particular
aspect of behavior, .

A brisf summiry of the backpround THEORY in which basie concapts
are defin- | and explained, Special conslderations in éxperimental

techniques are includeq where necessary, .

A list of FATERIAIS needed for collection, culturing, and
‘exparimentation. Host equipment is conmonly found in the school
or home, Spscial equipment s indicated in the accompanylng
student guide. This equipnent can be purchased at low cost or
can be constructed by the student, Instructions. for the
construction of such equipment 1s provided in each project,

A summary of COLLSCTION procedures and where to find the '
recomnended insect, A1l insects sBuggested are common and
reedily availabdle, Some can be Purchased from lecal ret stores
or supply houses, The mjority of the projects ~an be conducted
with any insect, Students are not limited to ..2 <nsects
Suggested, : ‘.

Techniques for CULTURI)NG from €288 'to adults are included in all
projects should the exercises be conducted during the winter
months, - In all cases a mininun amount of care is needed and the
equipment is commonly found in the school, Most projects do not

~rijuire culturing,

The basic PROCEDURES for carrying out the projects are outlined,
These are designed so that portions can be deleted or added as
determined by the time devoted towards projects, the insects and
equiprent available, the abilities of the student, and the nunber
of students working on the rroject,

A serles of questions orienting the student toward the concluaion
and INTERPRETATION of the results, These are designed to
initiate student analysis of the data collected,

A list of E{TENDRD EXERCISES provide supplemental exercises which
can be conducted in additlon to those in the project or which can

“be-substituted for portions of the Project, Here the student is

204



205

required to devise his own procedures, N

9, Student REFERENCLES are listed for more detalled research, \Each
project is desigzned so that 1t can be conducted from the theory
Provided so that additional texts are not essential,

IMPIEMENTATION

In addition to the guldelines suggested in the Alberta biology

curriculum guide (1971), the following suggestions are offered Wwith
respect to these part1Cular_projects:

1.

3.

These projects are not cookbook guides requiring strict
adherence, They are designed so that procedures can be modified
according to local circumstances, "Students should be encouraged
to adapt the Project to meet their OWn needs and interests,

The insects recommended are not limitations., Any insect can be
substituted except for Projects 530, 581, 588, and 58e. These
four projects deal With species unique traits in the theory
portion of thd guide, However, other insects can be used if the
appropriate backsround is known or 1if the Student is capable of
applying the guide to unknown sltuations,

The prgjects are not graded according to student abllity or
background, As such, ‘the depth to which the project is carried

The teacher may wish to read the guide before giving it to the
student so that assistance can be glven in selecting portions of
the project suitable for that student,

REFERENCES

Alberta Departrent of Education, Blolozy 10, 20, 20. Edmontons ‘\

Alberta Derartment of Education, 1971,

Evans, H.E, Lirfe on a Little~known Planet, New York: Dell

Publishing Co,, Inc., 1970, (A description of the lives and
habits of various insect species, ) - _

SOURCES

The'following references provide additional suggestions on the
inplomentation and evaluvation of Projects,

Allen, Dorothea, Research Projects in Hieh School Biologx. West

Nyack: Parker FPudb. Co,, Ine., 1971,

Hiller, David F, and G.¥W, Blaydes, lntheds and Materials For

Tecchine the Biolqgical,Scionces, Second edition, Torontos
HeGraw-4111 Book €0,y Inc,, 1962, -

Richardson, John s, Science Teaching in Secondary Schools,

et o e

Englewood Cliffsy Prentice-iall, Inc,, 1959,

Thurber, Walter A, and Alfyed T, Collette, Teaching Science in

* Today's Secordary Schools,‘second edition, Bostons All;ﬁ'and

Bacon Ine,, 1985,

.



APPENDIX VII
58. INSECT BEHAVIOR PROJECTS (STUDENT GUIDE)

PURPOSE

» The word "blologzy" i1s derived from the Greek bios neaning the
mode of life plus -olozy meaning the science of, Biology, then, is
the sclence of life, and to fully understand life, it follows that
one should study living orranisms, Insects are recommended as
experimental animals since they are easy to maintain and to work with
and they illustrate the basic principles of life found 4in all
orqanisms. The study of behavior is recommanded as an area of
research since behavior is closely related to all other aspects of
blology, elther as a result of or as a cause of other blological
processes, As such, the projects summarized in this guide are
designed not only to 1llustrate insect behavior, but also to
11lustrate behavior patterns common to all forms of life and to
indicate the relationship of behavior to other aspects of blology,

OBJECTIVES

The basic objectives of these projects are to illustrate the
procedures followed by blolorists in their research and to introduce
you to the major concepts of animal behavior. More specifically, the
goals of these projects include the following objectivest

1, To provide an opRortunity for you to do an in-depth study in an
area of animal behavior,

2, To familiarize you with research methods and procediires of a
biologist.

3. To provide an opportunity for you to practise methods of proper
scientific reporting.

4, . -rovide you an opportunity to practise inquiry skills.

5. .+ encourage a respect and feeling for living things,

6. To provide an opportunity for the development of individual

skills and interests, :
7. To develop an understanding of the life and,concerns of a
scientific researcher,

PROJECT CONTENT : ; .

Each project sumrarized in this guide consists of the
following nine sections:

1. An QVERVIEW summarizing the project guide. .

2, A sumrary of the THEORY behind the topic with an explanation of
the major concepts and suggestions on how to carr$ out the
experimentation, '
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%

A 1ist of MATERIALS needed for collection, culturing, and :
experimentation, Most equipment is commonly found in the school |
or home, Special equipment 1isted in the summary on the following
Pages can be purchased at low cost or made, Instructions for
making the equipment is found in each guide,

A summary of COLIECTION procedures and where to find the insects,
All insects are tommon in this avea or can be purchased,
Techniques for CULTURING from eRrs to adults, Most projects do
not require culturing and methods and materials needed for
malntaining ingects over winter are kept to a minimum,

The basic PROCEDURES for carrying out the projects are outlined,

A series of questions for assistance in INTERPRETATION of results,
A list of EXTENDZID EXERCISES which can be used in addition to
those 1listed under procedures or which can be sutstituted for
parts of the procedure, -

Student REFERENCES for more detailed research,

USE OF PROJECT GUIDE

These guides do not have to be followed strictly, They should be
nodified to meet your oWn needs, interests, and resources,

Tho insects suggested do not have to be used. Any insect can be
substituted. However, projects 580, 581, 538, and 58e deal with
characteristics of spacific spocles: I1f you wish to use other
insects check with your teacher first to find out 4f background
information is available,

SUMMARY

3.

i,

5

Explanation 3f %escrip&ions:

The nunbers (580, 581) indicate the number of the guide,
Recommended insect: an asterisk (*) indicates that’ additional
inforration will be neceded if a different insect is used,’
Otherwise any alterunative can be used,

Special equiprent: this lists materials which my not be in the
8chool, Instructions on how to make the equipment are found in
each guide, ] ,

Culturings materials and food needed to maintain the insect are
listed if the material is not commonly found in the school or
home,

Time: the time required to complete the project in most cases
‘can be modified, Tranging from one week to two months, depending
on how much is done, Exceptions are noted in the summary,
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PROJECT
NUMBER
580, GENERAL BEHAVIOR

581,

582,.

584,

Recommended insects “ant (any number and specles )
Special materials; observation nest

Culturing: optional
Times ~optional
Overview: An ant colony is established and the

individual, Social, and specialized behaviors of the
Bpoecles 1ig observed, described, and analyzed,

RHYTHMIC BEHAVIOR, ENDOGENOUS PERIODICITY

‘Recommended insect; milkweed bug (Oncopeltus fasciatus )*
50 pair

(suggesteds .
Special materials: temperature and light control, red 1light
Culturing: - required (foods milkweed seeds)
‘Times approximately 45 days including culturing
Overview; Rhythmic behavior (behavior occurring in a

regular cycle) of the milkweed bug 1s studied by
ralsing insects from eges under different duratdons
of 1light and then observing frequencies of feeding
and reproducing,

ORIENTATION, KINESES AND TAXES I GENERAL

——

Recommended insects noctuid moths (any 8pecies and number).
: adults and caterpillars (larvae)
Special materials; temperature gradient, humidity gradient,
choice chamber

Culturing, recommended (food: host plant, moss)
Time, optional
Overview; The responses of adult and larval noths are

investigated by exposing thep to“differeny chemicals,
temperatures, hunidity, light, and gravity,

REACTIONS AND RESPONSES TO GENERAL, AND MECHANICAL STIMULT

Recommended 1nsect; dragonfly, diving beetle,’housefly
Special naterials: none :

Culturing; optional (foods pond organisms, earthwornms,
goldfish food; aquarium)

Time: ‘ cptional

Overview; The responses of these three 8pecies to

touch, sound, and gravity are investiga;ed.
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- PROJECT

NUMBER
585.1. REACTIONS AND RESPONSES TO CHEMICAL STIMULI '

585.2,

586.1.

587.

Recommended insects Monayen butterfly (Danaus Plexippus)
adults and larvae

 Special méteriaisz milkweed leaves

Culturing; Optional (milkweed plants)
Time: optional .
Overview; The feeding behavior of adult butterflies

to different concentrations of sugar solutions is
Studied. 1In the second part, responses of larvae
to the odor of the host plant and experimental
leaves is investigated, Each Part ‘can be treated
83 a single project, :

HEACTIONS AND RESPONSES TO TEMPERATURE AND HUMIDITY

Recommended insect houseflies (Musca domestica): larvae

Special materials; temperature £radient, humidity gradient

Culturing: oPtional (wheat, alfalfa, malt)

Time, optional

Overviews The responses of larvae to different
tenrerature ‘and humildity ranges 1is studied with
reterence to their movements and “preferences”,
Adults can be useq in addition or instead of the
larvae, Any species of maggots can be used, D

REACTIONS AND RES=1°SES IO VISUAL STIMULT

————

Recormended insect; 1érval blowflies, adult backswimner
Special materials; 25=watt bulbs, two desk lamps; aerated
i . aquarium for the backswimmer

¢

Culturings optional (blowfly: rearing can and fresh
liver; backswimmer; pond organisms)

Time: optional :

Overviews The responses of thege two spocies to

light intensity, direction and wavelength (color)
are studied with reference to movements and
"preference", Experiments with backswimmers can
be copside a separate project,

IEARNING

Reconrended insect: mealworn larvae (Tenebrio nolitor)
Special materials; maze in.the shape of a v :

Culturings obptlonal (wheat flour, canned dog food)
Times apPproximately 10 trials/day for 20-30 days
.Overview; The learning ability of the mealworn

larva 1is determined by training it to enter one of
the two arms of g T~mage, :




PROJECT
NUMBER

s8¢,
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568, ESYCHIC PHENOMENA, INSTINCT AND INNATE EEHAVIOR

Recommended insects frult f1y (two species: Droso hila
rilisg*

melanoraster and D, vi

Special materials; observation}chamber, magnitying ‘lens or

Culturings
Timel

Overview;

dissecting microscope
required: culture media or agar,.corn
meal, d¢nd sodium Proprionate
optional (two to three weeks for
development from egr to adult)
The reproductive behavior (courtship
movements) of tWo species of fruit flies to members
of their own Species and to other spacles are compared
and analyzed to determine the role of this Anstinct aa
a methed of separating species, Insects other than
fruit flies can be used but courtship movements may
differ from those described in the gulde, :

COORDINATED BEHAVIOR; Construction Behavior

Recommended insect: larval caddis flies (any species )*
Special materialss none :

Culturings

.Time:

Ovexrview;

HMOVEMENT

optional (pond organisms, aerateq
squariun for stream species)
optional ‘

and by Providing them with foreign materials,
Construction by insects other than caddis flies can
be studied 1f re erences on their behavior is

Recommended insect: Ilayval Phanton midge, adult cockroach,

adult housefly

Speclal materisls: Styrofoan ball, insect race track

Culturing:

Time:
Overview;

optional (pond organisms for midge; wheat,
alfalfa, and mlt for housefly)
optional
The walking and running movements of the
cockroach, the swimning movement of the phantbnm
nidge, and the flizht of the housefly are studied.

Each of these can be treated as a single project
and any other insect can be used,



PROJECT N
NUMBER

58f. COMPARATIVE BEHAVIQE STUDIES 3 . Grogiiing

Recommended insect American coc&roach, German cockroach,

house cricket,- mealworn beetle,
milkweed bug, housefly

Special materials: none

Culturing;

Time;
Oyerviewx

ortional (see previous projects for Special

culturing materials)

optional :

The srooning behavior of the above insects
when coated with chalk dust is studied ang compared
to dotermine the relationship between structure and
function, between £rooming and habitat and life
habits, and between 5pzcies to arrive at general
concepts concerninzg insect grooming behavior, Any
insect can be used:- in place of those 1listed,
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APPENDIX VIII

STUDENT INTERVIEW GUIDE

Name and number of project useds —_ No,

Insect(s) used:

1.

8, L&0k 0? Piop@r équipment oo.uoc;-otoc-.oaf;vooocootlaoo

1, Devising your own exercises Was too difficult creeseres

To what extent do you feel the fbllowing items are advantages in
conducting Projects dealinz with insect behavior? (5 very high
advantage, 4 hizgh advantage, 3 mediunm advantage, 2 1ow‘advantage,

"1 very low advantage)

a. Allows the student to learn content relevant to him ,,,
b. Allows the student to study on his own Cetieererainiaas
C. Provides ideas for further research TN T

L T
M
m
d. Permits the student .o observe and develop an
appreciation for live animals oo..coa-o.tno-c-;olcuOOQo
M
M

e, Allows the student to learn how to work like a

SCientiSt .u-..a.....culcol.l..'lo".voQOODOOCOU'OOGOOl
f, Allows the student to learn content of special interest
8. Allows the student to lea{E;how to use laboratory

equipment o-o.oc-o-oo.ooo».ooocnoo--nooooa.oo-.c.o-u-no
h. Other (specify)
o

>

To what extent diq you.find the following items were Problems in
conducting your rroject on insect behavior? (5 very great
problem, 4 great Problem, 3 mediunm Problem, 2 1ittle problenm, 1
very little problem) ‘ -

b; LaCk Of adequate space ooooo}oooocoog.oon:--QCQQOQc-cut
¢, Lack of adequate library reference BatOrial 4..v,000,..
¢LMkaMﬁd%#Md%mﬂb@@mmquuunu”uA
63 LaCk Of intGISSt o.oococ.o..n0o-tcc'ontoccotﬂon'co;toot

]

f. Too time consuning ;...........................J.......
g, Adeduate_insects were unavailable Seeseer ittt enanane,
h. Insects were too difficult to handle in experiments ese
1, Insects were too difficult to culture D
J. Insects.were £6o difficult to maintain over holidays ,,
k. Pracdtical exercises were too difficult ... ,v400ues...,
1

T
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3.

m, Project required too much work
n, Too difficult to.regulafe time properly e vestssnesasas

[N

0. Other (specify)

The project guide you used conta
Indicate in the first column »

how they were helpful.
might be changed to be n

Overviews
Theory Notes;

Ma%erials List:

'Collection

Suggestions:

5.

Culturing
- Suggestions:

Procedures
Suggested:

Guide to ‘
Interpretatiqn: )

Extended Exercises
Suzzested:

!

References Listed;
)

ore helpful,
HELPFUL | CHANGE

/

'..OOOUQQOOO.UQ.GIOOOICC

ined the following nine sections.
hich aspects were helpful to you and
Indicate in the second column how the guide
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APPENDIX IX

PROJECT SELECTION FORM

Course - Section . Date A Draft

1. Student: Reason for selecting the topic:
by

2. Toplcs

3. Purpose of the'projectx

-

4, Methods of Investigation (If experimental, indicate the hypothesis,
variables, control groups, and test groups, )

5. Organism(s) to be used;
6. Equipment and Materials needed from the schoolt

-~

7. Special cautions or limitations: -

8. Scope of topic and anticipated time schedule:

9. Resources and References available (indicate location):

**'If members are to be gzraded individuaily, check here:
and indicats on the back the composition subtopic and research
subtopic for each student,

¢ Instructor's Comments; Revise
Accepted
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" APPENDIX X

TEACHER PROFIIE AND PROJECT UTTILIZATION

m = g =Tt —
VARIABIE lgb g USED USED - { USED INSECT
o) BEHAVIOR INSECT BEHAVIOR
TEACH, PROJECTS PROJECTS PROJECTS
YRS NO YBS NO YES NO
NO.| % |NO.I'sS TNOL[% [NO.[ 3 NOJ % NO.[ %
Entomology Yes ? S 2129 3|43y 571 2 51 N1
Courses No 10 8| 80| 2|20 330 7| 70| 9] 90|
Yéar Last 5262 | 4 1] 25/ 3|75 1 25| 3| 75 3| 75
Attended 6769 L h1100f of ol of ol 4 100 4 100
University 7071 5 B 80| 1020 4{80] 1| 20 4| 8o
1973 i 41100 0| o 1 25| 3| 75 31 75
Biol, 20 Yellow| 9 71 781 2|22 4|y, 5] %6 71 78
Text* Green 5 b1 8ol 120! 1 201 4 | 80 51100
Biol, 30 McE, 11 9| 82 2/18] 2/18| 9| g2 9110 | 91 ,
Textx* H, and
McE, 5 31 60) 2|40 0] o 5 100[ 0| 051100
METHOD OF WEEKS OF CLASS TIME SPENT
CHOICE
|_PUPTL | BOTH 0 11-2T3-5 1353
NO.| & 'uo.F% NOL| % )no.} % INOJ A |NO.| &
Entonology Yes 7 3143 4 57 1 [14 1wl fsp|1] 1
Courses No 10 9! 60| 1|10 1014 140131302 20
Year last 5262 4 31751 1125/ 0f o1 25131750 o =
Atterded 67-69 4 2 50 2 |50] 1 2511 | 25101} ol2 50
Unlversity 70-71 5 b1 80f 1120|120/ 2 boj 11201 | 20
1973 4 31 7517t |25/ 0] of 1 25/ 37510 o
Biol, 20 Yellow | 9 71 78| 2 (22] 111 3133|558 0 0
Text* Green | 5 21 8401 3 160/ 1|20(1 | 20 3160/ 0 0
Biol, 30 - McR, 11 7 6414 |36] 2|18 312713273 29
Text* W, and .
MR, 5 | 80/ 1|20l 0l |2 uozaoilzo
. ‘ e d J “

* Asfect of projsct utilizat
Yellew: Blological Sciences Cuxriculunm Study,
Green: Blological Sciences

MCE.t McElroy et, al, (
Wer Welsz (1963) .

1968)

Curricul
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um Study,

lon applies only to this course

Yellow Version (1968)
Green Version (1968)
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REFERENCES FOR THE STUDY OF BEHAVIOR
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