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Preface

Implementation of educational theory, research and innovation con-
tinues to move at a much slower pace than contemporary society demands.
The significant and continuing challenge to the Biological Sciences
Curriculum Study is to keep pace with and adjust to the rapidly chang-
ing concerns and needs of the society it serves.

Such a challenge was posed by the recent resurgence of concern
about the environment. Traditional conservationists were augmented by
a new breed of ecologists whose warnings about the rapid deterioration
of the finite resources of the earth began to be heard. As a conse-
quence of this new interest and concern, educators have begun to look
for effective ways to inform and appraise the public of the true nature
of the "crisis," if there is one, and of the problems that must be
solved if world-wide catastrophe is to be averted.

The Biological Sciences Curriculum Study, as part of a proposed
new modular prograM in biology for the general education student, has
attempted in this study to begin to meet this challenge of concern
with the ecology of man.

William V. Mayer, Director
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1. HISTORY OF THE PROJECT

Introduction

The original proposal for this project was submitted in July, 1968
and amended in January and in June of 1969. It was originally conceiv-
ed to be part of a nationwide effort to provide model materials for
education in the 1970's. This effort was guided by the Division of
Comprehensive and Vocational Education and involved 17 "model" schools
and other agencies that came to be known as the ES'70 (Educational
Systems for the 70's) network. These schools and agencies were to de-
sign, test, and report on innovative models for improved instruction.

As originally submitted, this project proposed to:

a. Define performance objectives in terms of content, cog-
nitive and affective behaviors consonant with the needs
of the vocationally oriented population of students and
with current societal concerns (Spring and Summer, 1969).

b. assimilate as many instructional modules as budgetary
limitations would allow. These modules would reflect
the outcomes, delineated as performance objectives, and
would incorporate materials already in existence as well
as those developed as part of the project (Academic year,
1969-70).

c. identify, modify, and develop instruments that measure
both content achievements and changes in performance
behaviors. It was considered feasible to develop, con-
currentlywith objectives, the modes and instruments for
evaluating instruction and pupil performance (Academic
year, 1969-70).

. train a group of test teachers and administrators for
the use of the modules in five of the ES'70 model
schools (Summer, 1970)°

e. testing the modules in the five schools involving the
students of the teachers trained in the summer programs.
(Academic year, 1970-71).

. revise the materials as indicated by the evaluation and
conduct an expanded training program including biology
teachers and administrators from all 17 of the ES'70
model schools (Summer,1971).

test the revised modulep in the 17 ES'70 model schools
(Acadendc year, 1971-72)

,Totaljunding,reqUested for the three years of,the,project, amount-
ed.to .$385,396.00with$90,010,00-budgeted forthefirst=sears opera7
tions.



It should.be noted that the success of the project was predicated
upon the involvement of a number of committees acting.in advisory.capa-
cities with a full -time Project:staff. These committees.were to.pro -

vide the project.staff with. a continuing source of expertise.in,.and
evaluative comment upon, the procedures.undertaken by the staff and
upon the material produced.

Funding of the project was completed.in June of 1969 in the amount
of $75,000.00 with.no commitment beyond the first year of operation.
An amendment growing out of the short funding added $15,000.00 to the
project in order to increase the,first-year capability and to spread
the work load more equitably over the hoped-for second and third'years
of the project.

Subsequent to. entering into the contract agreement with USOE,
several events of significance tothe project occurred.

a. Staffing of the project was completed in July of 1969 and
an ad hoc ad-iiisOry committee. was assembled to review ini-
tial'staff proPosalS and planning. 1/ As.a consequence
of the twoday conference with this group, a prime focus
Was adopted 'for the project. This focus dealt with the
need to consider HuMan Adaptabilittand Survival as a
major biological and social concern. The need was estab-
lished for selecting or developing materials that are
relevant to the ,student, the teacher, and the society.

b. The advisory committee and staff concluded that with ini-
tial funding so low, devotinga full-year.to spedifying
objectives would not be as profitable as.delineating the
components of an instructional module, preparing a_design
for module development, and implementing the design by
develOPing and producing one module. This plan would
also serve to identify and suggest solutions to problems
seen to be inherent in the requirement for formative
evaluation of :the materials produced.

c. There vas, throughout-the year1969,'an,increasing cacoph7
ony of public concern and attention to the problems of
population growth and-environmental-pollution. By:Sep-,

tember,4969.it wasobvious.tothe committee and staff
that7a pilo.tmodule:onThe-Environment:of Man would meet
two major CommitMentsf*the'project 1Y:correipondence
withLiMmediate,societal'needs and concerns,,and 2) it
would'offer- adesirable: medium for student' application of
inquiry process behaViOri to an'issue of'both biological
and social signiAcance., Beyond these, it would test the
project's and assemble the relevant
materials and'literatUrOieeded for the' Module.

See Acknowledgments'fOr-project consultants.'
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d. Also, during 1969 and continuing to the present, there
has been a veritable flood of new books and articles re-
lated to problems of the environment and of hastily con-
ceived materials purported to "teach" students about
environmental problems and their solutions.

As a consequence of these events, thestaff has repeatedly found
itself working in the midst of a constantly changing environment almost
devoid of stable conceptual frameworks and investigative techniques
upon which an effective module to study the environment could be brought
to fruition.

It is in this context that the first development year ends with
the pilot module partially completed and essentially untested, but
firmly based on guidelines that have evolved through repeated examina-
tion and evaluation. The excitement and approval of reviewers who have
studied the progress reports, outlines, and preliminary materials
attest firmly to the correctness of our directions and to the desire of
biology teachers across the nation to work with materials of the type
and quality described in this report.

Project. Development Overview

Two recommendations proposed by the Ad'Hoc AdViSory Committee
Were'the.imMediate.concern of the project staff in the fall of 1969.
The recommendation thatenvironmentbe the initial area for development
of curriculuMMaterials initiated a literature search that quickly grew
into an oVerwhelMing activity: Letters were sent to the biologiSts on
the BSCS Steering ComMittee to elicit their'suggestions for the most
cogent papers or books dealing with six Particular aspects of the en-;
vironment identified from the initial literature search.- pesponses to
this letter.Were incorporated into an initial working bibliography of
highly selected papers.

The second' recommendation coming. out of the Ad Hoc Advisory Com-
mittee meeting was the decision to abandon a'textbook approach,and to
consider the specifications of what a teaching module could be, the
compOnents that a module should have, and how amodule could be devel-
oped. The outcome of this line of activities led to the moduledevel-
opment sequence and components of the module-previously discussed.

An initial paper by Garrett Hardin, ,"The Tragedy of the Commons,"
served the function of,the content narrative in the module-development
sequence.2/ This paper, a paper by Walter Howard, "The Population
Crisis'is Here Now," and alater Paper'by Beryl Crowe, "The Tragedy of 1

the Commons Revisited," formed the essential elements of a content nar-
rative for the shaping of the environment module.3/ 4/

2/ Science 162:1243-1248, December 13, 1968.

3/ BioScience 19:779-784, September, 1969.

4/ Science 166:1103 -1107, November 28, 1969.

3



The staff developed several sequences of.terminal objectives- -

objectives that specified what students would do during the course of
instruction. The final sequence of objectives appear.in "Investigating
Your Environment," the teacher's instructional manual.. With the speci-
fication of objectives, the task of developing a large number of tech-
niques and ways in which students could investigate the quality and
accessibility of a variety of aspects of the environment emerged as the
task with which the staff would need technical assistance.

A writing conference to generate techniques was considered essen-
tial to bring together the variety of expertise required for this more
technical aspect'of module development. A small writing group was con-
vened on February 16 and 17, 1970 to increase the specificity of the
objedtives.Of the module and to add detail to the objectives to assist
a lafger writing group convened on February 19 to February 22, 1970.
Two consultants with skills in evaluation attended the conference to

'interact with the writing group and to develop a formative evaluation
design for evaluating the module once it was ready for field testing.

The writing team produced over 50 techniques. However, these
techniques were largely in the form of laboratory exercises, a form
that the project, staff. was not to maintain in the module. Many of the
activities within the techniques devised by the writing team proved to
be useless or markedly incomplete.

Following the writing conference the project staff worked through
the -materials produced to search for environmental areas that were not
adequately treated. No techniques were produced in the areas of social
percept:ons, attitudes and opinions, food, and technology. Only a
limited number of techniques were produced for assessing air quality.
Filling in the gaps and revising the techniques produced by the. writing
team, occupied the project staff for the remainder of the grant period.
The project staff met with members of the Institute of Behavioral
Sciences of the University of COlorado to discuss ways in which students
could investigate social perceptiOnsof environmental issues.. This
working SessiOnproduced many ideal and resources that necessitated ex-
tensive follow-up, research, and development by, the project staff; The
staff also met with scientists at the 'National tenter for Atmospheric
ResearCh* to develop techniqUei for assessing air quality.

.

The final activity in completing the prototype module was the
collectiOn of key papers that will back upthe investigative techniques
and that would extend"the student's investigation:beyond the classroom
to the national and.World

* sponsOred b;ip the National Science ,Foundation

4



2. DESIGNS FOR DEVELOPMENT OF THE PROJECT

Background

Research in curriculum. design and development is still in its
infancy. In spite of the innovations apparent.in the curriculum move-
ments of the 1950's and 1960's, there have been.few significant de-
partures from the traditional model of the teacher textbook and labora-
tory manual. As a result, curriculum workers have noted few substan-
tive changes in the behavior of teachers or in the quality of the
learning generally taking place in science classrooms. Although the
type and content of materials available from the BSCS and elsewhere
was of considerable variety, the presence of the textbook supported
the tendency of teachers to ignore other materials or to use them only
to supplement traditional methods of using the text.

As a consequence of these observations, the BSCS chose to explore
the possibilities of a non-text instructional program centering on
specific and highly relevant content topics. These topics were to be
organized into instructional modules that incorporated as. many as pos-
sible of the constraints and guidelines for curriculum development and
pupil-learning available in the research literature.

A Module Development Sequence

An analysis of this literature and the experiences of the staff
led to the conception of a "Module Development Sequence" (Figure 1).

This sequence served the project as an heuristic model to guide and
to evaluate elements of the development process.

This task analysis and resulting flowchart established the follow-
ing generalized procedural sequence for the staff:

Task 1: Examine and analyze-current societal and educational
concerns to determine a content focus I 1 for the
module or modules consonant with relevant character-
istics of the pupil population. Hence, the topic
"The Environment of Man" was selected as a pilot
module.

Task 2: Reviewrelatedjiierature,Or text material having a
direct bearing upon the conceptualcontent_of a speci-
fic Module. .A synthesis ofythe findings of thiS lit-
erature search constitutes the "content' narrative"

. ,

endeerves as.a source document for the identifi-
`datiOnof content,objectives.'

Task 3: Develop a preliminary set.of content and inquiry-
procesiobjectivee-based upon the Content narrative,
-the BSCS conceptual view of inquiry; and the char-
acteriitics-of=the pupil population:

5
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Task 4: Correlate content and inquiry objectiVes and
organize them into hierarchical relationships

that define a logical instructional or learn-
ing sequence.

Task. 5: Describe deSired.teacher.performance charac-
teristics and specify those that are directly
applicable to the objectives of the module
under development.

Task 6: Specify prerequisite knowledge and skills that
are required for successful pupil performance
with the module materials and subject matter.

Task 7: Design and/or select diagnostic instruments
to measure correspondence between actual pupil
and teacher performance characteristics and
prerequisite requirements of the module.

Task 8: Design and/or select instructional media and
strategies that axe most likely to elicit the
kinds of pupil reaponse behaviors defined by
content and performance objectives.

Task 9: Predict and describe expected or desired pupil
responses to the materials and strategies pro-
posed.

Task 10: Administer, evaluate, and define diagnostic
test instruments and identify tracks for diag-
nostic grouping of the field test populations.

Task 11: Prepare an experimental draft of a teacher's
instructional manual incorporating pupil per-
formance objectives, media components, teacher
performance criteria,'suggested strategies for
instruction; and expected pupil response bar,
haviors.

Task 12: Design and construct formative evaluation in-
struments and procedures and test with a small
population for construct validity.

/,-Task 13: Revise and prepare all experimental materials
for pilot testing.

Task 14: Conduct orientation workshops for teachers
and administrators 'of piloi test schools.

,

Task715:- Administer diagnoetic -tests to pilot test
school.teachers andpupils'and assemble de-
scriptive data on those populations.

7

3\



Task 16: Pilot test the experimental materials.

Task 17: Analyze all data collected.

Task 18: Recycle procedural flow at those.points in-
dicated by an analysis of the evaluation data
to revise the materials before retesting and
final publication.

The significant evaluative components of this project are thus
indicated to be primarily at Tasks 2, 10, 15, 16, and 17. Procedures
at these and other points in the deVelopment sequence are based on
tentatively acceptable data. from the literature on curriculum develop-
ment.

Defining Objectives

The literature and terminology used in objective specification is
diverse and,in many instances contradictory. What appears to be common
to all who.regardthe specification:of meaningful objectives as impor-
tant to instruction and learning is therealization that it is a com-
pleX task. If we.knew:ahead of,time exactly what knowledge was crucial
for.every learner.at any giVen point in time, and exactly how to elicit
the cognitive, psychomotor and affectiVe behaviors that are most pro-
ductive of maximum learning responses in every child. with whatever con-
tent is used, there would be little need for the ektensive, long7range
research and evaluation_ efforts now facing the eduCational community.
What we do know is that'we must raise and test usable hypotheses with
respect to learning and instruction and continually seek to validate
those hypotheses throUgh curriculum research.

Defining objectives is one way of stating hypotheses regarding the
means and ends of the instructional endeavor. Regardless of how be-
haviOrs are defined or by what terms .they are known, we are essentially
desirous of obtaining empiricalevidence of the effects of instructional
interventions: The obtaining of such evidence requires a construct that

capableis caple of interpretation and verification.

Psychological Assumptions

The BSCS staff has reviewed the significant literature on objec-
tive specificatioh and has arrived at an adaptation that provides an
adequate rationale. for our presentsfforts.-.Someprinciples or'assump-
tions on which elements,of that rationale are based are:

Learning, attainment of knowledge or skill.
. -

or.characterietic'behaVior,aea consequence of using cog-
, nitive,,affedtive, and/or psychomotor processes to,serthe,
organize, and respOndto internal oexternal eriviron-
Mental stimuli. , ' ,



b. Human learning possesses characteristics that can be rep-
resented by linear and hierarchical constructs, although
learning may not proceed in this manner.

c. Affective. responses, such as interest, attitudes, and
values are more attainable through active, participatory
questioning styles of. instruction, and through inquiry
with. meaning to the student, than through passive re-
sponses to didactic discourse.

To the extent that human behavior is learned and the
total environment of learning is discernible and de-
scribable, modifying and predicting human behavior dur-
ing and as.a consequence of a planned instructional
sequence is possible.

These principles (or assumptions) provide the.basis for the gen-.
eralized hypothesis that, given an attainable objective, described
behaviorally, there is a combination of environmental stimuli (in-
structionalmaterials and strategies) that can be effectively used to
elicit a predicted learning response(s). (This does not preclude the
occurrence of unpredicted responses of greater or lesser value than
those planned for or predicted.): ThiS hypothesis would further pro--
vide that repeated interventions 22ELI% instruction that reqUire or
elicit the predicted response will result over a period:of time in a
higher level or frequency of the responseafter the instructional se-
quence than before. Figure 2 is a diagrammatic representation of this
hypothesis.

High

Diagnosed
Knowledge,
Skill,
or
Behavioral
Performance
Level

Time 1

Interventions during instruction
requiring or eliciting a single
desired response behavior.

Before
Instruction

High

Achieved
KnoWIedge,
Skill,
or
Behavioral
PeiformanCe
Level

Low

Time 2

After
Instruction

4
Figure 2. The Relationships between Instruction and Learning..



The structure of this model might suggest training rather than
what is usually described as inquiry by many science educators today.
However, if the desired response behavior is described in terms of
categories of behavior such as those attributed to scientific inquiry--
problem formulation, formulating hypotheses, designing studies, execut-
ing an investigation, interpreting data, and synthesizing knowledge-
we can hypothesize that there can be sufficient correspondence with
higher cognitive levels of understanding as opposed to lower level re-
sponses such as pushing a certain button in responseto the appearance
of a green light.

In this same context, demonstrating that higher level cognitive
behaviors take 'on a hierarchical structure when analyzed for knowledge
or skills will be possible. The postulation of a hierarchical nature
of the learning process has been described in some detail by Gagne. He
states in summary:

Thus it can be seen that knowledge Of the principles of
a specific science topic requires the previous learning
of Subordinate principles that are general to science, in
the sense that they deal with the processes of obtaining
scientific informationt-regardless of whether this is
biological, physical, chemical, or whatever. Moreover,
these fundamental principles in turn necessitate the learn-
ing of prerequidite concepts.:.Science Learning, like
mathematics learning, has a hierarchical-structure that
is crucially supported by a number of concepts and prin-
ciples that are not content-specific; rather, they are
general to the study of any and all sciences. 5/

From this base in theory, we can proceed to the task of defining
objectives. We can logically begin by accepting the dichotomy of
"process" and "content" objectives. The first encompasses the means
by which the environment is perceived and organized, and the second
refers to that particular bit of the environment that 'commands the
attention, of the learner. ,Thus there is the possibility of two hier-
archies of objectives superimposed on each other. The first, a hier-
archy of process and'the second, a hierarchy of content:

It can be assumed, though this has not been confirmed, that learn-
ing proceeds best through the levels in these hierarchies from low
level demands to high level demands. Confirmation becomes difficult
because of the complexity of the cognitive and psychomotor structures
involved.in the learning Process., That is, when approaching or attend-
ing to a specific problem, learning behavior'may- range across all levels
of the hierarchy rather than sequentially,through each level.

5/ Gagne, Robert M., Conditions of Learning. New York: Holt, Rinehart
& Winston, 1965; p.190.
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Process Hierarchy 6/ Content Hierarchy 7/

Creating, discovering,
reorganizing, formulating
new hypotheses, new
problems, etc.

Justifying, explaining,
predicting, estimating,
interpreting, inferring,
etc.

Comparing, relating,
descriminating, re-
formulating, illus-
trating

Recognizing, identi-

fying, remembering,
recalling, classify-
ing

'Imitating, duplica-
ting, repeating

Low

Strategies.

Principles

Concepts

Differentiated
Stimuli

A Single
Stimulus

L 1

Figure 3. The Nature of Process and Content Hierarchies.

6/ Performance Scale adapted from James M. Bradfield and H. Stewart
MoredOck. Measurement' and Evaluation in Education, New York:
Macmillan 0o., 1957, p.204.

7/ Content hierarchy adapted froM Gagne, RobertM. "The Analysis of
Initruciional Objectives for.ihe Design of Instruction," .in Teach-,

1222. MaChineS and Programmed LearningIl., Robert Glaser (ed.)
'Washington,- p. c. National .Education Association of the United
States,' 1965, p.55.
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Since the task of designing instruction cannot accommodate an in-
finite variety of possible permutations,

it nonetheless can structure
the learning environment so as to maximize the effectiveness of a pro-
posed design. This means attempting.to determine by diagnosis the
functional level reached by the learner or population of learners,
using this level as an entry point, and proceeding through the scale of
demands to the terminus of the hierarchy.

A second problem of sequencing that demands consideration is the
definition of short- and long-term goals; or, to put it another way,
the making of necessary distinctions

between objectives to be attained
during and after instruction. If our hypothesis regarding repeated in-
terventions illustrated in Figure 2 is correct, we need to give greater
attention to predicting the immediate consequences of our instructional
interventions in order to adequately predict the longterm consequences.
Thus, it follows that the terms terminal and subordinate objectives are
useful in two contexts: 1) with short-term objectives, in reference to
pupil responses during instruction, and 2) with long-term goals with re-
ference to which all subsumed objectives are subordinate. A terminal
objective; matching process and content goals, will have a sub - hierarchy
of:subordinates through which the student moves in seeking the solution
to a problem. On stbsequent days,: with different problems of equal or
increasing complexityi the student will repeatedly perform a'variety.of
process tasks, but presumably with increasing skill and competence. If
the problems given are. related principle, the student will, in time,
begin to recognize similarities, conceptual structures', and finally,
Strategies. -Prepost diagnosis should show substantial gainS in those
'earnings for which there has beenienOugh reinforcemsnt offered during
instruction. Planning for short -term performance objectives should,
therefore, bear a significant relationships to IonT.termbehavioral
goals. It is difficult, however, to determine a priori the point in
time at which evidence of success with long-term'behaVioral goals
should show significance when the goals to be measured are at high
levels in the cognitive domain. This may explain why most achievement
tests continue to depend upon recall items to reveal significance in
testing and by this very act influence the nature and goals of.instruc-
tion to emphasize memorization and regurgitation.

For these reasons, this:project is committed to a developmental
focus upon performance during instruction. By virtue of this focus,
we use the terms termina and:subordinate

to,represent:short7term per-
formance objective sequences.:Thts,an instructional module designed
to consume five weeks of class-tite would haVe a sequence of,terminal
objectives, each having a hierarchy of subordinate objectives for which
instructional, and'evaluative,strategies)MUSt,be designed (see Figure 4).
These,strategie, will represent,ireasonabletiXof seleCted content, ,

instructionarmaterials; and/Or'teacher 6ehaviOr designed.to_elicit im-
and observable:responses-from sttdents'indidatinTengagement

with the content and process demanded by the,desiredperfOrmancd'objec-
tives.

12



High
Logic of
Sequence TO' TO2 TO3 TO4 TO5 TO6

* angle of inclination unknown

Figure 4. Relaticmships of Terminal and Subordinate
Objectives in an Instructional Sequence

Our experience indicates that development of terminal.and subor-
dinate performance objectives for a new and innovative instructional
program requires that they be stated first in very general terms. The
logic behind this requirement is that selection of appropriate materi-
als and strategies should follow the specification of general response
categories. That is to say, an objective specifies that students will,
for example, discriminate between scientific reports that represent
poorly conceived and properly conceived research studiesexamples of
these kinds of materials will need to be made available. ''These ex-
amples would preferably be taken from, or developed within, a topical
framework that matches the content focus of the module. Subordinate
objectives would relate, perhaps, to recognition of faulty procedures
or premises, or to unjustified or unsupported assumptions', etc. Strat-
egies would include ways to introduce the materials, focus student
attention on them, and elicit ,the intended or desired behavioral re-
sponseg.

Once these three elements are determined and tested and validated
,for 'the predicted response behavior,- a more precise statement of all
of the objectives is possible. Each objective statement could then
include the description of the behavior, the context in which, the be-
havior is to occur (the'stimulusY, and the quality that should be ex-
pected of a student's ,performance_to indicate an acceptable level of
mastery.

:1.3



Selecting Materials and Strategies

Part of the criteria for the appropriateness of materials and strat-
egies for use during instruction can be deriVed from the nature of the

objectives themselves., The objectives, materials, and strategies must
reflect the developer's knowledge of the student population for which the
module is being designed, of the social and educational concerns of the
society, and of the disciplines.

Criteria for suggested strategies in this program are, in general

these. They must:

seek to maximize student interest and enthusiasm,

b. provide for actual student involvement in various modes of

inquiry,

provide the flexibility necessary for use in a variety of

geographical areas with a variety of student types,

avoid, whenever possible, the use of didactic discourse
as a means of information transfer,

e. provide for individual, small and large group experiences
at points where they are deemed, likely to provide the
greatest benefit to individual learners,

f. seek to affect in a positive direction student attitudes
about their capabilities to cope with real problems, and

g. seek to affect in a positive direction student attitudes
about their, capabilities, to influence decision-making.

/, '



3. THE PHILOSOPHICAL BASIS FOR THE
PROPOSED MODULAR PROGRAM IN

GENERAL BIOLOGY FOR HIGH SCHOOL

Purposes of the Program

The long-range goals of this project were derived from early
deliberations of the project staff and advisory committees. The
focus derived from these discussions was upon the production.of
flexible program in the biological sciences for non-college-bound
secondary school students. The.suggested design involved the produc-
tion and evaluation of a series of eight instructional modules--each
of several weeks duration, some interdependent and seguential,and
others optional or independent.

Content of the Program

The program, as now conteived, will be approached from the per -
spectives of Man as a Biological end Social Organism Living in a
Finite Environment. Essential threads spanning and correlating all
modules include the major biological themes, such as evtlution, the
continuity of structure and function-and theinterrelationships of
organism and environment. Other constraints are drawn from the char7
actexistics, needs, and interests of vocationally oriented rather
than college7bound students and the characteristics of contemporary
society in which they live.

The core objective of this program, is to have students develop in-
creased awareness of and faciliti with the task of dealing with human
problems. Therefore, the content is derived from the nature of man,
his origins, his'cruciaLlife processes, and his behavior in response
to physical and social environmental stimuli. Tentative objectives and
preliminary descriptions of the'eight proposed modules follow:

General Ob'ectives for Modular Biology

a., to develop, understandings of systematically selected con-
cepts and generalizations of biology, especially those
With relevance to the environment, and to develop skill in
using them where they are useful in the solution of human
problems,but specifically to:

(1), ,explore ecological relationships, adaptation and sur-
vival, especially man's affects on the world ecosystem.

(2) explore the conflicts and problems of/determining bio-
logical species and types,,especially the potential
relationships between scientific knowledge and social
practice regarding the races of man.

'15



(3) explore the biological basis of behavior with special
attention to the development of social and sexual be-
havior in primates and man.

(4) explore the human organism in comparison with other
organisms.'

b. to understand that biology as a science is .a continuously
developing, revisionary process, as well as a body of cur-
rently warranted fact and theory.

c. to understand that the structure of the discipline of bi-
ology that is being studied is only one of several pos-
sible structures, e.g.,

(1) appreciate the importance of different ways of look-
ing at problgms.

(2) examine the assumptions that form the
ticular structures of biology.

basis of par-

d. to understand some of the ways in which scientific know-
ledge has grown in the past and is now growing and chang-
ing, and that the sciences only grow as individuals
contribute to its growth throughout lifetimes.

e. to develop habits of thought characteristic of scientific
inquiry and know the values and limitations of each, e.g.,

(1) recognize and distinguish dogmatic from critical
appeal to authority and experience.

f.

g.

(2) recognize limitations in the evidence presented in
competing arguments. -

(3) recognize the principles of inquiry-guiding research
and the inflUence'of,:these'Principles on the know-
ledge produced.:

to understand the kinds Of :questions ih4t'sCience,as a
way of thinking can and ,,cannot answer i that biological
jcnowledge-cancorit#buie'to" the solution of human prob-

lems, 'but":recOgnize'ihai'all7ProbleMi-do,not.have scien-
tific solutionsf.,,Manailure,to take account of the
6fEepts-'of'iciSiice;'rAiher than science itself, has re-
sultdd iriSoCiaiProblemi,- such as pollution, population,

to understand the close historical amd,coritemporarY,re-
lationships betWeen scientific 6owledge, technology,

16
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natural resources, industry, and the standard of living
and to know how science and scientific technolog7 have
and can improve man's health, longevity, and quality of
life.

h. to provide opportunities for students to consider adult
problems in a logical and fact-related fashion.

i. to develop independence in learning.

J. to continually evaluate science experiences for poten-
tial careers and for recreational opportunities, e.g.,

(1) explore the relevance of scientific knowledge to
nonscience careers.

(2) explore the opportunities for semi-skilled, skilled
and professional careers in science-related occupa-
tions.

(3) examine areas of science that may serve recreational
and avocational interests.

A Proposed Modular Biology Program

The proposed program will consist of eight modules of from four

to six weeks each. Modules may be used independently in existing pro-
grams of instruction or the entire system of modules may be used for

a full year of instruction. Each module is briefly described beloW4
but'will be subject to modification as the total program develops.

Each module will contribute to'thedevelopment'of biological
skills of value to the' average'; in understanding:man:in the
earth'enVironment and Contribute:to his comprehension of environmental

problems as they arise. In effect, MOdules A to G serve as'antecedents
to an effective inquiry in Module H - -The Environment of Man.

Module A. Man in Nature
--7

The interrelationships among organisms and between organisms and

environment are the central conceptions,of thismodule. Students will
investigate the_components of'ecosystems and explore selected relation-
ships aMong environmental factorsand'hiotic communities. They,

also investigate energy and materials flow in limited biotic communi

ties.

Module'B. , Who is Man?
..-

This module will focus on the problem of biologiCal species,'-with

races of man as a Case; study. Inquiries will'lead students into stud-
ies of human populations, variations within species,and'gene,

17



frequencies in populations. Such inquiries will lead back to Mendel,
rather than begin with Mendel. The module will explore the relation-
ships between social practices and scientific knowledge regarding the
races of man.

Module C. Human Origins

This module will explore the question of man's origins, working
backwards in time through the fossil record descriptively, raising the
question of how this fossil record can be explained and to examine
hypotheses regarding the origin of life. ThegroSs structures of life
functions of man will be examined and investigations of man's relations
to the living world will be Conducted. Man's cultural and social evo-
lution will be studied -in depth.

Module D. The Cycle of Human Life

The development of the human organism from egg through embryo,
fetus, childhood, adolescence, and adulthood and aging will be investi-
gated. Interactions of genetic and environmental factors in influenc-
ing the emerging organism will be considered; as well as selected
environmental hazards to development, such as venereal diseases, sel-
ected drugs, radiation, and environmental deprivation.

Module B. Maintaining Human Life I

The effects of, taking various substances into the body, and trac-
ing thesesubstances through the body will be introduced with a study
of drug and narcotic effects. The differences between drug effects and
nutrient effects will be investigated through a systems analysis of
foreign body effects, including disease-inducing organisms, and immune
reactions.' Relevant concepts of physiology, regulation, and homeostasis
will be included.

Module F. Maintaining Human Life II

Maintenance of a species through time will be explored through
courtship behavior in animals and reproductive behavior in primates and
man; The biOlogical processei of reproduction'will.be investigated
through behavior, but; will include the reproduCtive cycle as a self-'
regulating ,system; PsychologiCal. and social:aspects of human sexuality
will conclude the 'module.

Module G. Behavior

, .

The biological roots of human behavior will be explored, through
inquiries into: primate behavior andtheir origins. Problems of com-
munications, use of tools and social behavior in man and 'other animals
will be investigated...Special attention will bedevoted to learning as
a behavioral characteristic of animals, reaching its'peak in man:

18



Module H. The Environment of Man

This module engages the student in investigating the quality and
quantity of environmental factors that are relevant to his preferred
life style. Investigations in his own community and analysis of data
regarding the national and world status of these factors lead the stu-
dent to formulate problems of human behavior on a finite earth. Al-

ternative patterns of behavior, reflecting different values are ex-
plored for predictable consequences for human survival. This pilot

module is attached to this report.

These modules are not presented here as a rigid sequence, except
that Modules A to G are seen, in whatever order, as valuable antecedents
to an effective inquiry in Module H, The Environment of Man.

This premise led the project staff to select Module H as the pilot
module for development and evaluation. Apart from its timeliness in
other respects, it offered possible insights into the content of the
other modules as prerequisites.

19
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4. CHARACTERISTICS AND COMPONENTS
OF THE PILOT MODULE

Components

. The pilot module nearing completion at the end of the first pro-
ject year has two major material components:

Student materials consist of a manual titled Investi-
gating-Your Environment. The manual includes the
following:

Chapter 1 - "Investigating Your Environment" describes
the intent of the manual, what it contains, and how,
it can be used as a resource instrument.

The use and development of communication skills in at
least three contexts is a part of the module experience
for students. Students will participate in'task7oriented
discussions in small and largegrOu0s. These discussions
will include expressing opinion's, responding to the opin-
ions of Others, planning and designing investigations,
and considering ValUe-laden issues within a decision
making context.. Another aspeCtofcommunications-is the
design, presentation, and criticism of research designs
prepared for gathering information regarding carefully
formulated problems. A final coOponent:Of communica
tions experience will be the preparation of materials and
media to communicate the findingS of investigations to
'classmates, to future classes, to members of the school
community, and optionally, to the community at:large.

Chapter 2 -' "Techniques for Investigating Your Environ-
ment",provides' background information and procedural
guidelines for'collecting environmental data from the
student's local community.

This. component of the environment module departs in ed97,
'catiOnally significant ways froM the 'typical laboratory
exeroise,be-it investigative or illustrative. The writ-

-ten materials, provided to 'students pre/Sent techniques
and prOceduresfor securing quilitative'and,quantitative
dataAboutthaquility of the environment. Techniques
for securingdata, on phYSicali biological, and social
aspects of the environment are Provided:

Unlike theconventionallaboratory,exercise, prOblem
specification, selectionOf specific techniques relevant

, to the Problem, and:design of 'the investigation will be
the task'ofthe'student: ,This=departurd from the usual

20,



laboratory exercise is based on the assumption that stu-
dents will be motivated to inquire when they formulate
problems of significance to themselves, and that they
will be able to explain what they are doing and why they
are doing it when conducting investigations of their own
design.

Chapter 3 - "Resource Papers on the Environment" is a
collection of research reports and position papers care-
fully selected to provide the students with a broader
outlook on environmental problems than would be avail-
able from his own studies of his local community.

These readings include scientific report: interpretive
articles, and articles from the popular media. No text-
book or text-like materials are included. This departure
from regular course materials is based on the assumption
that the textbook format is typically uninteresting to
students. Too often, text materials are summary state-
ments, largely rhetorical in style.

The primary criterion for selecting papers for the module
is their consistency with Schwab's conception of a "nar-
rative of enquiry" as contrasted with a "rhetoric of con-
clusions." 8/ A second criterion for paper selection is
substantive; the content must extend personal experience
to national and whole-earth levels: As Boulding has made
exceedingly clear,

one of the great political problems arises from the
tendency of people to generalize from their own per-
sonal experience to propositions about society as a
whole. Formal education should teach people that
their personal experience, important as it is to
them, is a very imperfect sample of the totality,
and we must give people an idea of how to sample
this totality. 9/

Chapter 4 - "Designing an Investigation and Organizing
for Teamwork" provides the, student with carefully devel-
oped clues to the nature of scientific investigation,
its crucial components and criteria for the selection of
subjects and procedures.'

8/ Schwab, Joseph J., "The Teaching of Science as Enquiry." Schwab,
Joseph J. and Brandwein, Paul F. The Teaching of Science. Cam-

bridge: Harirard University Press, 1962. pp.3-103.

9/ Boulding, Kenneth E., "Ecology and Environment." Trans-Action
5:38-44, March 1970. p.44.
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b. The Teacher's Instructional Handbook

This book proposes a rationale and asset of procedural
guidelines for the teacher. It proposes a sequence of
events by which the module is introduced and by which stu
dent performance of the investigative procedures are to
be initiated, monitored and, in some cases, guided. It
suggests strategies for motivation, organizing activities
and reports, and forleading discussion sessions on the
data:collected and the inferences to be drawn from the
data.

The instructional handbook alsocontains a bibliography
of papers selected to convey,the:point of. view of the
writers regarding environmental issues and pedagogy.

This module is an attempt to maintain a potentially pre-
carious position between the personal involvement that
seems essential to contemporary yoUth and the challenge
to oVergeneralization from that involvement. Again, as
Boulding has stated,

...a widespread understanding of the nature of sam-
:piing error might, preserve us from the literally
deadly seriousness of cults of youth, radicalism,
and the avant-garde. 10/

Ite,rationale for instruction is presented in the Teach-
er"S Instructional Handbook and, is summarized in the next
section.

10/ Ibid.
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5. GENERAL OBJECTIVES AND RATIONALE
FOR THE PILOT MODULE

The instructional strategies for the module have been arbitrarily
subdivided into three phases for convenience in explanation:

Phase I Pre-Investigative Phase

Phase II Investigative .Phase

Phase III Post-Investigative Phase

These divisions do not exist in the student materials and should
not be used as referents to students. For them there should be one
phase, investigating a scientific problem in which they have a per-
sonal interest and commitment.

The general objectives for this experimental module represent one
way to engage students in a study of environmental problems in addi-
tion to providing experiences that will promote the idea of rational
scientific investigation as a means of collecting useful data These
objectives, and the accompanying rationale, reflect some assumptions
with regard to strategies and sequencing for maximum motivation.

PHASE I

Objective 1. Students will express( value judgments relating to
desired personal life-styles',

a. name things and/or circumstances that they value
or consider necessary to the qualities of life
they prefer.

b. discuss the judgments Spd desired life-styles of
others in the ciass.

2. Students-will relate life-style goals to environ-
mental specifics,

Objective

P t P

1

a. specify environMentalfactors as they perceive
them.

lo' -- discuss the ways in which environmental problems
: seem.tOaffect theirr,life-styles or "favorite

, things." -

Rationale, Phase I

It is assumedthat every student attaches value to some ma-
terial things or non-material relationshipa, i.e. having friends
or being liked. Astrateglith*e#61a4a*.,free,and open, discus-.
sion of these "valued things orreIationships",allows the studentrelationships"
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to become emotionally involved as well as intellectually committed
to identifying personal choices.

It is furtherassumed that, under proper instructional circum-
stances, students can be helped to trace each valued component of
their personal life-style to a source directly related to external
environmental factors.

. The writers assume that students do not know that there are
serious environmental problemS in their own community and country.
The meaning of know implies a comprehensive knowledge base that
will enable,theetudent to eventually formulate environmental
problems rather than to accept the rhetoric of others. Avoidance
of the concepts of.pollution, overpopulation, etc., is essential
to Phase I and II of this module.

The focus of Phase I is open discussion of valued life-styles
(without prajudice) and relating these life-styles to student-
identified environmental factors.

PHASE II

Objective 3. Students will (working in teams) formulate problems
for investigation that relate to the quality and ac-
cessibility of the factor they would like to consid-
er,

a. study (in teams) individual copies of the book-
let "Investigating Your Environment."

b. prepare a list of researchable questions aris-
ing from their problem.

c. review and critique team questions.

Objective 4. Students will design and/or select procedures for
the investigation,,

a. search amon0he techniques provided in the re-
:source booklet-to:determine if there is one
relevanttotheir-,problem. If none exists, the
problem May:hive to. be :-reformulated or a new
technique' designed. `'

b., propose.and present a rationaletoiupport their
Selection based on characteristics Of the local
community.

organize into subteams as necessary:and prepare
research designs for-the investigation, of speci-
ific substances or situations.
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d. review and critique research designs (within

teams).

e. plan effective ways to display and communicate
findings.

f. review, and critique selected overall research
designs.

Objective 5. Students will obtain qualitative and quantitative
data,

a. secure, prepare, and practice with instruments
and techniques to be used in their investiga-
tion.

b. conduct their planned investigations.

Objective 6. Students will analyze their data and draw inferences
that reflect on the problem being investigated,

a. assemble and collate data from subteams-,

b. identify sUbitances,,situations, or relation-.
ships that affect the quality of the environ
ment they are investigating.

prepare reports and/or materials for communi-
cating findings to the class.

4. Present'and disduss group findings or reports
,

describing the,status of those aspects of the
environment they' have investigated in the local
community.

Objective 7. StudenteVillattemitt6,,identify 'immediate and/or
long -term, effects of variance from ,quality stand-,

ardeyin .the' environment as it pertains to other
probleMs,'

a. prepare frOM their:personal obeerVations,and
',.frOm resource mattrialS.(film,,paPers, etc.)
inferences as toi.MMediate:and long-term,
effects of,qualitY-Veriance.7.'

b. , analyze the'inferencee 'for 'theie'relationships
-Ito the, data bass'.

Objective 8.- Students will seek-to formulate-the fUndamental.
causes, that are contributing ,:,th.. Variance '-from,.



quality standards and optimum availability of en-
vironmental factors,

identify natural and human elements acting on
quality of the environment.

. develop hypotheses which will attribute these
to the common denoMinators-population. growth,
technological pollution, human attitudes and
behavior.

Rationale, Phase II

Having established a "clear" relationship between valued life-
styles and one or more "crucial" aspects of the environment, we
now assume that the average general education student has not been
overly influenced by media attention to environmental problems.
The instructional task is to encourage the students to take as un-
biased a position as possible while examining the quality and
availability of the aspects of the environment investigated as it
affects the problemthat concerns them. Beginning with a question
such as "Is there'a difference in the quality of water resources?"
or "is there a difference in the ways schools treat kids?" the
student can formulate a specific problem and research design to
determine if quality variance exists in specific local situations
and identify sources of variance if it is found.' To facilitate
these tasks, the student is given a set of techniques from which
to choose--his choice again being based on specific local charac
teristics.

These tasks serve to engage the student in creative analyti-
cal thought processes along with the use of principles and prac-
tices of scientific research and analysis._ The instructional task
includes facilitating student efforts to obtain valid data by pro-

, viding the equipment, arrangements, resources, and permissions
needed.

,T*writers assume that data,secured by students will have
moresignificance (relevance) than that gathered by others. Pri7
mary'emphasis'iS to be placed on investigations carried out by
students. Using -the data,githerediby various agencies in the
community should be seen as a less desirable alternat_ iv_ e, but

- _
s alonetLat may provide: essential, data.

. .

. . ,

. .
. ,

ThiSphase departs from the usual science laboratory exer,-
cise by providing the student withtechniquesOr criteria for :

developing teclOiques- but not a problem or design. Problem for-
mulation and:the design of investigations ie'a difficult process.
Permitting students time to think and providing encouragement to
plan are necessary' roles of the teacher. Care must be exercised
to assist students around stumbling blocks without imposing the
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teacher's problem and design on the students. Again, the writers
assume that the process of problem formulation and the design of
investigations is essential for student motivation, understanding,
and commitment to the task.

The nature of the student investigations in many cases will
require considerably more student freedom than that required in
conventional science. classes. The duration and frequency of such
requests are not predictable before theformulation of the speci-
fic research designs. In many cases it is well to anticipate
this dimension of the module and make the appropriate procedural
and administrative arrangements. Certainly the apportionment of
responsibility during the investigative phase of the module should
be thoroughly explored with all students. When their investiga-
tions have been completed student displays and discussions of
their findings should serve todraw attention to the larger prob-
lem of human attitudes-, values, and behavior that affect the

quality of the environment.

At the end of Phase II, students will probably have first-
hand knowledge thatmany of their personal concerns are out-
growths of more pervasive societal problems such as population
growth or a rampant technology.

PHASE III

Objective 9. Students will, in the areas they have investigated,
identify alternatives with regard to human behavior,

a. identify divergent points of view regarding
problems such as, populatioh increase (birth
control, technology, standard of living, re-
source depletion, etc. human attitudes and
behavior (racism, apathy, opportunism, etc.).

b. suggest consequences of the proposed alterna-

tives.

Objective 10. Students, will, in the areas they have investigated,
evaluate the alternatives identified,

a. critique suggested consequences on the basis of
data from their investigations and from resource
materials.

b. identify current gaps in knowledge that leave
doubt, with regard to the consequences of sug-
gested alternative behiviors.

c. identify and make explicit the implied values
related to divergent points of view.
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Objective-11. Students will, in the areas they have investigated,
suggest and/or initiate corrective courses of action
as individuals and as groups,

a. identify choices for personal commitment or con-
cern.

. identify existing groups, local and national,
representing various points of view.

c. describe and/or initiate plans for personal or
group involvement.

Rationale, Phase III

It is not the function of these materials to represent or to
propose value criteria. It is, however, considered important to
help students to recognize that alternatives do exist and are
strongly supported by different interest ,groups. Identifying these
alternatives and the values represented should help to point out
the divergence of value structures as they exist in almost any
segment of a population.

When asked to review their own conceptions of a valued life-
style in the light, of these new data, students should be expected
to experience the same frustrations and tendencies toward hypoc-
risy extant in the' general population and to interact with each
other in defense of particular positions.

Finally, the module terminates by remaining open-ended with
respect to this divergence,- but encourages responsible involvement
baied on' a better understanding of the conditions and issues in
volved.' Such involvement may take the form of group action, a
realization that "I need to know more," "There are no simple
'solutions," '"We need more research'' on ," etc.
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6. A FORMATIVE EVALUATION DESIGN FOR TESTING
THE PILOT MODULE

Design

Any new departure in the generation of materials for use by pub-
lic school students requires formative evaluation as an integral
aspect of development. The unique contribution of curriculum, projects
materials in contrast to commercial materials is this inclusion of
formative evaluation of prototype materials prior to putting them in-
to final form for publication and distribution. The attached materi-
als describe in a general way the evaluation program that is central
to the development of effective instructional materials produced by
the Biological Sciences Curriculum Study project. This model has been
developed and has been used in producing curriculum materials by the
BSCS. The model was developed as partof this project and preliminary
selection and drafting of evaluation instruments was initiated.

This model suggests an intensive rather than an extensive field
test design. Specification of the number of classrooms and teachers
involved in the'design would be determined by the desired generaliza7
bility of the findings and the extent of funding,. The crucial fixed
ingredient in funding is thedevelopment of instruments consistent with
the course materials. Experience of the BSCS staff indicates that.when
new curriculum departures are made, in this case an interdisciplinary
non-textbook program, existing tests and other data gathering instru-
ments of most types are generally inadequate to the new task.'; The
expertise required to generate the data collection instruments isas
criticalas the development of curriculum materials if valid and re-

, liable materials are to be produced.

The appended design is provided as a model prepared to_nrovide
the data base on which recommendations for the extension and revision..
of materials may be formulated. The formative evaluation phase of the
preparation of this environment module is essential for its completion;
for the initial development has been carried as far, as possible, short
of classroom trials.
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r
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c
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c
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b
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b
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c
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c
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c
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b
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b
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c
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c
h
e
r
 
r
e
p
o
r
t
 
f
o
r
m
s
.

T
e
a
c
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b
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)
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b
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r
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n
e
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c
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l
l
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l
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c
t
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t
e
r
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l
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p
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p
r
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a
t
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h
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c
o
m
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m
u
n
i
t
i
e
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.

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

c
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r
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n
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o
b
s
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n
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p
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b
e
 
d
e
v
e
l
o
p
e
d
)

T
o
 
b
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e
r
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e
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r
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r
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u
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c
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.
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e
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n
c
e
s
,

'

f
i
l
m
s
,
 
r
e
p
r
i
n
t
s

e
t
c
.
,
 
n
e
e
d
e
d
?

N
o
t
 
a
l
l
 
p
o
t
e
n
-

'
t
i
a
l
l
y
 
n
e
c
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c
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c
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b
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b
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u
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c
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c
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c
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u
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u
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b
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c
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c
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h
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c
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p
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c
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b
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c
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c
i
f
i
c
 
p
o
i
n
t
;

s
h
o
u
l
d
'
h
e
 
h
a
V
e

g
b
n
e
'
-
t
o
 
s
m
a
l
l
,

g
r
O
u
p
s
,
w
h
e
n
h
e

-
d
i
c
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i
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c
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c
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c
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p
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b
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c
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b
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b
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b
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i
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.
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c
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p
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.
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c
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i
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n
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c
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b
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h
a
V
i
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I
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i
6
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w
h
a
t

-

e
x
t
e
n
t
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-
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l
l
 
s
t
u
d
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n
t
s
'

w
i
l
l
 
e
x
h
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b
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t
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o
m
e
 
o
f
 
t
h
e

b
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o
r
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-
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s
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a
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o
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x
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c
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o
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u
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t
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c
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u
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b
j
e
c
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e
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p
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b
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c
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e
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i
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p
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b
e
h
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n
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n
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b
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c
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b
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c
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c
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p
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b
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b
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c
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p
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b
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b
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c
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c
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.
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u
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c
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c
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c
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p
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b
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c
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i
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r
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u
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i
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u
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c
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i
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u
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r
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.
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b
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b
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c
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Data Gathering

Information on several questions proposed in formative evaluation
design may be secured through administration of the Class Activities
Questionnaire (CAM'. 11/ The CAQ assesses five major dimensions of in-
structional climate as presented in Table 2, page 38. The pattern of
administration of the CAQ (see Table 1) will enable the investigators
to determine changes in the classroom climate as perceived by students.
Administration of the CAQ to the BSCS project staff to determine their
ideal will provide a standard for comparing teacher ideal and teacher
actual ratings. The structure of the CAQ is shown in Table 2.

Developmental work on the preparation of attitude-belief (A-B)
scales was initiated during this project. The scales are based on the
work of Fishbein and employ bipolar adjuctives in a modified form of
Osgood'S semantic differential. 12/ Fishbein provides both theoretical.
and operational definitions of beliefs and'attitudes. .Beliefs are de-.
fined as the probability dimension of a concept--is its existence prob-
able or improbable? Attitude is defined as the evaluation dimension of
a concept--is it:good or bad?

Securing data on student beliefs and attitudes regarding. specific
concepts related to the basic course framework will provide .useful in
formation:for revision of the course materials.

The concept statements listed below are examples of the concept
statements that would be evaluated for use in field trials of the course
materials.

My happiness depends on having all the material posses-
ions I want.

b. World population is a serious problem now.

C. The United States should, stop its population growth as
soon as possible.

d. I prefer to live in the country with few people around me.

e. prefer to live in the city among large numbers of people.

f. Learning about my body, how it works and changes.

g. St.udying science.

11/ Instructional Climate in Illinois Gifted Classes. Illinois Gifted
Program Evaluation, Center for Instructional Research and Curriculum
Evaluation, University of Illinois, Urbana, Illinois,` August 1970,
p.10.

,

12/ Readings in Attitude Theory and Measurement. Martin Fishbein (ed.).
New York: John Wiley and Sons, 1967.
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Instructions for administering the attitude-belief scales con-
clude this section on formative evaluation.

A harmful

A wise

A dirty

**
B impossible

B false.

.B existent

A bad

B probable

unlikely

si.ck

beneficial

foolish

clean

possible

true

nonexistent

*A = the attitude scales

good .

improbable

likely

. . : healthy

**B = the belief scales

Figure 6. The Attitude Belief Bipolar Adjective Scale
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STRUCTURE OF THE CLASS ACTIVITIES QUESTIONNAIRE (CAQ) 13/

The CAQ assesses five major dimensions of instructional climate,
as noted in the left-hand column. Each of these dimensions is composed
of a number of factors which in turn are usually represented by several
items in the questionnaire. (The Cognitive Dimensions are based on

Bloom's Taxonomy.)

DIMENSIONS FACTORS BRIEF DESCRIPTIONS (Items not shown)

1. Memory: Activities calling for recall or
recognition of information pre-
sented.

LOWER
THOUGHT 2. Translation: Activities calling for paraphrasing

PROCESSES or expressing information in a
different symbolic form.

3. Interpretation: Activities calling for recognition
of.relationships and seeing impli-
cations of information.

4. Application:

HIGHER
THOUGHT 5. Analysis:
PROCESSES

6. Synthesis:

7. Evaluation:

Activities calling for selection of
appropriate methods and perfor-
mance of operations required by
problem situations.

Activities calling for recognition
of the structure of material, in-
cluding the conditions that affect
the way it fits together.

.
Activities calling for the genera-

tion of new ideas and solutions.

Activities calling for development
and application of a set of.stan-
dards for judging worth.

8. Discussion: Student opportunity for and involve-
ment in class discussion.

CLASSROOM
FOCUS 9. Test/Grade Stress: High pressure to produce teacher-

selected answers for a grade.

10. Lecture: Teacher role is information-giver
with passive, listening role for
students.

Structure of the Class Activities Questionnaire (CAQ)



STRUCTURE OF THE CLASS ACTIVITIES QUESTIONNAIRE (CAQ) (Continued)

DIMENSIONS FACTORS BRIEF DESCRIPTIONS (Items not shown)

11. Enthusiasm:

12. Independence:

13. Divergence:

CLASSROOM
14. Humor:

CLIMATE

15. Teacher Talk:

16. Homework:

Student excitement and involvement
in class activities.

Tolerance for and encouragement of
student initiative.

Tolerance for and encouragement of
many solutions to problems.

Allowance for joking and laughter
in the classroom.

Proportion of class time consumed
by teacher talk.

Weekly amount of outside prepara-
tion for class.

17. Qualities: Students' view of the best things

STUDENT about the class.

OPINIONS
18. Deficiencies: Students' view of things that need

changing about the class.

Table 2. (Continued) Structure of the Class Activities Questionnaire
(CAQ)

13/ Steele, Joe M., House, Ernest R.,,Lapan, Stephen,end:Kerins,
Thomas InStructional'Climate:in Illinois Gifted Classes, Center
for Instructional. Research and Curriculum Evaluation, University
of Illinois, Urbana, Illinois., August 1970, p.10.
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7. CONCLUSIONS AND RECOMMENDATIONS

The general purpose of this project was to produce model materials
for biological education in the '70's. Although all of the goals of the
project staff were not realized, the project produced such model materi-
als. The constraints of time and fiscal resources made it impossible to
provide a pilot module complete with all of the proposed components of a
module as defined by the project staff. However, this very definition
and design for instructional modules provides the framework for future
materials that may provide for flexibility and individualization of in-
struction currently being proposed for improving education.

The project produced a pilot environment module for general high
school biology students. This module consists of a Teacher's Instruc-
tional Handbook (see. Attachment 1), and a student':; resource book,
Investigating Your Environment (see Attachment 2). In addition, a de-
sign for instructional modules, their components and development; and
the framework for a complete modular program for high school biology
were produced. These latter products have been described in this re-
port.

The environment modulA is designed to engage stuthmts in active
investigation of the quality and accessibility of environmental factors
in their local community. Students will be engaged in individual and
small group investigations designed to result in the identification of
problems of environmental quality that face them as individuals and as
members of society.

This module has several additional components to be completed be-
fore final classroom testing. The teacher strategies require an exten-
sion that will be developed after classroom testing, but the papers
selected to extend student investigations need to be rewritten for the
general high school tenth-grader. They exist now only in their original
form as published in books, magazines, and journals.

A second major component to be completed is the design, production,
and pilot testing of evaluative and diagnostic instruments.

A last component of the module is the media needed to provide al-
ternative sources of information. The project staff reviewed most films
and filmstrips currently available for environmental studies'and found
them incompatible with the investigative mo0.3 of the module objectives.
The educational value of converting written materials into various kinds
of media needs careful exploration. The time and cost of media develop-
ment and production is many orders of magnitude greater than conveying
the information in written modes. The educative value of media may also
be greater, but research is needed to assist curriculum development
groups to make decisions regarOing the appropriate media to economically
achieve particular objectives.



The interest and enthusiasm of both science and social studies

teachers in the project and the numerous requests addressed to the

BSCS about the module attest to the need for this material. Funding

for field testing the environment module and for development and

evaluation of the seven additional modules proposed here is considered

by the BSCS to be of _reatest priority in the improvement of biological

education in the '70's.
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