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ABSTRACT

This study sought to Jetermine the effectis whi:h adop-
tion of the 1970 revision of the New York State Regent, karth
Science Syllabus had on several teacher and student variables.
The primary focus of the study, however, wis on c¢hange: in
teaching behavior which could be attributed to the adoption
of this new science curriculum.

Approximately thirty teachers and their classrooms
from each of three populations of Regents earth science teach-
ers participated in this twec year study. One group used the
old syllabus in the first year of the study, and the new syl-
labus in the second year of the study. 'the other two groups
used the new syllabus in both years of the study.

From the findings of this study, it can be concluded
that teaching strategies employed under the old curriculum and
the new curriculum differ. When teachers change to the new
curriculum, they change their tecaching strategies, vut not their
educational opinions. Teachers who participate in the develop-
ment of a new science curriculum seem to hold educational opin-
ions which differ significantly from those held by the general
population of science teachers.

Student achievement on tests of carth sclence know-
ledge seems to be specific tco the earth science teachlinyr mater-
ials employed. There appears to be no advantage to learning
under either curriculum, as far as improvement 1in ahlki\y to

employ the processes of science Ls concernced.
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CHAPTER I

Interoduction

Between 1958 and 1970, science educabion was radi-
cally'affected by 4 new mode of science curriculum develcp-
ment, stvimulated and largely funded by the Wational Science
Foundation. .iost of the products of this period of active
curriculum developmerit are nationally known by their alphs-
betiq designations. For example, the Pnysical Science Study
Commlitvee produced PSSC pnysics, the Biological Sciences Cur-
riculum Studay produced BSCS biology, and vhe Earth Science
Curriculuim Project produced ESCP earth science. Such pro-
aucts will be referred to in tnis report as "the new science
curricula",

The new science curricula aiffered from one &another
with respect vo disciplinary concern, but were remarkavly
alike in several other respects. liurd and Rowe (1964,p. 286)
polnt ouv tnat the "developmental procedures for each project
were substantially the samec, cven though each of the NSF cur-
riculum groups worked independently".

he procedures used in the development of the new sci-
ence curricula followed the pattern set up by FSSC. Scientists
in ¢ne discipline, classroomAteachers, and science educstors
were assembled at curriculum developmecnt centers, and charged
;ith planning and wrlting a new curriculum which would have the
potential {for widespread adoption. After objectives were es-
taolished and prelimlnary versions of curriculum materials, in-
cluding text, peacher's guide and laberatory equlipment had
veen prepared, these materials were tried out in the classroom
and laboratory. IFecdback from the trial period guiaed further
curriculuin revision, whicn ultimavely: led to production of the
final version of the curriculum.

The new science currilcula were zlso marked by common-
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ality ef-overall objectives. Lurd and Rowe (1964, p. 286)
list some of the oujectives common to the vaprious projects,

The purpose of instruction is to agevelop an understanding
of current sciong! "L xnowledine, Lrg coieepts and methods
of inquiry. “extoolks were orpanized around large themes
or principles of ucience to provide unity and sequential
coherence. Laboratory activities were deusigned to be less
illustrative and mure investigative and quantitative than
they had been.

Furthermore (pp. 86-7),
A teachiny style consistent with the purposes of the "new"
sclence course was reoquired.  The new mevement in science

instruction is as mucn a matter of improved teaching me-
thods as ¢! new goals and up-to-date content.

dith recpect vo this latter poine, Ramsey and lHowe (1969, p.62)
point out that,

Whe science course improvement projects are considered
by their proponents to be more than just course descrip-
tions: they are expected to derine instructional pro-
cedures. )

Blankenship (41667, p. 022) says, "The new science curricula
are devised s0 that t.e suggested vechniques of teaching are
essential to the success of the progsram".

The large number of summer and in-service institutes
funded by NSF for the specific purpose oy training teachers
in the utilization of the various new curricula attests vo its
desire to acquaint teachers with the teaching strategies con-
videred to be in confeoemivy with the objectives of the new cur-
ricula. Funding of the instiivute program, however, would not
permit this type of in-service teaining for all the science
teachers in the country, 50 the new science curriculum materi-
als were accompanied by very complecve and explicit "teachers'
guldes" wnich it was hoped would make the new curricula at
least partially "teacher proof".

The Proulem and ito Sipnificance

Unless the f{leld of sclence curriculum development is
to become a random series of untested theories and fads of the
moinent, 1t ls crucigl Lhat curriculuwn lmplementation ve accom—
panied and followed by research into attalument of the objec-

tives which guided development of the curriculum in guestion.



Attainment of all the objectives of a curriculum move-
ment as extensive and expensive as that of the sixtieg should
be fully researched. As will be seen in Chapter Two, there
has been uneven rescarch attention given to the several objec-
tives of the new scilence curricula. Particularly deficient
has been the attention given to the objective of changing
teaching behaviors. Evén though tecihiniques have been avail-
able for measuring changes in teaching behaviors, very little
research has investigated the link between adoption of a new.
science curriculum and teaching strategies employed by the
teacher. As will be evident in Chapter Two, those studies
which have attempted tc deal at all with chis probiem have
done s0 by comparing the teaching behaviors of teachers using
one of the new science curricula with those of teachers not
using the new science curriculum. Those using the new science
curriculum had ordinariiy volunteered to teacn the new materi-
als; those not teaching from the new materials had often had
the opportunity to try them, but had declined, and continued
to teach whatever type of science course they happened to be
teaching at the time. Differences found in teaching stra-
teglies employed by such groups of teachers have sometimes
heen ascribed to the curriculum used. This conclusion, how-
ever, is not fully warranted, considering the design used.
Firstly, it is not clear against what the new curriculum i1s
being judged. "Non-BSCS biology", "non-ESCP earth science”,
leave much to be desired iIn terms of specificity. Secondly,
and more important, 1t is not at all clear whether it is curri-
culum factors, cr initial selection factors that are being
measured in such studies. It is quite possible thét teachers
who voluntarily adopt one of the new curricula may have pre-
viously employed different teaching behaviors from those used
by teachers electing to continue using materials with which
they are familiar. Are behaviors more "progressive" because
of the curriculum or because of characteristics in the teachers
trying the new curriculum? The review of research to be dis-

cussed in Chapter Two indicates that this question has not yet
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been answaered.,

Yo desifnh a stwedy whiteh wouwd contlrol for these fac-
tors is notv difficulv. ore requiremnctt 1o that bLoth the old
and the new sclenc. eurit,ealy be ¢lourdy opociiied, prefor-
ably in fterms of teachliyr wmateriaic, Jdvoecat.d teuaching pro-
cedures and final exam:s ;sived Lo oludents in each group. (The
final exam may serve as o concrul on curricuium utilization.)
A second raquircsent, o Uinvdamered mporitonre, is fhat a
group of teachers be followed firuurin the Lrarsition from

.

use ot truaditlional muserizis wnto .aeil. (' oliuatlion of the
new scicnce curriculwir.  1v wonld be wesl advanvageous 1ii the
group madin,; such & transition coalid consist of teachers who
had not taeken aavanta,se of previous opperrunities to use the
nev materials, and adopted them only when their use was man-
dated.

Wnile designing suen rescaerch 1s simple enougn, ob-
talning relavivery lupse saples ol teachers and classrooms
unaer the desired condonions Ls nuen more difficuiv. As will
ve seen in the following section, tne desired groups and con-
aivions were availacle tor.the cesearch described In this re-
port.

Before considering the seeciiic curriculum and con-
ditlons of adoptinn witi, whlch thiz svudy will deal, it seems
appropriate to vriefiy Jdeascrioe fhe scope of the problem to
pe dealt with by this stasy. “he oveesnll problem is, "What
effects on teachiny Lonaviors and on student achievement can
be ascribed to Lhe 2doptiun of owne ¢i the new science curri-
cula?"  OSlnce our educatlonal oysiewn hLinges on the assumption
that what the teacher does in the clansroom is a basic ingre-
dient of the teaching-learnins process, it is importvant to
know whether the new science curricula are modifying the be-
haviors of the teachers who adopt them. Iavestigation of one
of the new sclence curriculum's «fi'¢cr on teaching strateyy
will consvitute the principal iocus orf this study.

Sinece conditions of adoptlon consvitute part of the
design of the study, and it 15 nypotnesized that selectvion of

teaching materials is partially a Junction of the educatilonal
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opinions of teachers, it seemed desirwole to sneasure these
opinions at the beginning of tne study. Measuring these opin-
ions several times during the course of tvhe study made it pos-
sivie tvo determine iif opinions changed after exposure to the
new science curriculum.

Since the new science curricula incliude among theirv
objectives the enhancement of student ability to employ the
processes of science, and of growth in knowledge of a specific
discipline, it was deemed desirable to include measurement of
these abilivies within the scope of this study. Inclusion of
tnese lavver variavles permitted comparison of the results of
tnis study with researcn on the efflects of adopting other new
science currlcula. It also permitted a comprehensive analysis
of the success of one of the new science curricula in attaining
the major objectives which guided its development.

In summary, the prcblems deglr with in this sctudy were
concerned witn the cffects of adopting one of the new sclence
curricula. The svudy sought to determine if adopting the
revised version of the New York State Kegencts Earth Science
Syllabus,

1. chnanged the teaching stravegies used by the teacher

2. changed the educatlonal opinions of tne teacher

3. increased the svudent's ability vo employ the pro-
cesses of scilence

L. improved the student's performance on a test of earth
science knowledge

Considering tne energles that were expended in revising
the Regents zarth Science Syllabus, and the number of students
and veachers affected by thelir adopiion, it seems essential
to discover as much as pessible abeut the total impact of this
curriculuin on the classrcoms involved.

setving ¢f the Problem

During the years .96%-05, several scnools in New
York state served as trial centers for the materials belng pre-
pared by ESCP. In 1966, ‘v was aecided by the Bureau of Secon-
dary Curriculum Development of the New York State Eaucation



Department that a complete revision of the Regents Earth

Science Syllabus should be undertaken. This revision was

tased in part on the experience of New York State teachers

with the ESCP program, but curriculum materials were to be

developed that would meet the needs of New York State studénts.
An Earth Science Syllabus Revision Committee was form-

ed to guide the process of revising the syllabus. Guide-

lines developed by the Committee (Bureau of Jecondary Curri-

culum Development, 1970, p. iii),

described a philosophy and approach for 2 new course of
study in earth science that would be:

1. student activity oriented--Students should be ex-
posed to a learning environment in which they would
be active participants. Laboratory and field ex-
perience should be the focal point of this program.

2. investigatovy in approach--The learning activities
should be oriented toward an inquiry approach, pla-
cing the student in the role of investigator.

3. dinterdisciplinary in content--The course content
organization should integrate the traditional carth
science subject areas. Emphasis should be placed
on the analysis of the environment, and the pro-
cesses atffecting it. (Emphasis in the original)

A listing of the "Process-of-Inquiry Objectives" and
"Course-Content Objectives" is found in the preface of the 1970

Syllabus. (See Appendix A ). ‘These objectives are in close

agreement with the ESCP "themes" described in the teachers'
#ulde to Investigating the Earth. (Earth Science Curriculum
Project, 1967, v. 1, pp. 1-14)

The objectives in the 1970 Regents Earth Science Syll-
abus differ considerably from those expressed and implied in

the 1962 Regents Earth Science Syllabus (Bureau of Secondary
Curriculum Development, 1962). Tor example, the "Table of
Contents" of the 1962 version of the syllabus is almost entirely
topical, and is multidisciplinary rather than interdisciplinary.
(See Appendix A ). Although the earlier version stresses the
importance of laboratory work ("laboratory work is an essential
and integral part of the earth science course", Bureau of Sec-
ondary Curriculum Development, 1962, p.3), there is no curri-
cular provision for integrating the "activities" with the "out-
line of topics.". Despite disclaimers to the contrary, a number

Ch
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of the "activitles" :lescribed in the 1961 liandbook of Activi-

ties to Accompany the Couruse of Study in Fartn Scieace (Bureau

of Secondary Curriculwne Development, 1961) are teacher demon-~
strations. Jlcarcely any cf the investi imations in the labora-
tory supplement to the 1970 version of the syllabus (Bureau of
Secondary Curriculum bevelopiment, 1970) are designed for teach-
er demonstration. The activities 1n the earllier Handbook of
Activities wure mostly topilcal, iact-oriented, and have lit-

tle relationship to one another. The investagations in the
1970 supplement attempt to develop knowledge of concepts and
relationships. The laboratory investigaticons are closely in-
tepraved to each other through the structural framework of the
syllabus. Probably the clearest indication of the integral
part which tne developers of the new syllabus assign to the
laboratory is to be found in tne "dMatrix of Investigations"
whlcn precedes each "Topic" in the supplement to the syllia-
bus. Following the conceptual outline of the syllabus, these
pages are designed to help the teacher select laboratory in-
vestigations from the supplement which will develop the con-
cepts and relationships outlined in the syllabus. The matrices
serve to reinforce the admonition in the preface of the syl-
labus (Bureau of Secondary Curriculum Development, 1970, p.x),

wnile the investigations have been placed in a "supple-
ment", 1t should be v¢ear1y understood that they are not
uupplementary-—ch”v are essential, and comprlse the ccre
of the course. (nmphaqio In original.

Thus it is seen thac the new oyllaUUb not only p'o—
poses a new set of concepts Lo be learned by the student; it
also supplies a conceptual structure within which these con-
cepts are to be related. i.ore importantly, beyond concept
and structure, it strongly wdvocates that lavoravory lnvesti-
gation be considered the normal and usual mode of instruction.

Jecauso of the magnitule uf the change in content and
teaching str atepies envisioned by the Kevision Committee, 1t
was decided that a lar,e number of curvh  science teachers
would ve involved in the revision process. It was tnought
that this would help to ensure that the matgrials would be
firmly based on classroom experience, and would acquaint as



many teachers as possible with the new'materials on an in-
service basils during the period of their development. Under
the direction of Roger Ming, then an Associate in the Bureau
of Science Education, an ambitious plan was conceived which
was to involve more than 150 Regents earth science teachers
from all across New York state in the revision, trial and re-
finement of earth science curriculum materials over a period
of four years. During this perliod, these teachers participa-
ted 1n writing conferences, discussion sessions, instruction
periods, and practical experimentation with a large varviety
of new laboratory investigations in eartn sci:ince. State-
wide conferences combining these aspects of curriculum devel-
opment were held as inany as four times per year during the
period of revision. Forty to fifty teachers usually attended
these sesslons. Between state-wide meetings, local centers
of fcur to eight Regents earth sclence teachers met bi-weekly
to exchange their experiences concerning the new syllabus, anad
to work out revisions of laboratery investigations, create
test items and refine objectives. The feedback from these ses-
sions gulded the Revision Committee in its overall direction
of the process of revising the new syllabus.

During the period of curriculum revision (1965-69),
the new materials and the Special Regents Exams prepared for
use with them could he used only by those teachers who were
formally participating in their development. 1In 1969, the
Bureaus of Secondary Curriculuin Development and of Science Edu-
cation decided that the.revised materials would be offered to
all high schools in the’'state on an optional basls in the fall
of 1970, and that in the spring of 1971, two forms of the Re-
gents Earth Scilence Examination would be offered, one for each
versicn of the syllabus being taught.

Beginning in the fall of 1971, the revised version of
the syllabus replaced the prior version, and in the spring of
1972, there was only one version of the Regents Earth Scilence
Examination offered, constructed to measure attainment of the
objectives of the new syllabus. Thus, beginning in the fall
of 1973, all schools which wished to continue offering Regents



earth science were required to offer the revised version of
the course.

In the fall of 1970 then, there were to be three groups
of Regents earth sclence teachers in New York state:

A. Those electing to continue teaching the regular version
of the syliabus '

B. Those electing to begin teaching the new syllabus in the
first yecar that its use was open to sny school which
wished to use it

C. Those teachers who had previously nhelped to develop the
new syllabus, and who were now using it for the second
or more year.

In the fall of 1971, all teachers who wished to con-
tinue teaching Regents earth sclence were expected to use the
new syllabus. Thus, the teachers of Group A went tThrough a
mandated transition from the old (regular) syllabus to the new
(revised) syllabus in the fall of 1971.

The revision and adoptilon of the Regents Earth Sclence
Syllabus of New York state thus provided a unique opportunity
to engage in a controlled study of the adoption of one of the
new science curricula. In this study, both "new"and "old"
curricula are clearly defined. IHore importantly, an identifi-
able group of teachers and classrooms can pe studied both be-
fore and after curriculum adoption.
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CHAPTER II

Review of the Literature

Introduction

Evaluation of the effectiveness of the new secondary
sciencg curricula has been gulded, at least partially by the
stated objectives of the various projects. Three kinds of
evaluative effort are especially pertinent to this study. Since
certain kinds of student understandings and behaviors were
stressed by each of the new programs, evaluation of the new
programs quite naturally analyzed student performance on meas-
ures of these understandings and behaviors. Since the new
programs prescribed specific methods of instruction, a few stu-
dies have analyzed the effects of adoption of the new curri-
cula on classroom instructional procedures and instructional
climates. Since teacher educational opinion is presumed to
be related to teaching style and curriculum adoption, a re-
view of research in this field will be reported.

Finally, because this study undeftakes a rather com-
prehensive summative evaluation of one of the new science cur-
ricula, a brief review of other comprehensive science curricu-
lum evaluations will be presented.

Effectiveness of the New Science Curricula
Relative to Student Variables

Of all the studies conducted on the effectiveness of
the new scilence curricula, those which have focused on know-
ledge outcomes on the part of students constitute the largest
single fraction. Ramsey and Howe (1969) surveying the liter-
ature in 1969 found about twenty studies devoted to this aspect
of the new curricula. By and large, the studies found that
students who have been exposed. to one of the new curricula out-
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performed students using traditional materials on tests de-
vised for the new materials, and that students using the new
materials did approximately as well on tests of traditional
materlal as did students taking a traditional course. In
earth science, however, Schirner (1967, p. 61) found that,

ESCF students do significantly better on the ESCP final
examination. The non-ESCP students do significantly
better on a general earth science final [traditonal]
examination.

The Psychological Corporation (Champlin, 1970) obtained simi-
lar results in an early (1964-65) study with ESCP and tradl-
tional classrooms. Champlin and Hassard (1966), however,
found no significant differences on the ESCP final between
ESCP and traditional groups. A study by Sargent (1966) con-
trolled for the teacher variable, inscfar as it distinguilshed
authoritarian from permissive teachers with the McGee F Scale,
and reached the same conclusion as Sargent: the achlevement
of students in ESCP and traditional classrooms showed no sig-
nificant difference on the ESCP final examination.

Except for the area of earth science, it appears that
not only do students under the new science curricula do bet-
ter on tests designed for the new programs; they also generally
do as well as the students under traditional programs on tradi-
tional tests. The lack of consistency with respect to earth
science remains unresolved. Part of the problem, as Champlin
(1970) points out, is that none of the earth science studies
reported above clearly defined the "traditional course", hence
tnis constitutes an uncontrolled varliable. Champlin (1970, p.
38) goes on to suggest, "Comparative studies will become mere
meaningful when this factor is given greater attention". The
present study will control this varilable, since the "tradi-
tional group"” will be defined as those teachers and students
using the regular version of the New York State Regents Earth
Science Syllabus.

It is obvious from the prior description (See Chapter
I) of the objectives of the new curricula, that student under-
standing of the nature of the scientific endeavor and of the



processes of science were of prime importance to the curri-
culum developers. Yet, by the end of the sixties, Ramsey and
Howe (1969) reported that less than a dozen studies had exam-
ined problems related to these objectives. Tests were devised
which attempted to measure these understandings on the part

of the students taking science courses. Some commonly used
standardized tests were: Test on Understanding Science (TOUS)
(Cooley and Klopfer, 1963) and the Processes of Science Test
(Psychological Corporation, 1965). Yager and Wick (1966) and
Gennaro (1964) found that BSCS students in a multi-reference,

laboratory oriented course made greater gains on TOUS than

students in a course which did not emphasize these aspects
of instruction. Troxel (1968) found that students in CHEM
Study and CBA chemistry classes made significantly greater
gains on TOUS tunan students in traditional chemistfy courses.
Only three curriculum evaluation studies were found
which related studenf abllity to employ the processes of sci-
ence to type of curriculum employed. Two used the Processes
of Science Test (POST); botin of these studies compared BSCS
classrooms to non-BSCS classrooms. Wallace (1963) repcrts
that while mean fall to spring gains on this instrument only
ranged as high as .55 on a forty point scale, there was a
slight, but statistically significant difference in favor
of the cantrol group. Kochendorfer (1967, p. 82) on the other
hand reports that,

Those classes using BSCS materials and employing prac-
tices advocated by BSCS had significantly greater gailns
in pupil understanding of the nature of science as meas-
ured by POST than those classes using other materials and
employing other classroom practices.

Welch (1972¢) reports that PSNS (Physical Science for Non-
Science Majors) students did not make significantly greater
gains on the "Science Process Inventory" than did non-PSNS
students.

Cn the whole, the research would tend to support the
hypothesis that students taking the new sclence courses tend
to develop better understanding of the scientific enterprise.
There is uncertainty, however, about the effectliveness of the

H *
L
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new curricula in promoting the ability to employ the Proces-
ses of science; further research is needed to re¢solve the
issue..

Effectiveness of the New Science Curricula

Relative to Teaching Behaviors

As was shown in Chapter I, a prime objective of the
new science curricula was to accomplish a change in the in-
structional procedures employed by the teachers who used the
new science curricula. The major purpose of the present study
is to determine whether one of the new curricula accomplished
this cbjective. Before reporting the findings of the few
studies which have investigated curriculum effects on sci-
ence classroom behavior, it éeems appropriate tc briefly re-
view the broader field of classroom behavior research.

The assumption of all classroom behavior research is
that behaviors of both teacher and student are observable, and
that they can be categorized. Classrcom behavior can be ob-
served and categorized by an outside observer who 1s present
in the classroom, but who is nct participating in the inter-
attion between teacher and students. Behavior can be recor-
ded on audio or video tape lour iaier analysis by an outside
observer. Teacher behavior can also be observed and categor-
ized by an observer (e.g. students) who regularly participate
in the activities of the classroom. The first two methods of
observation may be called external because they are accom-
plicshed by observers external to the classroom. The latter
method of observation may be called internal, since a member
of members of the classroom report on the activities occuring
there.

Among, instrumenﬁs for external measurement of class-—
room behaviors, Medley and Mitzel (1963) distinguish between
category systems and sign systems. Category systems conslst
of a finite set of categories constructed in such a way that
every item of behavior may be categorized under only one of
the categorles. At the end of an obseyvation session, tallies
can be made of the frequeﬁcy of occurence of each behavior,
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Sign systems do not requive that each item of behavior
be categorized. Their concerﬁ is to discover if certain pre-
selected behaviors occur in the classroom under observation.
Sign systems usually have a larger number of items than
category systems, and can thus report on more specific types
of behavior, but they are not able to report the relative fre-
quency with which behavior in each of the categories occurs.

The most widely used category system is the intevr-
action analysis system devised by Flanders (1967), which fo-
cuses primarily on the mcde of influence, direct or indirect,
used by the teacher. Data obtained by use of the Flanders in-
strument may be summarized in several ways, but the most com-
monly used summary statistic is the ratio of Indirect to Di-~
rect behavior time, called the ID ratlio.

Several science education researchers have used the
Flanders instrument, but much sciepce education research has
focused on problems for which the Flanders instrument is not
appropriate. For this reascn, several science education re-
searchers have devised their own instruments for observation
of science classroom behaviers. &vans and Balzar (Evans, 1969)
for example, devised the "Biology Teacher Behavior Inventory",
a. category system with the following categories: Management ,
control, Release, Goal Setting, Content Development, Affecti-
vity, and Undecided. Fischler and Zimmer (1967-68) constucted
a sign instrument having three dimensions of classrcom analysis:
Teaching Techniques, Teacher Questions, and Characteristics of
Teaching. There were sixteen categories of Teaching Techniques,
five categories under Teacher Questions, and three categories
under Characteristics of Teaching.

Parakh (1968) developed a "Category System for Inter-
action Analysis in Biology Classes'" which had seventeen major
categories of behavior, distributed in five dimensions: Eval-
vatlve, Cognitive, Procedural, l'upil Talk, and Other. Hassard
developed the "Science Teacher Behavior Code" (1970) which has
five major categories, twenty-nine subcategories and four in-
dices of teacher behaviors. It was developed primarily for a-
nalysis of video-taped science classes. Smith (1970) developed



the "Classrcom Observation Iunstrument Relevant to the Earth
Science Curriculum Project" for use in his study. There are
ninety categories in this instrument distributed among four
major instructional groupings: Text, Pre-Laboratory, Labora-
tory, and Post Laboratory.

The instruments described so far were devised to be
used by external observers of the classroom. Internal obser-
vations of classroom procedures are most commonly obtained
from students in the classroom being observed. Most instru-
ments used in this type of research in science education have
been based on Kochendorfer's (1967) "Biology Classroom Acti-
vity Checklist". This instrument will be described at some
length in the "Instrument" section of Chapter III of this re-
port, so attention will now be directed to the rationale sup-
porting the use of such an instrument to measure teacher
classroom behavior.

Reed (1962) found student reports of teacher behaviors
to have rcliabilities in the range of .80 to .90. His conclu-
sion on reliability of student reporting on teacher behaviors
is (1962, p. U75), .

The stability of pupils' responses concerning these

teacher characteristics clearly indicates that pupils do
perceive the teacher in a fairly uniform fashion, and can
report their perceptions if given an opportunity to respond
to specific behavior items. Certainly one implication is
that regardless of the many differences among pupils in the
ly uniform.

Remmers (1963) approached the reliability of student
ratings from several points of view. He found that reliabillity
of student ratings of teachers was a function of the number
of raters. He found twenty-five or more students to be as re-
liable as the better educational and mental tests available.
e found that there seemed to be licttle relationship between
ratings and grades awarded by the teacher. Alumni after ten
years agreed with students currently rating the same teacher.
'The halo effect was found to be negligible; students discrim-
inated reliably between the different aspects of the teacher's
personality and of the course. The popularity of the teacher,

15
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cr participation in extra-class activitiles hé& little rela-
tionship with the ratings. )

Cogan (19%58) found that students were able to discrim-~
inate reliably among a variety of teucher bahaviors. Using
split-half techniques, Leeds (1947) found that the reliabili-
ty of student reporters of teacher behaviors was .936. Korth,
Czelan and Moser (1971) report a study in which.thcy compared
measurements obtained using the"Science Classroom Activily
Checklist" (a modification of Kochendorfer's"Biology Classroom
Activity Checklist") with those obtained from use of a modified
form of Parakh's "System of Interaction Analysis". Using a
Speariman Rank-Order Correlation, they found a correlation of
.79 between per cent of teacher talk, as measured by Parakh's
instrument, and the total score of the Activity Checklist.

The correlation between the total Checkiist score and teachef
questions, measured by Parakh'c instrument, was +.90. Thus on
several classroom variables, thce measurements obtained by the
reports of students (from the Checklist) agreed quite well with
those obtained by external observation techniques.

It appears then that students are reliable, unbiased
and discriminating reportercs of teacher bebaviors. The study
by Korth et al suggests that a valid report of these behaviors
can be provided by the "Science Classroom Activity Checklist.

rfindings of classroom behavior research

Classroom behavior research is & rapidly expanding
field of study. TFor the sake of brevity, only a few of the
findings in science classrooms will be reviewed here. Gener-
ally it has been found that science teachers, like all teachers
talk approximately 75% of tne time, although the percentage may
be somewhat lower in the latoratory (Parakh, 1968). Schirner
(1967), using Flander's instrument found that students of a
direct teacher (i.e., having a low ID ratvio) had higher galns
on tests of science knowledge i their teacher used a tradi-
tional curriculum than if he used the ESCP materlials; for stu-
dents of an indirect teacher, the reverse was true.

Kochendorfer (1967) found that students whose teachers



employed the teaching behavior: udvocated by BSCS performed
better on the"Processes of Scicnce Test"than students whose
teachers did not use these behaviors. Overall, however, there
ls not a great deal of research linking the teacher's class-—
room and laboratory behaviors with student achievement outcomes,
particularly when one discounts the studies carried out with
very small samples.

Surveys by Ramscy and Fowe (1969), Champlin (1970),
and Balzer (1970) have shown that very few studies have inves-
tigated the effects whlch adoption of one of the new science
curricula may have on the teaching strategicsz employed by teach-
ers. Balzer (1969), using the "Biology Teacher Behavior Inven-
tory" analyzed the behaviors of four BSCS biology and four non-
BSCS biology teacners. He found no significant difference be-
tween the two pgroups in the various behavior categories.
Schirner (1967) drew no conclusions concerning the possible ef-
fects of the ESCP curriculum on the classrooms he studled, even
though he had data from Flanders interaction analysis of class-
rooms in which ESCP was being taught and of classrooms in which
non-ESCP earth scilence was being taught.

Barnes (1967} sftudied the laboratory behaviors of bio-
logy teachers: non-BSCS biology teachers; first year BSCS
teachers; and experienced BICS teachers. Each sample consis-
ted of twenty-one teachers and their classes. lie analyzed
teachers' laboratory behaviors with the "Biology Laboratory
Activities Checklist". 'his Instrument gives an overall score
which indicates the level of similarity between the praciices
employed by the %eacher and those recommended by the BSCS cur-
riculum developers. Significant differences were found between
all groups. The behavior of experienced BSCS teachers was most
in agireement with those behaviors recommended by BSCS currilcu-
lum developers. First year BSCS teachers employed strategles
less in accord with those advocated than did experienced BSCS
teachers, but more ln accord with the advocated procedures than
those used by ﬁon-BSCS teachers. WNon-BSCS teachers used the
advocated procedures least often.

Kochendorfer (1967), studying the classroom behaviors
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of the same groups of teachers studied by Barnes [ound dif-
ferences similar to those repori<d by Barnes. He found these
dif'ferences on the overall score provided by his instrument
(the"Blology Clusyroom Activity checeklist"), and also in the
cateporlies of "Teacher in the Classroom", "OJtudents' FPurtici-
pation in the Classroom", "Use of Textbook and Reference Ma-
teriale”, "Design and Use of Tests", "Type of Activities", and
"Laboravory Foilow-up Actlvities". n "DIreparation Jo. Labor-
atory", the experienced group and tne new BSCS teachers ex-
hibited about the same level of i5CS desirable behavior,
Kochendorfer concludes that (1967, p. 81),

The BSCS program has made a definite impact on biology
classroom teaching practices; however, it is also ap-
parent that some teachers have been using the practices

in agreement with BSCS philosophy and rationale for many
years.

It should be kept in mind that Barnes and Kochendorfer
studied extant groups of BSC3 and non-BSCS teachers. No fol-
low-up is reported to this study which might indicate whether
1gains were made by the experienced or first year BSCS teachers
in subsequent years of experience with the new materials, or
whether teachers coming into the BSCS program changed their
teaching behavlors after starting to use the new materials.
hhence the question remains as to how much of the difference
in teaching strategies can be zscribed to the use of the BSCS
curriculum and how much to the effect 2f pre-selection.

A study by Vickery (1968) contains the only report to
date of an attempt to search for longitudinal differences in
the classroom and laboratory behaviors of teachers which could
be ascrited to the use of a new science curriculum. Vickery
studied the seventh grade classrouvms of nine teachers assigned
to the use of traditionsal materials, and nine teachers assigned
to use materials developed by tne Intermediate Science Curri-
culum Study (ISCS). The non-INCS teachers all used the same
state-adopted (traditional) general science text. 'The study
sought answers tou tne questions:

1. Are teaching strategies as mcasured by the observation
schedule (devised by Vickery) different for the two
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groups?
. Are changes of teuching procedure made in the first

yeaur 0f Leuching witn Lhe new maberlials?
sutd were gathered in wach of the classrooms under study for two
ways early In the year, again in the middle of the year, and
finally at the end of the year. Significant differences were
found in the amounts of time devoted to individualized in-
struction and to laborabtory lastruction vetween the two fuoups
(ISCS and non-ISCS). SignirTicant longitudinal differc.cos
were rfound in the behavior of ISCS veachers only with respect
to individualized instruction. ‘There was a non-significant
trend among the ISCS teachers to increase their employment of
laboratory instruction through the year.

in 1969, Hurd (1969 , p. 117) concluded that,

The [science curriculumj reformers recognized the need to
have their courses taught in special ways if they were to
achieve the goals set for them. That they did not give
enough atteniion to this problem is now evident. After

a decade of curriculum reform and ‘'up-grading' of teachers
it appears at this time that perhaps as many as two-thirds
of the teachers using the textbooks of the new curricula
are not teaching the course in the mode envisioned by the
authors.

Research on the implementation of the new science curricula
is so sketchy that there is really no way of supporting or re-
Jjecting the assertion that two-thirds of the teachers using
thie new materials are not teaching the course in mode envisaged
by the authors. After describing twenty studles on all aspects
of science classroom behavior analysis (not only as related to
employment of the new science curricula), Balzer (1970, p. 21)
concluded that, "It is apparent that science classroom behavior
at tne various levels of classroom instruction has been very
ligntly researched". ilsewhere (Balzer, 1970, p. 26) he sug-
gestec that broad based, descriptive studies are needed which
attempt to describe teacher behaviors under various conditions,
"lncluding teacher training and the use of various curriculum
materials".

Particularly conspicuous by its absence among the re-

ported studies of classroom teaching behavior is an attempt




to folilow a group into and through the curriculum adoption
process to determine if teaching behaviors change following
the adoption. Such a study would bring us much closer to
answering questions about the effectiveness ¢f the new curri-
cula in bringing about desired changes in teaching behaviors.

Research on Educational Opinions

Among the factors which affect the extent to which 2
teacher adopts the strategies suggested by a new curriculum,
teacher educational outlook and attitudes may constitute some
of the strongest influences. It is necessary then to find
what the literature has to say about teacher opinion and its
relaticn to classroom implementation of the new science cur-
ricula.

For the purposes of this review, the broad field of
teacher attitude research has been narrowed to the teacher's
opinion abou®% the educational process.

Ryans {1660, p. 78), after a comprehensive factor

. analysis of teacher attitudes found that,

The factorial representation of educational viewpoints
that emerged was not clear cut; there seemed to be jus-
tification for considering teachers' educational beliefs
from the standpoint of a single continuum, rather than
several factors. Thils variable has been oversimplified
perhaps by designation simply as an "academic content-
standards oriented" versus "flexible permissive, 'pu-
pil-oriented' dimension".

Elsewhere ﬁyans (1960, p.69) characterizes the extremes of
the scale just described as what "we sometimes call tradi-
tional versus permissive viewpoints".

Schirner (1967) developed the "Teacher Educational
Credo Preference Checklist for his study of earth science
teachers. This instrument consists of twenty-five pairs of
statements related to the educational process. One member
of each pair is "traditicnal", the other "non-traditional.
nerlinger and Pedhazur (1967) in their comprehensive teacher
attitude study, developed several teacher attitude lInventories.
"sducational Scale VII", the most recently developed, contains
thirty statements about educational practice with which the
teacher i1s asked to agree or disagree on a seven point scale.
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Aruitoxt provided by Eic:

Blankenshlp (1967) developed an "Attitude Inventery"
to measure attitudes Of bioleyy teuchers toward the currlcu-
lum materials and the toaching nroceszes advocated by RBSCH.
pvarnes (1967) used Blanxenship's "Attitude Tnventorg" Lo de-
termine the atvitudes of BICS and non-BSCS teachers tuward BSCS
objectives. lie also determined bthe depree to which thece
teachers emplcyed the teaching procedures advecated by the
developers of tue BSCS curriculum, oy means' off his ovwn Bdlo-
logy Laboratory Activity Checklisi. iie faund these two meas-
ures to be significantly correlated. The Blankensnip instru-
ment does not specifically measure teacher attitude toward the
educational process, but since many of the BSCS objectives are
concerned with a particular kind of educational procedure,
darnes' findings can be usad to suggest a direction for further
research of the problem: Is the teacher's employment of teach-
ing practices demanded by the new curricula dependent on his
attitude toward the educatlonal process? A second question
was not even found in discusslion in the scilence education li-
terature: Do teacher's opinlons about the educational process
change after using one of the new science curricula for some

time? The present study will scek answers to these questions.

3

Comprehensive Evaluations of liew Science Curricula

The present study seceks to provide a broad-spectrum
evaluation ol c¢ne of the new science curricula. Therefore it
seems appropriate to conclude this review ol research with a
brief survey of those summative evaluations of other science
curricula which have dealt wiith a variety cf variables associ-
ated with the adoption of 4 new science curriculum. The focus
here will not be on resulis, but on the types of variables
studied.

In his survey of evaluiations which had been done on
the new science curricula, Weieh (1969) pointed out that very
little zummative curriculum cvaluation had been undertaken by
the curriculuwm developuent projecty thomselves. lle furthqr
indicates that most research carrlied out by persons not asso-
ciatea with the projects has focused on a very few varlables,
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in most cases student achievement, attitude and behavior.
iblsewhere (Welch, 1972a) he notes that achievement outcomes have
been the chief focus of curriculum evaluation in tne sixtieé.'

There are, however, a few studies which have cxamined
several aspects of curriculum effectiveness. Prominent among
these is the research cn Harvard Project Physics, conducted by
Welch (1971) and others. Variables measured in this carefully
conducted svudy included: student ability to cmploy «clience
processes, student interest in sclenze, student achieveciment
outcomes, teacher characteristics, and classroom clinauie,.

Welch (1972b) reports a study of the effectiveness of
PSNS. Variables measured in this study were: student at-
titude, understanding of sclence process, and interest in
school subjects.

Under the direction of Addison Lee, the Science Edu-
cation Center of the University of Texas at Austin focused a
series of studies on new programs in blology, particularly
BSCS biology. In a report edited by Lee (1967), nine re-
searchers reported on their studies of several varlables rela-
tive to the adoption and employment of BSCS. As described
earlier, Barnes (1957) and Kochendorfer (1967) studied instruc-
tional procedures, ability to employ the processes of sclence,
and teacher attitude toward the BSCS materials. Stanko (1967)
investigated the use made of teachers' manuals. .

In his stuvdy of ESCP and non-pESCP classrooms, Schirner
(1967) measured the following variables: classroom interaction
(by means of ID ratios), teacher educational opinion, student

science, and student critical thinking abiiity. Unfertunately,
Schirner's report does nof consistently link these variables
to curriculum utilization, but rather relates the variables one
to the other, so that the effect of ESCP on the several vafiables
is difficult to ascertain.

Welch (1969) suggests that discernible advancement in
curriculum eveluation 1is largely dependent on a corncentrated
effort to investigate many facets of a given curriculum. The




present study is an attempt to investigate several possible
effects or adopting the revised version of the New York State
Regents Barth Science Syllabus.
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CHADTER IXX
Procedure
Sample Seliectlion

In the spring of 1970, the Bureau of Science Educa-
tion of the New York State Education Department sent each ju-
nior and senior high school principal in the state a form re-
questing information on his school's plans for Regents earth
science for the year 1970-71. Response from the schools in-
vicaved that between four and five hundred Regents earth Science
teachers wculd be using tne new syllabus during the year of ‘
optional adoption, and that between five ard six hundred teach-
ers would continrue using the older version during 1970-T1.

Of those using the new syllabus, approximately one hundred
feachers had used it previously, during the period of its
deve;opment. In the fall of 1970 there were to be three popu-
rations of Regents earth science teacners in New York state:

A. Population A, teachers electing to continue teaching

the older version of the syllabus

B. Population B, teachcrs electing to use the new syl-

labus for the first time

C. Population C, teacners who had previously used the

new syllabus while participating in its develop-
ment .

In late August, 1970, names ana school addresses of
teachers in each of the three populations were made available
10 the researcher by Mr. Douglas Reynolds, Associate in the
Bureau of Science Education. 1t was determined that the de-
sired initial sample size would e forty classrooms from each
of the three populations. It was estimated that in a study
wnich was to span two academic yeurs, there would be an attri-
tlon rate of approximately 25%, and inat approximately thirty
classrooms in each sample would be desirable for statistical
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validity. Uince there was no way iu which participation in
such & study could be required, 't was necessary to request
voluntary cooperation. It was estimated that about one-fourth
of those asked would apree to puriicipate in the study, so ap-
proximately one hundred sixty teuchers in each population were
randomly selected to receive letiers requesting their partici-
pation in the study. Since thcre were only about 100 teachers
in Population C, all teachers in that group were invited to par-
ticipate. “The researcher composed a letter of invitation which
described in detail the ausislance that would be required of
teachers who volunteered to parvicipate in the study. Mr.

Hugh Templeton, Chief of the Bureau of Science Education,
consenéed to write a cover letter to the principal of each
teacher invited to participate in the study, urging him to sup-
port the teacher in his effcrts if he chose to volunteer for
the study. These letters were sent out in late September,
1970. Copies of the letters, and of the form returned by

the teacher are found in Appendix B.

By late October, volunteers from each of the popula-
tions had responded in the following numbers: Population A,
thirty-eight; Population B, fort&—one; Population C, thirty-
nine. These teachers were selected to comprise the samples
used in the study. Geographic distribution of the teachers in
each sample 1s shown in Figure 1.

Each of the respondenls had indicated on his response
form how many Regents earth science.classes he was teaching,
and at what periods in the day he met them. For each teacher,
the researcher randomly selected one class to participate in
the study.

Since they were volunteers, it was of interest to know
if the teachers participating in the study differed signifi-
cantly from the populations uf tecachers they were selected to
represent. In the spring of 197, a random sample of Regents
earth science teachers from populations A, B, and C who were
not participating in the study werce asked to respond to the
Educational Opinion Scale. Croup by group, the Opinion Scale
scores of those who responded were compared to the scores ob-
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tained from each of the three samples of volunteers. Tab.c 1
shows that none of the samples of volunteers differed signi-
ficantly from its parallel group in the population on Opinion
scale scores.  lience, there is some support for the assumption
that the samples of volunteers were representative of their
respective populations. '

Table 1

"P-PEST OF DIFFERENCES BETWEEN SAMPLES AND "POPULATIONS"
IN RESPEZT TO EDUCATIONAL OPINION

Group Sample "Population t-value Degrees of
Mean Mean" - Freedom
A 1.51k 1.399 1.091 ns 34
B 1.671 1.622 .332 ns 42
C 1.917 1.716 1.206 ns 14

Comments on sampling procedures

In any classroom study, it is impossible to measure
or control for all student and teacher variables. It is
hoped that by using the classroom as the unit of study, and
by including a reasonably large number of classrooms in each
sample, that much of the effect of extraneous variables can
be mltigated. - Random assignment to .reatment was not part of
thé design of this study. 1In fact, teacher self selection of
the treatment was part of the design, since it represented
one of the variables in the population whose effect was of
research interest.* HNevertheless, it would have been desir-
able to randomly select subjects from the three populations
for participation in the study. This was possible only insofar
as the invitatlon to participate was concerned. There was no
procedure availlavble by which teachurs could be mandated to
take part in the study. There always exists the possibility
that volunteers for an educational study do not fully repre-
sent the populavions from which they are drawn. An estimate

*¥One of the aims of the study was to discover if tveachers who
elected to teach the new syllabus wnen ivs adoption was op-
tional differed from teachers who elected to continue teaching
the old syliabus.
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of "representaviveness" was ootalnec in respect to teacher
opinion, but the possibilicvy remains that the samples did not

fully represent their respcctive populations in other respects.
Design

The blocking variable in this study is use of and ex-
rerience with the revised version of the New York 3valce fhe-
isents Earth Scilence Syllabus. The categories of this varravlie,
in the first year of the study are: i) control, i.¢. nc pre-
vious experience with the new syllabus and not using the re-
viseu version in 13578-71 ) no ;revious expurience 4itvn the
new syllaous, out using the new syllabus for the [ivst time
in 1970-71; C) previous experience with the new syllavus znd
using 1t again in 1970-71.

In the secona year of uinis svud 4y, the categories pe-
come: A) no previous experlience wit the new syliavus, burv
using 1t for the first tvime in 1071-TZ; 1) cne yezr previous
experience witn the new syllabus anc using iv again in 1972~
72; C) Ttwo or more years previous expericnce witih the now

syliabus, using 1iv again in 1972-72. It should be noted that
excepe for avvrition from one school year to tne next, the
same set of subjects remained in eacn group for tne firsc and
tne second year of the study.

Princlpal dependent variaoles were represented oy the
following scores obtained during ewch year of the stuay:

A. Overall Acvivity Checklist scores#
3. Teacner Bducatvional Opinion Scale score--spring
C. Studenrs' 'POST score-—opring
D. Svudent achilevement ccores on "old content and "new

contenu"

* Scores on the Tape Analysis Instrument were not entered into
the cverall analysis because they were obralned only from &

sub=-sampie Of each group. Tne.resuits o1l the tape analys.s

o

were used chiefly to compure wivn, ard ve validatve tne fincing

oi the Checxklist.



O

ERIC

Aruitoxt provided by Eic:

vovariates used in btie waaiuysiy were represented by
A. Students' POST score--t.usi

B. Teacher Educationual Opinion Jcale score--fall
Major tyvpothnae.s

Eighteen specific hypotiheres puided the conduct of this
study. Although they were tested in the null form, they are
presented here in thelr experimeatal form. They are prooped
on the basis of the dependent variable with which they are
concerned.

Ah. hypotheses concerned witn
teaching strategiles

1. Teachers having prior experience with the new course
materials will employ classroom and laboratory strate-
gies more in accord witn the objectives of the new
course than will teachers not having this prior experi-
ence, but trying the new course for the first time.

2. Teachers with prior experlence and those trying the new
syllabus for the first time will both employ strategies
more in accord with the objucﬁives of the new syllabus
than will teachers using the traditional syllabus.

3. Teachers in their second year of experience with the
new syllabus will employ viruategies more in accord
with the objectives of tie new syllabus than they did
in their first yeor of experience with 1it.

4, Yezchers in their first yeur of experience wlth the new
syllabus matericis wili employ strategies more in ac-
cord with the objuenives of the new syllabus than they
did in the previous year when using the traditional

syllabus.

[8e}

Leachers clect iy Lo vse the materials in 1970-71 will
cmploy strategics more in accord with the new syllabus
tnan will tcachers acuptingg the new materials in 1971-
72.

29

« In thedr first yoar o experience witn the new materials,
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B. Hypotheses concerned with
teacher educatioral opinions

1.

Teachers havlng experience with the new materials prior
to 1970-71 will have more progressive educational opin-
ions than the other two populations. '
Teachers electing to begin use of the new materials in
1970-71 will have more progressive educational opinions
than those electing to continue teaching the t{raditional
materials that year.

Qducational opinlon change, over the two year period
will te in the progressive direction for all groups.
This change will be greatest for teachers beginning

to teach the new materials for the first time in 1971-
72.

C. Hypotheses concerned with
student ability to employ
the processes of science.

1. When spring POST scores are adjusted for fall PQST

scores, students using the new syllabus will obtain
higher scores than will students in classrooms using
the traditional syllabus.

When spring POST scores arc adjusted for fall POST
scores, students whose teachers adopted the new sylla-
bus in 1970-71 will obtain higher scores than will
students whose teachers adopted the new syllabus in
1971-72.

When spring POST scores are adjusted for fall POST
scores, students whose teachers adopted the new sylla-
bus in 1971-72 will obtain higher scores than will the
students of the same teachers in the previcus year.
When spring POST scores are adjusted for fall FOST
scores, students whose teachers had more progressive
educational opinions will obtain higher scores than
will students whose teachers had 1eés progressive edu-
cational opinicns.
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D. Hypotheses concerned with
student achievement on
tests of earth science

1. All students will achieve best on the test instrument
devised for use with the sylliabus version used by theilr
teacher.

2, On the "new content" subtest¥y students whose teachers
use the revised syllabus will outperform students whose
teachers use the traditional syllabus.

3. Students whose %teachers uce the traditional syliabus
will outperform students whose teachers use the revised
syllabus on the "o0ld content" subtest.*

b, On the "new content" subtest, students whose teachers
have one or more years experience with the new materials
will ouperform students whose teachers began use of the
new materials only when such use was mandated.

5. On the "new content" subtest, students of teachers using
the new syllabus for the first time when 1ts use was
optional will outperform students of teachers using the
new syllabus for the first time only when 1its use was
mandated. '

Statistical Analyses Employed

Prior to testing each of {he hypotheses individually,
it was considered desirable to cetermine Lf there were overall
effects in respect to the several variﬁbles measured in the
study. A three by two factorial design was employed with the
factors utilized in this design belng treatment groups and
years. This design was selected vecause the study was con-
cerned not only with comparisons between treatment groups on
the several measures taken in the study, but also with long-
itudinal comparisons within groups on these same measures.

To test for overail effects, a multivarlate analysis
of variance was employed on tne factorial design. Variates
in the design were overall Checklint sccres, spring Educational
Opinion Scale scores, spring POST sceres, "old content! scores
and "new content" scores. Covariates tor the analysis were
fall POST scores, and fall Teachers's Educational Opinion

#cf p. U8 below for description of sub-tests.
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Scale scores.

Since mest "aceross groups” comparisons of interecst
contrasted Group A with Groups 8 and ¢, or Group B with C,
These tWo planned inaependonce 2o Uitusug were onteseda into
the multivariate analysis of variance. The contrast seross
years was used to obtain some insipnt into lonititudinal
effects.

for testing of inaiviaua. hypotheses, several ditr-
erent statisvical tests were cmployed, depondent on the type
of comparison desired. #Most comparisons beilween ploups
utilized one way analysis oi variance, with planned compari-
oons of Group A with Groups B and C combined, or between
Groups B and C. Hypotheses Bl and B2 were exceptions to this
type of contrast, since Bl reqguired a contrast of Groups A
and B with uroup C, and B2 required a contrast of Group A
witn Group B. iHypotnec~s invelving only two different groups
utilized the t-test of unrelated groups. ilypotheses involv-
ing the same group at different times utilized the related
groups t-test. The related groups test was used because the
hypothesis compared the same group of teachers at two times.
Thus, in a sense, the Jesign i, one of repeated measures.
However, even though the variacle:s, #ith the exception of the
opinion scale, were related Lo Ll came teacher at two diff-
erent times, the measurements were obtained f{rom two different
groups of the teacher's students. “Thug it appeared safe to
assume that the sequential effects frequently assocliated with
repeated mecasures were not a prov.iem in thls case.

r'or nypoitheses which were concerned with differential
ipain scores, such as Cl, €2, ete., analysis of covarlance was
used, treating results of the fall adicinistration of the test
as a covariate, the spring results ac the dependent variable.
“hus, comparisons between groups were made on the basis of
spring scores, as adjusted for fall scoren.

The specific test used [or euach hypoinesis will be

ildentified on the taole cf results o Lhat test.



Data Collaecvion

The time table for gathering or data from the samples
selected for study is shown in Table 2. Hespondents were
notifled of thelr selection tou purticipate in the study in
early October, 1970. At this time they were asked if they
wished to take part in the classroom sudiv reccrding aspect
of the study. Thirty-one teachers responded affirmatively;
eleven from Group A, ten from Growp B, and ien from Group C.
These teachers constituted the tape anulysis subsamples.

In addition to administering the same instruments as all
other peachers in the study, these teachers consented to re-
cord oix days of classroom proceedings at the times spec-
ified during the course of the study.

In late October 1970, all materials necessary for
administration of POST, the Opinion Scale (and for classroom
recording) were sent to each teacher in the study. Copiles
of instructions which were sent for administration of the
varilous instruments are found in Appendix C . Teachers re-
turned by mail all completed materials to the researcher in
the self-addressed packages provided.

Materials for the spring 1971 data collection (Edu-
cational Opinion Scale, Activity Checklist, Content Test
and audio tapes) were sent to participants late in April.
They were returned to the researcher in May.

In September 1971, letters were sent to the parti-
cipants to request their continuation in the study for the
second year. The greatest attrition from the study occured
at this time. In the majority of cascs, the reason for
dropping out was unreiated to the study itself. In most
instances, the teacher who dropped out could not continue
because he was no longer teaching Hegents earth science.

Two teachers had obtained administrative positions, one
teacher had entered the Peace Corpo, and another had gone
to teach in Australia. Some teacher:s had transferred into
junior high science teachiny, und olhwers had simply gquit
teaching. Total attrition through the fall of 1971

33
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numbered twenty-four; ten from Group A, seven each from
Groups B and C.

Procedures for the year 1371-72 were identical to
those in 1970-71. By June 1972, all materials from all
phases of the study were in the hands of the researcher and
ready for analysis.

Since the classroom wags the approprizte unit for
statistical analysis in this study, all student data were
scored and combined to yield classroom means on the several
measures on which data were obtained. Appendix D 1lists the
classroom means for each of the variables at ecach admini-
stration.

35
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Instruments

The Earth Science Classroom Activity Checklist

The primary instrument Lo ve used in this study is a
modification of Kochendorfer': Biology Classroom Activity
Checklist (1967) and Barnes' w»ioloyry Laboratory Activity
Checklist (1967). These instruments were deQeloped by their
authors to study the effect of the BSCS curriculum on
teacher-student behaviors in Liolcyy classrooms and laburatories.
After analysis of the curriculum materials and the written
statements of those responsible for their development, the
authors constructed a list of specific behaviors which they
considered to be either positively or negatively related to the
objec@ives of BSCS. The behavior descriptions were then sub-
mitted to educators and sciwntlists associated with the BSCS
project for vallidation. These wrilers, scientists and educators
also identified behavior descriptions as being either positively
or negatively related to BSCS objectives. The items on which
the panel generally agreed were retained. Kochendorfer
calculated the reliability of his instrument by comparing the
variance between classrooms with the variance within classrooms.
Using a reliability procecdure developed by Horst, he arrived
at a reliability coefficient of .906. Barnes checked the reili-
ability of his instrument by administering it to two classes
for each of ten teachers. A test of the differences between
scores asslgned to each teacher by his two claspes showcd that
the groups did not disagree about the nature and freguency of
behaviors in the laboratories conducted by their respective
teachers. As previously reported, subsequent studies by
Kochendorfer and RBarnes found significant differences between
samples of experienced, inexperlenced and non-BSCS teachers,
with respect to their employmeni of classroom and laboratory
procedures related to objectives of BSCS.

The author of this study has combined and modified the
above instruments to make them apprepriate for use in earth
sclence classrooms. The rationale for this medification is



provided by Hurd (1964) and others who point out the
uniformity of the various curriculum projects with respect to
objectives and prescribed e¢lassroom procedures.

The revised instrument was submitted to several
of the authors of the revised version of the New York State
Regents Earth Science Syllabus for criticism and selection
of items positlvely and negatively related to the objectives
of the new syllabus.

For most items on the checklist, the following scale
of responses was offered to the student: 1) Very Often,
2) Often, 3) Sometimes, 4) Seldom, 5) Hardly Ever. In
scoring, an item that was - positively related to objectives
of the new syllabus was given a welight of five for "Very
Often", four for "Ofven," three for "Sometlmes", two for
"Seldom", one for "Hardly Ever". For items that were
negatively related to the objectives of the new syllabus,
welghts were assigned in the reverse order. IFor positively
related true-false items, a weight of flve was assignea to a
"{rue" response, & weight of one to the response "false". B
For negatively related true—false ltems, the reverse weights
were assigned. For each class, a mean weighted score was
obtained for each ltem.

The first five categorles were composed of items
that related to: 1) the text, 2) classroom actlvitdes,
3) tests, 4) laboratory activities, and 5) amounts of time
spent in specific kinds of activities. The sixth category
was composed of twelve true-false items from the Kochendorfer
Checklist which could not be phrased so that the five point
scale of frequency provided a reasonable set. of responses.
Examples would be: "During labs, I get help more often from
the teacher than from other students'"; "We have laboratory
only on a regularly scheduled basis (such as every Friday,:-
etc.)". Such ltems held the promise of providing highly

37



desirable informarion, .o It wu: decided to retain them in

their "true-false" form.

An overall score was oshta'nena by calculating thie inean
welghted response for all it m: "or the entire class.
Because the hwumber of o' ong on this instrument was

too great for careful student »oocpounse within a class period,
three forms cf the Checklist ware formed by randomly
asslgning  items from each of ti.e above categories to each of
the three forms, A, B und C. “hese {orms, with 29 items
each, were randomly distribuled Lo students in each classroom
by the classroom teacher.

Using analysis of variance techniques described by
Kerlinger, (196%, pp. l33-429) the reliability of the Check-
1ist was found to be .93.

Several steps were taken to ensure the validity of
the Earth Science Classroom Activity Checklist. As items
from the Kochendorfer Biolopy Classroom Activity Checklist
were modified to make them appropriate for the earth science
classroom, an effort was made 1o retein the original substance
of the items so that they woui: continue to reflect the intent
of the new science curriculum Jdeveclopers expressed in
Kochendorfer's instrument. Jecondly, the newly revised itvems
were submitted to seven authors o7 the revised Regents Earth
Sclence Syllabus for their assictance in assigning weights
to each item. Finally, fearsun product-moment correlations
were calculated between subsraies on the Checklist and on
the Tape Analysis Instrument. Table 2 shows these correlations.
It should be noted that nearly 2ll behaviors on the Tape
Analysls Instrument whose f{requent employment is encouraged by
the new science curricula ure positively related to the Check-
iist subscores (which are ull weighted in the advocated
direction): .iecarly all veciraviors on the Tape Analysis In=
strument whose frequent employment is discouraged by the new
science curricula correlatve nefratively with the Checlklist
subscores. Thirty-four of the fcecriy-nine correlations are
significant. (A3 might be expuceieu, most of the correlations
between the Time category on the Checklist and the subscales
on the Tape Analysis -instrument are especially high.) The



pattern of correlations reborted nere suggests that students
are valid reporters of the frequency of several kinds of
behaviors and strategies employed by their teachers.

TABLE 3

CORRELATIONS BETWEEN CHECKLIST SUB-SCORES AND SCLECTED
TAPE ANALYSIS SCORES

Tape Analysis Scores Checkllst Scores

. True-

Text Classroom Test Lab’ Time False All
Student Verbal Behavior®  .37¥ .36% .22 .15 .21 .08 .21
Higher Level Discussion1 .08 U1 L% 41%  38# N LN VA
pab Related Behavior1 .03 3 58% . 69% [ 7T7H LT5% L T75%
Teacher Verbal.Behavior2 37% -.36% ~,22 -.15 -.21 -.08 -. 21
Knowledge & Translation2 .09 -.39% - Ug¥ . 7o% . TO¥-,T76% .. TU¥
Lec ture-biscussion? -.03 = B3% - 58% —.69% -.77*-.T5% -.75H
General Index Score’ .13 JETH .56%  56%  .50% L61% (3

1 Behaviors whose froequent cmployment ig advocatwed by the
new science currilculu

2 Behaviors whose frequent cmployment is not advocated by

the new science curriculin

Copies of tne thrce forms of the Earth Sciencce Clagss-
room Activity Checklist are found in Appendix E.

¥ correlations marked with an asterisk were found significant
at o = .05.
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vhe EBarth Sclence Classroom

Tape Analysis Instrument

A ¢lassroom observation instrument was soupght which
would, measure the relative amounts of time allocated to sev-
~rul of the kinds of teaching strategies which were cither
advocated or discouraged by the developers of the new science
curricula. The new curricula stressed the frequent use of
laboratory instruction, so the instrument should measur« the
proportion of time spend in this form of instruction. The
new curricula stressed reasoned understanding of the prin-
ciples of science, so the instrument should determine the
reiotive amounts of time spent in the higher cognitive levels
of dlscuswion. The new science curricula stressed student
involvement in the instructional prccess, 50 the instrument
should measure the amount of time during which the students
were speaiking, relative to the time during which the teach-
er was talking.

iio sinrle classroom observation instrument'reviewed:-
in the literat:ce focused on these three aspects of science
classroom insi:.ction, so the rescarcher devised the "karth
Science Classroom Tape Analysis Instrument" (hereafter refer-
red to as the Tape Analysis Instrument) for use in this study.

This instrument categorizes classroom verpal behavior
under three dimensions related to the three major objectives
deseribed above: 1) Activity Type, 2) Level and Subject, 3)
Speaker and Mode. Figure 2 demonstrates the categories meas-
ured in each dimension.* Appendix F contains coples of the co-
nings sneets used to categorize behavior from the recordings
of classroom sessions gathered during the course of the study.
Kecording of behavior was accomplished by entering « code num-

ber for speaker and mode in the appropriate category on the,

*#  The work of Moser and Feldgoise (1968) provides precedent
for selection of these factors as indicators of the "inquiry"
teaching advocated by developers of the new sclence curricula.
‘hey used as criterion for Ilncreased inquiry teaching, "1 de-
erease in teacher outputs (teacher-talk) and the shift from
lecture recitation into a higher representation in the inquiry

mode". (in Korth, 1971, p. 3)
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coidling sheet every five seconds auring the entire sesslon Lo
be analyzed. (Speaker and Mode Key appears at the bottom of
the codin,; forms in Appendix F .) Catepory distinctions and
instructions for use of the codiny; system are found in Appen-
alx . '

rxamination of Fipgurce 2 shows that the three dimensional
matrix of the fape Analysis Instrument provides sixty-nine
data cells. TFor scoring purposes, data from these cell. were
coubined into thirty-{ive ratios of research interest. uch
ratio summarized the proportion of a week of classroom t.ime
which yas spent in a particular type of instructional pro-
cedure, as related to some larger grouping of behavior types.
Appendix F  describes the specific scores provided by the in-
strument.

o

in order to synthesize the detall into an overall meas-
are of the teacher's utilization of the procedures advocated

vy the developera of the new science curricula, a "General In-
iex Score' was calculated. Thic score combined measures frpm
each of' the three dimensions reported on by the instrument.
From each dimension, twwo categorics of behavior were selected:
one which the developers of the new science curricula would
wisn to find more frequently, another which they would hope

to find less frequently in classrooms utilizing the new cur-
ricula. The behaviors selected from each dimenslon are shown

in Table L.

YABLE Ui

DESCRIPYTION OF GEHRRAL INDFX SCORE
TAPE ANALYSIS TNSTRUMENT

Dimension Occurence Advocated
More TFrequently Less Frequently .
Activity Type Laboratory Related Lecture Discussion

Level and Subject Higher Level Discus- Knowledge & Translation

slon _
Speaker & Mode Student Verbal Be- Teacher Verbal Bchavior

havior



Prior to calculating General Index Scores, the
AVERAGE relative frequencies with which each of the six
selected categories of behavior occured in the entire group
under study were computed. So that each ¢f the six catepories
of behavior would, on the average, have approximately egqual
influence on the combined score, the inverses of these fre-'
quencies were used as coefficients to weight each subscore in
“lw computation ¢l a teacher's General Index Score. %
three subscores of desired high frequency were added, then
divided by the sum of the three subscores of desired low
frequency. The ratio thus formed constituted the General
Index Score.

Procedures employed with tape analysis

When volunteers were sought for the study, they were
asked if in addition to the other requirements of the study
they would te willling to record several classroom sessions on
audio tape. Ten teachers in each of the three groups consented
to take part in this phase of the study. Each teacher in these
subgroups recorded six successive classroom or laboratory
session in November of 1970, late April or early May of 1971,
and late April or early May ol 1972. The teachers in sub-
group A recorded an additional sequence in the fail of 1971.

The decision to base analysis on a sequence of taped
classroom sessions, rather than on a slingle session for each
teacher, was founded on two considerations. Teachers tend
to change their teaching strategies from day to-'day. It was
assumed (cf. Medley and Mitzel, 1963, ». é68) that daily
fluctuations in teaching behavier would affect the reliability
of the analysis less if behaviors were averaged over the period
of a week. Also, since the occurence of laboratory was of
prime concern to the developers of thne new science curricula,
and since laboratory instructlon does not occur daily in
most science classrooms, .t was considered that recording a
weex of classroom sessions would provide enough time for

laveratory to occur in most classrooms.

a 4
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analyate were veavad for reliability using Scott's (1955)
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Jor encn of Lhe weoeks unalye , ach classroom provided 35 sub
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The ddliowl {(Foyencloepical Cerporation, 1965, p.3)
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Joslon oo orience, Wncaualas Lo heed Por o contreas,
repeatavilivy, adequate samplling, and careful measurement.
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The instrument was created by BSCS, but was not con-
sidered by its authors to be biology specific: (Psychological
Corporation, 1965, p.2)

" Since the test was specifically prepared to appralse a
student's understanding of GENERAL scientific principles
and scientific reasoning ability, it is also useful for
courses other than biology in which understanding of the
processes of sclence is important (emphasis in original).

“ne fact that the examples used in this test were biologically
oriented (but avoided reliance on specific facts of biology)
rather than earth science oriented, was ccnsidered by the
researcher to be an asset rather than a liability. Earth
science examples might have favored the students under one or
the other versions of the Regents Earth Science Syllabus.

Split-half reliability coefficients for POST are
reported to average .82. (Psychological Corporation, 1965,
p.7). Validity is defined in terms of predicting Comprehen-
sive Final (Biology) Exam scores:

The data suggests that the POST administered at the begin-
ning of either the BSCS or conventional biology courses will
predict end-of-year performance on the Comprehensive Final
Examination about as well as will standard measures of
academic ability. (Psycholngical Corporation, 1965, p.8)

Despite the opinion of the authors of POST, it was
considered by this researcher that several items on POST were
excessively loaded on biology. Ior this reason, the items
marked with an asterisk in Appendix ¢ were not included in
the scoring of student responses. The POS3T scores reported
in this study are the classroom means of the raw scores
obtained by students on the POST items remaining after bilo-

logy loaded items were eliminated from consideration.
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The Teachar Educational Opinion Scale

It was the assumption of the researcher that the
cducatlonal opinions of teachers included belicfs both about
educational procedures in general, and about procedures
specific to their own discipline. &ince a search of the
literature did not reveal a single instrument which attempted
to measure both general educational opinions and specific
opinions relative to science teaching, it was decided to
combine two instruments, each of wnhich had been constructed
to measure one of these sets of opinions. Kerlinger and
Pednazur's (1967) Eaucational Scale VII was designed to
measure general educational opinions. Schirner's (1967) Edu-
cational Credo Preference Checklist was designed to measure
opinions relative fo science education. Both instruments
consisted of progressive and traditional items. The Teacher
Educatrional Opinion Sclae was constructed by randomly assign-
ing all items from both instruments to positions in the new
instrument. Appendix H identifies the source and type
of each item in the Scale.

Schirner supported the validity of hic instrument oy
analysis of the responses to his instrument by groups whose
educaticnal opinions were "known" from their statements in
discussions of educational problems. There is no report of
reliability estimates for the Educational Credo Proference
Checklist.

Kerlinger (Kerlinger and Pedhazur, 1967, p.063) used
factor analysis to investigate the validity of his instrument.
He reports as follows:

[The two fauctor solution] was done to see if the A
[Progressive] and B [Traditional] ivems would load on
separave factors. Of the fifteen A items, tourteen loaded
substantially (.40) on one factor. Of the fifteen B
ivems, eleven loaded .40 or greater and one loaded .35...
“his evidence seems to indicate a basic twe-factor struc-
ture as predicted.

Phe reliability of Educatrion Scale VII is reported as "usually
.80 or better" (Kerlinger and Pedhazur, 1967, p. 63).



_ In the administration of the combined instrument, a
five point rating scale was employed with the following points
Jdesignated: 1) Agreec Strongly, 2) Agree, 3) Neutral,

) Disagree, 5) Disagree Strongly. Weights were assigned to
responses for all items so that "Agree Strongly" recelived

a weight of five, "Agree" a weight of four, etc.. Summated
ratings were obtained by combining a subject's weighted res-
ponses and dividing vty iLhe number of items to obtain the mean
welghted response. Nine subscales were obtained_in the scor-
ing process. These can be schematically shown as follows:

From Xerlinger From Schirner Total

Instrument Instrument
Progressive items KP SP TP
Traditional items KT. ST T
Ratlio of Progressive x B g P T P
to Traditional items T T T

The total progressive to traditional score ratio was employed

for major comparisons made in this study.

117
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ihe Earth Science Content Test

The researcher had originally hoped that both versions
(Regular and Revised) of, the 1971 Regents Earth Science
Examination could be administered to the students of all
teachers participating in the study. Test security and other
practical considerations made this impossible. Joint efforts
between the researcher and Mr. Louglas Reynolds of the State
Bducation Department produced the "Earth Science Content 'Yest"
which was administered to all students in the study in the
spring of 1971 and in the spring of 1972.

This test consists of two sets of ivems: those selected
to measure concepts taught in the tradivional version of the
syllabus (called "old content" items), and those selected to
measure concepts treated in the revised version of the syJ“bus
(called "new content" items).

Items for the "old" content test came from a variety
of sources: used by Schirner, the State Education Department's
pool of ivems for the traditional syllabus and researcher de-
vised items. Items for the "new" content test came. primarily
from a pool of items created by earth science teachers who
wrote them for a course in which they analyzed the revised
Regents Earth Science Syllabus. The several topics of the
revised syllabus were proportionally represented by questions
selected for the test with each item tied to content objectives
specified by the syllabus.

The total test consisted of thirty items related to
each of the syllabi. As with the Checklist, three forms of
the Content Test were constructed so that each student
responded to only twenty items - - ten from each syllabus.
Items were randomly assigned to forms and to sequence within
form, within the constraint of distribution by topic..

Appenaix J is keyed to indicate for which version of the
syllabus each item was designed. Students were scored on the.
basis of the proportion of items answered correctly within
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eacih category (new, old).r items that were not attempted
were not considered in obtaining this proportion. <¢lLass-
room scores were ovtulned by caleulating the mean score

for the itemg on each subtest {or all students who took tne
test.

The Regpents Earth Science Examinution

The Regoents Bartnh Science Examinution 1s prepaved
yearly by the State Education Department. Items are written
by teams of Repents eartn sclience teuachers, then reviewed and
revised by other taucners, &s well as by staff memders or the
State Eaucation Department. One or more years before use,
items are pre-tzested and a lavel of difficulty determined.
Hence, prior to administration of the exam, a predicted level
of difficulcy for vhe whole test is availavle.

In the years 1965 through 1971, in addition vo the
regular regents exam, 4 speclal exram was prepared lor students
whose tegachers used the reviced version of the syllavus. In
1972, all students took the exam aevised for tne revised version
of the syllabus. (Now called the regular syllabus).

Studies by Ladd (1972) and by Passero and Schmaltz
(1972) have shown that Regents Earth Science exam questions
prior to and suousequent to 1965 differ in several respects.
Ladd found that prior to 196o, the average "linquiry question
ratid" novered around 30%. wn tne regular exam, subdbsequent
to 1965, the ratio rose graaually from 50% in 1966, to 70% in
1971. During this same perlod, ithe Special Kegents Examina-
tion maintuined a ratio between 607 and 70%.* Passero and
Schmaltz report comparable trends witn respect to "concept-

orientec" [as opposed to memory-iype] guestions and with re-

$ Tt should be noted that auring those years, item writers for
the regular syllabus, wnile convinuing to write items for ma-
terial covered by the regular vyllabus, were sceking to change
the emphasis from recall to conceowptually oriented guestions,
in preparation for adoption of the more conceptually oriented

revised syllabus.
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spect to questions requiring '

'scientific reasoning". “hese
researchers also found that questions emphasizing laboratory
situations rose from 0% on the regular syllabus prior to 1969,
vto 8.3% on the regular syllabus in 1970, and from 4.2% in 1968
to 45.5% on the special syllabus exam in 1970.

Obtaining classroom Regents examlnation scores required
the assistance of the State Education Department. The Burecau
of Science Education was able to obtaln Regents exam scores
from about twenty-five classrooms of teachers involved in the
study, in the spring of 1971, and the spring of 1§572. Class-
room scores for these classes were obtained by calculating the
mean raw score fcr all students taking the exam.

Although the size of the sample from each group of
classrooms was not sufficient to permit any firin conclusions
abcut Regents earth science classrocms in general, collec-
tion of Regernits exams I'rom a sub-sample of particlpaving class-
rooms did provide data for comparison with the results of the
Earth Science Content Test.
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CHAPTER IV

Results and Conclusions

For the sake of greater clarity, in the followinyg, dis-
cussion of results and conclusions, hypotheses will be stated
in their research form, rather than in their null form. Thus,
the statement, "the hypothesis was not supported" is equiva-
lent to stating that the null hypothesis was not rejected atv
the chosen a level. The o level chosen for significance test-
ing in this study will be p £ .05. Tests of hypotheses whose
F ratios or t-values are marked with an asterisk (*) were found
significant at & =.05. Those marked with "ns" were found to .
be non significant at a =.05. For multivariate hypotheses,

"p" values will be listed.

In tne discussion which foliows, it should be recallead
that Group A consists of classrooms whose teachers elected to
continue using the traditional syllabus in 1970-71 when the
revised syllabus first became availlable on a state-wilde, option-
al basis. OCroup B consists of classrooms whose teachéré elec-
ted to begin teaching the new syllabus in the first year of its
state-wide availability. Group C consisted of classrooms whose
teachers had participated in the development of the new sylla-

Lus, and were teaching it again in the fall of 1970.
Tests cf Multivariate liypotneses

In order to determine whether the three groups differ-
ed significantly from one another on the several dependent
variables considered simultaneously, and whether the groups
changed through tvime with respect to these same variables, a
muitivariate analysis of variance was performed, using a
three (groups) by Lwo (years) factorial design.

aultivariate tests concerned
with differences between groups:
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nypothesis M-1: .
Classrooms whose teachers adopted the new syllabus oniy when
its adoption became mandatory will differ sipnificantly from
classrooms whose teachers voluntarily adopted the new syl-
labus prior to 1971, in vespect to the major dependent vi-
riables measured in the study: Leachiny behaviors employea,
teacher educational opinion, inmprovement of studeut ability
to employ processes of science, and student achieveiment on
tests of earth science knowledge.

Table 5 indicates that analysis of the data supports
this multivariate hypothesis. ‘'he univariate testn indicate
significant differences between Group A and Groups B and C
with respect to each of the dependent variables: Instructional
behaviors, teacher educational opinion, student achievement on

measures of "old content" and "new content", and on POST scores.
TABLE §

MULTIVARIATE AND UNIVARIATE ANALYSIS OF COVARIANCE OF MEANS
CONTRASTING GROUP A WITH GROUPS B AND C COMBINED

A. Multivariate F ratio: 23.9963%
Degrees of Freedom: 5, 164
p value ) .0001
B. Univariate F ratios:.
Variable Hypothesis F-ratic p value
Mean Square
Checklist 3.2359 95.3162% .0001
overall
Content, old .1093 24.,6201% .000L
Content, new L0362 11.8064L% .0008
POST, spring 19.6700 5.869uU% .0165
Opinion Scale L2757 5.0238% .0264

Covariates whose effect was eliminated prior tvo contrast:
POST, fall scores; Opinion Scale, fall scores
Degrees of Freedcm: 1, 168

Hypothesis M-2:

Classrooms whose teachers participated in the development
of the new syllabus will differ signiflcantly from class-—
rooms whose teachers voluntarily adopted the new syllabus
when it was first offered for state-wide adoption, in re-
spect to the major dependent variables measured in the
study.
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‘Table 6 indicates that this hypotihiesls was not sup-
ported by analysis of .he data. Group B did not dirfer sis-
nificantly from Group C with respect to the dependent variables
measured.

TABLE 6

MULTIVARIATE ANALYSIS OF COVARIANCE OF MiIEANS
CONTRAGTING GROUP B WITH GROUP C

Multivariate F ratio: _ 1.2252 ns
Degrees of Freedom: 5. 164
p value: .2996

Multivariate tests concerned with
changes made by the groups through
time

Each of the three groups of classrooms studled will
change significantly from 1970-71 to 1971-72 in respect
to the major dependent variables measured in the study.

TABLE 7

MULTIVARIATE AND UNIVARIATE ANALYSIS OF COVARIANCE OF MEANS
CONTRASTING SPRING 1971 WITH SPRING 1972

A. Multivariate F ratio: 3.2280%
Degrees of Freedom: 5, 1614
p Value .00814

B. Univariate F ratios:

Variable Hypothesis ™ ratio p value
Mean Square

Checklist .183¢ 5.4167% 0212
overall
Content, old L0115 2.5978 ns .1089
Content, new .0025 .3325 ns .3629
POST, spring 19.0913 . 5.398U% .02114
Opinion Scale L1296 2.3605 ns .1264

Covariates whose effect was eliminated prior to contrast:
POST, fall scores; Upinion Scale, fall scores

Degrees of Freedom: 1, 168

Table 7 indicates that there was a significant dif-
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ference from one year vo the aexi, on the variabl»2s (oken col-
lectively. “he univariatle analy.is indicates thav sign:ficant
tongitudinal effects were detecled in toacher behavior and in

student performance on FOST. The latter Cinding relleocts the

higher POST scores attalned by all three groups in the cecond

year of the study.

liypothesis M-U:

classrooms whose teacners auopbted the now S, 1iube .
when its adoption bwcame mundatury will shuw s.onificunt-
ly greater change between 1970-71 znd 1971=707 a2 Lol

the other two groups of ciussrooms in ro pe.l o the qo-
Jor dependent variables measured in the study.

This hypothesis was tested by means of an analysils of
the interaction between the contrast of Group A with Groups
B and C, and the contrast between years. .aonle 8 shows that
the hypothesis found support in the analysis of the data.

TABLE 8

MULTIVARIATE AND UNIVARIATE ANALYSIS OF COVARIANCE OF MEANS
INTERACTION OF THE CONTRAST BETWEEN GROUF A AND GROUPS B&C
WITH THE CONTRAST BETWEEN SPRING 1971 and SPRING 1972

A. Multivariave F ratio v.6035%
Degrees of Freedom: 5, 161
p value . .0001

B. Univariate F ratios:

Variable Hypothesis I ratlio p value
Mean Square
Checklist, L5724 16.ahqga#* .0003
overall )
Content, old L0728 16.39400% .0nol
Content, new .0CL1h JAivil as .5028:
POST,  spring 5.2203 1.5577 ns L2138
Opinion Scale .1269 2.3128 ns .1303

Covariates whose effect was elinin~ted prisr to teat:
POST, rall scores; Opinion Scale, fall scorves

Degrees of Frecedom: 1, 168




FIGURE 3

GROUP MEANS ON OVERALL CHECKLIST SCORE, BY YEARS
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Univariate analysis suppgests that this interaction
occurs chiefly in teacher behavior and in student performance
on the test of "old content". An inspection of means, shown
praphically in Figure 3, shows that interaction with respect
to teaching behavior can be triced to the significant change
in teaching behavices made by Group A between the spring of
1971 and the spring of 1972. The inceraction with respect
to student performance on a test of "old content", shown
graphically in Figure k4, can be traced largely to the drop
in scores of Group A students on this sub-test, from one

year to the next.
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GROUP MEANS ON "OLD CONTENT" SCORES, BY YEARS

\
~
~
~
~
~
~
\\
~_ Group A
~
\.
~
~
~
~
~
S
~
~
~,
~
~
~
~
~
~
~
B o
— Group ~
—— e
\_\.~\\
————
——
o ————
-——--—-‘——‘-——--
— . —
o w—
Group C
1971 ) 1972
YEAR

Scores Reported Are Per Cent Correct Responses

56



57

Tests of Specilic Univaria.e Hypctneses

Tests concerned with
teaching behavieors

The foilowlng set of hyrolheses 1s concerned with
teaching behaviors primarily as measured by the Earth Ccience
Classroom Activitvy Checklist. Findings from the Tape Analysis
Instrument will be used chiefly to expand .or clarify signi-
ficant Checklist Tindings.

Hiypothiesis A-1:

" Teachers having prior experience with the new course ma-
teriasts will employ classroom and laboratory strategies
more in acecord with tne objectives of t{he new course than
will teachers not having this prior experience, but trying
the new course for thne first time. ]

An analysis of variance 1is reported in Table 9, using
as dependent variable teacher bLehaviors measured by the spring
1971 overall Checklist score. Groups B and C were contrasted
for this analysis. ilo significant difference was found between
groups. This would indicate that Group C's prior experience’’
with the new syllabus gave these teachers no advantage in terms

of teaching behaviors'employed.

TABLE 9

PLANNED INDEPEMDENT CONTRAST - GROUP B VS GROUP C
ON OVERALL ACTIVITY CHECKLIST SCORE, SPRING 1971

Category M

eans 53 MOW F
A B ¢ Comparc Ratio
Qverall 3.49  3.51 .0316 .0389 .35 ns
{(Number) 36 34

Degrees of lFreedom: 1, 70

ERIC

Aruitoxt provided by Eic:



This finding is particularly surprising when one con-
siders that Group C teachers not only had prior experience
with the new materials; they had helped develop them. Tests
cf hypotheses A-2 and A-U4 (below) indicate that the Checklist
does discriminate between some groups of teachers, so it is
not valid to argue that the instrument was insensitive to dif-
ferences in teaching behavior. An alternate interpretation
would be that the new syllabus was in fact "teacher proof",
in the sense that simply adopting it led teachers to immedi-
ately begin using the behaviors advocated by the curriculum's
developers. Such conjecture would, of course, be stepping
well beyond the findings reported for hypothesis A-1. This
interpretation should be borne in mind, however, as subsequent
nypotheses are tested.

Hypothesis A-2:

Teachers with prior experience and those trying the sylla-
bus for the first time in 1970-71 will bcth employ strate-
gies more in accord with tne objectives of the new sylla-
bus than will teachers using the traditional syllabus.

Table 10 reports the finding that there was a signifi-

cant difference in teacher behaviors between Group A and Groups

B & C, as reported by students on the overall scale of the
Checklist in the spring of 1671.

Teaching behaviors of Group A teachers in 1971 dif-
fered significantly from those of Groups B and C on every sub-
scale of the Checklist, except that of text related items.
There were significant differences with respect to classroom
activities, tests, lab related activities, and time allotment.

Group A differed significantly from Groups B & C in
1971 on mean classroom responses on fifty-eight of the eighty-
seven Checklist items. (See Table A, Appendix E ) Group B had
higher mean scores than Group A on fifty-seven of the fifty-
eight items. Group C had higher mean scores on fifty of the
fifty-eight items. High scores ih all cases represented more
frequent use of the behaviors desired oy develope}s of the new
science curricula.

The magnitude of these significant differences ranged
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from .2 to 1.5 points on the scute inbervas of 1 to &. The
PRl

mean difrference was approximately .68 points, waich represénts
17% of the range of the scale.

TABLE 10

PLANNED INDEPENDENT CONT.ASYS - uwROUY A VS QROUPSE & & C
ON CATEGORIES OF THE ACTIVITY ChECRLIST, SPRING Jui?

Category Means S8 MSW F

A ) B c Compare Ratio
Overall 3.05 3.49 - 3.51 4.8%4 .0339  124.3%
Text Related 3.46  3.5)  3.55 10,07 1.43 ns
Classroom Related 3.0% 3.25 3.31 1.14 .04 32,12%
.Test Related 2.92 3.52 3.63 10.02 .12 85.24%
Lab Related 3.13 3.53 3.55 3.93 .04 90,55%
Time Allotment 2.63 3.18 3.32 9.16 .18 50.11%
True-False 2.85 . 3.7¢ 3.71 19,4 .15 130.0%
{Numbex) 36 36 34

Degrees of TFrecedom: 1, 106

Item analysis of the Checklist susgmests that the course
taupght by teachers using Lhe new syllabus is more interdisci-
nlinary (ivems 27, 56, and 113), that it is more open-cended
(items S, 1%, 21, 53, 67, Th, and 11%), wmore concerned with
discovery (items 8, 22, 65, 98, 71, 126, and 127), and engages
in wmore long term investii:tions (item 26)%. ALl of these are
consistent with the statcd objectives of the designers of the
new science curricula, particularly of the fFarth Science Cur-
riculum Project, and of the revised New Yori State Regents

fiarth Science Syllabus.

¥ Ttems will be found in the Checklist, forms A,B,and C,

Appendix E .




The fall 1970 Tape Analysis indicated that there were
several significant differences between Group A and Groups
B &% C. (See Table B,.Appendix I ; nppendix P also describes
the individual scores on the Tape Analysis Instrument) Dif-
fervnces were found on the General Index Score (subscore 1),
laboratory related activity (subscore 2) and several laboratory
related subscores (subscoves 3,4,4%,0, and 7). These differences
indicated tnat Group A spent a smaller fraction of their in-
structional time engaged in the kinds of activity advocated
by the developers of the new science curricula. Another group
of significantly different scores (subscores 14,15, and 16)
indicate that Group A teachers engaged in significantly more
lecture discussion activity than thec other two groups. The
developers of the new science curricula discourage heavy re-
liance on this mode of instructional behavior.

Summarizing the findings with respect to hypotnesis
A-2, it would appear that those who taught the old syllabus
in 1970-71 did not employ the "newer" teaching strategles as
fregquently as those who taught the new syllabus in this same
year. This finding is consistent with the findings of Kochen-
dorfer (1967) and Barnes (1967) relative to BSCS biology teach-
ers. vwhen the teaching procedures employed by teachers using
one of the new scilence curricula are compared with the pro-
cedures employed by teachers using a.traditional sclence cur-
riculum, it is found that teachers using the new curriculum
employ significantly more of the procedures advocated by the
developers of the new science curricula. Since the "tradi-
tional curriculum" was more precisely defined in the present
study than in Kochendorfer and Barnes' studies, a stronger case
is made to attribute the difference to curriculum differences.
Before making this inference, however, it should be asked
whether the differences fcund might be due not to the syllabus
used, but to selection factors. Teachers with more traditional
teaching behavior patterns may have elected to continue teach-
wng the old syllabus during this year, while those with more
progressive patterns may have elected to teach the new sylla-
bus, This important issue is dealt with under hypothesis A-U,




iflypothesis A-3:

‘Yeachers in their seccnd yeuar of experience with the new

syllabus will employ stratemies more in accord with the

objectives of tne new syllabus than they did in their first

year of experience with them.

It i4s clear from Table 11 that the teachers in Group

B made no significant change in teaching behavior between the
spring of 1971 and the spring of 1972, as measured oy the over-
a1l score of the Checklist. Thus, for these teachers, aidi-
tional experience with the new syllabus did not bring teaching
benhavior into greater accord with the objectives of the new
syllabus. This finding, coupled with the lack of difference
between the teaching behaviors of Groups B and C in 1971, sug-
gests that i1if the new syllabus occasions behavior change, the
change occurs rather abruptly, and that behaviors do not be-
come increasingly more progressive.

TABLF 11

T-TEST OF DIFFERENCE OF MEANS ON ACTIVITY CHECKLIST
FOR GROUP B, SPRING 1671 TO SPRING 1972

Mean t-Value Degrees of
Difference (Related Groups) Freedom
-.0053 -.2425 ns 29

The stability of teaching behaviors employed by Group
B during the period 1971-72 suggests that this group might be
considered as a "post hoc" control group against which the
teaching behaviors of Group A might be compared during the
same time interval. The two groups were alike during 1971-72
in that both were using the new syllabus in that year. They
differed in that Group B had previously used the new syllabus,
while Group A had previously used the 0ld syllabus.
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Hypothesis A-U:

Teachers in their first yez» of experience with the now
syllabus will employ striate, ices more in accord with the
objectives of the new syllawus than they did in the pre-~
vious year, when they use¢il the traditional syllabus.
Table 12 shows that this nypothesis is supported by
contrusting the overall Checkiist scores of Group A in the
spring of 1971 with the scores of these same Ceachers one
year later, after they had vesgun using the new syllabus.

TABLE 12

T-TEST OF DIFFERENCES OF MitANS ON ACTIVITY CHECKLIST
FOR GROUP A, SPRING 1971 TO SPRING 1972

Variable - Mean Difference t-Value Degrees of

(Related Group) Freedom

Checklist

overall .2173 5.5605* 27
Text Reiated . .0546 1.1854 ns 27
Classroom Activities .0519 1.18Q4 ns 27
Test Related .3706 4,2353% 27
Laboratory Related .2273 . 4.7979* 27
Time Allotment . .1424 2.3906%* 27

True-False Items .4491 5.1649% 27

Checklist sub-scores in the cabtegories of test related,
laboratory related, time allotment, and true~false showed sig-
nificant increase with time. The Tape Analysis, which was
largely concerred with amounts of time spent in various forms
of classroom and laboratory activity, showed significance in
the predicted direction on the General Index score, when fall
measures were compared with fall measures. (See Table C, Ap-
pendix F ) There was only a slight positive, non-significant




trend when spring measures were compared witili spring measures. ¥

Tape analysis sub-scores which showved signiflcant change
from the fall of 1971 to the fall of 1972 (sce Table C, Ap-
pendix F ) included measures of time spent in laboratory ac-
tivities (subscores 2 and 4) and in higher level discuasion
(subsceres 8 and 14). These behaviors showed increased fre-
quency of occurence, in harmony wilth the objectives of the
new curriculum developers. Use of lecture discussion (sun-
score 7) decreased, again in harmony with the objectives of
the new curriculum developers.

Group A's 1972 teaching behaviors measured on thirty-
nine of the Cnecklist items differed significantly from this
group's 1971 behaviors. (See Table D, Appendix E ) On thirty-
six of the thirty-nine items, the change was in the pre-
dicted direction.

It is interesting to note that the changed behavior
items are essentially a subset of the items which originally
distinguished the behaviors of Group A from those of the other
two groups. This might suggest that Group A changed precisely
those behaviors which they needed to change in order to em-
ploy patterns similar to those used by other teachers using
the new materials. However, since there was little contact
between teachers of the various groups, it seems unlikely
that Group A teachers used other teachers for models of change.
It seems more likely that these teachers picked up specific
cues for behavior change from the curriculum materials them-
selves.

Examination of the specific items which showed sig-
nificant difference from 1970-71 to 1971-72 suggests that tne
course as taught by Group A teachers in the second year of the
study differed in several important respects irom the course
they taught in the first year of the study. Responses on items
27 énd 56 indicate a movement toward teaching a more interdis-

*Possible implicatioﬁs of the non-significance of the spring-
spring differences will be discussed in Chapter V.
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ciplinary course. iResponses on ivem 115 suggest that the
course'in the second year 1is more open-ended. éesponses on
items 65 and 68 maybe interpreted to mean that the course was
more discovery oriented in the second year. Response to item
76 seems to indicate thatv more time was spent in laboratory
work during the second year. (This interpretation is supported
by the findings obtained from the Tape Analysls sub-score
dealing with the percent of time spent in small group labora-
tory activity.) Laboratory, which now more frequently precedes
classroom discussion of the topic (item 65), also now uses a
broader variety of lab materials (items 16, 81, 123). Students
more frequently record dava as part of theilr laboratory ex-
perience (items 18, 122). They spend more time in post-labora-
tory, comparing data and analyzing conclusions they have drawn
(items 19, 20, 75, 125, and 126). Finally, vests now include
more items based on laboratory experience (item 62).

Analysis of data provided by both the Checklist and
the Tape Analysis Instrument support the overall hypothesis
that these earth science teachers who were required to adopt
the new Regents Earth Science Syllabus in the fall of 1671
did indeed change their teaching stratvegies to conform more
closely to the model proposed by the designers of the new sci-
ence curricula. It should be noted, however, that despite the
changes made by droup A, they still differed significantly
from the teachers in the other two groups on the 1972 overall
Checklist score and on all sub-scores except text-related.
(See Table 13)

There were significant differences on twenty-one of the
items of the Checklist when Group A behaviors were compared
with those of Groups B and C. (See Tahie E in Appendix E )
Groups B and C were found to employ more of the desired be-
haviors a§ measured 0y nineteen of the twenty-one items. It
appears that Groups B and C still have laboratory more fre-
quently (item 25), and that they spend less time talking (item
23) than do the teachers in Group A. The experienced groups
put more stress on laboratory (item 28), and tend to be less
rigid in adhering to a scheduled laboratory period (item 130).



droup A tends to use laboratory manuuls more {requently (itewm
123). They also tend to provide fewer items of laboratory
equipment than the otler two groups (item 8l). Tests for
Group A students do not seem to have lab related items as of-
ten as do tests for students in the other two groups, despite
advances made by Group A (item 62). The only area in which
Group A teachers seem to surpass the other groups is in res-
pect to desirable utilization of the text (item 55). It may
be that the teachers in Groups B and C simply do not use the
text as a major reference in their course.

TABLE 13

PLANNED INDLPENDENT CCNTRASTS ON ACTIVITY CHECKLIST CATEGORIES
FOR GRQUP A VS GROCUPS B & C, SPRING 1972

Category . Means SS MSW F
A B C Compare Rat?o

Overall 3.30 3.19 3.47 607 .031 19.52%
Text Related 3.56 "3.47 3.52 .079 .069 1.31 ns
Classroom Related 3.13 3.26 3.26 .326 .024 . 13.7u%
Test Related 3.31 3.58 3.05 1.748 .130 13.43%
Lab Related 3.41 3.64 3.52 .292 .042 6.97%
Time Allotment 2.86 3.22 3.23 2.50 .132 18.90%
True-ralse 3.30 3.73 3.62 2.698 .148 18.15%

Degrees of Freedom: 1, 84

Despité the fact that certain differences in teaching
pehaviors still exist bektween those teachers wno adopted the
new syllabus under mandate and those teachers wh¢ had volun-
tarily adopted the new syllubus in prilor years, the fact remains
that the teachers of Group A did change their behaviors in the




desired direction upon adoption of the new syllabus. The in-
ference that the differences found in teaching behaviors ic
Jdue to adoption of the curriculum, and not due to selection
factors influencing curriculum adoption finds f{irm support in
tne changed teaching behavior of the teachers in Group A.
Thus, findings drom the longitudinal aspect of this study con-
rirm findings of the group comparison aspect of this study.

a3 well as of Kochendorfer and Barnes' studies.

aypothesis A-~5:

in thelr first year of experience with the new materials,
teachers electing to use the materials in 1970-71 will em-
ploy strategles more in accord with the new syllabus than
will teachers adopting the new materials in 1971-72.

Underlying this hypothesis was the assumptlon that
those who voluntarily adopted the new syllabus (in the fall
of 1971) would be more amenable to change of teaching behavior
than those who adopted the new materials only after their use
nad been mandated.

Table 14 indicates that, although the mean on the over-
all Checklist score attained by Group B in the first year of
its experience with the new materials was higher than the
score of Group A in ites first year of experilence with the new
syllabus, the difference between means did not achleve the .05
level of significance. Hence 1t appears that those teachers
who adopted the new syllabus only when its use was mandated,
were able to employ in their first year of experience with the
new materials essentially the same strategies that were used
in the first year 5f experience with the new materials by the
group which voluntarily began fo use them in 1970.

TABLE 14

T-7EST OF DIFFERENCE OF MEANS ON ACTIVITY CHECKLIST OVERALL
SCORE FOR GROUP A VS GRCUP B, SPRING, 1971

Mean .Difference t-Value Degrees of
(Unrelated groups) Freedom

.18 1.2845 ns 64



‘‘ests concerned with teacher
educational opinion

The next set of hypotheses have to. do with the teach-
er's educational opinions, as measured by the Fducational
Opinion Scale. The ratio of progressive to traditional opinion
scores was used in making the major comparisons below.

tiypothesis B-1l:

Teachers having experience with the new materials prior
to 1970~71 will have more progressive educutional opin-
ions tvhan teachers in the other gwo groups.
Table 15 shows that Group C's educational opinions
differ signifilcantly from those of the other two groups
throughout the duration of the study.

TABLE 15

[y

PLANNED INDEPENDENT CONTRASTS ON OPINION SCALE
. FOR GROUP C VS GROUPS A & B

Time Means Ss F

A ' B C Compare MSW Ratio
Fall 1970 1.57 1.65 1.84 1.46 11 ‘ 12,.80%*
Spring 1971 1.51 1.67 1.92 2.30 .13 17.72*
Fall 1971 1.65 1.68 1.95 1.57 .15 10.13*
Spring 1972 1.52 1.63 1,82 1.09 14 9.97*

At each administration of the instrument, Group C dif~-
fered significantly from Groups A and B. It is possible that
some sort of selection factor produced this difference. Teach-
ers who volunteered to participate in development of the new
syllabus may have held more progressive educational opinions
than the general population of Regents earth sclience teachers.
An alternate explanation suggests that these teachers developed
such opinions in the process of curriculum development.

¥
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Hypothesis B-2

Teachers electing to begin use of the new materials in
1970-71 wiil have more »rogressive educational opinions
than those electing to continue teaching the traditional
materials that year. .

Table 1& shows that Group A did not differ signifi-
cantly from Group B on the opinion scale score at any time
during the course of the study. This 1s somewhat surprising,
since it had been hypothesized that educational opinion would
have been a selection factor in constituting the membersnip
of these two groups.

TABLE 16

PLANNED INDEPENDENT CONTRASTS ON OPINION SCALE
FOR GROUP B VS GROUP A

Time Mean SS MSW F
A B Compare Ratilo
Fall 1970 1.57 1.65 .07 11 .58 ns
Spring 1971 1.51  1.67 ) .13 3.06 ns
Fall 1971 1.65 1.68 .02 .15 .10 ns
Spring 1972 1.52 1.63 .18 L1h 1.31 ns

The lack of difference suggests that early or late
adoption of the syllabus may have been due less to teacher
characteristics than to factors such as .administrative co-
operation or availability of suiltable facilities and equipment.

Hypothesis B-3

Educational opinion change over the two year period will
be in a progressive direciton for all groups. Thils change
will be greatest for teachers beginning to use the new
materials for the first time in 1971-72.
As is clear from Table 17, this hypothesis was not
supported by analysis of the data. None of the groups signi-

ficantly changed its educational opinion between the fall of



1970 and the spring of 1972, although there were minor, but
statistically significant fluctuations within the period of

the study, notably among Group A teachers. 'I'nis group showed

a trend toward progressivism in the fall of 1971 when they
adopted the new syllabus, but returned to their previous opln-
ions in the spring of 1972. Ierhaps a burst of enthuslasm when
adopting the new syllabus led to Group A's short-lived adoption
of more progressive opinions.

TABLE 17

T-TEST OF DIFFERENCES ON OPINION SCALE, BY GROUPS
. THROUGH SEVERAL TIME INTERVALS

Group A
Degreés of
Difference t-value Freedom
¥Fall 1970-Spring 1972 .0070 .1591 ns ‘26
Fall 1970-Spring 1971 -.0331 -.8746 ns 29
Spring 1971-Fall 1971 .1076 2.2649* 21
Fall 1971-Spring 1972 -.1045 ~1.7886% 25
" Group B
*rall 1970-Spring 1972 -.0352 -.7354 ns 27
Fall 1970-Spring 1971 .0414 .9292'ns 34
Spring 1971-Fall 1971 " ~.0169 -.3665 ns : 27
Fall 1971-Spring 1972 -.0693 -1.4933 ns 26
Group C
*¥rail 1970-Spring 1972 -.0300 -.7011 nu 25
Fall 1970-Spring 1971 .0625 1.1245 ny 31
Spring 1971-Fall 1971 .0722 1.0108 ns 25
Fall 1971-Spring 1972 -.1568 -2.4698* 24

* Fall 1970-Spring 1972 scores comparcd for Hypothcsis B-3



The significant move away from progressivism by Group
C in the spring of 1972 (as compared to fall 1971 opinions) .
might be explained as a "spring let-down" associated with
fatigue and the other factors which a year's experience with
a hundred and fifty active high school’ studeiits can provide.
The same kind of trend 1s visible in the fall 1971-spring
1972 d4ifference of means for Groups A and B as well. It
should be pointed out however, that the mean score of Group
C on the Opinion Scale remains signiflcantly higher than
the scores of the other two groups in the spring of 1972
(Group A = 1.521, Group B = 1.64, Group ¢ = 1.822).
Y In general, analysis of data on teacher educational
opinion obtained in this study suggests that although these
opinions differ significantly among grcups of teachers, the
opiniocns held by a particular group are stable, over rela-
tively long perilods of time.

Tests concerned with student ability
to employ the processes of scilence

The next set of hypotheses deals with student ability
to employ the processes of science, as measured by the Proces-
ses of Science Test (POST).

Hypothesis C-~1:

When spring POST scores are adjusteda for fall POST scores,
students using the new syllabus will obtain higher scores
than will students in classrooms using the traditional
syllabus.

Table 18 shows that there was no significant difference
in 1970-71 uLetween groups when spring scores (adjusted for fall
scores) on this test were analyzed by analysis of covarlarnce.
This finding 1is consistent with that made by Welch (1972b) re-
lative to PSNS students, but is inconsistent with the findings
of Kochendorfer (1967) relative to BSCS students. It appears
that much more needs to be done in regards tc measuring pro-
cess of scilence objectives.

~ A
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TABLE 18

ANALYSIS OF COVARIANCE CF MEANS ON PROCESSES OF SCIENCE TESY
FOR ALL GROUPS, 1970-71

Group Treatment Adjustedl Méan Square Mean Square F D.F.
Mean Mean Adjusted M Within Ratio
A 17.18 17.71
B 18.33 18.20 7.58 4.99 1.52 ns 2, 102

C 17.67 17.26 '

lSpring POST scores adjusted for fall POST scores

Hypothesis C-2:

When spring POST scores are adjusted for fall POST scores,
students whose teachers adopted the new syllabus in 1970-
71 will obtain higher scores than will students whose
teachers adopted the new syllabus in 1971-72.

Table 19 shows that this hypothesis was not supported
by the analysis of data. There was no significant difference
between the spring POST means of Group B in 1971 and the spring
POST means of Group A in 1972 when they were covaried with
the fall means of the respective groups. The conditions of
choice under which the syllabus was adopted seems to have no

effect on student growth in the abilities measured by POST.
TABLE 19

ANALYSIS OF COVARIANCE OF MEANS ON PROCESSES OF SCIENCE TEST
FOR GROUP A 1971-72 VS GROUP B 1970-71

roup Tréatment Adjustedl Mean Square Mean Square F . D.F.
Mean Mean Adjusted M Within Ratio
A 17.39 17.67
2.89 3.51 .823ns 1, 59
B 18.33 18.11

lSpring POST scores adjusted for fall POST scores

/




Hypothesis C-3

When spring POST scores are adjusted for fall POST scores

students whose teachers adopted the new syllabus in 197.i-

72 will obtain higher scores than will the students of the
same teachers in the previous year.

Table 20 shows that this hypothesis is not supporﬁed
by analysis of the data. When the spring POST scores are co-
varied with the fall sczores, and Group A's 1971 performance
is compared with its 1972 performance, no significant dif-
ference 1is detected. The teacher's changing to tne new syl-
labus did not seem to improve student abilities measured by
the Processes of Science Test.

TABLE 20 °

ANALYSIS OF COVARIANCE OF MEANS ON PROCESSES OF SCIENCE TEST
FOR GROUP A 1970-71 VS GROUP A 1971-72

Treatment Adjusted Mean Square Mcan Square F
Year Mean Mean Adjusted M Within Ratio
.970-71 17.39 17.34 _
) .26 3.89 .066 ns
971-72 17.18 17.21
1l

Sprihg POST scores adjusted for fall POST scores

Hypothesis C-4:

When spring POST scores are adjusted for falil PO3T scores,
students whose teachers had more progressive educational
opinions will obtain higher scores than willlstudents whose
teachers had less progressive educational opinions.
Table 21 indicates that this hypothesis was not sup-
ported by analysis of the data. When classes were assigned’
to three groups of approximately equal size on the basis of
the progressive educational cpinions of their teachers (ucing
Schirner's progressive sub-scale) there was no significant
difference between groups on spring POST scores after ad-
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Justiment for fall POST scores. 1¢ 1s interesting to note that
students of teachers with both high progressive scores (mean =
i,4838) and low (mean = 3.7638) obtained greater POST gains
than did students of teachers with moderate prdéressivc scores
(mean = 14.1533).

TABLE 21

ANALYSIS OF COVARIANCE OF MEANS ON PROCESSES OF SCIENCE TEST
ALL CLASSROOMS GROUPED BY TEACHER PROGRESSIVE OPINION S5CORES
SPRING 1972

Group Name N Opinion Scores Treatment Adjusted1
(Grouping Mean) ~ Mean Mean
Progressive 28 4.48 18.06 18.14
Moderate 25 4.15 17.29 17.47
Non-progressive 29 3.76 18.74 18.51
Mean Square 6.30
Adjusted Mean
F-ratio: 1.60ns D.F. 2, 77
Mmean Square
Within 3.95

1Spring POST scores adjusted for fall POST scores

None of the hypotheses corncerning gains >n the Pro-
cesses of Scilence Test scores was supportedl It ca.l be conclu-
ded that the curriculum used, the conditions of adoption of
the new syllabus, experience of {he teacher with the new syl-
labus and teacher educational opinion have nc significant
effect on student growtn on the apilities measured by POST,

Spring 1971 POST scores correlated significantly with
cognitive achievement as measured hy the spring 1971 earth
science tests of "old content"and "new content". (This cor-
relation used mean classroom scores from all classrooms in
the study.) The correlation of POST with "old content" was
.51; correlation of POST with "new.content" was .63. ‘“These
correlations sufpest that the abllitles measured by POST
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may not be quite as specific as "the ability éo employ the
processes of science".®

Tests concerned with knowledge
of earth science

The following tests were concerned with knowledge
of "o0ld content" and of "new content” as measured by the
"Earth Science Content Test".

Hypothesis D-1:

All students will achieve best on the test instrument de-

vised for use with the syllabus version used by their

teacher.

Table 22 shows that this hypothesis was supported for
Groups B and C, but not for A. 1In 197), students of teachers
using the new syllabus did significantly better on the new con-
tent sub-test than they did on the old content sub-test. Al-
though there was a tendency for students of teachers using the
0ld syllabus to do better on the 0ld content sub-score than
on the new, content sub-score, this trend was not significant.
Findings of the nature reported here are not surprising.

Curricula tend to focus most effactively on content objectives,
sc¢ it 1s to be expected that students willl achlieve best on tests
of the particular concepts stressed in the curriculum to which
they are exposed. Differences in achievement are only impor-
tant if knowing one set of concepts is more valuable than
knowing another set. It was the judgment of the Earth Sclence
Syllabus Revision Committee that the concepts found in the old
syllabus inadequately represented current knowledge in the fleld
of earth sclence. For this reason they introduced new content

* A similar question was raised by Wallace (1963, p. 28),

The correlations between the Impact Test [POST] and the
two achievement tests are of particular interest, since
there is a question as to whether the Impact Test [POST]
does in fact measure a .unigque set of skills. These data
suggest that it does .not. If a unique set of skills was
being measured, the partial r's should be nearer to zero.
The correlations and partial ccrrelations between the
Cooperative Blology Test and the two BSCS tests were also
high.



invo the new syllabus. It appears rom analysis of the data
reported here that the new syllalbus presents the new concepts
more adequately than the old eonceptis.,

TABLE 22

T-vEST OF DIFFERENCES BETWLEN MEANS ON EARTH SCIENCE TEST
SUBSCORES, TFOR EACH GROUP, SPRING 1971

"0ld Content” "New Content" t valﬁe Degrecs cof
Group Mean Mean (Related Groups) Freedom
A .5398 ' .5185 -1.0255ns 35
B .4575 - .5640 6.6736* - 35
C .4305 5577 7.0719% 33

Hypothesis D-2:

On the "new content" sub-test, students whose teachers use
the revised syllabus will outperform students whose teachers

use the traditional syllabus.

Table 23 shows that analysis of the data supports this
hypothesis. Group B and C étudents achieved significantly bet-
ter on the "new content" test than did Group A students. Ex-
posure to the new syllabus apparently gave an advantagé o stu;
aents on the '"new content' exam.

TARLE 23

PLANNED INDEPENDENT CONTRASTS ON EARTH SCLENCE TEST
FOR GROUP A VS GROUPS B & C, SPRING 1971

ileans Mean Square MSW I D.F.
Subscore A B C Hypothesis Ratioc
"01ld
Content" .540 L1458 L3l .213 L0072 29.24% 1,102
"New

Content" .519 564 .558 .0l3 .0045 9.uu% 1,102



This finding 1s similar to the findings of most other
stdlence curriculum researchers. It contradicts the findings
of Champlin and Hassard (1966) and Sargent (1966) in respect
tQe ESCP earth science.

ilypothesis D-3

Students whose teachers use the traditional syllabus will
outperform students whose teachers use the revised sylla-
bus on the "old content" sub-test.

Table 23 shows that this hypothesls was supported by
analysis of the data. Students of Group A significantly out-
performed students of the groups not using the traditional
syllabus on the content test devised to test knowledge related
to the traditicnal syllabus. Taking the results of the last
two analyses together supports the premise that neither syl-
labus subsumes the content objectives of the other. Neither
adequately prepares students for achlievement tests appropri-
ate to the other syllabus. .

The finding that students using the traditional syl-
labus outperform students using one of the new curricula on
tests of traditonal concepts, agrees with the findings of
Schirner (1967) relative to students under ESCP and non-

BSCP curricula.

Hypothesis D-14

On the "new cdntent" sub-test, students whose teachers
have one or more years experience with the new materials

will outperform students whose teachers began use of the
new materials only when such use was mandated.

i Table 24 shows that this hypothesis was not supported
by analysils of the data. This would suggest that their teach-
er's previous experience with the new syllabus did not glive
students an advantage over students whose teachers did not
have prlor experience with the new syllabus. Contradlctory
evidence, however, 1s supplied by analysis of Regents Examina-
tion mean classroom scores in 1972, when all groups were using
the new syllabus. Table 25 shows the results of contrasts be-
tween Group A and Groups B & C. In these small samples (N =
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7-8 per group), the Regents scores obtained by Group A classes
vere significantly lower than for the other two groups. It
weuld appear that students of these {eaciiers had more difficulty
with the exam than students of teachers having had prior
’experience with the new syllabus. Since these samples are so
small, it seems prudeht to withold judgment on the question

of whether mandated statewide adoption of the revised Regents
Earth Science Syllabus led to lower than average scores for
those newly adopting it.

TABLE 24

' PLANNED INDEPENDENT CONTRASTS ON EARTH SCIENCE TEST
. FOR GROUP A VS GROUPS B & C, SPRING 1972

- Means Mean Square MSW F D.F.
Subscore A B c Rypothesis Ratio
"Old
Content" . .453 ° .438 o .0032 .0057 .56 ns 83
"New " 83
.Content" .529 .554 542 .0064 .0051 .25 ns -
TABLE 25

PLANNED INDEPENDENT CONTRAST ON 1372 REGENTS EARTH SCIENCE
EXAMINATICON FOR GROUP A VS GROUPS B & C

Means Mean Square MSW . Degrees of
A B C Hypothesis F Ratio Freedonr
73.402 81.703 78.077 21..943 3.540 6.1973* 22

Hypotnesis D-5

On the "new content" sub-test, students of teachers using
the new syllabus for the first time when 1ts use was op-
tional will outperform students of teachers who used the
new syllabus only when its use was mandated.




Table 26 shows that analysis of the data supports this
hypothesis. A test contrasting the scores of Group B in 1971
with those of Group A in 1972 reaches significance.

TABLE 26

T-TEST OF DIFFERENCES ON "WNEW CONTENT" SUBSCORE
OF EARTH SCIENCE TEST, GROUP A, SPRING 1972
VS GROUP B, SPRING 1971

Group Year Mean t-Value Degrees of
Freedom
A 1972 .5292
1.8926% 63
B 1971 .5640

Earlier it was found that in their first year of
experience wlth the new materials, teachers in Group A did
not differ significantly from the teachers in Group B
with respect to teaching behavioré erployed or educational
opinions held. Now 1t is found that students in the two
groups do differ significantly in their performance on tests
of knowledge of the new content. It might be surmised that
student cognitive ability was greater in the Group B students,
but if the fall POST 'test is any indicator of this ability,
the two groups did not differ significantly in cognitive abil-
ity (see Table 27).

TABLE 2
T-TEST O DIFFERENCES ON FALL POST SCORES
BETWEEN GROUP A, 197C AND GRCUP B, 1971
Mean group A Mean Group B t-value

16.82 17.11 1.277

The differences found between these two groups on the
new content subtest might possibly be due to non-verbal differ-
ences in the instructional procedures used by their teachers.

In general, it can be saild concerning student achieve-
ment on earth science tests deJised for use with the two sylla-
bi, that students do best on the test devised for the syllabus
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which their teacher is using. It does not appear that stu-
Jdents under the new syllabus can learn both the "old" and the
"new" content at the same time. Other studies (Ladd, 1972;
Passero and Schmaltz, 1972) have shown, however, that the ques-
tions on the new Regents exams reflect more accurately than

the old exams the values of the new science curriculum devel-
opers. IIf those values have merit, then the students under

the new syllabus are gaining more than they are losing.

Summary of Procedure and Findings

This study was designed to investigate the effects
which adoption of the revised version of the New York State
Regents Earth Science Syllabus might have on teachers' stra-
tegies of instruction, teacher educational opinion, student
ability to employ the processes of science, and student °
achievement on tests of earth sclence knowledge. Samples of
approximately thirty teachers and their classrooms were drawn
from each of three groups of Regents earth sclence teachers:

A. Population A, which consisted of teachers who taught
the older version of the syllabus during the first year
of the study, and who adopted the new syllabus when its
use was mandated, at the beginning of the second year
of the two year study.

B. Population B, which consisted of teachers using the new
syllabus f%‘ the first time during the first year of
the study, when adoption of the new syllabus was op-
tional, and who continued to use the new syllabus dur-
ing the second year of the study.

C. Population C, which consisted of teachers who had used
the new syllabus prior to the first year of the study,
when its use was restricted to those teachers engaged
in its development.

Employment of teaching strategies was measured twice
durling the study by means of the Earth Science Classroom Ac-
tivity Checklist. Thls instrument was completed by students
in the classrooms of the study in May of each year of the study.
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A second measure of teaching strategles was obtained by means

ol the Tape Analysis Instrument. This instrument was used to
analyze the teaching strategies of a subsample of teachers in
each of the three groups. (N in each taping sample = 8) A se-
quence of five recorded classroom sessions was analyzed for

each of the teachers in the subsamples each fall and eacn spring
during the study.

Measures ¢f teacher educational opinions were obtained
four times during the course of the study, by means of the re-
searcher devised "Teacher Educational Opinion Scale'! Student

ability to employ the processes of sclence were asseésed by
‘administering the Processes of Science Test (POST) in the fall
and spring of each year of the study. Student achievement on
knowledge of content relevant to the old syllabus and to the

new syllabus was measured by a researcher-devised "Earth Science
Content Test", which had equal numbers of items related to
each of the syllabi.
The principal findings of the study were:

1. The teaching procedures employed by teachers using the
new syllabus are significantly more in accord with the
prccedures advocated by the developers of the néw syl-
iabus and of other new science curricula, than are the
procedures employed by teachers using the old syllabus.

2. Teachers who were mandated to begin using the new syl-
labus employed teaching behaviors which were signifi-
cantly more in accord with the advocated procedures
after this adoption than before the adoption.

3. None of the groups of tecachers significantly changed
its educational opinjons during the course of the stu-
dy. The teachers who had participated in development
of the new syllabus had educational opinions which were
significantly more progressive than those of the other
two groups.

i, When spring POST scores were adjusted for fall scores,
classroom means on this test did no% differ significantly
among the three groups during either year of the study.

i

Students performed significantly better on those items
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of the earth science knowledge test which had been de-
vised for the syllabus used by their teacher. In the
second year of the study, achievement on items devised

for the new syllabus did not differ significantly among
the three groups. ‘
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CHAPTER V

Implicatlions and Applications

This final chapter will deal with'implications of the
present study, and recommendations for further research which
are suggested by the results of this study. Certain weak-
nesses and limitations of the study will be discussed in the
context of their relation to recommended research.

Implications and recommendations flowing from this
study seemed to have particular relevance to two groups of
educators:

A. Science curriculum developers and researchers, in general.
B. The New York State Education Department, in particular.
Implications and Recommendations for
Science Curriculum Developers and
Science Education Researchers

This study found that the Earth Science Classroom Activ-
ity Checklist reliably measured differences between classrooms
in respect to the classroom teaching strategies on which it
reported. Correlations with the Tape Analysis Instrument tend-
ed to support the validity fo the Checklist.

The Checklist exnibits several advantages over class-
room observation instruments such as the Tape Analysis Instru-
ment. The Checklist was much more sensitive to small but
significant items of teaching behavior, such as how often lab-
oratory learnings were tested, or whether lab work required
construction of graphs and tables, or whether long term invest-

igations were part of the earth science course. Furthermore,
the Checklist seems to be more sensitive to overall trends than
is the Tape Analysis Instruemnt. This can be 1llustrated by
comparing data from the two instrumeats for Group A in the
1971-72 academic year. The fall Tape Analysis for this group
showed a significant increase in desired teaching behaviors
when compared to the previous fall's behaviors (see Tablie 29).
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TABLE 28

T-TEST Of DIFFERENCES ON GENERAL INDEX SCORES
OF TAPE ANALYSIS INSTRUMENT,
GROUP A, 1970-71 TO 1971-72

Season Differences t vilue
fall to fall .876 2.18%
spring to spring .084 .99 ns

The spring Tape Analysis results, however, did not dif-

fer significantly from those of the previous spring. (See
Table 28 ) The 1972 Checklist administered at the same time as
the spring Tape Analysis did show a significant increase in
advocated teaching behaviors when compared to the results of
the 1971 Checklist. (See analysis of Hypothesis A-U4, above,

in Chapter IV.) The Tape Analysis Instrument records the be-
haviors of the moment. In the fall it may be inferred that

as the teachers began to use tne new syllabus, they engaged

in more of the behaviors advocated by its developers. How-
ever, in the spring, this group of teachers may have felt
rushed by the amount of ground left to "cover" in the new syl-
labus, and therefore substituted lecture Zor laboratory. An-
other possibility 15 that they may have begun very early to
"review for the Regents". (Instances of both kinds of activity
were in evidence on the tapes.) 1In any event, the students,
reporting via the Checklist, were apparently able to transcend
the events of the moment, and to reflect on their year as a.
whole. Thus they report behaviors significantly different
from those reported for these teachers at the end of the pre-
vious year.

The Checklist seems to be better fitted than the ob-
servation instrument for the review of longer periods of class-
room proceedings. It 1s better able to assess the occurence
of infrequent, but significant items of behavior. Finally,
it is certainly simpler and more economical to administer than
the observational instruments. Instruments such as the Earth
Science Classroom Activity Checklist should be useful tools
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for furtheé research on teaching strategies used by science
teachers. Reports by Sidney Smith (1973), Spradlin (1973),
«nd Bingman (1973) at the 1973 Annual Meeting of the National
Aissociation for Research in Science Teaching indicate that
science classroom activity checklists are beginning to be
used more widely. The results of this study would tend to
support the extended use of such instruments.

The results of this study have shown that the teach-
ing strategies used by science teachers can be modified by
adoption of a curriculum which is written in such a way as
o promote this modificationi This knowledge should be heart-
ening to the many science educators who worked long and hard
to make the new curricula instruments of change. Much remains
to be learned, however, about curriculum adopticn and con-
sequent change in teaching behavior. Now that it 1s clear
that the curricplum package brings about change in teaching
behavior, it becomes important to find out which elements of
the package are most effective in bring about change. Among
the elements which may contribute to behavior change are: the
thematic structuring of concepts, integration of laboratory
investigations with the concept outline, the nature of labor-
atory instructions for teacher and student, the format of syl-
labus (or textual) material, provision for teacher training,
and the nature and weighting of the final examination. The
effect on teacher behavior exerted by each curricular component
needs to be investigated. '

The relation between employment of one of the new sci-
ence curricula and student ability to employ the processes of
science is of vital interest to the curriculum effectiveness
researcher. The present study's inability to detect any sig-
nificant curriculum effect on this variable could be viewed
as an indication that the new science curricula are failing
to attain their objective of enhancing these abilities in the
student. On the other nand, it is possible that the instrument
selected (POST) to measure this variable was inadequate for
the task. More research needs to be done on the effectiveness
of instruments devised to measure these abilities. 1In this



regard, ‘Yannenbaum's (1971) "Test of Science Processes" seems
worthy cf further exploration. So also does the "Science Pro-
cess Inventory" developed by Welch (1972b ).

There may be interesting implications in the signifi-
cantly more progressive educational opinions held by the ,group
of teachers who had been actively engaged in developing the
new earth science syllabus. If the difference is due to selec-
tion factors, then project directors for curriculum development
efforts should be aware that teachers who volunteer {o parti-
cipate in such projects may tend to have more progi‘zsuive edu-
cational opinions than the general population of science teach-
ers. It seems likely that statewide or national implementa-
tion of a curriculum might be made easier if there were more
"non-progressive" representatives on the curriculum development
team.

If, on the other hand, the higher progressive scores
of the group which participated in developing the syllabus
was the result of that participation, then even more interest-
ing implications suggest themselQes. If educational opinion,
which this study found to be a ratner utable teacher charac-
teristic, can be changed by participating in the curriculum
deveiopment process, then it seems likely that other teacher
characteristics and abilities might also be enhanced by such
particivation. An obvious example would be the ability to more
effectively participate in continuing curriculum modification
efforts. 'There is some support for this conjecture in the ac-
tivity of many of the teachers in Group C subscquent to their
involvement in the Regents Eurth Science Syllabus revision pro-
cess. Through efforts loosely coordinated through the Bureau
of Science Education, fiftecen or twenty Group C teachers are
currently modifying the revised syllabus for use in an indi-
vidualized mode of instruction. Personal obsecrvations of this
researcher indicate that many other teachers in this group are
engaged in individualization of curriculum efforts in their
own ¢lassrooms.

What 1s being suggested here, is that the effects of
a teacher's participation in the curriculum development pro-

¢
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cess on his subsequent profcssional activities is worthy of
further research. It seems likely tiat such participation is
a very effective form of in-service teacher training.

Developers of new gcience curricula are interested in
the reasons why some teacliers adopt their product, uand others
do not adopt it. An assumption underlying this study was.that
the new curricula were adopted by '"progressive" teachers, and
were rejected by "traditional" teachers. The finding:s of the
study did not favor this assumption. Those teachers who
adopted the new curriculum when its adoption was optional held
educational opinions which did not differ significantly froh
those held by teachers who decided to continue using tra-
ditional curriculum materials. This would suggest that edu-
cational opinion does not in ifselrl dispose a teacher to adopt
or reject a new science curriculum.

Another indication that the teachers who continued to
use the traditional materials after the appearance of the new
curriculum did not differ greatly from those wno adopted the
new curriculum at once is to be found in the first year teach-
ing behaviors employed by each group. In their first year of
experience with the new materials, these two groups did not
differ significantly with respect to the teaching vehavioxrs
employed. Apparently both groups of teachers were equally
flexible in adopting the teaching strategiles advocated for
the new curriculum.

If teacher educational opinion and willingness to change
teaching strategies did not constitute the basis for adopt- .
ing, or not adopting the new curriculum, then it seems that the
basis for this decision may be traccable to factors less close-
ly related to the teacher. 1In retrospect, it now seems likely
that the decision to adopt the new sclience curriculum may have
been more closely related to such factors as administrative
support, availability of facilities, funding for equipment,
supplies, and new textbooks than it was to teacher character-
istics. Further research needs to be conducted on the factors

related tc adoptlng a new science curriculum.



O

ERIC

Aruitoxt provided by Eic:

Science education researchers who have reviewed the
research that has been done on the efféctiveness of the new
science curricula (Balzer, 197(; Welch, 1969) have urged that
curriculum evaluvation zhould concern itself with a broad range
of variables. The present study supports the feasibility of
investigating several aspects of & curriculum implementation
problem within a single study. 3Such an approach provided
gome new knowledyge, as well as leads for further research.

On the other hand, the three year's experience this research-
er has had with the present project tends to confirm the ad-
monition which Wayne Welch {1969, p.U41) offered in conclu-
ding his review of science curriculum evaluation efforts in
the sixties:

Only at centers where there has been a concentrated effort
to investigate many facets of a course or teaching method
by a group of researchers does one find any discernible
evidence of'advancement.. . . This concentrated group re-
search needs to be encouraged and supported. Isolation
in the past has led to fragmentation. Limitations in
theory, instrument development, experimental design, data
processing, statistical knowledge, and subject-matter com-
petency are difficult for a single investigator to over-
come. JSeveral people concerned with common problems and
bringing together their own skills an experience appear
to offer the best hope for continued improvement of cur-

» riculum evaluation in science.

Since curriculum development is a process which affects
many lives and affects them in a variety of ways, it is im-
portant that development and implementation of new science
curricula be accompanied by research which secks to identify
not only the effects of the curricula, but the interaction of
the curriculum with various characteristics of the teacher,
students, classroom and school setting. Future curriculum
evaluation efforts should study as many of these variables
as possible.
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68

Implications and Hecommendations for
Memvers of the inew York State
ducation wepartment
An important modification of teaching behavior was
found vo result {rom adoption of the revised versicn of the

Mew York State Regents Eart: Sciei.ce Syllabus. This would

seem Lo justify a careful review of the syllabus package it-

self, and of the revision process wnlch produced it, to de-
termine 1f there are implicatlions for development of other
syi1lapni. Such review mipht lead to questions which would re-
guire additional research, such as:

1. Do teaching behaviors cmployed by teachers of the other
secondary science syllabi change as a result of adopt-
ing a new syllabus? A generalized version of the
Farth Science Classroom Activity Checklist (The Science
Classroom Activity Checklist) is available for use
in any osclence classrooia.

2. Do teaching behaviors employed by Regents earth science
teachars change after several years of experience with
the revised syllabus? Do thelir educational opinions
change? '

3. Do teachers who use the revised Regenvs Earth Sclence
Syllabus, but who do not adminlister the Regents Exam
to their students use different teacning procedures
than teachers wno do administer the exam?

4. Do Regents earth science teachers use different teach-
ing strategies in the spring than they do in the fall?

These constitute but a small sample of the kinds of
gquestions fhat can be arked avout 2 curriculum sudbsequent to

its adoption, through summztive cvaluaiion procedures. Ans-

wers to such guestions could be very helpful in providing
guidelines for future curciculum development. Of perhaps

even greatver importance, nowever, is research which accompanies

curriculum development, i.¢. formatlive evaluation.

¥

gdew York State has lons veen a leader in the curri-
culum development field, as inalecatved by its long history of
preparing Regents syllabi. The present stuay has shown that
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useful research can be conducted on a curriculum which the
State Education Department has developed. Is it not time for
the Department to consider undertaking its own curriculum
evaluation program? Should it not transform its curriculum
development program into a RESEARCH and DEVELOPMENT program?
In addition to the obvious benefit to subsequent curriculum
development activity, introducing research planning in%o the
curriculum development process itself has an important sec-
ondary effect. Research which accompanies development tends
to keep all the curriculum objectives foremost in the minds ,
of the developers. There is an unfortunate tendency in cur-
riculum development to set forth a broad range of education-
al objectives (cognitive, affective, etc.) at the outset of
the process, only to focus primarily on a narrow range ¢f
cognitive skills during the production phase of the process.
When research planning accompanies curriculum development, the
broad range of curriculum objectives is kept before the de-
velopers at all times, since they know that if their pro-
duct 1s to prove effective, it must provide learning learning
experiences which are related to all of the objectives of the
program, not merely to a few cognitive goals.

An excellent model for formative evaluation of cur-
riculum is presented by Sawin in his Evaluation & the Work
of the Teazher (1969, p.210). Use of such a model could
greatly improve the effectiveness of the syllabus revision

process, and perhaps lead to greater modification of student
behaviors than was discovered by the present summative evalu-
ation of the earth sclience syllabus.

Expansion of the Department's curricuium-development
program to include a resen: ch component would undoubtedly
require additional funding. The expense, however, should be
easily Justified by the benefits to students and teachers in
the Regents' classrcoms of New York State. The quest for funds
should be made easier by the accountability aspects of cur-
riculum reseavrch. As Sawin remarks (1969, p. 219),

In the industrial world, a much larger proportion of total
expenditure is spent on product evaluation and research
than most educators would presently dream of spending for
curriculum evaluation and research.
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IRSTRUCTIONAL O0BJECTIVES

If L2 nbjirctives of any course of study are not clearly defined, it will be difficult to evaluate
what hts vcen Tuarned, Without such clearly dedined objectives, there can be no sound basis for seiect-
iny appropriste course content or instructional metneds ond materials. Clearly defined objectives shouid
provide .o slidunt with o means to evaluste nis own yrogruss at any tiwe and to help hus orgamize his
efforts 1> rolevant activities,

In Gide syllanus, the focus is upon the identificaiiun amd fonnulation of appropriate objactives
wiich néve been [ «Jopgt ol These are classified 1nto two groups: those related to the process of
inquiry (’iv's), and those related to subject matter or course content (cchH's). BRoth grouns oi abiec-
tives nov» been specificaliy related to the understandings in cach topic.

At e conpietion of the course, the student should be able to:

1. dumonsirate the following saills in mathematics:
a. detennine relative error in percent, d. use proportions in establishing scaie,

3,

b. use scientific notation correctly, e. measure dimensions using metric system
and convert from one metric unit to

. » for unkndwns in si ;
¢. salve for uninowns in simple another metric unit;

algebraic equations (e.g., 0 = %

2, a) recd the scales on standard measuring apparatus, such as rulers, protractors, balances,

graduate¢ cylinders, barometers, o: compasses, to an accuracy of 1/2 of the smallest
scale calibration of the apparatus; )

b) deronstrate a degree of precision with standard rmrasuring apparatus by collecting 3 trial
FLd . wrwaenls that vary no aore than I1/2 of the swallest scale calibrations of the apparatus:

¢} cerunstrate an ability to determine nap measurements, Such as directions, locations,
disiances, and other quantities designated on special maps, which are appropriate to the
Timitations of tne map;

3. &) devise a classification system that can be used to interpret natural phenomena; .
b) create wodels that can be used to interpret natural phenomenas

4. dist pussible sources of error in an investigation when given a description of the data,
pracodure, and instrumentation;

5. 4) coliect and organize data; c) extrapolate from and interpolate within
b) construct graphs using scales which a set of data;
are appropriate for the data; d) interpret models which have been created

to represent natural phenomena,

Course-Content Ghjectives (CCO)

At e corpletion of the course, the student should be able to identify examples from observations
of his envirumient which illustrate that:

1. Cnange is universal and results from energy flow across an interface.
2. Mass-energy is conserved as change occurs,
3. in2 sui is the major source of energy wnich drives earth systems.
4. hatarai systens tend to move toward a state of dynamic equilibrium.
. neiy carth processes reflect cyclical changes,

5
6. Cuénjes or events reflect interactions bétwcen physical, chumical, and biological aspects of an
enviroment, and are described within tne frames of reference of space and time.

7. Tne properties of the enviromient and the maler.als of which it is composed indicate how tney
were fonaed and how they may change.

8. Tne study of present environments may be use¢ to predict the futwre and to explain the past.

9. Data derived fron a microenvironment may be used as a quide to the interpretation of a macro-
chdlrotnenad,

U, Svsurvetions occur wnen one or more of the Senses are focused un an aspect of the envirorment,
1. Powers of observation are limited by the senses, end can be extended by the use of instruacnts.

Thers is a difference between information based on sensory perception and inferences made from
tnese observations

[aN]

*Mager, R.F. Preparing Ingtructional Objectives. Palo Alto, California. Fearon, 1962, pp. 3-4.
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ARPENLTL B

September 1970

Dear Carth Science Teacher;

As you know, hign scnool science courses have undergone a tremendous
transformation since 1956. There now exists a large variety of nationally
devised curricula ranging from PSSC to £SCP, Here in New York State, all of the
Regents science curricula have alsc been revised in the last few years. This
curriculum revision has been expensive in both money and man hours. It is quite
natural to ask whether the expense has been worthwhile: What have been the
effects of the widespread adoption of these new science curricula?

for some of the curricula, some of the answers are in. For. example,
PSSC students do better on PSSC exams than do students who have taken a
"tragitional” physics course. Tnis type of effect has to be expected. Other,
perhaps more important effects, however, have not yet been deternmined. Questions
such as the following remain:

1. What effect does the new curriculum have on teaching
and Tearning procedures in the classroom?

2. What effect does the new curriculum have on the
students' ability to apply the processes of science
to new problems and situations?

3. How does the teacher's outlook affect the way in
which the new curriculum 1is taught?

Hopefuily, questions of this type will be answered by carefully planned
resenrch. The Bureau of Science Education of the State tducation Department
encourages the kind of curricului rescarch which seeks answers to the questions
above. It has, therefore, welcomed the research by me working through the
State University of New York at Buffalo. [ intend to study the effects of
adopting the Revised Regents Earth Science Syllabus in New York State during
the next two years. If you expect to teach either of the Regents tarth Science
syllabi during the year 1970-71 and expect to teach Regents Earth Science again
in 1971-72, 1 urge you to participate in this study. THIS RESEARCH WILL STUDY
THE EFFECTIVENESS OF THE NEW CURRICULUM, NOT INDIVIDUAL TEACHERS. ALL INFOR-
MATION GATHERED IN THE STUDY WILL BE HELD TN STRICT CONFIDENCE.
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Those selected tc participate wiil be asked to do the following:

I. Early Fall, 1970:

A. Complete a form requesting information in their
teaching assignment, background, etc. 20 minutes.

B. Administer to one section of Regents Earth Science
students an instrument devised to measure their
ability to apply the processes of science. (Data
will be collected from only one section of your
earth science students each of the two years.)

One class period.

C. Complete a teacher educational outlook inventory.
(This can easily be filled in while the students are
working on the processes of science test.)

D. (If recording equipment is available), record a
sequence-of six periods of ciass and lab act1V1t1es
(Tape will be supplied by the study.)

A category system such as the Flanders' Interaction Analysis System,
will be used to identify the teaching and learning procedures used by the
teacher and students.

IT. April, 1971:

A. Administer to the students an "Earth Science
Classroom and Laboratory Activity Checklist." In
this Checklist, the students will report on their
long-term perception of the teaching and learning
procedures used in their classroom and laboratory.
One class period.

B. Administer the processes of science test as a post-
test. One class period.

C. (If recording equipment is available), record a
second sequence of six classroom and laboratory
sessions. (Set up time for recorder).

I11. May, 1971:

Administer an earth science exam which will contain
items appropriate to both the regular and revised
, curricula. (This will permit comparisons to be made
' between results of this study and those of earlier,
content-oriented, studies).
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IV. Fall, 1971:
Administer the processes of science test to the
students.

V. April, 1972:

A. Administer the "Earth Science Classroom and
Laboratory Activity Checklist." One class period.

B. Administer the processes of science test. One
class period.

C. Complete the teacher educational outlook
inventory. (During processes of science test.)

D. If equipment is available, record a third sequence
of six classroom and laboratory sessions.

In summary, the expected expenditure of time will be:

Students Teacher
First Year Four class An additional three or four hours,
of the Study periods at most, to:

Complete initial information
form and (set up recording
equipment) mail materials to
project director.

Second Year Three class An additional three or four hours
of the Stuay periods to:
(set up recording equipment)
mail materials to project
director and complefe the final
-report fom.

A1l materials will be provided by the project. All scoring of tests
and inventories will be handled by the project. School districts will be asked
to provide return postage (about $2 per year), and if possible, use of a tape
recorder for two weeks the first year, one week the second year.
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Science teaching in New York State, and elsewhere, should profit
greatly from the time invested in this project by the earth science teachers
and students who participate. The generosity which seems characteristic
of earth urience teachers holds the key to the success of the project. For
the study to be meaningful, a large number of volunteers are needed. From
these, a sample will be selected to participate in the actual study. Upon
the completion of the study, each participant will receive a complete repcrt
of the results.

You are urged to volunteer for the project by filling in the
accompanying form and returning it in the enclosed envelope no later than
October 1 . You will be notified by Oct. 12 if you have been selected
to participate. :

Thank you very much for having considered this proposal.

Sincerely,

’ - /é? é'»v"‘w

JAMES R. ORGREN




THE UNIVCRSITY OF THE STATE OF NMEW YORK

THE STATE EOQUCATION DEPARTMENT
ALBANY, NCW'VYORK 12224

DIVISION OF GFNERAL CDUCATION

DERMNARD F HAAKE .
e TEO 7. GRENDA, pirecron

ASSISTANT COMMISSIONTR FOR
INSTRAUCTHONAL SERV.CES

BUREAL) OF SCIENCE EDUCATION
(GENECHAL 2DUCATION)

HUGH TEMPLETON, CHILF ~

Occober 1970 ASSOCIATES
WILLIAM A CALHOUN
JOHM V FAVITTA
Y ViR W, MING
EOWA ID T, LALOR

318 A74:7740

Dear Principal;

A1l too seldom do researchers in the schools of education of our
universities investigate problems of mutual and immediate interest to school
districts and state departments of education. The researcher, whose request
for ccoperation you find enclosed, has chosen such a problem.

The New York State Regents program is known across the country. The
development of statewide Regents curricula and examinations has required, and
continues to require, the time and talents of hundreds of trained educators.
The Clepartment has over the years acquired a wealth of data on the performance
of students in the state on the Regents examinations. Unfortunately, however,
it has practically no hard data concerning the erfect which introduction of
a new curriculum has on classroom procedures and behaviors. Since the new
science curricula, state and national, strongly encourage a more investigative
and open-ended classroom behavior, it is particularly important to know
whether or not adoption of one of these curricula actually stimulates more of
these kinds of behavior. The proposed study will attempt to measure changes
of classroom behavior which one of the new curricuia may bring about. Future
curriculum revisions could be directly affected by the outcome of this
study.

As you know, the Revised Earth Science Syllabus is being introduced
statewide over the next two years. As the researcher points out, adoption
of tnis inquiry-oriented science course presents a unique opportunity to study
the effects a new curriculum has cn a large number of classrooms. Demands on
participating schools are small when compared with the possible outcomes.
The school will be asked to supply return mailing costs, at about two dollars
per year. It may also be asked to provide use of a tape recorder for about
12 class pericds during each year of the study, if a tape recorder is available.
Demands on participating teachers are spelied out in detail in the letter sent
to your earth science teacher(s). A copy of this letter is attached for your
information and files.

» I urge you to encourage your earth science teacher(s) to participate in
this important study and if he so elects, to support him in carrying out his

responsivilities.
L///;;%;;;;;4¢§§7

JﬁjﬁUGH TEMPLE/)V'
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A STUDY OF THE EFFECTS OF THE ADOPTION OF

THE SPECIAL EARTH SCIENCE REGENTS SYLLABUS 1970 - 72

Please return fom to:

Mr. James Orgren
Department of Geosciences
State University College
1300 Elmwood Averue
Buffalo, New York 14222

Deaf Mr. Orgren:

Date
I chall be unable to participate in the study.

I have the pemmission of my schooi administration to participate
in this project.

Name: _ (PLEASE PRINT)

School Address

Name of Séhoo]

Home Address
Street Address

Street Address City & Zip

City & Zip Home Phone

Y

School phone & Ext.

My teaching assignments are as follows (I've checked or filled in the
appropriate lines, or encircled the appropriate response).

1. In 1970-71, I shall be teaching;
a. Conventional Regents Earth Science
b. Special Regents Earth Science
c. Both

2. I (have; have not) taught the Special Earth Science Ceurse before.
3. I (do; do not) expect to teach Regents Earth Science in 1971-72.

4. My Regents science assignment schedule for a typical day
in 1970-71 is:
Enrolliment Grade
Pericd Subject Regents? (Approx) Level(s)

T

T
111

(Signature)




APEENDIX ¢ 10¢

wovember 3, 1970

Dear

My sincerec thanks to you for volunteering to share in our study of
the effccts of adopting the revised version of the New York State Regents
parth Seienze Syllabus over the next two ycars. This letter is confirmation
of your selection to participate in the study. I am sorry for the delay
in this notification. It took more time thon anticipated to assemble the
Sanples for the study. However, we now have a good state-wide representa=-
tion; tiis should pormit an untiased analysis of the effects of adopting
the new syllabus.

Our special thanks to those of you who volunteered for the taping
aspects of this study. We randomly selecled thirty teachers from among
the taping voluntcers for this part of thic study. Those who were selected
should have reccived their package of tupes by now. If you volunteered
for taping and have not reccived tapes, you can assume that you will not
bs required to do any recording cf classroom sessions.

Enclosed in this packet are matcrials for the first phase of the study.
The Processes of 3Science Test is to be administored to the students; you
are asked to respond to two forms: the Information Form and the rducational
Attitude Scale.

The Regents :arth Science section selected for this study is your
Ji for some reason you select a different group to parti.cipate in tho
study would you please jot your reasons on the "Information Form". It is
cerucial thet the same group of students be used for all aspects of this
year'ts study.

The Processes of Science Test (POST) is obviously not a mecasurc of the
sludents knowledge of carth scicnce. Il attuapts to measure the students'®
ability to employ the processcs of scicnce. Bofore administering the test
be sure adequate #2 pencils are available for all students. (Use of ink
or ball point pen will invalidate the students' answer form. The IBM data
processer is blind to anythin; but pencil). Your guidance staff may have
a supply of pencils which you can borrow. ‘The test is to be administered
to the cntire group at one time; the time 1limit is 35 minutes. It is not
oxpected that all students will complete 'the test in this time. If all
groups are allowed the same time, however, everyone will be on an equal
footing.
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Before administering the POST test to the students, would you please
explain to them that the State Departiment of Bducation is interested in
the effect of the earth science curriculum on students. WMr. Orgren, of
the State College at Buffalo is conducting a study of these effects. The
first portion of this study will consist of taking a test entitled the
Processes of Science Test.

Please read the following instructicns to the students before you
begin the test: .

1. You must use a pencil (preferably #2) for this test.

o
2. Please fill in the name of the school, yourfage, grade and sex
across the top of the answer form. (Allow time for everyone to

to this).

3. Please make no marks in the test booklet. All answers are to go
onr the answer form.

L. Please notice that the response space answers for question number
2 are to the right of the answers for question number 1. Be sure
that the number on the answer sheet matches the number of the
question in the test booklet.

5. Blacken completely the space provided for the response you select
on the answer sheet.

6. You will have 35 minutes for this test. It is not expected that
all of you will finish. If you do finisn early, please read
quietly until the signal is given for the end of the test period.
Turn in your answer sheets first, then turn in your test booklets. -

During the test please be sure 21l students are using pencils, and that
they have understood the directions. Afterwards, please stack the answer
forms so that all of the clipped edges are in the same corner.

In completing the Educational Attitude Scale, please use one of the
IBM answer forms. If you fill it in while the students are taking the POST
instrument, please be sure to separate your answer form from those of your
students. On the top of the form, only your name is necessary.

You may fill in the Teacher and Class Information Form, directly on
the form itself. A1l such information, will of course remain 32 strict
confidence.,

Please administer the POST, and fill in the other instruments within
a weck of recelpt of the packapgé,  IT ihe carton is re-usable, carefully
re-pack ail materiais in it. If not, please use a carton at least as
strong. Carefully reseal the packayge and tape the edge. Affix the return
address card. Mail the package at the EDUCATIONAL MATERIALS RATE (this
should cost the achool less than 50¢).
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Again, may I thank you for your participation in this study.

Sincerely,

James Orgren

P.S. Please fill in and return the enclosed post card immediately on
receipt of the package. We want to know the speed of delivery and
the condition of packages mailed at the educational materials raie.

P.P.S, In order for you to make plans, we will notify you twe weeks in
advance of the spring mailing.
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AUDIO TAPING INSTRUCTICHS

IMease tupe a sequence of six session with tha cless selected for the siudy.
Complete a log for each session.

include laboratory periods. (see special directions below).

Include all class activities, unless a fiim, field trip, exam, etc. is to tlalw
up the entire period. 1In this event, nots {ilm tille, natwre of field ivip...
and the dale in log; tape an additional session at the end of the sequence.

Record at slowest availsble rate.

Piacowent of the recorder

a) for large growp settings (lecture-~discussion, nV presentaticn, teacher
deomonstrations); place tha recorder and microphore in the front of the
room, to the right of ihe location where most talking occurs (teacher desk
or demenstration table); face the microphene diagonally across the room,
toward the opposite rear corner. Turn the volume to tne highest cetting
unless extreme sound distortion is noted from reardy voices. (a trial
might help).

b) for small prowp scttings (leb work, small group discussion); place micro-
phone close eaouph to one of the small groups that it will pick uvp thoeir
conversation; turn the volume to high so thal teacher comments to entire
group will be recorded. It is recognized that students will probably
"interact" with the micropnone to some extent, particularly in the small
group sotting. This can bvest be minrimized by the teacher ignoring the re-
corder once it is set up and recording.

Preparation of the class for the sequence of tape rocordings.

Mr. Orgren of the State College at Duffalo has asksd us to kelp ivim in his
study of earth science classrcoms in New York State. Part of his study will
consist of analy¥zing the discussicn and activities that oceiur in various
classrooms. OSGince he cannot visit classrooms all over the state, he has asked
us to tape record 2 series of six periods for his gstudy. Ve will begin
recording today.

Hote that the topes are labcilled: 1, 2, and 3. Each tape should be recorded
on two sides. Please use tape number 1 for the first two days of the seyuenco,
tape 2 for the third and f.usih day, and tape 3 fer the last two days. Pleaso
maxe not of the tape number cn eaci days log.

: !
Pl'QO.Sb use ong side —fr)r 2a.Ch da—t).



Room 118, Science Buildinéo
State Ccllede at 3Buffalo
1309 Blwwcod Avenue
Buffalo, 11.Y. 14222

3y 1971

Dear

"lav is upon us; the vernal cqgninox has come and gone, thouyh many
sa2ctions of Wew York State have yet to feel the warm hyeath cf snring.
Bespite the uncooperative veather, the close of anotheir school yuar

is now in sight. The tine is now for completing the 1570-71 portion
of the "Barth Science Classroom Study". This racket contains the
icfiterials you will noed for this phase of the study. (Thosc of you
vho arc laping your classroom sescions have received, or will soon
receive your spring tapes.)

7

INSTRUCTIONS ¢

1. Please returr immediately the postcard indicatinyg receipt of the
package.

2. 3e sure that sufficient 2 pencils are available for each test.

3. It is essential that all tests be administered to the same group
which took them in the fall.

4. Plcase dacdminister the form titled "Classroom Activity Checklist"
first, no later than a week after receiving the packet.

This instrument has two sections: the "Classroom Activity Check-
list® and the "Barth Science Test”. It is, however, to be ad-
ministersd as a unit, without a break. Students should be avle
to complete the total of 49 items within a single class neriod.

This instrument has three different forms+ A, B, C. These forms
have already been intermixed in the packet. Therefore, if you
will simply distribute tinem in the order in which you fiud thew,

randomization will be preserxrveds.

CDach student should receive one IBl1 answer sheet on which he will
record his answers for both the Checklist and the Tarth Science
Test. He should mark the top of the answer sheet with A, B,.or C
(depending on the form he is using) and his grade and sex.

Please be sure that all students uncderstand the instructions on
pages 1 and 2. In particular, be sure that students having
Form A begin with answer 1 on the arnsiter sheet, students having
Form B begin with answer 53 on the answer sheet, and students
having Form C begin with answer 105 on the answer shect.

5. Plcase adiinister the "Procasses of Science Test" threc or four
days after the students have completed the Checklist and IZarth
Science Test. Each student should mark the top ¢f the answer
sheet with "POST", grade, and sex. Plecase instiuct the students
to mark 1 on the answer sheet if they sclect: ancwver A; 2 for B;
3 for C, and 4 for D.

The items on this test were designed to measure the students'
ability to employ the processes of science.
Students should complete the test within 35 minutes.
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Uhile the students are working on the Processes cf Scieuce Test,
would you please complete the "Zducational Opinioin {vakle" on cne
of the 1B'l answer forms, Plzase mark it “Co'nioa Sraie".
(It's possible that end-of-the-year ocutlocks may Gificr from
those held earlier in the year.)

O LATER TIANT IIAY 30, please return all materials (row conpleted)
to the mailing package.

(Checklist of items tc be raturned:)

1l set of IBM forms for the Checklist

1l set of IBIi forms for the Procosses cf Science Test
1 IBil answer sheet for the Educaticnal Opinion 3calec.
1 set of Classroom Activity Chechlist booklets

1 set of Processes of Science Test boollets

1 identification card: school, teacher and section

Tape the return address card to the outside of the mailing
cnvelope,

Please seal the mailing package securely. In addition to staples,
please use masking or wailing tape to wrap the package the long
way. A large number of last fall's packages required re-wrapping
at the post office, and a few answer sheets were badly wrinkled.

If you would like to know how your students did on the CEarta
Science Test, please indicate this on your identification card;
I will gzt these results to you as soon as possible.

me take this occasion to thank you sincerely for your cooperation

in the "Earth Science Classroom Study". There is every indication
that the data you are providing will lecad to substantial conclusions
concerning the effects of the ncw syllabus on earth science cliass-
rooms. Keep up the good work. '

We'll be contacting you in the fall about the final phases of the
study. , '

I hope you have a great sumner.

P.s.

Sincerely,
L S

Sames Orgren
State University College at Buffalo

Please write your return address on the outside of the
packet and mark it "FROM"
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TAFE ANALYSIS GENERAL INDEX SCORES
CLASSROOM FALL 1970 SPRING 1971 FALL 1971 SPRING 1972

4ol .603

0 2.124 0.220
402 1.964 1.075 2.279 0.897
403 0.299 0.428 1.199 0.619
¢ - hoh 0.451 0.513 3.698 0.966
R 405 ¢.299 0.184 0.201 0.222
0 o6 0.782 0.459
U a8 0.333 0.257
P 409 0.675 0.258 1.801 0.248
410 0.771 0.411 0.603 0.287
A 41 0.283 0.131 0.382 0.318
MEAN 0.640 0.412 1.536 0.478
N 10 9 8 8
501 1.124 1.070 0.352
502 1.368 0.750 2.680
503 2.065 2.291 0.757
504 2.422 2.177 h.815
G 505 1.568 0.663 0.1475
R 506 1.115 1.923 7.976
0 508 0.247 0.839 0.402
U 509 1.567 0.791 2.161
P 510 0.697 0.259 0.546
B MEAN 1.353 1.196 2.240
N 9 9 9
601 4,534 4,410 1.757
602 1.040 0.754 1.849
603 0.994 0.513 0.506
G 604 0.637 1.247 )
R 605 1.952 5.162 1.750
0 606 2.556 1.765 0.739
U 607 2.001 1.193 2.496
P 608
611 2.121 0.980 0.688
C
MEAN 1.979 2.003 1.398
N 8 8 7
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EDUCATIONAL OPINION SCALE: PROGRESSIVE / TRADITLIONAL SCORE

GROUP A

Fall 1970 Spring 1971 Fall 1971 Spring 1972
Unit Score Unit Score Unit Score Unit Score
101 1.2809 101 1.2262 101 1.9578 301 14557
102 1.6301 102 1.8333 102 1.7344 302 1.5286
103 1.4691 105  1.44704 104 1.7537 303 1.8906
104 1.8281 106 1.2273 106 1.1935 304 1.7903
105 1.5694 108 1.1688 107 1.3655 305 1.8333
10h  1.1143 109 2.2115 109 2.1192 306 2.01566
107 1.3857 110 1.5606 110 1.7802 308 2.54910
108 1.4853 111 1.7742 111 1.56441 309 2.0179
109 2.1538 112 1.4744 112 1.7587 312 1.7302
110 1.4478 114 1.2073 113 1.3060 313 1.6462
111 1.9153 115  1.5429 114 1.1951 31k 1.2000
112 1.3373 116 1.8254 116 1.7647 316 1.4706
113 1.2689 118 1.4933 118 1.7391 317 1.6935
114  1.2308 120 1.6087 120 1.6857 319 2.8222
115 1.9062 121 1.3924 121 1.4620 320 200600
116 2.0492 122  1.2564 123 1.6351 321 1.5993
117 2.?2A32 * 123 1.6184 125 1.3333 324 1.9667
118 1.2558 124  1.38u46 126 1.5577 326 2.1111
119 1.7241 125 1.3291 127 1.7500 327 1.8289
120 1.3389 126  1.3944 129 1.7657 128 1.4235
121 1.2584 127 1.5190 401 1.9474 601 1.3580
122 1.4384 401 . 1.4928 402 1.9841 602 1.8281
123  1.5063 402 1.7027 Lo 1.7031 606 1.9167
124 1.7742 403 1.5€52 405 1.7042 605  1.7042
125 1.3214 4o, 1.5821%1 409 1.5467 607 i-9692
126 1.5909 405 1.6620 410 1.8496 603 2.1132
127 1.5342 406  1.3418 411 - 13724 611 1.6232
401 .0926 4L038 1.2506
402 f.aooo " 410 1.5224 MEAN 1.6466  MEAN 1.8217
403 1.5556 411 1.5976
Lo 1.2857 N = 27 N = 27
405 1.8000 MEAN 1.5138
406 1.3117
408 1.5075 N = 30

4t09 1.5882
410 1.4648

411 1.6000
MEAN 1.9658

N = 37




EDUCATIONAL OPINION SCALE:

Fall 1970
tnit Score
201 1.3611
202 22113
203 1.5077
204 3.0263
205 1.3235
20h 1.4507
207 1.1266
208 1.7812
210 1.5205
211 1.0716
212 1.2738
213 1.7353
214 1.6418
216 1.6618
217 1.2532
218 1.3086,
220 1.2195
221 1.6885
222 1.3206
2?3 1.83538
224 2.0345
225 1.3049
227 1.6714
229 1.2972
230 2.06004
231 1.570G9
501 1.5362
502 1.4103
S03 1.3381
S04 2.6200
505 1.8956
506 1.7903
507 1.9016
508 1.9245
509 1.1951
510 1.5672
MEAN 1.6260

N =

36

GROUP B

Spring 1971

Unit

201
202
204
205
206
207
208
210
211
212
213
214
216
217
218
220
221
222
223
224
225
227
229
230

724
cva

501
502
503
504
505
506
507
508
509
510

ME AN
N =

Score

1.2410
2.8409
2.3830
1.4361
1.5147
1.0747
1.8281
1.6176
1.2941
1.7162
1.5493
1.3684
2.0566
1.1398
1.4500
1.2619
1.0738
1.3333
1.8689
1.7868
1.2139
1.6111
1.5067

T 243148

4 cnay
AQoVUVYS

1.6866
1.4430
1.7562
2.5102
1.7059
1.8814
242500
2.2449
1.2152
1.6912

1.6708
35

Fall 1971
Unit Score
201 1.5507
203 16250
204 1.6115
205 1.6190
206  1.4697
207 1.0%88
208 1.7538
209 1.1928
211 1.2614
214 1.4139
215 2.8043
216 1.9636
218 1.3380
220 1.2892
222 1.2750
223 1.8807
224 2.1930
225 1,3366
226 1.6537
229 1.606%
230 1.8966
231 1.5600
501 1.7778
502 1.3293
ce2 1.8297
504 2.1897
505 1.6279
506 2.0164
507 2.0000
508 2.7674%
509 1.1579
510 1.6818
MEAN 1.5791
N = 32

PROGRESSIVE / TRADITIONAL SCORE

Spring 1972

Unit

201
2n3
204
205
20h
207
208
2172
213
214
215
216
218
220
222
223
224
225

229

231
501

502
5C3

504
50é

507
508

509
510
MEAN

N =

Score

1.31538
1-5(055
1.8545
1.47265
1,3494

“1.0941

t.6104
1.5068
2.0167
1.5785
3.1989
1.9138
1.3375%
1.2683

1.2593
1.9500

1.9180,

1.3165
1.5070
1.3721
1.6818
1-38‘06
1.4784
2.4423
1.6818
1.8871
1.8333

1.1310
1.5588

1.6337

29

116
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EDUCATIONAL OPINION SCALE: PROGRESSIVE / TRADITIONAL SCORE

GROUP C

rall 1970 Spring 1971 Fall 1971 Spring 1972
Unit Score Unit Score Unit Score Unit Score
301 1.5352 301 1.9048 301 1.6087 102 1.8852
302 1.6318 302  1.5050 302 1.4225 106 . 1.346K2
303 1.7745 303 2.2632 303 2.1167 105 1.3750
304 1.5375 304 1.631% 304 1.8636 106  1.2029
305 2.0179 305  1.7213 305  1.7797 107 14028
306 2.3727 206 2.0192 306 2.4583 109  2.5000
306 2.4118 308 2.7391 308 2.4038 110 19153
309 2.1071 309 1.9138 209  1.9895 111 1.8600
310 1.6308 310 2.2308 312 1.8000. 112 1.6316
311 1.8983 - 311 1.7377 ¥13 1.4870 113  1.3659
312 1.6875 312 1.5070 314 1.3803 114 1.2024
313 1.8197 314 1.1875 316 1.5070 116 1.8030
L 1.3582 316 1.5347 317 1.6750 118 1.5600
316 1.4776 317 1.5821 319 2.7778 120 1.4722
317 1.5507 318  1.6197 320 2.2308 121 1.4125
318  2.172%4 319  2.8140 321 1.7627 123 1.5385
319  2.4472 | 320 2.2979 324 2.1053 125 1.3210
320 1.8065 3219 1.7797 326  2.0645 126  1.3291
321 1.5797 223 1.8305 327  2.4898 127 1.6780
323 2.3542 324 2.2321 328 1.7887 129 «6383
324 1.9153 325  1.5429 601  1.3214 401  1.7031
325 1.3947 326 2.3469 602 1.7846 L2 1.7361
326 2.3830 327 1.8525 603  1.7253 502 1:4429
327  2.1579 328  1.7692 665 1.9077 404  1.4085
328 2.0536 601 1.4250 607 2.1228 405 1.6667
601 1.2317 602  1.7353 608  3.5453 409  1.4342
602 1.6418 603 1.70659 611 1.6377 410 1.2533
6503 1.6081 604 2.4200 L11 1.5152
0L 2.1111 605 1.9077 MEAN 1.9543
605  1.7424 606 2.4800 - o7 MEAN 1.521%4
606 1.8095 607  2.0152 N o= et - o8
607 1.9219 608 2.0600 N = 2
611 1.8615 611 1.9508
MEAN 1.8492 MEAN 1.9171

N = 33 N = 33
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PROCESSES OF SCIENCE TEST RELEVANT ITEMS
GROUP A

UNIT FALL 1970 SPRING 1971 FALL 1971 SPRING 1972

101 19.38 20.30
102 17.11 18.73 19.90 20.89
103 19.00 19.84 0.00
104 17.22 16.61 15.62 17.19
106 14.40 15.44 13.52 16.55
106 15.738 16.55 16.16 14.5%7
1107 18.63 21.97 18.062 20.10
108 19.56 20.04
109 14.18 11..40 14.00 13.62
110 18.80 21.10 18.50
111 15.53 13.14 15.57 10.91
112 16.37 16.08 13.82 1L.50
113 18.45 13,08 18.96 19.37
114 17.91 17.06 15.84 17.25
115 16.17 16.11
116 11.58 12.69 16.19 11.79
i17 16.59
118 18.28 20465 18.96 20.16
119 11.70 10.33
1290 16.31 12.60 17.20 12.71
121 16.40 18.22 15.81 20.09
122 17.76 19.37 i2.81 14.50
123 9.06 11.14 1745 17.18
124 18.381 20.23
125 17.74 20.13 16.12 20.00
) 126 20.27 20.97 15.87 18.22
127 16.67 16435 14.74 14.42
401 17.05 18,21 17.27 20,30
402 19.15 19.78 18.16 16.83
403 16.91 15.71 18.85 21.00
L4 17.31 17 .29 17.96 19.31
405 15.38 16.76 17.39 18443
406 15.89 16.95
408 14.63 11.50
409 16430 17.34 13,09 20,03
410 17.57 18.00 18.82 18.95
Lh11 19.77 20.83 18.93 20,58
MEAN 16475 17.18 16.22 17.43

N 37 36 28 28
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PROCESSES OF SCIENCE TEST RELEVANT ITEMS

GROUP B
UNIY FALL 1970 SPRING 1971 FALL 1971 SPRING 1972
201 17.53 19.87 o 17,73 17.74
202 18.14 18.19
203 15.59 18.41 18.57 21,47
204 © 18,00 19.74 18.00 19.00
205 15.81 16.68 16.28 18.44
206 20.20 22.14 15.18 17.87
207 19.05 20.50 16.50 21.40
208 18.69 20.52 13.41 18.65
209 1464 13.11
210 12.06 11.22
211 17.55 19.50 1629 15.75
212 15.96 . 16.12 15.11 14.86
213 16.72 15.35 14.58 18454
214 13.32 13.74 15.50 19.05
215 18.19 14.87 14.48
216 19.39 21.32 16.00 18,33
217 17.62 18.76
218 15.09 19.70 1563 16.41
219 14.71
220 15.92 16.91 18.24 17.85
221 16.62 17.42
222 17.12 19,87 17.64 19.42
223 18.71 21.33 17.75 19.18
224 17.85 19.07 16.83 19.40
225 1647 17.53 15.38 18.13
227 13.67 17.27
229 19.45 20.35 ©17.38 17.55%
230 18.81 16432 14455
231 17.61 18.14 16.65 16.67
501 18.45 17.79 14412 17.36
502 19.68 20.48 14.80 11.78
503 16.95 16 .42 1653 19.26
504 18.75 19.05 18.13 19.26
505 16.67 18.96 18.19
506 18.30 19.57 17,50 19.69
507 14.50 14,004 15.83 15.90
508 18.00 18.56 18.15 18.36
509 17.53 18.27 18.58 20.56
510 18.23 19.83 16.96 16.10
MEAN 17.12 18.33 16.39 18.02

N 39 35 34 30
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PROCESSES OF SCIENCE TEST RELEVANT ITEMS
GROUP C

UNIT FALL 1370 SPRING 1971 FALL 1971 SPRING 1972

301 20.55 20.68 18.91 20.88
302 18.50 20.87 15.80 18.21
303 12.89 14.83 15.30 20.08
304 16.19 13.16 15.86 19.71
305 16.17 16.74 18424 19.08
306 19.08 21.09 16.73 19.50
308 17.96 17.92 17.05 18.86
309 17.55 19,38 17.55 18.94
310 21.80 20.74

311 20.00 22465 15.56

312 17.58 19.64 13.14 19.14
313 17.58 1G6.71 17.50 19.77
314 16.17 16.73 16.57 19.81
316 16.05 17.47 18.33 18.56
317 19.21 18.96 16.60 19.81
318 16.41 18.30 15. 32 .00
319 16.47 16.18 17.59 20.75
320 16.46 14.17 13.14 14.24
321 18.82 18.74 15.50 15.68
322 15.11

323 19.25 19.93

324 15.40 15.29 16.24 16.35
325 17.47 10.13

326 15.75 19.67 15.59 18.00
327 14.68 15.04 16.70 14,65
328 18.52 21.08 18.41 21.37
601 17.31 19.75 18.84 18.28
602 16.76 17.21 17,77 18.43
603 21.67 21.60 21.27
604 16.25 15.69

605 19.24 19.33 21.23 20.00
606 . 21.04 2218 2000 21.07
607 16.41 17.35 16.b8 i7.52
608 16.52 17.82 16.04 17.39
611 17.25 138.38 14.06 16.47

MEAN 17.55 18.19 16.63 18.09

N, 35 34 29 29
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71 CONTENT, GROUP A 72 CTONTENT, 3ROUP A
UNTT 71 0OLD 71 NEW UNIT 72 OLD 72 NIHW
101 .5952 6143 162 <4916 4358
102 L4800 - .5000 104 « %4569 «3990
103 .5564 .5729 105 « 4629 ct470
104 .5102 S4312 106 4367 L4195
105 L4681 .4981 107 5405 $30657
106 4560 4270 109 . 3625 «3250
107 .6L21 «6632 110 <5071 L4502
108 6437 7167 111 374 4033
109 .3927 3727 112 <4364 +3533
110 .6618 6917 143 «H135 .5038
111 4956 .5503 114 .5529 «3291
112 4540 4561 116 4588 4236
113 6449 .6870 1138 5486 M7L3
114 . 6324 6471 120 o 432% L3735
115 .LB884 <4596 121 «5USL %870
116 . 3232 .3333 122 3214 .2000
118 6586 .6721 123 3924 " .3846
119 <4004 .3547 125 « 4958 4511
120 .5328 .5354 126 4561 4035
121 .4595 4286 127 743 L4000
, 122 5244 .5259 404 .5316 4703
» 123 S4317 L4348 402 Sub471 .+956
124 .6095 .6720 403 5313 750
125 .5080 .5182 +04 5234 4565
126 .5197 5457 405 «5721 »5298
127 L4712 .4286 409 9279 «33%6
401 .5889 <5651 410 <5330 »3591
402 5111 5222 411 06093 .3337
403 .5277 .5619
LoH +5918 .5947 MEAN .4919 «+335
435 .5370 «5630
406 .5658 «6000 N = 28
408 L4489 4409
L09 .6158 .6945 1972 REGENTS SCORES
410 . 5407 5442
414 «5620 «5925 106 67.63
109 66.13
MEAN ©.5292 .5399 110 77.17
112 68.85
N = 36 114 73.97
116 74.53
121 73.35
Loy 85.59
MEAN 73.40

N 8
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71 CONTENT, GROUP B 72 CONTENT, GROUP 3
UNTT 71 0OLD 71 NEW UNIT 72 OLD 72 NEW
201 5547 «5673 201 5032 3151
202 «5022 4561 263 +8U0JJ e3%58
203 4hS57 +3963 204 <489y «3133
204 4720 L4024 205 <4637 3567
205 4659 4160 206 4625 CW3312
206 «5632 <4818 207 s 799 « 3007
207 LL264 .3023 208 . 5392 L1 3
208 . 5481 4673 211 «4375 4125
210 «3753 <3402 212 e 9135 e+ 7514
211 .5556 .5292 213 4612 4242
212 4865 4813 214 . 5795 3227
213 AN <3761 215 « 3404 «235%1
214 L4716 4576 216 +5533 «4800
216 « 5766 <5045 218 «458% «3539
217 .6072 oS74L3 220 4237 «3729
218 +5000 4316 eee <5231 «4515
220 +«5363 .5300 223 «51321 «2308
221 <5109 4847 224 «52060 REEY"
222 «6031 «5812 2295 324 42064
223 .5819 4966 229 . 5526 ~5198
224 « 5364 4478 231 4397 <4034
225 .5627 5833 501 «4912 «3313
227 4634 4255 502 « 4088 «34042
229 «5932 5022 503 5774 « 3204
230 L4677 «3791 504 «5289 «4775
231 4143 .3188 505 « 4408 <4067
501 «5025 <4526 506 «5149 «2J19
502 +5823 <1819 507 573 « 35347
503 <4990 LLST8 508 « 5495 <4963
SG4 «5250 « 4545 209 <5583 «4304
505 +5538 «5161 510 «4521 <3712
506 WS476 .5327
567 « 4393 3467 MEAN « 4960 « 4382
508 4697 .3862
509 .5126 <4015 N =31
510 4773 L4074
1972 REGENTS SCORES

MEAN «5110 4575

205 79.42
N = 36 207 81.71

211 85.82

21h 82.23

220 79.63

222 81.79

506 76.29

509 86.72

MEAN 81.70

N 8
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71 CONTENT, GROUP C 72 CONTENT, 550UP ¢
UNIT 71 OLD *© 71 NEW UNIT 72 OLD 72 NEW
304 .5974 .5371 3u1 « 49538 4222
302 " .6143 «5524 302 « 5094 4625
307 «3171 2722 303 5034 w4271
3ub 4572 +3958 364 5071 in82
305 «5100 4550 3695 W 726 413
306 : .5789 L5487 366 5022 YA
308 4716 +3824 308 5275 4615
310 .6000 .5231 . 312 5169 4317
311 « 5405 .5000 313 « 5355 +4208
312 4700 «3500 314 6054 5011
313 312 ) .3806 316 «4708 4222
314 <4956 5235 317 . « 5220 «¢3857
316 ~5026 4415 319 « 4835 4573
317 <LBUS C4113 320 « 3192 «2558
318 L4809 3606 321 « 5069/ 279
319 <5141 4562 324 «3584 +3596
320 4310 «3619 326 <5017 «3203
321 «5011 w4636 327 +5053 <4573
323 .5235 4409 328 +5173 +4615
324 « 3596 3125 001 5151 ¢321
325 4933 L4247 502 <4083 Hl7h
326 <4856 4275 503 - TEN 4323
327 <4108 <3610 005 6212 «2878
328 <4923 L0000 606 « 2651 «+303
601 «5879 +5126 507 4157 <3750
502 4534 LU 76 568 4382 +3875
603 +5116 <4593 511 3759 23527
604 +5185 4932
605 «5895 .5120 MEAN « 4921 et 425
606 . 5451 <4533
607 INN-Y4 W 3672 N = 28
611 4837 «3970
1972 REGENTS SCORES

MEAN » 4947 L4311

206 83.36
N = 33 309 83.35

313 77.81

316 76.38

323 87.73

327 73.24

602 64.07

MEAN 78.68

N T

\
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EARTH SCIZNCE CLASSROOI{ ACTIVITY CHECKLIST

FORI{ A

The purpose of this checklist is to determine how well studcats
can describe what actdvities occur in their Zarth Science classruouis.
fuch stotement on the following p..ges describes some classroom or
lavoravory activity. The activities are not judged as either good or
bad. Tierofore THIS CHECKLIST IS NOT A TEST AND IS NOT DESIGNED TV
G..ADE ZITHER YOU OR YOUR TEACHER. Ploase read each statement and
carefully select, the answer that best described the activities in
your class.

SAMPLE QUESTION:
Chaecklist Answer Sheet:

My teacher takss class attendance 1 2 3 L4 5§

1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

If this iten were on the checklist, you would blacken the space under the
number of the answer which best describes how often attendance is taken
in your earth science classroon.

DIRECTIONS:

A. A1l statements should be answered on the ansuer sheet by blackening
the space under the chosen response with a #2 pencil. (Your responses
| cannot be used if you use a pen.)

B. Please make no markxs on the checklist.

C. Pleass do NOT write your name on the checklist or on the answer sheet.
D. At the top of the answer sheet please record your grade level and sex.

3. Please mark the top of your aaswer sheet with the letter "A" (because
this is form A of the checklist).

waen you have carefully read the above instructions, please turn the page.




ADDITIONAL INSTRUCTIONS:

F. Please note that on the answer sheet, the raesponses for question /2
lie to the right of the rasponses for question #1, etc.

G. Please find answer number 1 on your ainswer sheet. You will record
your first answer in this place, since Form A begins with item #1.

Questiona related to the text {or rcadings)

1: ihiza reading the text, we are expected to learn the details that are
stated thers.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

¥2, Our teachsr encouragos us to ask questions of the text.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Quostions related to Classroom Activities

3. In sarth Science (Class, we watch films or film strips.
1. VERY OFTéN 2. OFTEN 5. SOMETIMES L. SELDOM 5. HARDLY EVER

*lL. My teacher asks questions that causs us to think about the evidence
that is behind statoments that are made in the textbook.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

5. If there is a discuesion among students, the teacher tells us who is
right.
1. VERY OFTEN 2. OFTzN 3. SOMETIMES L. SELDOM 5. HARDLY SVER

6., If I don't agreo with what my teachor says, I feel free to tell him so.
1. VERY QFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

*¥7, We read the original writings of scientists.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Questions reluting to tests

¥8. Our tests include questions which give us new data and ask us to draw
conclusions from these data,
1. VERY OPTEN 2. OFT&N 3. SQMETIMES L. SELDOM 5. HARDLY EVER

- 9. Our tests include questions that ask us to write out definitions of terms.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES 4. SELDOM 5. HARDLY EVER

* ITEMS MARKED WITH ASTERISK WERE WEIGHTED SC THAT "VERY OFTEN" = 5
UNMARKED ITEMS WERE WEIGHTED SO THAT "VERY OFTEN" = 1
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Miestlons relating to laboratovry :otlvities

10. 1In laboratory, we work individually.
1. ViRY OFTEN 2. OFTEN 3. SCLJUIMES L. SELDOM 5. HARDLY EVER

¥11, ombers of our class are able to holp in the preparation of upccaing
laboratory exerciscs.
1. VERY OFTEN 2. OFTEN 3. SOMETLMES L. SELDOM 5. HARDLY EVER

¥12. Vo spend some time before laborsiory in determining the purpose of
the experiment.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SSIDOM 5. HARDLY EVER

13. Ve lmow the answer to a laboratory problem that we are investigating
bafore we tegin the experiment.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

14. We ask the teacher if we sre doinz the right thing in our experiment.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM '5. HARDLY EVER

¥15. The teacher answers our questions about the laboratory work by asking
us questions,
1. VERY OFTEN 2. OFTiN 3. SOIEZTIMES L. SELDOM 5. HARDLY EVZiR

16. In the laboratory we are concerned with rock and mineral identification
or the study of topographic maps.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES 4. SELDOM 5. HARDLY EVER

¥17. We go beyond the regular laboratory exercise and try out thinge on
our owine.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

¥18, VWe make tables and draw graphs of data that we collect in our investigations.
1. VERY OFTE&N 2. OFTEN 3. SQUSTIMES Ij. SELDOM 5. HARDLY EVER

¥19, After a laboratory sesaion wo compare the data that we have ccllected
with the data of other individuals or groups.
1. VERY OFTEN 2. OFTEN 3, SOMSTIMES L. SELDOM 5. HARDLY EVER

¥20., Vo spend some time in interpreting the graphs and tables of data that
wo collect in laboratory. .
1, VERY QFTEN 2. OFTEN 3. SOMETIMES L. SEIDOM S. HARDLY EVER

#21, Vo do an additdonal experimcnt becauze the data previously collected
sugrest & new guestion to us.
1. VERY OFTEN 2. OFTEN, 3. SOMETLMES L. SELDOM 5. HARDLY EVER

%22, I get the best understanding of the nature of sclentific investigation
from (1) DISCUSSING LABORATORY EXPLALIENTS (2) DOING LABORATORY LXPERINMENTS
(3) CLASSROOM DISCUSSION OF EARTH SCILNCL TOPICS (L) CLASSROOM DEMONSTRA=
TIONS BY THE TEACHER OR OTHER STUDENTS (5) LISTENING TO THE TEACHER IECTURE.

¢




23.

*2l.

25.

26,

27.

*28 L]

*29.

M"estiecns related to the amount of time spent in various classrooms and
1aboratory activities:

During regular class, listening to the teacher talk about earth sclence
topics takes up

i. YORE THAN THREE-FOURTHS OF THls TIME 2. BETWEEN ONE~HALF AND THREr~
FOURTHS OF THE TIME 3. BETWEEN ONE-FOURTH AND ONE-HALF OF THp TIME

L. LESS THAN ONE~FOURTH OF THE YIM& 5. HARDLY ANY OF THE TIME

In the laboratory, we gather and analyze data

1, I:0RE THAN THREE-FOURTHS OF TilE TIMC 2. BEIWEEN ONE~-HALF AiD THREE=-
FOURTHS OF THE TLE 3. BETWEEN ONE-FOURTH AND ONE~HALF OF Tile TIME

L. LESS THAN ONE=-FCURTH OF THE TIME 5. HARDLY ANY OF THE TIME )

On the average, we have laboratory about

1. ONGE A MONTH OR LESS 2. ONCE EVERY TWO WEEKS 3. ONCE A WEEK
L. TWICE A WEEK 5, MORE THAN TWICE A WEEK

Questions requiring the response TRUE or FALSE

127

Our experiments neyver require us to collect daia for several days or weeks.

1. TRUE 2. FALSE

Tn our earth science course we study each part ssparatelys air, land,
sea and sky.
1. TRUE 2. FALSE

The students in our class seem to feel that the leboratory is the most
importent part of our earth sclence course.
1. TRUE 2. FAISE

We had night sky observation sessicn(s) this year.
1. TRUE 2. FALSE
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Foall ¢

ADDITIONAL INSTRUCTIONS:

¥. Please note that on thoe answer choct, tiie responses for questions), lie
to the rirht of the responses for cuestdion$3, etc,

G. Please find answer number 53 c¢n youls «nswer sheed., You will recerd your
first answer in this place, since Form B begins with itoem #53.

(. dons related to the text (or 1ecadines

#53, Beyond the text and the teacher's noteca, our claosroom discussions are
based on other sources of earth sclence information,
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Sh. We are required to outline sections of tho text.
1. ViRY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

#55. My toacher asks us to explain the meaning of things in the text.
1. VIRY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Questions related to classroonm activities

¥6, My teacher asks questions that cause us to think about the things that
we have learned in other parts of the ccurse.
1. VFRY OFTEN 2. OFTEN 3. SOMEIIMES I, SELDOM 5. HARDLY EVER

%57, If I don't agree with what iy tcachor says, I feel free to tell him so,
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

58. We arc required to write out definsiions to word lists.
1. VERY OFTEN 2. OFTEN 3. SOMETLNMES L. SELDCM 5. HARDLY EVER

¥59. Vhen we discuss a sclentdst's conclusions, ws discuss the evidence
that is behind them.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L, SELDOM S5, HARDLY EVER

¥60. In our Earth Sclence course we study several parts of the earth at

the same tims to see how thoy work tecgether.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Questions relating to tests

#6561, Our tosts include questions thut ask w5 to fi,re out answors to new problems.
1. VERY OFTEN 2. OFTEN 3. SOMSTLNES 4. SZLDOM S. HARDLY EVER

¥62, Our tests include quecstions busud on iings we have learned in the laboratory.
1. VERY OFT&N 2. OFTEN 3. SOMETD{ES L. SELDOM &. HARDLY EVER




¥63.

6L.

66.

*67.

68.

69.

¥70.,

71,

x72.

13.

.

¥75.

6.

129

Questions relating to laboratery activitics

In laboratory, we work in teams or in small groups.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

The teacher or other students do {lioc experiments that ars in uie
laboratory manual while the class watchos.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

The laboratory ccmes before we talk about the specific topic i1 class.
1. VERY OFTEN 2. OFTEN 3. SOMSTIMES L. SELDOM 5. HARDLY EVER

My teacher tells us step-by-step what we are to do in tho 12 arotery.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES 4. SELDOM 5. HARDLY EVER

We use the laboratory io investigate a probiem that comes up in class.
1. VERY OFTEN 2. OFTEN 3. SOMSTIMES L. SELDOM 5. HARDLY EVER

We can angswer our laboratory work questions by finding the answers
in the text.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Our laboratory consist of thurougly learning the names of topographic
features or gelogic eras.
1., VZRY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

We are able to set our own pace when doing a laboratory investigation.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

The laboratory includes activities that wake it pessible for us to
discover things for ourselves.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HAXDLY EVER

If our first attempis to do an exporiment were careless and sloppy,
we do 1t o¢ver again.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

The neatness of owr data books is graded by our teacher.
1. VERY OFTEN 2. OFTEN 3. SOMBTIMES L. SELDOM 5. HARDLY EVER

The data that I collect are different from date that are collected
by other students.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

We analyze the conclusions that we have drawn in the laboratory.
1. VIRY OFTEN 2. OFTEN 3. SOMETIMES L. SELD®M 5. HARDLY EVER

Questions related to the amount of time spent in various classroom
and laboratory activitics:

In our earth science course, we are doing laboratory work

1. MORE TEAN THREE~FOURTHS OF THE TIME 2, BETWEEN ONE-HALF AND THREE~
FOURTHS OF THE TIME 3. BETWEEN ONE-FOURTH AND ONE-HALF OF THE TIME

L. LESS TIAN ONE~FOURTH OF THE TIME 5. HARDLY ANY OF THE TIME



A

78.

*19.

81.

j=
(O3]
[eo]

The numher of field trips we took this year was
1. XONE 2. ONE 3. TWO L. THREE 5, FOUR OR MORE

Cuestions requiring the responses TRUE or FALSE

If we get the wrong answer for an experiment, we have to do.ii over
again, even if we were careful the first time.
1. TRUE 2. FALSE

There are two or three ideas that come up again and again as wo study
various toplcs in Earth Science.
1. TRUE 2. FALSE

During labs I get help more often from the teacher than from other students.
1. TRUE 2. FALSE

Maps, models and wall charts are the lab equipment we use most often in
our labaratory exercises.
1. TRUE 2. FALSE
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AUDITIONAL INSTRUCTIONS:

F. 7Please note that on the answer sheet, the rusponses for questionips lie
10 the rirht of the responses for questioni05, etc.

G. Pleaso find answer nwmber 105 oa your answer sheet. You will rccord
vowr first enswer in this place, since Form C begins with item #105.

Questions related to the text (or readings)

¥105. Yhen reading the text, we are expecied to look for the maia piollems
and for the evidence that supports taem.
1. VERY OFTEN 2, OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

wuestions related to classroom activities

106. My teacher repeats almost exactly what the textbook says.
1. VIRY OFTEN 2, OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

¥107. My teacher admits his mistakes.
1. VERY OFTEN 2. OFTEN 3, SOMETIMES L, SELDOM 5. HARDLY EVER

108, I copy down and memorize what the teacher tolls us.
1, VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

¥109. Classroom demonstrations are done by students (rather than by the teacher).
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

¥110. We discuss the problems faced by scientists in the discovery of a
scilentific principle.
1. VERY OFTEN 2. OFTEN 3. SOMETI]"KES L. SELDOM 5. HARDLY EVER

111, We can learn about a new topic in earth sclence without having to

refer to things we learnsd in earlier toplics in earth acdence,
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Questicns relating to tests

112, Our tests include questions which ask uas to put labels on msps or

diagrams.
i. VERY OFTEN 2. OFTEN 3. SONMETIMKS L. SELDCM 5. HARDLY EVER

¥113. Our tesits include questions that ask us to relate things that we have

learned at different times.,
1. VIRY OFTEN 2. OFTEN 3. SOMETIMES 4. SELDOM 5. HARDLY EVER

Questions relating to laboratory activities

k114, Our laboratory work is relatod to topics we study in class.
1. VERY OFTEN 2. OFTEN 3. SQMETIMES L. SELDOM 5. HARDLY EVER



*11g,

116,

*117.

118.

119.

¥120.

121,

%122,

123.

*124,

*125.

*126.

*127.

We are asked to design our own experimeant to answar a question that
puzzles us.
1. VERY OFTaN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

We are encouraged to read up on an experiment bafore we do it in order
to find the answer ahead of time.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EViR

When we have laboratory, we have equipment to set up.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

Our teacher explains exactly what results we should expect from an
investigation,
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 6. HARDLY EVER

Our teacher is busy grading papers or doing some other personal work
while we are working in the laboratory.
1. VERY OFTEN 2. OFTEN 3. SCMETIMES L. SELDOM 5. HARDLY EVER

The laboratory provides opportunities to identify and define problems
to be investigated.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

We use laboratory time to define earth sclence terms and to learn
these delini.tions.

1. VERY OFTEN 2. OFTEN 3. SCMETIM&S L. SELDOM 5. HARDLY EVER

We record our data at the time we make our observations.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

We copy the purpose, materials, and procedures used in our experiments
from the laboratory manual.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

We talk about what we have observed in the laboratory within a day
or two of the laboratory session.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

The cless i1s able to explain unusual data collected in the laboratory.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVIR

When analyzing the data from one of our experiments, we are aksad to
make predictions about what mizht happen in related experiments.
1. VERY OFTEN 2. OFTEN 3. SOMETIMES L. SELDOM 5. HARDLY EVER

In our laboratory activities, I feel that I am participating in real
scientific investigations.
1. VERY OFTEN 2. OFTEN 3. SOMETIMZ5 L. SELDOM 5. HARDLY EVER



®728.

129.

130.

#1371,

132.

%133,

onestions related to tne amount of 'imo spent in various classroow
and laboratory activitics:

During regular class, discussions botwoen the teacher and the stuaents
take up

1. NMORE THAN THREE-FQURTHS OF THZ TIME 2. BETWEEN ONE-HALF AND TaRFE=-
FOURTHS OF THE TIME 3. BETWEEN ONE~-FOURTH AND ONE~HALF OF THE TIME

L. LESS THAN ONE-FOURTH OF THE TIE 5. HARDLY ANY OF THE TIME

In the laboratory, we listen to tho teoachor

1. MORE THAN THREE~FOURTHS OF THE THME 2. BETWEEN ONE-HALF AKD THREE~
FOURTHS OF THE TIME 3. BETWEEN ONS-FOURTH AND ONE~HALF OF THE TIME

L. LESS THAN ONE~FOURTH OF THE TIlME 5. HARDLY ANY OF THE TIME

Cuestions requiring the responses TRUE or FALSE

We have laboratory only on a ragularly scheduled basis (such as every
Friday, etc.)
1. TRUE 2. FALSE

Our teacher glves the impression that the laboratory is the most
important part of our earth science course.
1. TRUE 2. FALSE

We spsnd more laboratory time studying old weathar maps than collecting
data on current weather.
1. TRUE 2. FALSE

We work with a large varlety of equipmont, from sand, soil and water
to things 1iko stopwatches, balances and thermometers.
1. TRUE 2. FALSE

133
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TABLE A
PLANNED INDEPENDENT CONTRASTS ON TTEMS OF THE ACTIVITY CHECKLIST
F'OR GROUP A VS GROUPS B & C, SPRING 1971
Item Me ans SS MSW F
A B C Compare Ratio

1 1.97 2.36 3.93 5.39 <427 12.60%*

2 3.60 3.45 3.53 2.23 .479 .48 ns

3 2.83 3.15 4,02 3.18 667 .27 ns

4 3.62 3.71 3.49 17 .411 .42 ns

5 2.40 2.93 3.42 8.01 .393 20.35*

6 3.52 3.50 3.07 .35 .318 1.09 ns

7 1.54 1.46 3.44 .06 171 .39 ns

8 2.67 3.35 3.43 14.98 .420 35.67*

9 3.25 3.83 3.54 10.85 .805 13.48*
10 3.82 4,02 4.68 1.03 .404 2.54 ns
11 2.45 2.48 2.11 .21 .383 .55 ns
12 3.22 3.79 3.14 6.92 .563 12.30%*
13 3.71 3.97 4.29 1.20 .202 5.94%
14 2.29 2.20 3.49 .08 .307 .28 ns
15 3.52 3.85 4.19 3.28 .325 10.08%*
16 2.37 2.89 4.10 4.49 231 19.37*
17 1.97 2.13 3.97 .54 .232 2.35 ns
13 2.97 4,46 4.68 49 .70 .429 105.71%
19 3.13 3.83 3.64 12.47 .454 27.46%
20 3.04 3.94 4,12 18.34 .375 48.90*
21 1.87 2.07 3.25 1.87 .239 7.81*
22 3.03 3.43 3.40 4.91 .240 20.41%*
23 1.80 2.43 3.07 12.27 577 21.26%*
24 3.08 3.79 3.52 3.47 .383 34.59%
25 2.77 3.71 3.49 23.61 . 747 31.58*
26 3.29 4,39 3.74 29.32 .843 34.75%
27 2.08 2.77 3.03 16.79 . 744 22.56%*
28 1.58 3.01 4,10 59.73 .858 69.96*
29 1.55 3.02 4.79 45.98 1.604 - 28.66*
53 .3.06 3.40 3.42 2.98 . 261 11.43*
54 4.50 4,48 4.68 .16 .382 .43 ns
55 3.64 3.37 3.21 2.90 .536 S.41%
56 2.56 2.96 2.81 3.13 .245 12.76%
57 3.44 3.44 3.55 .07 .382 .20 ns
58 4,11 4,10 4,52 1.00 .738 1.35 ns
59 3.85 4.07 3.97 .66 .312 2.14 ns
60 3.01 3.16 3.27 1.00 .332 3.03 ns
61 2.63 2.75 2.9S 1.37 . .379 3.63 ns
62 3.07 4.05 4.08 26.03 .394 64.98%*
63 4.22 -4.74 4.79 7.15 . 326 21.91%*
64 4,23 4.32 4,37 .32 .294 1.10 ns
65 2.21 2.86 2.93 11.05 432 25.58%*
66 3.10 2.83 3.07 .58 .76 4 .76 ns
67 1.96 2.39 2.31 3.48 .268 12.97%*
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TABLE A --Continued

Item Means SS MSW ) P
A B C Compare Ratio
68 2.74 3.58 3.38 13.28 .404 32.86*
69 3.26 2.84 3.79 7.48 .263 28.46*
70 3.16 3.29 3.55 1.63 .455 3.58 ns
71 3.39 4.01 4.07 10.15 .270 37.58*
72 2.84 3.23 3.17 3.08 .353 8.72*
73 4,17 3.83 4,20 0.61 .807 0.76 ns
74 2.62 3.04 3.04 4.14 .220 18.83*
75 3.44 4.20 4.10 12.00 . 366 32.81%*
76 2.45 3.59 3.68 33.50 .641 52.56*
77 1.53 1.82 2.19 5.35 .957 5.60%
78 3.34 4.16 3.96 12.33 . 809 15.22%
79 4.36 4.55 4,29 0.06 . 349 0.20 ns
80 3.87 3.93 3.83 0.00 .648 0.09 ns
81 2.23 3.74 3.25 38.06 1.062 35.82%
105 4.07 4.01 2.53 0.24 .319 0.74 ns
106 2.71 3.19 3.55 10.13 .359 28.21*
107 3.80 3.91 2.68 0.68 .281 2.41 ps
108 3.13 3.32 3.70 1.76 .351 5.00%
109 2.41 3.39 3.04 23.34 .750 31.11%*
110 2.80 3.09 3.78 1.90 . 342 5.56%
111 3.34 3.60 1.52 0.79 .309 2.54 ns
112 2.68 3.51 3.58 15.12 .522 28.95%*
113 3.18 3.59 4.02 3.40 .410 8.28*
114 4.47 4.65 4,05 0.93 .168 5.51*
115 1.73 2.05 2.61 2.82 .319 8.84*
116 3.41 3.19 3.73 1.38 .650 2.12 ns
117 3.00 4,10 3.91 33.57 .454 73.55%
118 3.05 3.49 2.26 4,52 .462 9.78%
119 3.86 4,21 3.94 2.74 .595 4.60*
120 2.61 4,06 2.71 5.34 .187 28.56*
121 3.95 3.90 2.11 ¢.00 .344 0.00 ns
122 4.04 4.60 4,37 8.51 .228 37.27%
123 3.57 3.63 3.89 0.09 .543 0.17 ns
124 3.54 4.28 .90 10.27 .694 14,79%
125 2.80 3.36 2.24 5.99 .236 25.40*
126 2.93 3.49 .  3.54 6.50 .296 21.93%
127 2.66 3.06 2.60 3.81 .360 10.58*
128 3.34 3.52 3.87 0.74 .404 1.84 ns
129 3.39 3.36 3.81 0.03 .357 0.08 ns
130 2.58 3.81 4.41 33.80 2.033 16.63*
131 1.93 3.02 2.67 28.53 1.118 25.51*
132 3.76 4.26 3.33 4,23 .670 6.32%
133 3.77 4,81 2.87 25.08 .511 .04%*

-
(Vo]
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TABLE D

T-TEST OF DIFFERENCES ON ITEMS OF THE ACTIVITY CHECKLIST
FOR GROUP A, SPRING 1971 TO SPRING 1972

Difference t-Value Difference t-Value
Item of Means (Related Item of Means (Relsted
Groups) Groups )
! .020 .16 ns 67 .173 1.14 ns
2 .207 1.31 ns 68 -539 2.99%
3 .236 . 1.68 ns 69 .238 1.37 ns
4 .051 .50 ns 70 .213 1.41 ns
5 .023 .14 ns 71 . 259 2.83%
& -.097 -.063 ns 72 .322 2.35%
7 -.140 -1.40 ns 73 -.129 ~-.69 ns
8 .768 .85 T4 .0U6 .38 ns
9 .206 1.37 ns 75 574 5,18 %
10 -.072 -.45 ns 76 JAU37 3.23%
11 <914 .95 ns 77 .146 .72 ns
12 .361 2.31% 78 . 331 1.42 ns
13 -.065 -.66 ns 79 .260 1.83%
14 ~-.054 -.33 ns 80 .054 .34 ns
A5 -.002 -.02 ns 81 .559 2.76%
16 .367 3.02% 105 ~.016 -.14 ns
17 .049 .41 ns 106 . 315 3.19#%
18 1.047 6.03% 107 -.080 -.52 ns
19 .549 3.30% 108 .017 -.14 ns
20 . 604 4y,89% 109 .635 3.02%
21 .133 1.19 ns 110 .082 .55 ns
22 .113 .95 ns 111 -.169 -1.12 ns
23 -.024 -.19 ns 112 .344 1.65 ns
24 .384 3.32% 113 241 1.75%
25 213 1.69 ns 114 ~.032 -.26 ns
26 .589 2.26% 115 .319 2.50%
27 .591 2.4g % 116 -.390 -2.hg%
28 .701 2.82#% 117 .835 y,5L%
29 .573 2.81# 118 -.010 -.07 ns
53 .151 1.26 ns 119 .191 .92 ns
54 -.239 -1.90#% 120 217 1.77*%
55 .078 .64 ns 121 .068 .39 ns
56 -339 3.04 % 122 62 3.07%
87 -.031 -.29 ns 123 ~.160 -.86 ns
58 .0l46 .29 ns 124 .319 1.95%
59 .189 1.02% 125 337 3.46%
60 .198 1.58 ns 126 420 3.52%
61 ~156 1.13 ns 127 .280 1.71%
62 .514 4y, 37% 128 .125 .83 ns
63 .330 2.31# 129 ~.22} -1.59 ns
64 .133 1.18 ns 130 .073 .32 ns
65 470 3.75% 131 452 1.88%
66 -.285 =1.73% 132 .306 1.38 ns
133 .813 y,27%




TABLE &

PLANNEy LNDEPENDENT CONTRASTS ON ITEMS OF THE ACTIVITY CHECYLIST
FOR GROUP A VS GROUPS B & C, SPRING 1972

Item Me ans SS MSW F

A B C Compare Ratio
1 2.27 2.37 2.33 2.08 .575 3.62 ns
2 3.77 3.51 3.54 1.32 591 2.24 ng
3 2.79 3.04 2.51 0.59 .610 0.96 ns
4 3.31 3.71 3.72 0.01 .430 0.03 ns
5 2.25 2.81 2.78 2.97 . 340 8.74*
6 2.78 3.62 3.79 0.75 .289 2.59 ns
7 1.15 1.64 1.65 0.65 170 3.81 ns
8 2.67 3.54 3.48 0.09 .486 0.13% ns
9 2.79 3.86 4,07 4.65 .719 6.47*
10 3.13 4,04 3.74 0.11 .539 0.21 ns
11 2.22 2.63 2.77 .02 .471 0.05 ns
12 2.85 3.71 3.61 0.13 .620 0.21 ns
13 3.23 3.97 3.71 0.40 .279 1.45 ns
14 2.53 2.16 2.21 0.06 .202 0.28 ns
15 3.49 3.76 3.91 1.09 .358 3.05 ns
16 2.92 2.73 2.67 0.08 .226 0.36 ns
17 2.23 2.23 2.27 0.59 .284 2.07 ns
18 4.04 4.43 4.32 0.89 .271 3.30 ns
19 3.19 3.85 3.66 0.00 . 449 0.00 ns
20 3.66 3.95 3.80 0.18 .293 0.60 ns
21 2.38 2.22 2.33 0.67 212 3.16 ns
22 3.33 3.48 3.51 0.95 . 250 3.80 ns
23 2.02 2.36 2.78 9.03 .518 17.44%*
24 3.74 3.84 3.83 0.80 . 257 3.11 ns
25 3.25 3.83 2.83 12.04 .692 17.39*
26. 3.59 4,30 4,24 2.33 .807 2.89 ns
27 2.93 2.73 2.64 0.0 . 806 0.01 ns
28 2.53 3,32 3.37 18.14 1.372 13.82%
29 1.97 2.86 2.28 6.16 1.4320 4.31%
53 3.29 3.48 3.49 0.75 .191 3.95 ns
54 4,37 4,53 4.63 0.78 .274 2.83 ns
55 3.70 3.13 3.12 6.39 .589 10.86*
56 2.90 2.95 3.04 0.15 .239 0.81 ns
57 3.43 3.62 3.76 1.30 .350 3.73 ns
58 4,14 4.41 4,39 1.23 .490 2.51 ns
59 4.05 4,07 3.97 0.01 .267 0.05 ns
60 3.20 3.15 3.22 0.00 . 266 0.01 ns
61 2.76 2.85 3.03 0.59 . 326 1.80 ns
62 3.63 4.11 4,14 4.67 .384 12.19*
63 4,63 4.08 4.69 0.27 .159 1.70 ns
64 4.34 4,21 4,18 0.42 .423 0.99 ns
65 2.54 2.91 2.4 0.33 .563 0.59 ns
66 2.71 2.93 2.90 0.85 .671 1.27 ns
67 2.19 2.43 2.39 0.87 .276 3.16 ns

(&)
-3



TABLE E =--Continued

Item Means SS MSW F
A B C Compare Ratio
638 3.32 3.48 3.33 0.21 .423 0.29 ns
69 3.45 3.92 3.74 2.70 442 6.09%*
79 3.54 3.22 3.69 0.13 .398 .32 ns
71 3.82 4.03 4.03 0.88 .259 3.38 ns
72 ° 3.26 3.40 3.56 0.93 .399 2.33 ns
73 4.08 3.83 4.24 0.03 . 889 0.04 ns
74 2169 3.06 2.85 1.25 .216 5.77*
75 4.11 4.34 4,09 0.24 .321 0.73 ns
76 2.99 3.71 3.64 8.76 . 455 19 .25%*
77 1.81 1.85 1.96 0.17 .929 0.18 ns
78 3.67 3.96 3.46 0.03 1.951 0.03 ns
79 4.65 4.66 4.43 0.20 .265 0.77 ns
80 3.90 4.03 3.74 0.01 .654 0.01 ns
8l 2.83 3.60 3.26 6.83 . 883 7.73%
105 4.09 3.83 3.82 1.35 . 407 3.31 ns
106 2.99 3.30 3.30 1.80 »381 4,73*
107 3.78 3.63 3.94 0.00 .416 0.00 ns
108 3.13 3.33 3.26 0.49 .438 1.12 ns
109 3.15 3.44 3.24 0.71 .592 1.20 ns
110 2,91 2.99 2.88 0.02 .357 0.05 ns
111 3.18 3.51 3.44 1.71 .256 6.66%
112 3.05 3.45 3.38 2.44 .715 3.42 ns
113 3.43 3.57 3.72 0.90 .303 2.98 ns
114 4.47 4.63 4.69 0.71 .122 5.86%*
115 2.04 2.33 2.33 1.55 .435 3.65 ns
116 3.00 3.12 2.87 0.00 .598 0.00 ns
117 3.92 4.23 4.17 1.46 .419 3.49 ns
118 3.05 3.29 3.42 1.78 .426 4.17%
119 4.01 4.09 3.99 0.02 .578 0.03 ns
120 3.91 4.08 4.07 0.50 .229 2.16 ns
121 4.10 3.92 3.71 1.49 .285 5.24*
122 4,48 4,72 4.58 0.59 .137 4,31*
123 3.33 4,27 3.88 5.61 .524 10.70*
124 3.93 "4.12 3.99 0.29 .591 0.49 ns
125 3.21 3.24 3.18 .01 . 325 0.02 ns
126 3.40 3.36 3.44 0.00 . 230 0.00 ns
127 2.98 3.03 2.98 0.02 .389 0.04 ns
128 3.48 3.54 3.49 0.02 .432 0.04 ns
129 3.21 3.30 3.27 0.10 . 305 0.33 ns
130 2.55 3.49 3.75 21.59 1.831 11.84*
131 2.42 2.81 3.05 4.89 l.165 4,20%*
132 4.09 4.16 4,12 0.06 .728 0.08 ns
133 4.64 4.83 4.80 0.61 .189 3.22 ns




APPENDIX F 139
TAPE ANALYSIS INSTRUMENT SCORES

The scores obtained from the Tape Analysis Instrument are
ratios in which the number of tallies from a selected category or
categories are compared to the number cf tallies in some larger
set of categories, of which the selected category (categories)
1s a subset. Categories selected from the numerator of each
ratio are given first in the following list of score descrip-
tions. In most cases, the dencminatocr, or base for the ratio,
was *he total number of tallies, after the exclusion of "small
group" and "uncategorized" behavior tallies. Scores with this
denominator are followed by "(l)". Scores which used all but
"uncategorized" tallies as denominator are followed by " (2)“.
Scores which used tallies from some smaller set of categories
as denuminator (indicated in the latter part of the description)
are marked " (3)".

Derivation of the General Index Score is described in the
section of the study of "Instruments": "Tape Analysis Instrument".

Overall

¥1. General Index Score

Scores In Which Activity Dimension Predominates

Laboratory related activities

1

*2. All laboratory related activity®*
¥3. All pre-laboratory discussion®
¥4. All small group laboratory activities?

¥5. Small group laboratory activities: proportion or pre-
laboratory and laboratory time devoted to them.2 '

¥6. All post-laboratory discussion®

Lecture~discussion related activities

7. All lecture discussion2

Scores In Which Level And Subject Dimension Predominates

Higher level

¥8. All higher level discussion”
"9, Higher level lab-related discussion: 1

*¥10. Higher level lab-related discussion: groportion-of it in
laboratory related discussion category

¥11. Higher level lecture discussionl

#12. Higher level lecture discussion: proportion of it in
lecture discussion categoxy

.



®13.
%14,

140

Higher level student questions (1)

fligher level teacher questions (1)

Knowledge and translation

15.
l6.
17.

Subject
18,

*19.

All knowledge and translation (1)
All knowledge and translation which is lab-related (1)}

All knowledge and translation which occured w1L~1n lecture
dlscu551on category (1)

All discussion dealing with laboratory procedures (1)

All aiscussion dealing with observations and data (1)

Scores In Which Speaker And Mode Dimension Predominate

Student speaker
#20. All student verbal behavior (1)
#21. All student initiated student talk (1)
#22, All student questions (1)
#23, Student laboratory procedure questions: proportion of
them in pre-laboratory category. (3)
¥24. All student responding verbal behaviors (1)
Teacher speaker: general categories
25. All teacher verbal behavior (1)
26. All teacher initiated teacher talk (1)
27. All teacher questions (1)
28. All teacher response (1)
Teacher speaker: in specific categories .
29. Teacher verbal behavior in lecture discussion format (3)
30. Teacher verbal behavior in higher level prelab category (3)
31. Teacher verbal behavior in lab observations & data, in
post lab. (3)
32. Teacher verval behavior in post lab, higher level laboratory
discussion (3)
33. Teacher verbal behavior in lecture discussion, higher level (1
34. Teacher verbal behavior in pre-lab (3)
35. Teacher verbal behavior in post-lab (3)
36.

Teachexy verbal behavior in laboratory (3)

*Scores marked with an asterisk are those whcse relatively
high frequency is advocated by the developers of the new
science curricula.
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TAPE ANALYSIS INSTRUCTIONS

I. Format Decision Aids
1. Check log sheet
2. Set tape footage indicator to O

3. Listen to short segment of tape without analyzing; if
in midst of tape, note footage indicator and phrase em-
ployed to identify location on tape, before moving ahead.

4. If tape begins with student noise for several {cet, use
Lab Format; 1f subsequent events indicate that Lecture-
Discussion, Post-lab should have been used, transfer tal-
lies to appropriate categories on the latter form, and
continue analysis.

5. If pre-lab extends beyond sixty tallies or so (five min-
utes), spot check (after noting footage and phrase) to
determine if the lab follows; an extended "pre-lab"
with minimal reference to the upcoming lab should be
coded under Lecture Discussion.

6. Lab begins when the students actually begin to DO some-
thing-~-usually signified by breaking into small groups.

7. If after lab has begun, the teacher dominates the whole
group from time to time, these segments should be re-
corded under Laboratory--Large Graup.

8. When the teacher calls the whole group to attention,
. to begin extended discussion, analysis and interpre-
tation of data, Post-Lab ahs begun, and should be re-
corded on the Post-lab, Lecture-Discussion form.

9. Movies
Classify all pre and post movie discussion

Treat the movie itself as a blank tape with the fol-
lowing notes:
Check every 150 ft. or so to see if movie is still
running. .
Make note of movie at top of form being used to tally
pre and post movie discussion.

10. “Tests:

Paper and pencil tests: treat as movie, above.
Lab practical test: treat as 1lab




144

TAPE ANALYSIS INSTRUCTIONS

IT. Specific category directions

1. Uncategorized includes such items as the following:
silence, noise (except during lab), roll call, announce-
ments, teacher putiting things on board

directions--openr books, page or lab number, etc.--
NOT instructions in use of equipment or lab prccedure
to be followed.

unrelated humor, anecdotes, storiles--sometime.., however,
the point of a stcry is directly related to a class-
room objective; if in doubt, tally it in a ccontent
category and transfer if necessary.

individual study time, which is clearly not a lab
procedural discussion of exams, e.g. the Regents

2. Be sparing in use of "iligher Level® category. The
best clue that a segment of discussion 1s at the higher
level lies in the responses of the students. If they
are trying to apply, analyze, synthesize, or evaluate,
the discussion is clearly at the "Higher Level".
e sensitive to the following situation: a pre-lab or
post lab 1in which the teacher seeks to get students to
interpret, analyze apply, or synthesize, or sets the
scene for theilr doing so in the laboratory. If a
teacher 1s trying to get the students involved in this
type of activity, the discussion is at the higher level.

(Specific interpretations of lab findings would be ca-
tegorized under "interpreting lab data and Observations.)

3. Student questions:

If audible, classify by content and context

If inaudible, classify by context; if in doubt, and
decision 1s between knowledge-comprehension and higher
level, use forner.

Within a higher level sequence, a student question, res-
ponse, or comment may be inaudible; Unless the teacher
response gilves reason to think otherwilse, it can be
assumed that the student talk was also at the higher
level, ‘

When the discussion returns to knowledge components
related to the higher level discussion, record these
segments under knowledge and comprehension.

4, Student reports

Lecture discussion format
Use 9
Usually at knowledge-Comprehension level
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TAPE ANALYSIS INSTRUCTIONS
Specific category directions, continued

5. Distinct teacher talk: words and message are clearly
distinguishable.

6. In the lab, "Lab Procedures, Directions" includes in-
structions, cautions, distribution of eguipment, etc.
during lab.

7. On the Discussion, Post-lab sheet, "Procedures" in-
cirudes tha above items if part of the post-lav; other-
wise, dilrections are placed in uncategorized.

8. Lab Observations, data includes:

‘Presentation of data

Discussion of data (except for critical discussion of
sources of error and interpretation of data)

obtaining class means of data

9. Higher level--lab, includes such things as

Interpretation of data
Search for sources of error or disagreement

Includes interpretation and extrapolation behaviors

10. Higher level

Includes interpretation and extrapolation behaviors
"How do you know" is often a' clue that higher level
discussion 1is occuring.

Review Bloom's Taxonomy of Educaticnal Objectives for
the distinctions between:

Knowledge and Translation (Translation is a sub-
category of Comprehension)

Higher Level (All sub-categories and categories
higher than "Translation" in Bloom's Taxonomy)
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TABLE B

PLANNED INDEPENDENT CONTRASTE ON TAPE ANALYSIS INSTRUMENT SCORES
FOR GROUP A VS GROUPS B & C, FALL 1970

Means SS i

Item A B C Compare MSW Ratio

1 6.62 0.67 0,83%

2 .2898 L7489 311 1.61 0.04 29.29%

3 .1396 . 3167 L5143 0.48 0.02 20.91%

L L1607 L7158 Ai8y0 0.63 0.04 17.13%

) Lillg .7132 6375 0.34 0.07 5.12%

6 .0366 L2724 .1818 0.23 0.02 10.54%

7 .7100 .2509 L1587 1.61 0.04 39.29%

3 .0304 L0421 .0539 0.00 0.00 2.13 ps

9 L0051 .0263 L0364 0.00 0.00 6. Lo%
10 .0278 .0378 .0488 0.00 0.00 1.00 ns
11 .0253 .0157 .0LT7h 0.00 0.00 1.09 ns
12 L9691 .§570 .8305 0.10 0.07 1.04 ns
13 .0018 .0020 .0033 0.00 0.00 0.48 ns
14 .00Th . 0107 L0145 0.00 .00 2.81 ns
15 L8547 5702 L5143 0.61 0.02 38.49%
16 .0564 L1750 .2280 0.13 0.01 16.43%
17 L7982 .3947 .2862 1.32 0.04 36.96%
18 .0529 .2228 L2857 0.26 0.00 51.99%
19 .0617 L16hh L1458 0.05 0.01 8.15%
20 .1928 .1409 .2078 0.00 0.01 0.27 ns
21 L0240 .0055 .0239 0.00 0.00 0.71 ns
22 .0231 - .0201 .0310 0.00 0.00 0.08 ns
23 L7164 .8760 .8194 0.1) 0.06 1.78 ns
2h .1455 L1151 L1828 . 0.00 0.00 0.20ns
25 .8070 .8589 .7920 0.00 0.01 0.27 ns
26 .5378 .6108 .5311 0.0l 0.02 0.46 ns
27 L1779 .1656 .1831 0.00 0.00 0.02ns
28 .0910 .0823 L0775 0.00 0.00 1.43ns
29 .8082 .7393 LOUT6 0.08 0.66 1.48 ns
30 L2706 .3895 AUBTY 0.18 0.15 1.19 ns
31 .2665 .7633 L0811 1.00 0.10C 10.40%
32 .0500 4561 ooy 0.92 0.09 g.72%
33 .5340 .3832 L2256 0.33 0.08 h,3u*
L o741y .9096 L3543 0.27 0.06 4, oh*
35 .3119 .82h5 L6785 1.22 0.10 12.69%
36 .2882 .2537 . 3187 0.00 0.04 0.00 ns
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TABLE C

T-TEST OF DIFFERENCES ON TAPE ANALYSIS INSTRUMENT SCORES
FOR GROUP A BETWEEN FALL 1970 AND FALL 1971

Item Differences T Value
(Related Groups)

1 .876 .18¢%

2 .230 2.29%

3 .029 .38 ns

4 .152 3.17%

5 .215 1.63 ns

6 .1ko 1.27 ns

7 ~-.230 -2.29% -

8 .062 2.29%

9 .035 1.82 ns
10 .053 1.42 ns
11 027 .95 ns
12 -.167 -1.41 ns
13 .001 1.04 ns
14 .018 2.89%
15 -.137 -1.69 ns
16 .060 1.14 ns
17 -.197 -1.57 ns
138 .061 1.92%
19 .013 .23 ns
20 -.023 -.89 ns
21 .006 1.06 ns
22 -.002 -.40 ns
23 -.083 -.49 ns
2 -.026 ~1.20 ns
25 .023 .89 ns
26 -.019 -.40 ns
27 .037 1.64 ns
28 .005 .64 ns
29 ~.06k -.55 ns
30 -.071 -.77 ns
31 .069 .37 ns
32 .128 1.23 ns
33 .080 .54 ns
34 .018 .13 ns
35 176 .85 ns
36 -.072 -.84 ns
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APPENDIX G

The Processes of Science Test

This test is available from the Psychological Corporation, 30k
Last LSth St., New York, N.Y, 10017. It consists of forty multiple choice
items. The following items were not scored in the calcuiation of class-

room means for the present study:

2
11
20
21
22
26
30
33
35
Lo
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EDUCATIONAL OPIIION SCALE
Key:

Schirner Progressive ST
Kerlinger Frogressive KT

Schirner Traditional
Kerlinger Traditional

non
i n

(See right hand margin)

"o all lave beliefs, opinions, and attitudes about educational ideas, probtlens,
and cl..sroom procedures. Given below are {ifty four opinions on such matters.
This scale is an attempt to let you expresc your agreement or disagreement with
these opinions. Respond. to each of the itemz as follows:

1. fsgree Strongly

2. Agree
3. Neutral
L. Disagree

S. Disagree Strongly

For example, if you agree stronglywith a statement, you would fill in response #1
for vhat statement on the answer form (IBM sheet). If you disagree with it, you
would blacken response #i (Use #2 pencil, please). Respond to each statement, but
dc not spend too much time on any one statement. '

PLEASE NOTE THAT THE RuSPONSES FOR QUESTION #2 ARE FOUND TO THE RIGHT OF THOSE FOR
QUESTION #1.

1. TField investigations, even if only on the school grounds are an essential
part of an earth science course.

2. lLearning experiences organized around life experiences rather than around
subjects is desirable in our schools.

3. High school students should be told step by step what to do in the laboratory.

k. The curriculum should contain an orderly arrangement of subjects that represent
the best of our cultural heritage.

5. Since life is essentlally a struggle, education should emphasize competition
and the fair competitive spirit.

6. large group instruction is preferable to small group instruction because of
the economy of cost and time for preparation and vresentation.

7. Learning is essentially a process of increasing one's store of information
about the various fields of knowledge.

8. Teachers should encourage pupils to study and criticize our own and other
cconomic systems and practices.

9. HRight from the very first grade, tea~hcis mist teach the child at his own
level and not at the level of the grad: he is in.

10. iducation and educational institutions must be sources of new social ideas.

11. Children need and should have more supervision and discipline than they
usually get.

SP

KP

ST

KT

ST

KT

KP

KP

KP

KT



12,

13.

L.

15,

16,

17.

18,
19.
20.

21,

22.

230

2L,
25.

26.

27.

28,

29~

30.

3.

-2=

Stuuends should consider note-taking their most important classroom activity.

n wacher should have concern for mastery of concepts which develop . central
taume in a given course.

Zach subject and activity should be aimed at developing a particular part or
the child's makoup: physical, intellectual, social, moral, or spiritual.

T2 Ulue view of education is so arranging learning that the child miumly
builds up a storehouse of knowledge that he cun use in the future.

"uat is needed in the modern classroom is a revival of the authoriv, £ the
teacher.

Direct or actual experiences for the students are worth the extra time
necessary to make provision for them.

Group discussion of laboratory results should follow each laboratory activity.
The public school should take an active part in stimﬁlating social change.

A teacher should use most student ideas that arise spountaneously during
discussion.,

Learning is oxperimental; the child should be taught to test alternatives
before accepting any of them.

A textbook, if used, should be used only as a point of departure for the
reading material in a class.

Generally, students get more from teacher demonstrations than from laboratory
activitics,

Correct answers are the most important outcome of laburatory activities.

Fmotional development and social development are as important in the evalua~
tion of pupil progress as academic achievement.

The organization of instruction and learning must be centered on universal
ideas and truths if education is to be more than passing fads and fancies.

One of the big difficulties with modern schools is that discipline is often
sacrificed to the interests of children.

Schools should teach children dependence on higher moral values.

4 teacher should have concern for the quantity of specific concepts that may
ve mastered.

The curriculum consists of subject matter to be learned and skills to be
acquired.

The learning of proper attitu des is often more important than the 1earning
of subject matter.
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&33.
L.

35.

36.

37.
38.

39.

Lo.

L.

L2,
L3.
k.
5.
L6.

L7.

L9.

50.

-3=

It is better to use commercial tests whici accowpany a textbook th-n in-~cuer.

made tests because commercial tests measure course material betiter.

15

viuaenc participation should be encouruged only during time open for discussion.

w2 ;0als of education should be dictated by children's interests and needs,
as well as by the demands of society.

Cuildren should be taught that all problems should be subjected to critical
aid cbjective gerutiny, including religious, moral, economic, and focial
problems.

s teacher should give textbock assignments with specific objectives “ v the
individual,

Assignment of seats to students is necessary for good discipline.

True discipline springs from interest, motivation, and involvement in live
problems.

To reduce confusion, students should know in advance the desired result of
a laboratery activity.

Standards of work should not be the same for all pupils; they should vary
with the pupil.

Zarth science should be taught as an integrated discipline without regard
for boundaries between geology, astronomy, meteorology or oceancgraphy.

Teachers should keep in mind that pupils have to be made to work.
Often it 1s desirable to hold laboratory sessions more than once a week.

Schools of today are neglecting the three R's.

We should fit the curriculum to the child and not the child to the curriculum.

The heaithy interaction of pupils one with another is just as important in
school as the learning of subject matter.

Teachers need to be guided in what they are to teach. No individual teacher
can be poermitted to do as he wishes, especially when it comes to teaching
children.

veveiopment of a scientific vocabulary is the primary aim of a good earth
science course,

Small greup student discussion of earth science topics helps students under=~
stand things better.

Subjects that sharpen the mind, like mathematics and foreign languages, need

greater emphasis in the public school curriculum.

o

ST .
KP

KP
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N

S1.

52.

53.

“hi-
Pre-tests of a diagnostic nature are worth the time required to administer

Jiem.,

Zeyond a good rock ond mineral collcciion, earth science teaching reyuires
1ittle in the way of laboratory materials.

It is more important that the child learn hou to approach and solve problems
than it is for him to master the subject matter of the curriculum,

Tests shoula include questions based on thinge learned in the laboratory.
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' APPENWIX J
SEE KEY BELOW#* EARTH SCIENCE TEST-rORM A 153

The next twenty questions are designed to tect yowr knowledge of Earth Science. '
Please answer all items to the best of your ability. Begin now, and put your
first answer after number 30 on your answer sheet.

30. The three beakers in the diagram each contain a different liquid. Each also N
contains an icecube. Which statement is the best inference you can draw from
this observation?
1. the liquids are of egual density
2. limid A is more dense than liquid C
3. liquid B is more dense than liquids A and C
L. liquid C is more dense than liquids A and B

. clee cvbe ree cvbe
A //8VIJ 8 Ilgvl‘i/ C E ree

3L. By observing the sky at different times during the night one is able to N
conclude that:
1. stars appear to have a definite east-west motion trend but retain
their positions with respect o each other
2. stars appear to move in a random manner
3. stars appear to remain stationary in the sky;they have no apparent motion
L. the shape of constellations change throughout the night

32. When it is noon, Wednesday, on Guadalcanal (approximently 160° E longitude), 0
what day is it in the United States?
l. Tuesday
2. Wednesday
3. Thursday
L. Friday
\]
33. Most of the energy that the earth receives from the sun: N
1. is retained indefinitely by the earth's oceans
2. 1is re-radiated as infrared radiation
3. is absorbed into the interior
L. is reflected off clouds
3. What is the longitude of a ship whose chronometer reads L P.M. Greenwich time 0
at noon?
1. LO east
2. L0O west
3. 609 west
L. 609 east
35. When the moon casts its umbra on a portion of the earth's surface, which 0
eclipse will occur?
1. total solar
2. total lunar T
3. partial solar
L. partial lunar
36. A lawn with sandy soil needs watering much more frequently than a lawn with N
clay soil. This is because sand has a:
1. slower infiltration rate ¥KEY: N = NEW CONTENT
2. greater porogity 0 = OLD CONTENT

3. greater permeability
L. greater capillarity




6 .

37. Wual is the belt of high-pressure calms located about 30° north and soutn of
the equator called?
1. doldrums
2. horse latitudes
3. ‘trades
i, westerlies

38. Wnat do isobars that are far apart indicate about wind velocites?
1. high
2. low
3. mocerate

Li. nothing

Pelow are four columns of sedimentary rock (4,B,C,D).

A 8 C 0
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39. Which rock column was closest to the source of volecanic ash?

1. column A
2. column B
3. column C
L. column D

LO. Which rock column exhibits the greatest stability of depositional environment?
1. column A
2. column B
3. coulmn C
4. coulmn D

L1. Which rock type provides best time correlation from one column to another?
1. 1limestone
2. volcanic ash
3. shale
4. sandstone
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Seisnic vibrations radiate out from the focus point of an earthquake. By
observing the arrival times of the P and S waves on various seismograms, tie
follcving time-distancs graph was constructed. Use the following time-distance
graph to help ycu answer questions L2-Lk.

It /¢t~
TV A
. /% -] P
~ /3"‘
' /d-
& 1/ B : P
k.
7
~
i 7]
J \
i ¢
L ¥
5
)
T R
\ ; -
- /000 2000 3,00 000 L0000 4000 7000 ppoo G000 10,000
' Epicentey D,s7ance (in #rlemerters)

how many minutes?
1. 1-3 minutes
! 2. 3-5 minutes
3. 5-7 minutes
h. 7-9 minutes

‘ L2. If a station is located 2,000 km away, the P waves would arrive in approximently |,

L3. what would be the approximent difference in arrival time in minutes of the P N
and S waves on a seismograph if an earthquake occured LOOO km. away?
1. 0-2 minutes
2. 2-L minutes \
3. L-6 minutes ’
h. 6-8 minutes

LL. If you were looking at a seismogram and the arrival time of the P wave was .10:00 N
A.M. and the S waves didn't arrive until 10:06 A.M., how far away in km. did the
earthquake occur? )

1. 2500-3500
2. L000-5000
| 3. 5500-6500
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L6.

L7.

L8.

" LS.

8 156

wnat is the name of the feature at X 7
1. caldera
2. cone
3. crater
L. laccolithic dome

uow was the feature at X formed?
L. =rosional laccolith
2. crosional remnant of an ignecus intrusion
3. piling up of mazma or cinders
L. thrust fault

The chiefl mineral found in limestone and marble is:

1. quarts i
2. mica
3. calcite

L. feldspar ‘

Wnat is the sediment or rock source of marble?
1. granite
2. limestone
3. shale
L. sand

Yhat are the rock fragments called that accumilate at the foot of cliffs
because of the action of gravity?

1. delta
2. peneplane
3. stippe
L. talus
THANK YOU!

(Please turn in booklets and answer sheets seperately.)
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The next twenty questions are designed to test your knowledge of Earth Science., '
Please answer all items to the best of your ability. Begin now, and put your
first answer after number 82 on your answer sheet.

82, " A stulent notes and records a series of temperature ceadings. Which statement
describes vest an observation rather than an interpretation?
1. ithe thermometer column rose L° in five minutes
2. the thermometer rcadings indicate the average kinetic energy of the
nolecules
3. the thermometer contains colored alcohol
i. temperature is proportional to hsat

83. What is the light called that is reflected from the dark portion of the moon
ab its rew crescent phase?
1. c¢arth shine
2. penumbra
3. rays
Lh. umbra

84. Students observed and recorded the point of sunset over a period of two months.
At the start of their observations the sun was setting in the north west. On
the last day of their observations the sun set in the south west. Which season
started during their observations? (Seasons given are for Northern Hemisphere)

1. Summer
2. Autumn
3. Winter
L. Spring

85. Convection cells have developed in the beaker
of water shown to the right. Choose the point

at which heat is probably being applied. D
1. A
2. B
o NN
D

o

86. What is the name of a very light- weight spongy volcanic rock?

1. basalt
2. granite
3. obsidian

Lh. pumice
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88.

69.

90.

91.

92.

6

158

Wivch of the following is one way by which longitude can be determined cn 0
board ship? .

1. by determining the number of degrees the sun is above the horizon

lcoxing south

2. by looking at your watch and comparing this to Greenwich time

3. by measuring the velocity of the ship

4. by comparing your time by the sun, to Greenwich time
If the earth's axis were inclined more than 23%° what would the winters be 0
like in the Northern Hemisphere?

1. more moderate

2. colder

3. hotter

L. stay about the same
In the spring of the year a depression in the ground in New York State is N

observed to have snow on its east, south and west slopes, but no snow on the
northern slope. This is chiefly because:

1. the prevailing southerly winds would strike that face most directly

2. the soil on the north slope is probably darker than the other slopes

3. snow fall is not as great on the north slopes

L. on the average, the rays of the sun are more direct on the north slopes

What are the winds called that blow towards the equator from the horse latitudes? N
1. jet streams
2. polar easterlies
3. prevailing westerlies

L. trades
Which of the following relationships between precipitation (F) and potential N
evaporotransperation (PE) indicate a humid climate?
1. P _
PE 1
2. PE
R
3. P
PE = 1+5
L. PE .
= 1.5

The weather Instrument that gives a continuous record of the atmospheric pressure (
is the:

1. baragraph

2. mercurial barometer

3. thermograph

L. anemometer
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93. Schist is what kind of rock?
1. igneous
2. metamorphic
3. sedimentary
L. it isn't a rock, it is a sediment

9L. Along which feature are most of the world's best harbours located?
1. barrier reefs
2. emergent shorelines
3. lagoons
L. suomergent shorelines

"Use the sketch below for the following two questions.

95. Which of the following best explains how a mountain such as the one at C was
formed? .

1. block faulting

2. folding of beds

3. thrust faulting

4. wvolcanic eruptions

96. Which type of mountain is shown in the diagraa?
1. block mountain . 0
2. camplex mountain
3. thrust-fault mountain
L. folded mountain

97. Which graph below indicates the relationship between crystal size and rate of N
cooling?
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Use the following dlagram to answer “he next four questions.

160

@,
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e C_ SO fee

98. The elevation of point A is:
1. 100-150 feet
2. 150-200 feet
3. 200-250 feet
L. 250-300 feet

99. The steepest slope indicated on the map is along:
1 . AD ¢
2. AC
3. FE
bh. FC

100. The entire contour map represents a (an):
1. isolins
2. gradient
3. field
h. vector

101l. The best profile of the section from H to D is:

' ' 2 e0* .
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The nexu iventy questions are designed to test your knowledge of Earth Science.
Please answer all items to the best of your ability. Begin now, and put your
first answer after number 134 on your answer sheet.

134, ‘Wnich eclipse occurs during the full moon phase? 0]
1. lunar
2. partial
3. solar
L. total

135. . Jowph of annual sunspot numbers for the years 1901~ 1965 shows max ..wm sunspot N
acvivity for the years 1907, 1917, 1928, 1937, 1948 and 1958, and lo.sr sunspot
activity for the years 1901, 1913, 1923, 1933, 194k, 1954, 196L. Based on this
trend, the next periocd of maxinmum sunspot activity should be around the year:

1. 1966
2. 1968
3. 1971
L. 1975
136. The earth is nearest the sun in which of our seasons? 0
1. Fall
2. Spring
3. VUinter

li. Sumer

137. During the 'First Quarter' phase of the moon, the Apollo astronauts completed a N
lunar landing. When they Jooked back at earth, they would see which of the
following?

SH)NCIN -

138. The seasonal winds that bring heavy rainfall to India blow from what direction? O
1. northeast
2. northwest
3. southeast
Ii. southwest

139. Two aluminum cans of the same size, one having a shiney surface, the other a N
black surface, were each filled with hot water of the same temperature, and
covered. After 20 minutes, which statement do you expect the data would
support?

1. the can with the black surface would cool most quickly
2, the can with the shiney surface wouid cool most quickly
3, both will cool at the same rate

L. no cooling will occur
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1L0. uat 15 that portion of the atmosphere characterized by decreasing temperaiures
as aibitude increases?
1. exosphere
2. Zionosphere
3. stratospners
L. troposphere

1L1. Tu.perature changes are somewhat greater during the year in the Northern Hemisphere
Jlan viaey are in the Scuthern Hemisphere. This is chiefly because the Northern
| Hemisphere: N
1. receives more ingo.uztion during the year
2. has less circulation of the atmosphere and hydrosphere
3. has a greater amount of thermal pollution )
L. has less water mass to moderate the temperature

142. How was the mountain in diagram A formed? 0
1. by a block fault _
2. by a thrust fault /4

3. by a laccolithic intrusion
L. by the eruption of a volcano

113. What type of mountain is indicated in diagram A?

1. block mountain 0
2. complex mountain
3. dome mountain
L. +wvolcanic mountain
1LL. Wnich graph best represents the relaticnship between porosity and grain size? N

Assume the grains are perfect spheres and in the closest packed arrangement.
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1L5. A course-grained igneous rock that always contains quartz and feldspar is: 0
1. granite . ‘
2. pumice
3. obsidian

I}, basalt




The diagram below is a block diagram of sedimentary rocks. Layers A and

2 contain mica flakes, layers B and D contain seashells and layers I and G are
rade of rounded quartz pebbles. .Use this information to answer questions 1L6-9.

7.

18,

149.

150.

It is iikely that layer A:
1. was Geposited under the same conditions as layer B
2. was deposited at the same time as layer C
3. 1is part of the same formation as layer C
L. is part of the same formation as layer E

It is likely that:
1. layer F was deposited after layer C was deposited
2. particles in layer F were formed where they were deposited
3. particles in layer F were rounded before they were depogited
L. rock layer F is not sedimentary

In comparing rock layers F and G, it is likely that:
1. the particles in layer F were transported a shorter distance
2. the particles in layer G were transported a shorter distance
3. particles in layers F and G were transported the same distance
L. particles in layers F and G were deposited in different media

The sequence of outcrops from left to right, can most probably be attributed
to: )

1. deposition of sediments along the ridge

2. two unrelated depositional environments

3. deposition of various materials, folding, and subsequent erosion

L. chance

Which particle below would probably settle the fastest in a quiet pond?
l. spherical high density particle
2. a flat high density particle
3. a round low density particle
L. a flat low density particle

N
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151. What are the principle materials in granite?
1. calcite and gypsum - 0]
2. hornblend and augite
3. pyroxene and amphibole
i+ quartz and orthoclase

152. .Lat are the large cracks that develop in the ice as the resulys of strains 0
sev up by the wneven rate of movement of glaciers?
1. crevasses

2. drumlins
' 3. cskers
L. striae

153. In vhat stage of its erosional cycle is a river that is cutting sidcwvard but in O
wnicn downward erosion has stopped
1. maturity '
2. old age
3. rejuvenated
L. youth

THANK YOU!
(Please turn in booklets and answer sheets seperately.)
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