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ABSTRACT

AN ASSESSMENT OF INTRODUCTORY PHYSICAL SCIENCE
USING THE TEST ON UNDERSTANDING SCIENCE

by
George Ronald Stangl

Chairmansg Burton E. Voss

Introductory Physical Science (IPS) is a highly

structured.course having a prescribed sequence of experi-
ments and procedures, The purpose of this study was to de-
termine the suitability of a highly structured éourse (IPS)
for all eighth grade students in a suburban school, Taking
into consideration the mental abilities of the students,
the ma jor measure for the evaluation of the course was to
study the degree of teacher commitment to the objectives of
IPS and determine if this influenced the students' mastery
of IPS content and their perception of science as measured

by the Test on Understanding Science (TOUS),

The course objectives are stated as followss (1) to
give a feeling for the kind of human effort that is involved
in the pursuit of science, (2) to drive home the point that
science is phenomena first and the names come later, (3) to
get data from nature itself, (4) to correlate and generalize
observations, (5) to construct models or theories whicﬁ can
be manipulated logically and which will raise new questions,

and (6) to teach the handling of errors,



Twelve teachers and one randomly selected class per
téacher provided a sample.of three hundred students out of
a population of twelve hundred eighth grade midwestern
General Science students, Pre and posttests were admin-

istered to all twelve classes, The tests were a summary

IPS Achievement Test and the Test on Understanding Science
(Tous) Jx.

A panel of five classroom teachers who were experts in
the philosophy and objectives of IPS were asked to respond

to a Classroom Activity Checklist (CAC)., Their responses

served to create a model of an ideal IPS teacher, The CAC
was administered to the twelve classes in this study at the
end of the school year, thereby enabling the ranking of the
teachers against the constructed ideal,

Analyses were carried out to investigate what in-
fluence the degree to which a teacher approached the ideal
IPS teacher had on his students' achievement and under-
standing of science.

The general academic ability of the students Qas ob-
tained from their scores on the Verbal Reasoning and Numer-
ical Ability portions of the system-wide administered

Differential Aptitude Tests (DAT). This ability measure

was used as a covariate to investigate the influence of the
student's ability on his success in the mastery of IPS
content and the understanding of écience.

A positive relationship was discovered between the de-

gree to which a teacher accepted and practiced the



philosophy and objectives of IPS and the sﬁccess his stu-
dents had in the course, No influence could be attributed
to this "IPS-ness" in regard to the students' understanding
of science, The student's general academic ability had some
significance to his success in'lgs and to his understanding
of science but was more critical to his mastery of IPS
content, |

It was concluded that IPS is not flexible enough to be
successfully presented to the wide range of student abilities
found in a normal public school system. Also, IPS did not
produce any significant change in students' perception of

the nature of science as measured by the Test on Understand-

ing Science (TOUS) Jx.
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CHAPTER I
INTRODUCTION

I+ has been stated by George B, Stern (16) that, "It
has become increasingly clear that we need to know more
about what we (educators) do and how this affects the stu-

dent, regardless of the reasons which might be given as to

vhy we do them."

This study is an attempt to ascertain what success

eighth grade students in a suburban school district are

achieving in Introductory Phvsical Science (IFS). 1Is IPS

meeting its objectives for most of these students? What

students or teachers are achieving the desired objectives

of IPS?

General Science Programs in Junior High School

General Science is a relatively rccent addition to
the junior high school curriculum, It was introduced into
a few schools around the turn of the century, Widespread
adoptions occurred between 1915 and 1930 ( 3), By 1932 it
had become a standard offering of the ninth grade curri-
culunm in a ma jority of school systems acrosé the country,
As‘the growth and development of junior high schools was

occurring, the extension of General Science into the

1



seventh and eighth grades was being encouraged..

General Science was envisioned as a natural part of
the junior high schéol curriculum dbecause of the attendance
patterns and general philosophy of the role of junior high
schools, Hunter (7 ) states that during 1908 in New York
City, forty-three percent of the enrolled pupils had left
school by the end of the tenth vear, The formal science
courses of the time were, in part, responsible for the high
drop~out rate,

It was apparent that a need for a different type of
-science course existed, Educators wanted a course that was
suited for those students who would elect no more science,
a course that would help them understand and use the things
being introduced into the mainstream of their daily lives
by a growing mechanized society. Also voiced was the con-
cern that this course should permit growth and development
of interests by those who would continue on to the more
formal science courses. Thus General Science was intro-
duced into the curriculum as part of a general trend to
humanize the secondary school curriculum, and it found its
home in the general philosophy and goals of the early
Junior high schools,

While General Science was a label, the content of this
course varied widely. Some teachers presented samplings of
the various specialized sciences loosely tied together,
These samplings were of both the exploratory and intro-
ductory type and offered little value to those students who



_ were not going on in scientific fields, Some teachers
emphasized the practical applications such as how to repair
a lamp, fix a leaky faucet, or choose a proper diet, For-
mally trained science teachers considered these do-it-
yourself courses to be a "hodge-podge" of little value,

A study conducted in 1930 showed that some science
teachers felt General Science needed broader goals, The
teachers in this study were thinking in terms of the de-
velopment of interest, desirable attitudes, and certain
general skills (8 ), and most were thinking in terms of
giving an understanding and an interest in the environment,
It is significant that few considered General Science to
have any responsibility toward helping boys and girls ad-
just to their social groups or to explore their capabili-
ties. General Science teachers, generally, were thinking

as science specialists, not as educators,

In 1932 there appeared the Yearbook of the ilational
Societv for the Study of Education, a publication that was

to have a strong effect on General Science (13), It pro-
posed a program based on the major concepts of science and
- listed thirty-eight major generalizations to be used as
objectives for sclience instructioh throughout the entire
sequence of elementary, junior, and senior high school
science, |

Structuring a science program around majoxr concepts
makes possible a highly organized and well-integrated

outline which is extremely logical from the adult point of
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view. This suggested structure was, thus, quickly accepted
by administrators who liked clearly defined objectives and
well~-developed sequences, The proposals of the Yearbook
dominated the thinking of science educators for the next
two decades and still influence curriculum changes today,

There were objections to the Thirty-first Yearbook
proposals, Hunter said, "Intellectual objectives hold com—-
plete domination over practical ones." ( 8)

Only recently have we seen a trend away from generali-
zation toward discovery, but there is great debate about
what is to be discovered., Is it to be the same generali-
zations of the 1930's or the principles of the kinetic
molecular theory or the laws of nature?

General Science has become activity-centered and less
time given to reading, 8Still prevalent is the trend to use
General Science as a preparatory class for the more formal

science courses of senior high school,

Structure of Science Curriculum

The science curriculum of the school district has a
kindergarten through twelfth grade structure, The first
eight years of this structure are prescribed, Selected
units of study are presented to the students every year or
in alternate yearsy some units appear on a three year cycle,
Before the adoption of Introductory Physical Science (IPS)
into the eighth grade, seventh and eighth grade General

Science was made up of the same units presented in the
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lowver grades, The units were presented again in greater
depth by teachers with more academic training in these
special content areas, Starting in ninth grade, depending
on a student's goals and skills, students could have és
little as one year or as much as four years more of science
eddcation.

Thus the seventh and eighth grade science courses at-
tempt to serve as both alterminal in the prescribed se-
quence and a transition point between a generally descrip-
tive mode of science and a quantitative mode of science,

Rationale for Adootion of Introductory

Physical Science

The junior high science teachers adopted Introductory
Physical Science (IPS) as the course of study for eighth
grade General Science in September, 1968, Pedagogically,
among the reasons for selecting IPS was the fact that with
the explosion of knowledge in the-various scientific disci-
plines, much of what was being taught was out-dated before
a student graduated from high school, As a result of at-
tempting to teach the rudiments of many different disci-
plines, the processes of science were often slighted,
Laboratory exercises, as a mode of instruction, were‘often
discarded because of their inefficient use of time in teach-
ing a large body of content,

Other reasons given for ﬁhe selection of IPS over

other approaches to a general physical science program
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were (1) it was a relatively 1nexpensive program in terms
of capital outlay, (2) it was a highly structured course
providing support for teachers who might have weak academic
preparation or little experience in teachingy i.e.,, first
year teachers, and (3) it could be taught in classrooms
that presently had no special facilities such as running
water,

For two years prior to the formal adoption of this
course, two teachers in the school system had been using
IPS in their classrooms, These pilot studies provided posi-
tive feedback to the rest of the science staff, IPS was
superior to the old methods mainly because of the active
participation of students in the processes of science as a
daily activity, not as an occasional laboratory exercise,
Also, the content mastered in IPS appeared to be highly
relevant to those students who continued on with the more
challenging science courses,

‘ A conscious shift in emphasis was sought with the se-
lection of IPS as the required eighth grade science course,
Processes of sclience were now to have top priority with con- .

tent mastery being supportive to these skills,

structure of Introductory Physical Science

Introductory Physical Science (IPS) was developed under
the direction of Dr, Uri Haber-Schaim, The initial objec-

tive of IPS appears to have been one of preparing students

for the new physical science courses such as Physical
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Science Study Committee and Chemical Bond hpproach.
Coupled with this goal was the director's realization that

IPS must also be able to stand on its own as a terminal

course,

Thus we must have a program to serve two pur-
posess on the one hand to be a sound foundation for
future physics, chemistry, and perhaps biology coursesp
and on the other hand to furnish sufficient nourishment
in the essence, the spirit, and the substance of physi-
cal science to be a good terminal course for those who
will not study physical science later on, (6)

Dxr, Haber-Schaim goes on to state the following course
objectivess

eeeto give a feeling for the kind of human effort
that is involved in the development of science,

.+ s to put across the point that the root of all
science is phenomena and that names come later,

eeeto get information from nature itself,

ceosto correlate and generalize observations,

. e e to construct models or theories which can be
manipulated logically and which will raise new ques-
tions

....to teach the handling of errors, (6)

The structure of the course and general operating pro-

cedures are clearly expressed in the Teachexr's Guide to

Introductory Physical Science ( 9).

1, Introductory Physical Science was constructed on
the theory that, whenever possible, the student should

learn physical science in the laboratory and that his abil-
ity to understand the discoveries of others depends on his
having real experiences himself, The laboratory, therefore,
is the integral and dominant part of the course, Instruc-

tions in the IPS textbook are minimal and call attention to

important points by asking questions,



2, Instructors are not to answer questions but are to
have discussions that help the students find their own an-
swers,

3. Experiments‘have been sequentialized and are to be
studied in the prescribed order, because this points out the
building of concepts as a product of organized investigation,
Also, topics and techniques from early chaptefé are used
throughout the year,

4, Pre-laboratory and post-laboratory discussions are
extremely important., The authors of the course feel that in
order to interpret the results of an experiment and under-
stand the implications of the results, a student must under-
stand why he 1is doing an experiment before he does it,
Post~labs should pool information often to form a histogram,
This pooling of data is critical to the development of the
true nature of scientific truth, Possible sources of er-
rors are to be discussed,

5. When and if experiments are repeated, it is par-
ticularly important not to give away the expected results,
Experiments are designed to be performed by two students,

A data notebook must be kept by each student,

6. The text contains a large selection of problens,
There are easy, moderate, and complex problems, Fifty to
eighty percent of the problems are judged by the authors to
be appropriate,

7. The instructor is told to avoid the temptation of

Judging questions *right" or "wrong®, Rather, he is to ask



for the reasoning behind the answers,
8., This course presupposes only standard facility
with arithmetic., Some experience in ratios is desirable,
9., The authors have developed four objective achieve-

ment tests to measure the comprehension of the course by

students,

Need £ Assess

One way to assess the impact of the new programs
is to determine whether the stated goals of the project
have been achieved,... It is difficult to determine
the extent to which stated objectives have been achieved
and even more difficult to assess contributions to the
general objectives of education, (19)

Though difficult, a determination to what extent the
stated goals of the Introductory Physical Science (IPS)
course have been achieved is the aim of this study, Assess-
ment i3 needed because the required involvement of all stu-
dents in the IPS program demands that its objectives be
within the grasp of a high percentage of the students, To
require a year's attendance in a course that is appropriate
for only a portion of the student population or whose phi-
losophy and objectives are not actually accepted by a large
percentage of the teachers would seem to demand some cor-
rective measures to make the course relevant to the popula-
tion and efforts to affect a change in the curriculum,

Assessment i8 needed because IPS has not been evalu-

ated in terms of its expected success with a wide range of

student abilities at the eighth grade level and/or the
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willingness of teachers to carry out the prescribed pro-
gram., Assessment is necessary to provide the administration
with better data on which to base its decisions about the

continuation and/or modification of the IPS program in this

school district.

The Problem

The purpose of this study was to determine the suita-
bility of a highly structured course (IPS) for all eighth
grade studenté in a suburban school, Taking into consider-
ation ﬁhe mental abilities of the students, the ma jor
measure for the evaluation of the course was to study the
degree of teacher commitment to the ok jectives of IPS and
determine 1if this‘influenced the student's mastery of IPS
content and his perception of science as measured by the

Test on Understanding Science. Inherent to this study was
the highly structural nature of IPS.

Hypotheses

The following hypotheses were tested:

l. There is no significant difference in tbe under-
standing of science between eighth grade studenté
who have been taught by teachers who more closely
approach a constructed ideal IPS teacher and
eighth grade students taught by teachers who are

ranked farther from the ideal IPS teacher,
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There is no significant difference in achievement

‘scores between eighth grade students taught by

teachers who more closely approach a constructed
ideal IPS teacher and eighth grade students taught
by teachers who are ranked farther from the ideal
IPS teacher,

following subhypotheses were testeds

There is no significant difference in the under-
standing of science between eighth grade students
taught by the top quartile of IPS teachers and
those eighth grade students taught by the bottom
quartile of IPS teachers,

There is no significant difference in the post .
IPS achievement scores between eighth grade stu-
dents taucht by the top quartile of IPS teachers
and those eighth grade students taught by the
bottom quartile of IPS teachers,

Thexe is no positive and direct correlation be-

tween the Test on Understanding Scienca posttest

scores and the Differential hptitude Testa' scores
of these eighth grade students,

There 18 no positive and direct correlation be-

tween IPS Achievement Test posttest scores and

the Differential hptitude Tests® scores of these
eighth grade students,
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Plan of the Stud

The general plan of this study was to determine and
use the degree to which teachers taught a prescribed sci-
ence course to students having a wide range of general in-
telligence and to see what effects these two variables (de-~
gree of IPS behavior by teachers and student skill) had on

students! understanding of science and mastery of the course

content,

First and foremost, Introductory Physical Science (IPs)

is a science course that professes to teach process skills
involving observation, correlation, generalization, and in-
terpretation of phenomena and/or data. Also sought is an
attitudinal change in the students, involving their under-
standing of the development of science, Attempts to evalu-
ate such objectives that are not made specific by behavi-
oral definitions are frought with problems,

Secondly, what teachers are teaching the course? The
careful selection and training usually found in pllot pro-
grams insures their early success, This should be a concern
for any school system that adopts these prograﬁs. It has
been pointed out by Davis (5) that a school system can
change programé, but teacher behavior does not easily
change, JAnother study by‘fager (20), looking at the effect
of the teachers, found statistically significant differ-
ences in students’ understanding of science when taught by

different teachers, The instrument Yager used was the
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Test on Understanding Science (TOUS) Jx.

Thirdly, the students themselves present an important
variabley with obvious variance in skill and ability are
their various degrees of interest. Stone and Church (17)
have written that far too oftenvupon entefing school,
children find topics proposed for their edification that
bear little relationship to the immediate curibsities they
arrived with,

Twelve classes of eighth grade students in IPS took
two pretests within the first four weeks of school,. One
pretest was the IOUS Jx, used to measure the students' un-
derstanding of science, The other was the IPS Achievement
Test, constructed from unit tests published by the authors
of this course,

Shortly after the pretests, the students took the
Differential sintitude Tests (D4T). The combined scores of
the Verbal Reasoning and the Numerical Zbility portions
were used as a general intelligence indicator,

Four weeks before the end of the school year, the pre-
tests were re—~-administered as posttests, In addition a
questionnaire called the Classroom Activity Checklist (cCrC)
was adminigtered to all classes to get a measure of the
students® perception of their teacher's instructional and
procedural behavior during the year,

Before its use in this study, the CAC had been sub-
mitted to a panel of experts in IPS in order that they
could mark those activities that should and should not be
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found in an ideal IPS course, The teachers in this study

were then rated in regards to a constructed ideal IPS
teadher. This was done by using their students! responses
to the Classroom Activity Checklist,

Statistical analysis was used to compare students
. taught by highly rated teachers and students taught by low-
ly rated teachers., The comparisons were done for both une
derstanding of science and mastery of course content.

The students' general intelligence was used in an

analysis of covariance over the same areas,

Basic Assumntio

This study assumes that a student's ability and the
degree to which his teacher teaches a course will be the
primary factors affecting the student's performance on tests

attempting to measure his understanding of science and

mastery of course content,



CHAPTER II

REVIEW OF RELATED LITERATURE

Evaluatibn studies of Introductd;x Physical Science

(IPS) are not found in the normal publications of science

education,

Development of IPS

One source of information having a statement of the
course objectives prior to its construction is a paper en~

titled Introductory Physical Science, Objectives and Content
of the Course, by Uri Haber-Schaim, Director, Introductory

Physical Science Program (6), This paper was adapted from
a lecture given at Florida State University, Tallahassee,
The paper, which lists no publisher or date of publication,
is the most definitive statement of the course and its de-
velopmengtpresently available,

IPS started as an outline in the spring of 1963, It
was initially funded by Educational Service, Inc., Later
that year it received funding from the National Science
Foundation,

The first eight chapters were used by ten teachers in

1963-64, Through their feedback a revision was written and

15
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used in 1964-65 and 1965-66 by "about sixty teachers and
about 2,300 students covering a wide range of ability and
background.* (6)

Educational Testing Service hnalysis
In the publication Introductory Physical Science,

Physical Science 11, a Progress Report, Raymond E,
Thompson (18) of the Educational Testing Service reports
on the development énd analysis of the 1IPS hchievement
Lests (series A, B, and C), This analysis provides some
important insights into IPS:

l. The data presented in Table 1 presents summary
data for two test series., Series A results are thought to
be of typical students, Series C represents a sample of
lower-ability students,

2, In the 1965-66 school year 1,005 ninth grade IPS
students and 400 eighth grade IPS students took the School
and_College xbilities Test (SCAT), Survey Form, a test of
verbal and mathematical ability., The results of Table 2
make it clear that these students were more scholastically
able, on the average, than typical junior high school stu-
dents in the nation,

3. The student's grade level and SCALT score were used
to form six sub-groups for each test in Series A, For the
ninth graders, a percentile score on the SCAT of 80 or
highexr placed a student in the high sub-groups; a percentile

score of 30 or lower placed the student in the low
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sub-group, For the eighth graders, a percentile score on

the SCAT of 70 or higher placed the student in the high
sub-grdup; a percentile score of 30 or lower placed the

student in the low sub-group, See Table 3,

ThBLE 1
MEASURE OF PERFORMANCE ON IPS ACHIEVEMENT TESTS

]

Test 1l 2 3 4

Series A
Number of Students 1,818 1,632 1,170 370
School Year 196465 1964-65 1965-66 1965-66
Chapters Covered 1-3 4-6 7-9 10-11
Number of Questions 26 30 30 30
Mean Score 13,5 17.1 16.6 15.4
Standard Deviation 4,9 5.6 6.4 6.1
Reliability .80 +81 «87 .83

Series C
Number of Students 425 400 165 320
School Year 1967-68 1967-68 1967-68 1967-68
Chapters Covered 1-3 4-5 6=7 9-11
Humber of Questions 25 25 25 22
Mean Score 13,3 13.5 14,9 9,2
Standard Deviation 4.6 4,5 5.2 4.7
Reliability « 77 74 «83 «81
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TABLE 2

SCHOLASTIC ABILITY OF IPS STUDENTS IN
THE 1965-66 SCHOOL YEAR

R N - R T L A T R S R

Grade SCAT Approximate Approximate
Level Converted Percentile in Percentile in
Score This IPS Group National Sample

9th 308 %0 97

302 75 23

297 50 90

290 25 70

282 10 50

8th 306 90 98

301 75 97

295 S0 93

285 25 75

276 10 40

TABLE 3

PERFORMANCE ON IPS TESTS (SERIES A) BY GRADE LEVEL
ASD SCHOLASTIC ABILITY

- —

Test 1 Test 2 Test 3 Test 4
Grade &
[iean Mean Mean Mean

Scholastic

Ability Score Score Score Score
9th High 189 18,9 206 23.8 137 23,6 73 20,0
9th iliddle 398 15,3 433 19,7 291 18,3 113 15,1
9th Low 288 11,3 310 14,3 227 12,0 42 11,2
8th High 82 6.8 57 21.5 34 20,0 38 1l9.,0
8th MMiddle 110 13,4 81 1le6,2 43 15,0 26 16,3
8th Low 104 9.7 56 1l3.1 51 8,6 4 19,0
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4, Table 3 indicates that the higher the grade level
and the higher the scholastic ability of fhe student, the
higher his performance on the IPS tests can be expected,
There are 6n1y two exceptions, these being in the middle
and low sub-groups of eighth graders on Test 4, These two
mean scores are based on sample sizes of 26 and 4, respec-
tively, and should probably be questioned.

5. The Series C IPS test was designed for lower-
ability students; but Thompson's data, Table 4, shows that
even the students utilized in this sample were more able

than national averages,

TABLE 4

SCHOLASTIC RBILITY OF IPS LOVZER-ABILITY NINTH
GRADERS IN 1967-68 SCHOOL YEAR

e —

—
——

SCAT Aspproximate hoproximate
Converted Percentile in ~ Percentile in
Score This IPS Group National Sample
295 90 93
289 75 85
283 50 70
275 25 59

267 - 10 25
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. The data from the Educaticnal Testing Service suggests
that students used in the developmental stages of the IPS
program were of high ability and far removed from a typical
Junior high school, This would mean that initial success
of the course with students in the developmental stages
might be highly dependent upon the verbal and mathematical
skill of the students,

The above information was not published at the time
the school system in this study selected IPS for its re-
quired eighth grade science course, One can only speculate
1f the school system would have adopted this course had

Thompson'ts data been available,

Biological Sciences Curriculum Study:s
Example of Evaluation

‘One new scilence course has been subjected to more
systematic evaluation than the others (2), Biological
Sciences Curriculum Study (BSCS) has many similarities to
IPS., BSCS is process orientated with secondary emphasis on
content mastery. The BSCS 1961-62 evaluation program,
carried out by the Psychologlical Coxrporation, provides
many insights to variables considéred important in such

modern science programs,

The basic evaluation design consisted of BSCS teachers

and theilr students compared with non-BSCS teachers and their
students, BSCS teachers were designated as those who had

regeived special training in a particular version of BSCS
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there are three versions: yellow, green, and blue =-- and
were presently teaching. that version,

The School and College Abilities Test (sScaT), Form 2B,
Parts I and II, was given to give an index of general in-
telligence to all students in the study. Twokother tests
were specifically d&nstructed for this evaluation., The
Imnact Test "...was designed to measure understanding of
scientific principles and scienﬁific reasoning capacity,”

(2) The BSCS #Achievement Test Comprehensive Final, a meas-

ure of specific knowledge of the course materials, was the
second, In addition the Cooperative Biology Test, Form ¥,
considered to be a conventional blology test, was given,

In comparing the BSCS groups with the control groups
on the Imoact Test, the control groups showed a slight

superiority over all BSCS groups,
The B3CS students did better than the control students

on the BSCS Comnrehensive Final., This was expected,

The control groups did better than the BSCS groups on
the g_gg@___zmw; This was expected,

hn attempt was made to assess the effect of BSCS in-
struction on the attitudes and opinions of students toward
science and scientists, The Test on Understanding Science
(ToUs) and an attitudinal scale developed at Purdue Uni-
versity were used, A third technique used was a semantic
differential instrument employing fifteen bipolér adjec-
tives on ten concepts, Both the IOUS and the Purdue scale

revealed negligible differences between the BSCS and the
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control groups, The semantic differential results were not

aval lableo
In looking at school and teacher characteristics as

related to the BSCS Comprehensive Final, only four factors
showed statistically éignificant correlations: nature and
amount of laboratory facilities (r =,07), teachers' sal-
aries (r =.17), percent of the school's graduétes going on
to college (r =,24), and average size of BSCS classes
(r ==,09), The only direct check of teacher bechavior in
this evaluation was one visit by a BSCS consultant;. that is,
an experienced BSCS teacher,

This review has shown the need for further assessment
of science courses, Specifically, assessment of the in-
fluence of new courses on qtudents' mastery of content and

understanding of science is neededqd,



CHAPTER IIX
PROCEDURES

This chapter is mainly descriptive in nature and in-
cludes the procedures and instruments employed in the
study, Specifically included are the sample, the selection
of the teachers, the determining of student abilities, the
measuring of the degree to which Introductory Physical
Science (IPS) was taught, the criteria instruments, the ad-

ministration of instruments, and the statistical procedures

employed,

The Sample

The data for this study were gathered in a suburban
school system in southeastern Michigan, Permission to
gather data was obtained from the school system's research
department, Building principals were then contacted and

their permission to carry out the study was also obtained,

Zeacher Sample

During the first week of the school year, the re-
searcher spoke to the entire junior high school science

staff and asked for volunteers, It was explained that this

23
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would be a study to determine the effectiveness of the I1IPS
program in influencing students?! achievement in and under-
standing of science,

Twelve teachers, four females and eight males,
volunteered ~~ three from each of the four junior high
schools in the system, & general description of the teach-
ers involved in the study is presented in Table 5, It is
interesting to note the presencé of the four females in the
top half of the ranking, Also, those teachers with the
least experience in teaching occupy the top third of the
ranking, Those who attended an IPS Institute are found in
the middle of the ranking, There is one exception here,
and this individual was ranked high by her‘students on the
Classroom hctivity Checklist,

Bach teacher submitted a schedule of his or her
classesy one class per teacher was randomly selected by
the researcher, Because of students transferring in and out
of the system and in and out of the selected classrooms and
because of absences on days when instruments were adminis-—
tered, the number of students who were present for ﬁoth the
pre and posttests was often less than the actual enrollment

for each selected class,

Student fbkilities

The abilities of the eighth grade IPS students in the
sample were determined by administering a battery of

Differential Aptitude Tests (DAT). This battery consists
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of tests called Verbal Reasoning, Numerical Ability, Ab-
stract Reasoning, Clerical Speed and Accuracy, Mechanical
Reasoning, Space Relations, Language Usage I - Spelling,
and Lanquage Usage II - Grammar, The combination of Verbal
Reasoning and Numerical Ability tests alone will tap the
same genei:'al area as most intelligence or general mental
ability tests, Some typical correlation co-efficients be-
tween the Differential aAptitude Tests (DAT) and familiar ine
telligence tests are reported in the fourth edition Manual

for the Differential hptitude Tests, Forms L and M (L).

See Table 6,

TABLE 6

'COEFFICIENTS OF CORRELATION BETWEEN THE DAT,
FORMS L AND M, AND INTELLIGENCE TESTS
P e e o e e ]
' Verbal Reasoning +
Numerical &bility

Tast Sex

California Test of
iMental :aturity

(1957 short Form M 75
Junior High Level)
Total I.Q. F «84
Otis Quick-Scoring M «85
Mental Ability Tests
(Form Gamma FM) F «81
School and College M . «930
hAbility Tests
(Form 2A) Total F .89
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The following are brief descriptions of the areas

measured by the Differential Aptitude Tests,

Verbal Reasonings a measure of ability to under-
stand concepts framed in words,

Numerical Abilitys tests understanding of numerical
relationships and facility in handling numerical con-

cepts,

Abstract Reasonings a non-verbal measure of the
student's reasoning ability,

Clericgal Speed and nccurégyt measures speed of re-
sponse to a simple perceptual task,

Mechanical) Reasonings a pictoral presentation of a
mechanical situation together with a simply worded ques-

tion,

Svace Relationss the ability to visualize a con-
structed object from a picture of a pattern and the
ability to imagine how an object would appear 1if rotated
in various ways,

Lanquage Usage = Srelling and Grammars All spelling
words are selected from the lists in Gate's Spelling
Difficulties in 3876 Words, 1937, The grammar section
is intended to measure the student's ability to disg-
tinguish bhetween good and bad grammar, punctuation, and
word usage,

The Differegtgég hsptitude Tests were administered

uniformly to the entire eighth grade of each junior high

school by the counseling staff,

The Degree to Which Introductory Physical
Science Was Taught

To assess any influence of Introductory Physical

Science (IPS) in any specific area, it was necessary to de-
termine to what degree IPS was being taught to the students,
The official adoption by a Board of Education of a new

course of study to replace another does not guarantee a
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change will, in fact, take place in the classrooms, New
'textbooks, new equipment, and special training sessions all
can and often do occur, but what actually happens in the
classroom is difficult and usually éxpensive to ascertain,

Information about what actually takes place in the
classroom can come from three sourcess the teacher, an ob~
server, and the pupils, Singularly and in combination,
these are the only sources of what is happening in the
classroom, Teachers' self-observations tend to move toward
what they perceive as the "correct response®., The presence
of an observer is known to affect teacher behavior (15).
The use of electronic observation involves high equipment
cost and personnel expenditures to evaluate the obtained
electronic data,

studeﬁts' responses would provide the broadest base of
information that would center most closely to what actually
does happen in the classroom, No one should deny that the
students' perception of what did and does take place is the
"truth" they carry from the classroom, Kot enough attention
is given to what the students perceive as happening in
class, Students represent a pool of observers, ever pres-
ent, and gquipped with various degrees of speaking and
writing skills that should be tapped as a vital information
source of what has been happening in the classroom, Thus,
an integral part of this study was an attempt to develop an
instrument that would aid in determining what has been

happening in IPS classes,
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Criteria Instruments

The following instruments were used to measure the

influence of Introductory Physical Science (IPS) in their

respective areas and were administered by the researcher,

Test on Understanding Science (TOUS)

The Test_on Understanding Science (TOUS) was developed
at the Harvard University Graduate School of Education, It
is an attempt by William W, Cooley and Leo E, Klopfer to try
and measure certain perceptions of students about science,
These perceptions include an understanding of the nature of
scientific inquiry, of science as an institution, and of
scientists as people, It is a paper and pencil, objective
type test with four alternative, multiple-choice items,

Three areas are sought to be testeds

Area 1 Understanding about the scientific
enterprise (18 items)

Area 11 Understanding about scientists
(18 items)

Area IIX Understanding about methods and
aims of sclence (24 items)

As the authors state in the Manual for Administering,

Scoring, and Interpreting Scores, Form W, 1961, ",,..the

most obvious use of this instrument is in the direct test-
ing of high school students to determine to what extent a
realistic understanding of science and scientists has been
obtained as a result of taking science courses,

Reliability of the TOUS as determined by the Kuder-
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Richardson Formula 20 has been given ass

Scale - Reliadbilit
Area I .Sé
Area I 052
Area IIX « 58
Total 076

The standard error of measurement for the total score
is 3,45,

A form suitable for junior high school students,
TOUS Jx, has been developed and was used by the researcher,
In this study a Kuder—-Richardson Formula 20 of .81 and a

standard error of 3,03 was calculated for this instrument,

Introductory Physical Science Achievement Test

The authors of IPS have developed a set of four ob-:
Jective type achievement tests which they feel are con-
sistent with its objectives, A single comprehensive test
was constructed from these tests by the researcher for this
study. See Appendix B,

Reliability of this instrument as determined by the
Kuder-Richardson Formula 20 procedure was ,67, The stan-

dard error wvas 2,43,

Classroom Activity Checklist (C2g)

The researcher constructed and administered to the
students a series of statements, These statements were
designed to ascertain what activities had bezen engaged in
in the ciass during the school year, The activities listed
included both those practices the authors of the IPS course
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feel are required and are desirable for the successful
pfesentation of the coﬁrse. Also included were those
practices that have baen deemed useful 1n‘teach1ng a labora-"
tory-centered course, This CAC can be found in the Appen-
dix c,

The initial form of the CAC was submitted to a panel
of IPS experts who were familiar with its phiIESOphy, Ob-
Jectives, and methods, They judged each statement and rated
it as they thought the answer should be rated if the student
had been taught by an ideal IPS teacher, All of these ex-

perts are themselves classroom teachers who have attended

an Introductory Physical Science Institute and who have

taught IPS,
From this preliminary form, only those statements that

had total agreement by all five judges were used in the

final form of the CAC,

The CAC was the last instrument to be administered to
the students in this study,

Class averages were determined for the number of in-
correct rasponses and for the number of neutral responses,
From these data the teachers in the study were ranked,
Primary consideration was given to the number of incorrect
responsesy where these scores were identical or very close,
secondary consideration was given to the number of neutral
responses to rank the teachers, See Table S,

Those teachers who had the fewest incorrect responses

and/or neutral responses were ranked highery that is, they
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were more closely aligﬁed with the.lgg ideal teacher than
teéchers with many incorrect and/or neutral responses,

A reliability coefficient of .81 and a standard error
of 3.45 were determined by using the Kuder-Richardson For-
mula 20,

In spite of the criticisms of questionnaire research,
the questionnaire is still the most extensively used re-
search instrument in the behavior sciences, There are many
reasons why this is so, not thé least being the relative
ease of questionnaire construction, the efficiency of data
collection, and the specificity of the instrument for the

problem at hand, (10)

pdministration of the Instruments

The pre-IPS Achievement Test was administered to all®
classes first and followed within a two to three week period
by the pre-TOUS Jx, These same two instruments were ad-
ministered as posttests four weeks before the close of
school, The CAC was administered during the last tﬁo weeks
of school.

This testing schedule provided a maximum time between
pre and posttests,

During the school year the researcher obtained the
Verbal Reasoning and Numerical Ability scores and their
combined total score from the eigh£ grade counselor at each

Junior high school.
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Statistical P;gcedurgg ' .

Variables taken into account in the analysis of data
were the student®s general ability and the degree to which
his teacher approached an ideal teacher model, These vari-
ables were investigated to see vhat effect they had on the
student's understanding of science and his mastery of course
content. Analyses of varlance were used to test for signif-
icant differences among the classes in terms 6: student
abilities, understanding of science, and mastery of course
content, Analyses of covariance were used to statistically
remove the influence of the student?s abilities on his un-
derstanding of science and mastery of course content,

The analysis of data was carried out using the IBM 360
computer in the Computing Center at the University of Michi-

gan, Data cards were punched and verified by the researcher,



CHAPTER IV
ANALYSIS AND INTERPRETATION OF THE DATA

The‘analysis of the data is presented under five main
headingss (1) ranking of the teachers, (2) analysis of the
Test on Understanding Science (Tous), (3) analysis of the
Introductory Physical Science Achievement Test, (4) addi-

tional analysis, and (5) teacher attitudes,

Ranking of Teachers

The twelve teachers in this study were ranked accora-
ing to the degree they approached a constructed "ideal" In=
troductory Physical Science (IPS) teacher. The data were
provided by the student ratings on the ChC. Those teachers
who had the fewest incorrect responses and/or neutral re-
sponses given by their students were ranked higher; that 1is,
they were more closely aligned with the "ideal® IPS teacher
than were teachers whose students gave many incorrect and/or

neutral responses, See Table 7,

Analysis of TOUS Scores

In the analysis of the Test on tnderstanding Science

34
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(Tous), first to be investigated were the differences be-
tween the selected classes in terms of their general academ-
ic ability. The DAT score was the indicator of this ability,

Further analyses dealt with the IPS pre and posttest scores,

TABLE 7

RANKING OF TEACHERS USING THE CLASSROOM
ACTIVITY CHECKLIST (CAC)

—t

mpg—
—

Teacher Incorrect Responses Neutral Responses

Ranking n Mean Mean
1 22 12,4 17.0
2 23 13,5 15.4
3 17 13,8 19,5
4 25 13,9 14,4
5 21 14,1 15,6
6 21 14,7 16,2
7 24 17.8 12,7
8 23 18,2 18.8
9 17 19,7 16,1
10. 22 19,7 18,9
11 24 21,1 ‘15,6
12 13 29,0 9.6

nalvsis of DAT Scores Associated wit h

Test on Understanding Science (Tous)

An examination of Table 8 shows a range from 45,64 to

29,14 for class means on the Differential Aptitude Tests
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TABLE 8

DAT SCORES FOR ALL CLASSES RESPONDING
TO THE POST TOUS TEST

]

Teacher n Mean 8sp
1 22 45,64 . 22,78
2 21 29,14 . 22.15
3 24 28,92 19,62
4 23 35,70 20,60
5 25 35,12 ) 24,12
6 24 38,38 20,31
7 26 40,08 14,09
8 25 31.96 19,71
9 22 39,27 19,81
10 24 32.33 24,15
11 27 35,56 17.11
12 18 31,72 18,08

(DAT). The large standard deviation for all classes would
suggest that the classes are homogeneous when regarding this
ability measure,

The analysis of variance between the class means for
the DAT, Table 9, is not statistically significant at the
0,05 level, This would indicate no significant differences

exist between classes in regard to ability,
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TABLE 9

ANALYSIS OF VARIANCE OF DAT SCORES OF STUDENTS
RESPONDING TO THE POST TOUS TEST

-—

Source of ar Sum of Mean P
Variation Squares Square Ratio®
Between G roups 11 6185,07 562,28 1,36
within Groups 269 111439,41 414,28
“Total 280 117624.,48
ap at 0,05 = 1,75
11,269

bAnalysis of Data Concerning the TOUS Erétest and
Posttest Sco;gg

The analysis of variance between class means on the
pre TOUS produced an F of 1,75 which is significant at the
0,05 level, See Table 10, When the same test was used as
a posttest, an F of 0,96 was found, Using an 0,05 signifi-
cant level, the null hypothesis is not rejected, See
Tables 11 and 12, '

The students were more clustered together in their
perception of science after the course than before, This
shows that, generally, the degraee to which a teacher was
committed to teaching IPS had little effect on the stu-

dents® perception of sclence as measured by the TOUS instru-

ment, Table 13 shows that there were slight gains in seven
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TABLE 10

ANALYSIS OF VARIANCE OF TOUS PRETEST CLASS MEAN SCORES
e e

Source of ar Sum of Mean P
Variation Squares Square Ratio®
Between Groups 11 1109,54 100,87 1.75
within Groups 232 13393.66  57.73
Total | 243 14503, 20

at 0,05 = 1,75
aF:l.].,232

TABLE 11

TOUS MELN POSTTEST SCORES FOR ALL CLASSES

Teacher n | Mean SD
1 22 19,68 8.41
2 21 20,52 7.89
3 24 20, 58 6.83
4 23 20,00 6.69
5 25 20, 32 6.14
6 24 22,21 7,99
7 26 20,65 8,37
8 25 21,48 6.50
9 22 22,50 7.08
10 24 19,08 6.53
11 27 20,15 6.20

18 16,61 5,08

[
N




TABLE 12
ANALYSIS OF VARIANCE OF TOUS POSTTEST CLASS MEAN SCORES

pikimdiopunts —
— ———

Source of af Sum of Mean P

Variation Squares Square - Ratio

Between Groups 11 524,33 47,67 0,96

Within Groups 269 13400, 39 49,82

Total 280 13924,72
W

at 0,05 = 1,75
°11,269 ’

class means between the pre and posttest, this leaves five
classes where there was a small decrease in the class mean
score, This seems to indicate that IPS is not uniquely
suited to improving students' understanding of science,
Peachers who were rated farther down the scale than
their collegues had posttest scores that were equal to or
greater than their higher rated colleques, The lack of
marked increases in posttest scores over pretest scores
raises a serious question about the validity of IES as a
factor in improving students! understanding of science as

measured by the TOUS instrument,
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TABLE 13
. COMPARISON OF TOUS PRETEST AND POSTTEST SCORES

Wmmm

Tous Tous Galn or Loss
Teacher n Pretest Posttest in Posttest

Score Score 8core

1 22 24,45 | 19,68 -

2 21 18,75 20,52 +»

3 24 16,74 20,58 +

4 23 17,10 20,00 +

S 25 21,57 20,32 -

6 24 21,71 22,21 +

U 26 21,31 20,65 -

8 25 18,86 21,48 +*

9 22 21,29 22,50 +

10 24 20,83 19,08 -

11 | 27 19,04 20,15 +

12 18 18,06 16,61 -
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Analysis of Covariance of Post TOUS Scores

Analysis of covariance was garriéd out to statistically
remove differences that might exist between the classes in
terms of their ability, It is possible that one class or
classes nmight, by chance, have an above average sample of
studentsy and therefore, any effect attributed to teaching
behavior and teaching philosophy could be the result of this
chance combination 6! students,

Analysis of covariance of the IOUS posttest scores,
with the student?s DAT score as the single covariate, con-
firms that the differences among the adjusted scores are not
statistically significant., See Table 14,

These £indings fall to reject the null hypothesis of no
class differences ascribable to the differences in the de-
gree to which a teacher taught IPS. Chance alone could have

produced the differences among the posttest scores,

Analysis of Variance of T0US Posttest Scores Between the
First and Fourth Quartile of Ranked Teachers

Analysis of variance between those students taught by
the top three teachers, the first'quartile, and those stu=-
dents taught by the teachers in the fourth quartile shows no
statistically significant differences in the students® TOUS
posttest scores, See Table 15, Therefore, the'null hy-
'pothesis’regarding differences between these selected

groups is accepted,
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ANALYSIS OF VARIANCE AND COVARIANCE OF TOUS

POSTTEST SCORES ADJUSTING FOR DAT SCORES®

A

T

TOUS Posttest

L Y A fioayTomttest
1 22 45,64 1,36 _'19.63 0.96 18,02 1.27°
2 21 29.14 20, 52 21,51
3 24 28,92 20, 58 21,61
4 23 35,70 20,00 19,94
5 25 35,12 20, 32 20, 35
6 24 38,38 22,21 21,71
7 26 40,08 20. 65 19.88
8 25 31,96 21,48 22,02
9 22 39,27 22, 50 21,86
10 24 31,33 19,08 19,72
11 27 35,56 20,15 20,11
12 18 31,72 16, 61 17,19

®correlation between DAT scores and TOUS posttest
scores = ,453,

hb

11,268

at 0,05 = 1,75
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TABLE 15

ANALYSIS OF VARIANCE OF TOUS POSTTEST SCORES BETWEEN
THE FIRST AND FOURTH QUARTILE OF RANKED TEACHERS

— R —— —
A e —_—

a— —
A

Source of ar Sum of Mean P
Variation Squares Square - Ratio®
Between Groups 1 67,93 67,93 1,43
within Groups 134 6371,72 47,55
Total 135 6439,65
a
F at 0,05 = 3,84
1,134

Analysis of IPS Nchievement Test Scoresg

In the analysis of the IP3 test, first to be investi-
gated wera the differences between the selected classes in
terms of thelr academic ability, The DAT score was the in-
dicator of this ability, The next analyses dealt with the

pre and posttest IPS scores,

Analysis of DAT Scores Assoclated with the IPg
dchievement ZTesg

An examination of Table 16 shows a range from 47,55
to 35,73 for the class means on the DAT, The large standard
deviation for each class supports the belief that the

classes are homogeneocus when regarding this aptitude
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" TABLE 16

TO THE POST IPS8 TEST

Teacher n Mean 8D
1 20 47,55 18,74
2 16 36,19 16,56
3 16 36,76 13.94
4 22 39,00 16,71
5 21 41,81 20,11
é 18 42,44 13,07
7 28 39,57 10,02
8 20 36,70 14,96 |
9 21 40,95 18,23
10 13' 42,44 17,31
11 19 39,41 11,94
12 15 35,73 19,20
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measure.

The analysis of variance between the class means for
the DAT, Table 17, is not statistically significant at‘tha
0,05 level, This would indicate no significant differences

exist between classes in terms of this ability measure,

TABLE 17
ANALYSIS OF VARIANCE OF DAT CLASS MEAN SCORES

R abuu

vl g p
L]

Sourca of Sum of Mean ¥

Variation az Squares Square Ratio®
Between Groups 11 2368,57 215,32 .80
within Groups 222 59712,08 268,97
Total 233 62080,65

arn'z” at 0,05 = 1,75

hnalysis of Data Concerning the IPS Pretest
Posttest_Scoxeg

An analysis of variance batween class means on the 1P3
pretest produced an F of 1,08 which is not statistically
significant at the 0,05 level, See Table 18, When tbe
same instrument was administered as a posttest, an F of
3,26 was generated which was gtatistically significant at
the 0,01 lavel., This result supports the contention that
the degree to which a teacher was committed to 1IPS
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TABLE 18
ANALYSIS OF VARIANCE OF IPS PRETEST CLASS MEAN SCORES

e ]

Source of ar Sum of Mean
Variation Squares Square Ratio®
-Between Groups 11 154,91 14,08 1,08
viithin Groups 222 2893,07 13,03
Total 233 3047,.98
&g at 0,05 = 1,75
11,222 ¢ *

influenced the ac‘h:levemeht of his or her students, Sce

Tables 19 and 20,

Analysis of Covariance of Post IP3
Achievenent Tegt Scores

An analysis of covariance was used, The student's
This analysis

DAT score was thae covariate, See Table 21,
of covariance produced an F of 3,72, This still is sig-

nificant at the 0,01 level,
The analysis of covariance confirms the belief that

mean ability differences between all the classes are not

statistically significant,
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TABLE 19
IPS MEAN POSTTEST SCORES FOR ALL CLASSES .

i

e m—
e ——————

Teacher n Mean - 8D
1 22 14,05 4,31
2 22 9,81 4,03
3 22 9.47 3.26
4 27 ' 10,41 4,57
5 24 11,67 5,70
6 20 11,00 4.88
7 28 8,50 3,03
8 25 8,48 4,06
9 22 10,14 3,70
10 22 9,14 5,16
11 21 9,43 3,55
12 17 8,59 3,04

TABLE 20

ANALYSIS OF VARIANCE OF IPS POSTTEST CLASS MEAN SCORES

N

Source of ar Sum of Mean F

variation Squares Square Ratio®
Betwaeen Groups 11 636,27 57.84 3.26
Within Groups 260 4613,00 17,74

Total 271 5249,27

. . : )

a
F 11.260 at 0,01l = 2,18
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ANALYSIS OF VARIANCE AND COVARIANCE OF IPS POSTTEST
SCORES ADJUSTING FOR DAT SCORES?

mehr n  pi-Beoe  JERostiget Rl Posttget
41 22 47,55 .80 14,50 3,26 13,42 3,72P

2 22 36,19 10,12 10,69

3 22 36,76 9,12 9,59

4 27 39,00 11,23 11,38

5 24 41,8 12,29 12,03

6 20 42,44 10,72 10,38

7 28 39,57 8,50 8,57

8 25 36,70 9,10 9,58

9 22 40,95 10,19 10,06

10 22 42,44 8,89 8,54

11 21 39.41 8,89 8.98

12 17 35,73 8.93 9,55

scores = ,459

11,221

at 0,01 = 2,32

8Correlation bstween DAT scores and IP3 posttest
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Analysis of Variance of IPS Posttest
Scores Between the First and Fourth
Quartile of Ranked Teachers

Analysis of variance between those students taught by
teachers ranked in the first quartile, the top three, and
those students taught by teachers ranked in the fourth
quartile, the bottom three, was executed, See Table 22,
The resulting F is significant at the 0,05 level and, there-
fore, the null hypotﬁesj.s regarding these selected groups is
rejected, This result further supports the hypothezis that
the degree to which a teacher was committed to the philoso-
phy and procedures of IPS influenced the academic achieve-

nent of his or her students,

ThBLE 22

ANALYSIS OF VARIANCE OF IPS POSTTEST SCORES BETWEEN
THE FIRST AND FOURTH QUALRTILE OF RANKED TEACHERS

Source of as Sum of Mean P
Variation Squares Square Ratio®
Between Groups 1 200,54 200,55 11,61
Within Groups 103 1779.30 17,27

Total 104 1979,84 217,82

%Py, 104 at 0,05 = 4,00
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Additional Analysis
A Post t Test

In a further attempt to explore the possibility that
the difference between class performances might be more an
expression of differences between student abilities than the
degree to which the course was taught, a post t test was
utilized, The three classes having the highest DAT average
were pooled into one group. The three classes having the
lowest DAT average were pcoled into another group. A t test
was used, comparing the IPS Achievement posttest scores of
these two constructed groups, The results in Table 23 show
that a significant statistical difference can be found be-

tween these two groups,

TABLE 23

t-TEST FOR SIGNIFICANCE OF DIFFERENCES IN MEAN IPS
POSTTEST SCORES BETWEEN THREE HIGHEST DAT
CL&SSES AND THREE LOWEST DAT CLASSES

v P e - N —

e ———

Class Mean on a
Group Post IPS as €
3 Top DAT
Classes 11.40 64 3.05
3 Lowest DAT
Classes 8,97 63

atlzl at 0,05 = 1,65
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These results indicate some influence of the stu-
dent?s academic ability on his IPS posttest score, The
comparison of extremes in a range of scores is normally
expected to produce statistical significance,

Analysis of Correlation Between th

DAT and Posttest Scores of the
TOUS and IPS Test

Rank correlation analysis was utilized to explore the
subhypotheses dealing with any relationship existing be-
tween the students® abilities and their posttest scores on
the IPS and TOUS tests,

An r =,50 with a standard error of .07 was calculated
for the relationship bhetween the students! DAT scores and
their IPS posttest scores, This indicates a positive and
direct relationship between these two variables,

An r =,57 and a standard error of .06 was determined
for the rank correlation between the students! DAT scores
and their TOUS posttest scores, This also shows the same
degrea of positive and direct correlation betﬁeen these
variables,

Thereforae, the subhypothesis stating tha‘t a direct
and positive correlation exists between high ability and
low ability students and their success, as expressed in
their posttest scores on the IPS and TOUS tests, is not re—-
Jected, These findings are not unexpected, In the case of
the TOUS test, one would hope to achieve changes in a stu-

dent's understanding of science without being so limited by
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the studeht's,general ability,

Teacher Attitudes Toward IPS

The attitudes of the teachers toward the IPS course
were assessed in informal discussions held during the
school year and at those times when the various test in-
struments were being administered to the classés. These
attitudes fell into three general areas,

First, there were teachers who felt the course was
excellent and who felt their students were engaged in an
outstanding, interesting, stimulating class., It is inter-
esting to note that at the end of the year when the CAC
was administered to the classes, the teachers with this
attitude were ranked as the top four teachers, This was not
unexpected,

Secondly, there were those teachers who supported the
strong activity-centered nature of the course but questioned
the choice of activities selected by the authors of IPS,
Thesae teachers felt the mathematical skill demanded and the
degree of sophistication needed to interpret data were well
beyond the range of most of their students, Often students
had to be told what they had Ydiscovered” or else they did
not understand the purposa of the experimenté.

Thirdly, the last group of teachers did, in fact, not
teach IPSs they used the equipment and selected or created
laboratory exercises they felt were worthwhile, These

teachers had the same feelings about the appropriateness of
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the course for their students as the second group of
teachers but differed in that they made little or no effort
to teach IP8 as Btruétured by its authors, As one would
suspect, the teachers who made little or no effort to teach
IPS were ranked in the last four positions of the twelve

teachers by their own students on the CAC.



CHAPTER V

SUMMARY, RESULTS, AND RECOMMENDATIONS

Summary of Proceduresg

This study was undertaken to assess the influence of a
specific required science course, Introductory Physical
Scienca (IPS), on eighth grade students, Considered as im-
portant input variables were the nature of the course, the
degree to which the course was taught, and the general
ability of the students, Only two criteria were investi-
gated, the students'! achievement and their understanding of
the nature of science,

The population in the study consisted of the 1200 stu-
dents in the eighth grade in four junior high schools in a
nidwest school system during the school year of 1969-70,
The sample size was 300 students,

Twelve teachers volunteered for the study and one class
was randomly selected for each teacher, These twelve
selected classes were adiministered three instrumentssy a pre
and posttest measuring achievement, a pre and posttest
measuring students! perception of the nature of science,

and an instrument used to rank the teachers as to the degree
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to which they taught the prescribed course,

Statistical analfses were then carried out, Investi~
gated were the influence of the degree to which the
philosophy and objectives 6f,;g§ were used in the classroom

and the general academic ability of the students,
Results

The following results can be drawn from this studys

1., The major hypothesis stating no differences in
understanding science between students taught by teachers
whose classroom practices were more closely aligned with the -
philosophy and objectives of the IPS course and students
taught by teachers who were farther removed from the
philosophy of the IPS course was not rejected, No signifi-
cant difference in students®’ understanding of the nature of
science was detected,

2. The major hypothesis stating no differences in
achievement scores of students taught by teachers closely
aligned with the IPS course and students taught by teachers
not as closely aligned was rejected, Significant differ-
ences were detected between class means for the IBS post-
test scores,

3., The subhypothesis regarding the comparison of ex-.
tremesy i,e., the top quartile with the bottom quartile of
teachers and their students, was not rejected for the Test

on Understanding Science (10US). No significant differences

waere detected,
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4, The subhypothesis regarding the comparison of
the top quartile with the bottom quartile of teachers and
their students was rejected at the .01 level for the IPS
posttest scores, A significant difference was detected be~
tween these selected quartiles, This further inforced the
influence of the degree to which a teacher accepted and
practiced the philosophy and objectives of the IPS course,

5. The subhypothesis regarding a direct and positive
relationship between a student's DAT scores and his TQUS
and IPS posttest scores was accepted with r's of .57 and

«50 being generated from the data,
Recommendations

The following recommendations are submitted:

l., Assessment of IPS should be continued, coupled
with efforts to improve students! achievement and under-
standing of the nature of science.

2, An effort should be made to devise an instrument .
or method of assessing students’' unders;anding of science
that is not limiting to students with low literary skills,

3. The 1PS posttest class mean scores in this study
are below those figures found in Ray Thompson's déta. This
suggests that with this school system and its more normal
student population, missing more than half the questions on
the IPS Achievement Test is closer to this test's true’
norm., Assuming these posttest scores are true indicators

of academic achievement,'the degree of this achievement is
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s0 low as to question the present structure of the eighth
grade science curriculum,

It might be better to offer this highly structural
course only for those students who are presently in the
top two levels of the mathematics® program in this school
system, It is also suggested that if such a plan is fol-
lowed, only those teachers who_want to teach IPS and, in
fact, will teach IPS be asked to teach this course,

For those studeﬁts not in IPS, a companion course
could be offered in which science would be presented as a
mode of understanding the physical world of the eighth
grade student, This course could be activity-centered
and inquiry-directed but with much less emphasis on the
gathering of quantativa data and the interpretation of this
data, It could ba a series of topics covering a range of
ideas that, hopefully, would be linked together by some
common physical phenomenay i.e., kinetic molecular theory,
conservation of energy, conservation of matter, action and
reaction, et cetera,

This freedom of presentation of mﬁterial would allow
teachers to respond to the various levels of student ability
in their classes and not try to raise all of their students
to the heights of abstraction found in 1IPS,

IPS 18 too highly structured and operates at such a
high level of abstraction as to be meaningless to a large
portion of such a diverse student population as is found

in this school system,
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APPENDIX A

TEST ON UNDERSTANDING SCIENCE



60

xxx TEST ON UNDERSTANDING SCIENCE XXX X:XIOIXNXKXNIITHIIIIK
HAX : SR IHAERICNICKIOTR N
Plele.0.00/9.0/0.0.¢.00.0000000050000000600000006060e6seeooedeeeetessesd

DIRECTIONS Each of the questions or incomplete state-
ments in this test is followed by four sug-
gested answers, You are to choose the onae

BEST answer,

Here is a sample.

0. The main reason for doing experiments
in science is to

A. use laboratory equipment,

B, £ind things out,

C. learn about nature,

D, discover what scientists do,

Choose the one BEST answer to this sample
question, On the separate answer sheet, find
row number "0 and circle the letter of the
answer you have chosen,

¥Your answers for all the test questions
should be marked in this manner on the SW
sheet, Be sure to circle the letter for the
one BEST answer on the row with the same number

as the question, DO _KNOT WRITE ANYTHING IN THIS
TEST BOOKLET,

PLEASE DO NOT TURN THIS PAGE UNTIL YOU ARE
TOLD TO DO SO,

LAt O] .00 0 08 ®. & o & [N K ®» & > & & & > S @ LI AR AL N O LX)

TOoUs, Form Jx, by E.Q. Carrier, and L.E. Klopfer, Produced
at the Graduate School of Education, The University of
Chicago, -- Copyright 1964, by the authors, all rights ra-
served. Unauthorized use or reproduction, in whole or in

part, prohibited, =-
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3.
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6l

RECORD YOUR ANSWERS ON THE ANSWER SHEET

which of the following is the best list of what
scientists study?

(A) atoms, molecules, energy

(B) matter, energy, living things
(¢c) national defense, rockets, space
(D) 1living things, disease, matterx

Which of the following is the most important need of

science?

(A) more money and equipment
(B) well-trained assistants
(C) Dbetter working conditions
(D) people with new ideas

A sclentist predicted that an experiment would come out
a certain way. He observed a different result when he
did the experiment. What would he most lixely say to
himsel£?

(A) “I shouldn't have made a prediction before
trying this out,"

(B) "If I do the experiment again, it will come out
the way I predicted,”

(C) “If I had better equipment for this experiment,
I would get the right results,"

(D) "something is wrong either with my observation,
my equipment, or my prediction.”

If you were to meet a scientist on the street, he would
probably look like

(A) a rather odd sort of perxrson,
(B) a quiet, thoughtful man,

(c) anyone else you nmight meet.
(D) an intelligent, young man,

The newest microscopes make it possible for scientists
to study small objects and also to

(A) discover the meaning of life,
(B) explore many new problems,
(Cc) observe atoms in motion,

(D) see that germs cause disease,
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RECORD YOUR ANSWERS ON YOUR ANSWER SHEET

Today, the education of American scientists who teach
and do research at colleges and universities generally

(A)
(B)

(c)
(D)

is completed after four years of college,

includes a period of practical training in
some industry.

is completed after two years of college or
technical school,

includes long study in universities after
finishing college, .

Today'!s scientists can solve more complex problems than
the scientists of the past chlefly because today'’s

scientists
(A) xnow that the ideas of earlier scientists were
wrong,
(B) have more imagination than earlier scientists,
(C) »build on thae achievements of earlier scientists,
(D) are more intelligent than earlier scientists,

When a scientist completes his work on a new scientific
theory, we know that he has

(n)
(B)
(c)
(D)

uncovered one of the laws of nature.
moved mankind closer to absolute truth,
aiscovered new evidenco from experiments,
developed new ideas and understandings,

The design of a space rocket {s chiefly a problem of

(n)
(B)
(c)
(D)

the application of scirnce, because the designer
must have special training and skills,

science, because the dcsign must be developed by
experiment,

the application of scicnce, because it leads to
the production of a practical device,

sclence, because it calls for being clever and
having new ideas,

Scientists would consider any major hypothesis to be

(»)
(B)
(c)
(D)

a temporary explanation,
a changeless truth,

a final explanation,

a temporary truth,
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The people and government of the United States in-
fluence scientific activity

(A) very little, because scientists are quite
isolated from the rest of society,

(B) a little, because some people must be willing
to become scientists and the government pays
thenm,

(C) a great deal, because most scientists work for
the government and follow its instructions,

(D) a great deal, because the kind of education
available in the nation depends on what most

people want,

Most important scientific ideas are developed today
through

(A) a long investigation by a scientist working
alone.

(B) a group of scientific experts deciding what to
investigate,

(Cc) work and thinking carried on by many scientists,

(D) team-work between scientists and government,

Betty is planning an experiment to learn something about

the role of potassium in the growth of a certain plant,
She decides to grow one group of these plants in soil
containing nitrogen and phosphorus, but lacking potas-
sium, A second group of these plants, serving as a
"control", should be grown in soil containing

(A) potassium only,

(3) nitrogen, phosphorus, and potassium,

(C) nitrogen and potassium, but no phosphorus,
(D) nitrogen and phosphorus, but no potassium,

Which of the following is the best statement about
science?

(A) Science is the result of human thinking and
action,

(B) Science is the result of careful planning.

(C) science is produced by living and non-living
things,

(D) science is produced by experiments,
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when much new evidence that does not fit a scientific

theory appears, scientists usually will ask themselvess

(A) sShall we throw out the theory and begin again,
since the evidence is against 1it?

(B) Can we change the evidence a little so that it
will £it the theory?

(C) Shall we keep the theoxry as it is, since this
new evidence doesn't help 1it?

(D) Can we change the theory a little so that this
new evidence will £it it?

The chief purpose of the science of botany is to

(A) tell us what plants grow best in various kinds
of soll,

(B) explain how plants grow and reproduce,

(C) develop new drugs and medicines from plants,

(D) help farmers grow bigger plants and produce
more food,

Mary likes science, Aht first, she did not like to
write down all the detalls of her experiments, If
Mary decides to become a scientist, however, this
training will help her to

(A) DYe patient in doing her experiments,
(B) make more accurate laboratory reports,
(C) develop theories from experiments,

(D) look for the reasons why things happen.

When scientists in America work on a major research
project today, the laboratory equipment they need
usually is supplied and built by

(A) the scientists themselves,

(B) other scientists,

(C) a scientific soclety or association,
(D) people who are not scientists,

Scientists are often said to be extremely hard-
working and dedicated, This_is true of

(A) successful people in most professions,

(B) scientists, but not other professional people,
(C) other professional people, but not scientists,
(D) more scientists than other professional people.
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After a scientist has found the solution to a re-
search problem, he usually

() seeks a practical application for his discovery.,
(B) Ffeels that the issue is settled once and for all,

(C) cannot easily find a new problem to work on,

(D) finds that the study has opened up new problems,

A sclentist is open-minded if he

(A) thinks up many new experiments to perform,
(B) tries to open up new fields of research,

(C) 1listens to ideas unfavorable to his research,
(D) talks openly about his ideas,

Scientists have many goals in doing scientific work,
but their principle aim is to

(A) prove what has already been discovered about the

physical world,

(B) express natural phenomena in terms of principles

and theories,

(Cc) discover, collect, and classify facts about

, living and non=living things,

(D) provide the people of the world with the means
for leading better lives,

When a scientist reads a report of a new scientific
discovery, he probably will

(A) not fully believe the report until he has
checked the work himself,

(B) ©believe the report without asking too many
questions about it,

(C) not fully believe the report until he has ob-
tained more information.

(D) believe the report because it describes a
sclentific discovery,

Scientists serve mankind in many ways, Which of the
following sentences best describes thelr special
contribution?

(A) scientists make improved products for better
living,

(B) Scientists show us the goals we should try to
reach,

(C) sScientists give us knowledge about nature,

(D) scientists give skilled service and advice to
others,
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In regard to intelligence, most scientists

(a)
(B)
(c)

have about average intelligence,
arae born with a special scientific curiosity.
become intelligent after scientific training,

(D) have more than average intelligence,

Ralph saids "Scientists do experiments to ask ques-
tions of nature." By this Ralph means that experiments
and tests are used in science to

(a)
(B)

(c)
(D)

prove that nature works in a regular manner,

learn by trying things, making mistakes, and
then trying again,

try out the ideas of scientists,

inquire into the mystery of creation,

A research scientist is most likely to make 1mnortant
discoveries by

(A)
(8)
(c)
(D)

obtaining enough money to carxry out his
experiments,

thinking up ideas and trying experiments to
test them,

doing research in a very well-equipped labora=-
tory.

making many observations and reporting his
results,

Many essays have been written about the meaning of life,
Today, any serious essay on the meaning of life
probably would

(a)
(B)
(c)
(D)

be written by a scientist who has studied
living things,

inglude vwhat scientists have learned about

ife.

include a proof of the scientific theory of
evolution,

contain little or nothing on the scientists!?
ideas about life.

A sclentist learns about a new theory that has been
suggested, Will the scientist accept this theory or
not? He will decide on the basis of

(a)
(B)
(c)

(D)

whether or not the theory is true,

the experimental evidence supporting the theory,

his personal ideas and the evidence supporting
the theory,

whether or not the theory can be put into
mathematical form,
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30, Bill alwvays does well in school, likes to build model
airplanes, and is a practical joker, Frank makes high
grades in mathematics, likes to read books, and plays
baseball, Janet is a serious, intelligent girl and a“
good dancer, Who do you predict could become a

scientist?
(a) Bili
(B) Frank
(C) Janet

(D) Any one of the three.,

3. Most scientists consider scientific theories to be

(A) changeless truths,
(B) explanations that may be revised,

(C) £final explanations,
(D) descriptions of the world as it really is,

32, In trying to decide whether or not to go to a ﬁew
movie, a scientist would probably ask himself?

(A) "Does the film use experimental techniques?¥
(B) "“Is there cause and effect in the plot?*

(C) "wWill I like this film?*®

(D) "Is the plot factual and accurate?"

33, When a scientist makes a hypothesis about an experi-
ment, he

(A) makes a gquess about what will happen next,
(B) describes how the experiment should be done.
{C) suggests how to make careful measurements,
(D) gives an explanation for the experiment,

34, Scientists most often make important advances in re-
search by

(A) trial and error experimentation.,
(B) planning and experimenting,

(C) daifficult laboratory work,

(D) observing and measuring,

35. A scientific law describes

(A) rules which scientists must obey,
(B) relationships between natural events,
(C) directions for doing experiments,
(D) predictions about how things happen.
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A young man who wants to have a career in science would
be able to f£ind a job as a scientist

(A) only in the United States or Russia

(B) only in countries in America and Europe,
(C) 4in most countries of the world,

(D) only in countries with large industries,

h ?cientific theory should

(A) give final answers for sclentific problems,

(B) suggest directions for making useful things,
(C) tie together and explain many natural events,
(D) describe the world as most sclentists see it,

Which of the following sentences akout sclence i1s best?

(A) Modern science is too advanced to use past
discoveries,
(B) Modern science is more practical than ever

before,
(C) Modern science is the result of useful inven-

tions,
(D) Modern science is based on the science of the

past,

Since science is now expanding so rapidly, you could
correctly predict that

(A) sclentists will develop new ideas,

(B) there may soon be little left for scientists to
discover,

(C) machines will plan research projects,

(D) the expansion of science cannot be stopped,

Some scientists specialize in developing new scientific
theories, In doing this kind of work, these scientists
might hardly ever

(A) perform any experiments,

(B) consider thae theories of other scientists,
(C) consider experimental evidence.

(D) share their theories with other scientists,
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41, Today, some sclentists are employed in industry to do
research on the properties of metals, The research
these scientists carry out would usually

(A) add to scientific knowledge but have little or
no practical value,

(B) add to sclentific knowledge and help the in-
dustrial applications of science,

(C) have many practical applications in industry hut
add little or nothing to scientific knowledge,

(D) have many industrial applications and help
scientific knowledge to become permanent
tmth. '

42, Scientists are often said to have certain "scientific
attitudes." These may be best observed when a
scientist is

(A) working on his research,

(B) moving into a new laboratory.
(C) doing most anything,

(D) with his family and friends,

43, smith, a research scientist, reads a report of an ex-
periment by Mrs, Jones, who is doing research in the
same scientific field as smith, In his own experiments,
Smith has found out some important information that was
not mentioned in Mrs., Jones'! report., In this situation,
which of the following would Smith be LEAST LIKELY to

do?

(A) Tell Mrs. Jones the information in a letter or
by phone.

(B) 1Issue a statement to the press about the omis-
sions in Mrs, Jones! report.

(C) Rush a report of his experiments to a scientific
journal,

(D) Announca his findings at the next meeting of a
scientific soclety,

44, When he has a day off, a scientist would probably KOT
like to

(A) spend time with his family,
(B) go to his laboratory.

(C) spend some time on his hobby,
(D) go to a friend's party,
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45, wWhich of the following statements about scientific
theories is NOT correct?

(A) A scientific theory gives a description of the
world as it really is,

(B) A scientist may reject a scientific theory if
he has doubts about it,

(C) when there is some evidence against a scienti-
fic theory, scientists may still accept it,

(D) A scientific theory gives an explanation of
many natural events,

This is8 the end of the test, If you finish before
time 13 called, please
go back and check your
answers,
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TEST ON UNDERSTANDING SCIENCE TOUS JX

ANSWER SHEET

Name Date

Last First MI

School Class & Teacher

Male or Female (circle one)

Samples o, A B C D

1. A B C D 1. &4 B Cc D 30, A B C D
2. A B c D 6. & B ¢ D 3. A B ¢ b
3, AB C D 17. A B C D 32, A B C D
4, A B Cc D 18. A B C D 33, A B C D
5, A B C D 19, A B C D 3, A B C D
35, A B C D

6. A B C D 20, A B C D
7. A B C D 2, A B C D 3. A B C D
8. A B C D 2, A B C D 3. A B C D
9, A B C D 23, A B C D 3, A B C D
10, A B C D 24, A B C D 39, A B C D
40, A B ¢ D

11, A B C D 25. A B C D
12, A B C D 26, A B C D 41, A B Cc D
13, A B ¢ D 27, A B ¢ D 42, A B C D
14, A B ¢ D 28, A B C D 43, A B Cc D
2. A B Cc D 4, A B C D
45, A B C D
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IPS ACHIEVEMENT TEST

Directionss

Each of the questions is followed by five

suggested answers, You select the correct
answer and mark your choice on the answer

sheet,

DO NOT WRITE ON THIS TEST BOOKLET,

USE SCRAP PAPER FOR YOUR CALCULATIONS
OR THE ANSWER SHEET.,...D0N'T

WRITE IN THIS BOOKLET,

Draw a circle around the letter that represents
your choice on the answer sheet,

—

PLEASE DO NOT TURN THIS PAGE UNTIL
YOU ARE TOLD T0 DO SO,
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l, wWhen 20,0cm3 of dry sand is added to a graduated
cylinder containing water, the level of the liquid
rises 12,.5cm”, The volume of air in the sand is

(A) 7.5 cmj

{(B) 12,5 cmg

(c) 20,0 cmy

(D) 27.5 cmy

(E) 32,5 cm

2, When water is heated above room temperature, which
of the following is always true?

(A) The volume of water remains the same, but the
density increases,
(B) The volume of the water decreases, and so does

the density,

(¢) The volume of the water increases, and so does
the density.

(D) The volume of the water increases, but the
density remains the same,

(E) The voluma of the water increases, but the
density decreases,

3. The bosition of the end of the block shown in the
figure below corresponds to a scale reading of

(A) 16,3 cm l16cm | Tem
(B) 16,300 cm

(c) 16.325 cm { |
(D) 16,33 cm

4, All the following statements are correct, Which one
is8 a law of nature?

(A) One inch equals 2,54 cm,

(B) The density of a substance is its mass per
unit volume,

(C) The boiling point of watex is 100° c,

(D) The change in length of a 50 cm aluminum rod
is 0,0092 cm when it is heated from
20° ¢ to 100° c,

(E) All gases expand when heated at constant

: pressure,
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wWhich of the following is not a characteristic
property of a solid substance?

Elasticity

Mass

Mass of a unitavolume

Thermal expansion of a unit length

Melting point

The freezing point of a substance

has no relation to its melting point,

is always lower than its melting point,

is always equal to its melting point.

is always higher than its melting point,

depends on the mass of the sample whose
freezing point is measured,

Which statement about volume is incorrxect?

(n)
()

(c)
(D)
(E)

The volumae of an object is the amount of space
it takes up,

The volume of a solid that dces not dissolve in
water can be found by the displacement of
water,. .

Whenever substances are changed in some way,
their total volume is conserved,

The volume of a rectangular box is measured in
terms of unit cubes,

The volume of a sphere is measured in terms of
unit cubes,

The easiest vay to get rid of the mud in a sample of
muddy water is to

filter the water,
distill the water,
ugse chromatography.
use fractional crystadlization,
use s0ap,

If in Question 8 we wanted to ba sure that the water
was free of dissolved substances as well, we would

filter the water,

distill the water,

use chromatography.

use fractional crystallization,
use soap.



76

o &
3 e e $ $
N
&l El1z Elzzz
oS N N £
lem tem 2em o[ IV n,éc
(24 gm) (36 gm) (36 gm) ML
‘ 2em E v
(48 gm) o
o
2
(16";n0

10,

11,

12.

One of the above blocks 1is dropped into a graduated
cylinder containing water and sinkg to the ttonm,
The water level changes from 20 cm” to 26 cm3, This
must be block

(p) I
(B) 1II
(c) 1III
(D) 1v
(E) V

tthich of the above blocks could be made of the same
material?

(A) I and 1I
(B) II and IIIX
(¢) I and 1V
(D) III and IV
(E) II and IV

You put some moist steel wool in a jar and cover it
tightly with a sheet of rubber fastened to the mouth
of the jar, If you know that moist steel wool com=-
bines with oxygen, which of the shapcs below would
you expect the rubber sheet to have after a day?

XN XX XXX (AKX XX
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For Questions 13-15¢ A plot of temperature as a
function of time during a distillation experiment is
shown in the graph belows

T | I L |

| J |
100 je—t- T —++ 1T e IIT>leIV —I-——v————-'
| 1 | | !
¥ I |
80 | | ' I )
g; | : ; : — |
~ 60 ! l l ! | )
@ ) |
N ' i ' . 4 |
3 ) . i |
s 40 . ; } ! !
3 - b . 4
5 = —1—1 |
& : I i I |
+ t i ' '
il 1 ] i 46
2 3 4 S 6 7 8
Time (min)

The number of purae substances in the liquid which can
ba identified from the graph is

(a) 1
(B) 2
(c) 3
(D) 4
(E) S
Liquid collected during the time interval II boils at
(a) 4ogc
(B) 50.C
(c) e60"cC

(D) above 60°C
(E) has no fixed boiling temperature

To separate the substances in the liquid, it is best
to change the collecting test tubes at

{(a) 2, 5, and 8 minutes,

(B) 3, 4, 6, and 7 minutes,

(c) 1, 4, and 7 minutes,

(p) 3, 6, and 9 minutes,

(E) a different set of times from those given,
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16, A student dissg].ves as much as he can of a certain
solid in 10 cm” of water in_a beaker, The solid has
a solubility of 80 g/100 cm3 of water, The golut:l.on
is then allowed to evaporate until only 5 cm” of
liquid remains, If the contents of the beaker are
now filtered, what mass of solid should he expect to
find on the dried filter paper? (All operations take
place at the same temperature,)

(n) 0Og
(B) 4 g
(c) 8g
(D) l6 g
(E) 80 g

17. A certain gas does not burn, is about as dense as air,
does not affect limewater, and does not support com
bustion, The gas might be

(A) nitrogen

(B) oxygen

(C) carbon dioxide
(D) hydrogen

(E) methane

18, When pure substance X is heated, pure substances Y and
Z are produced. Which of the following is false?

(A) The ratio of the mass of X to the mass of ¥
produced is constant,

(B) The ratio of the mass of ¥ to the mass of 2Z
is constant,

(c) Y and 2 must be elements,

(D) The ratio of the mass of 2 produced to the mass
of X i3 constant,

(E) The rate at which the reaction takes place de-
pends on the temperature,

19, When water is decomposed by electrolysis, tha ratio of
the volume of hydrogen produced to the volume of
oxygen produced

(A) depends on how long the apparatus was connected
to the battery °

(B) depends on how much sulfuric acid was added to
the water,

(C) depends on how much water was used,

(D) depends on the temperature of the water,

(E) does not depend on any of the above,
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The Table shows the results of tests
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on five samples of matter, .

Separated | Separated | Separated
into into into
Sample | Fractions Fractions COmpgnents Radiocactive
by Y
Distilla- | Fractional | Electroly-
tion Crystal- sis
lization
1l yes - - yes
2 no no no yes
3 - yes yes no
4 no no yes yes
S no ves yes no
20, Which samples probably contain only a pure element?
(A) 1 only
(B) 2 only
(C) 4 only
(P) Both 1 and 2
(E) Both 1 and 4
21, Which sample is probably a single compound?
(a) 1
(B) 2
(c) 3
(D) 4
(E) S
22, Which samples are definitely mixtures?
(A) 1, 2, and 3
(B) 1, 3, and 5
(c) 2, 3, and 5
(D) 1, 2, 3, and 5
(B) 3, 4, and S
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25,
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A Gelger counter registered a background count of

8 counts/min. When a piece of radioactive material
was placed 25 cm from the probe, the counter regis-
tered 44 counts/min. The number of counts/min, due
to the radloactive material was

(p) 36

(B) 44

(c) 52

(D) 44/8 2
(E) 36/25

The elements X and ¥ form two compounds whose formu-
las are XY and X,¥, The mass of X that reacts with
100 g of Y to form sz is

(A) 200 g

(B) 50 g

(c) 5g

(D) - 2g

(E) 4impossible to determine from the information
given.

In the diagrams below, atoms of element X are repre-
sented by black balls and atoms of element Y by white
balls, twWhich of the diagrams show possible arrange-
ments of atoms in molecules of a gas whose simplest
formula is Xy?

(A) I only
(B) IIX only ) Q
(5} 1'anaty > 9
(E) II andV o ¢
& 8 o » 4P
€
8 & ®% o

E@&? P33 38
B & B3 b
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26, Equal masses of elements X and Y react to form a com-
pound, (hich of the following conclusions can be
properly drawn on the basis of these data?

(A) The atoms of X and Y have equal masses,

(B) The atoms of X and Y have different masses,

(C) The number of atoms of element X in the com-
pound equals the number of atoms of.
element Y in the compound,

(D) The number of atoms of element X in the com—
pound is different from the number of
atoms of element Y in the compound,

(E) None of the above,

For Questions 27 and 28

A single layer of seeds completely covers the bottom
of a square tin pan that is 20 cm on a side, When the
seeds are poureg into a graduated cylinder, they £ill
it to the 40 cm” mark,

27. The diameter of one of the seeds is about
(A) 0,01 em

(B) 0.1l onm
(c) 0,5 cm
(D) 1l om
(E) 2 om

28, The total number of seeds in the pan is about

(p) 40

(B) 400 3

(c) 1.6 x 10,

(D) 4,0 x 107

(E) 1.6 X 10 o

29, One cnd of blug dye is thoroughly mixed with 99 cm3 of
wvater, One cn” of this solution 1is then mixed with
9 cm”® of water, The fraction of dye in the second
solution is

{p) 1/1,000

(B) 1/110
(c) 1/10
(D) 1/100

() 2/1,000
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30, According to the atomic model, atoms are in motion

(a)
(B)
(c)
(D)
(E)

31. Aall of

(a)
(B)
(c)
(D)
(E)

in gases only,

in gases and liquids only,

in gases, liquids, and solids,

only when there is a temperature difference.

only when diffusion takes place.

the following depend on molecular motion EXCEPT

diffusion of copper sulfate into Qater.

pressure exerted by a gas,
difference in density for different solids,

evaporation of water.,
compressibility of gases,
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IPS ACHIEVEMENT TEST

Answer Sheet

Date

Last

First

Teacher & Class

Male or Female (circle one)

1
2
3
4
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CLASSROOM ACTIVITY CHECKLIST

(These instructions, example, and questions are to be
read to the students, Students need only handle and mark

. an answer sheet,)

The purpose of this checklist is to f£find out how well
students know what is going on in their science classes,
Each statement describes some classroom activity, The ac-
tivities are not judged as either good or bad, This check=-
list 1s not a test and is not going to be used to grade you
" (the student) or the teacher,

SAMPLE QUESTIONs - ON ANSWER SHEETs

My teacher takes class attendance, (1) (2) (3) (4) (5)

KEYs  ALWAYS OFTEN SOMETIMES SELDOM NEVER
(1) (2) (3) (4) (5)

If the statement describes what always happens in
class, mark the number (1) with an X, If the statement
describes something that happens often, mark the number (2)
with an X, The number (3) should be marked if the activity
happens sometimeg and the number (4) is marked if you think
that the mentioned activity seldon takes place in class,
The number (5) is to be marked if the activity pever takes

place,

REMEMBFRs

1, The purpose of the checklist is to determine
how well you know what is going on in your
classroom,

2, AMll statements should be answered on the
answer sheet by placing an X on the number
that most nearly describes the statement,
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11,

12,

13.
14,
15.

16,

17,

18,

19,
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We have classroom demonstrations done by students,

We begin an experiment by first reading the entire
section including the captions in the IPS book,

We are required to outline parts of the text,

Much of our class time is spent in listening to our
teacher talk about science,

Oour teacher insists that we write in our notebook the
final conclusions that we arrived at after each

experiment, '
My teacher admits mistakes when he makes them,

The teacher answers our questions about the laboratory
work by asking us questions,

Textbook problems are assigned after an experiment is
completed,

We usa only one texthook in this class.,

If there is a discussion among students, the teacher
tells us who is right,

We spend more than 1/2 of our time doing laboratory
work,

Students are called on to present their solutioms to
problems and to defend them,

We sea movies and filmstrips in science class,

We are asked to make graphs,

Complete sentences and correct spelling are expected
in science class,

During an experiment wa record our data at the time we
make the observations,

Our tests include many questions about things wa havae
learned in our lakoratory sessions,

We are asked to explain the meaning of certain parts of
the text,

We are asked for the reasoning behind our answvers,
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26,
27,
28,

29,

30,

31.

32,
33,
34,
35,
36,

37.

38,
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We discuss what we have observed in the laboratory
within a day or two after we finish each experiment,

Our teacher gives open-notebook quizzes over work done

in the laboratory.

During an experiment each student keeps a record in
his notebook of what he observes.,

The movies, filmstrips, and slides wa see pertain to
the subject we are studying or have studied in class,

I like science class,

Our sclence tests ask us to define words,

After every experiment we compare the data we have
collected with the data of other individuals ox

groups,

When we forget how to do things, our teacher tells us
what we have forgotten,

Our science teacher grades the data in our notebooks
on neatness,

On tests we are expected to use facts and information
that we have learned at different times in this course,

Our teacher asks questions about what facts or evi-
dence support the statements that are made in the
book,

We are required to copy the purpose, materials, and
procedure used in our experiments from the IPS book,

We stick to the subjeé?: we are studying,
e have tests in this class,

We have quizzes in this clas's.

We use the IPS book,

My teacher asks questions that make us remember things
we studied in earlier chapters,

My Job is to copjr down what the teacher tells us or
writes on the hoard,

I have a chance to look at and figure out my own con-
clusions from the lab work before it 18 discussed in

class,
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We use different science books in class,
We are expected to write out the meanings of words,

Before laboratory experiments are done, we discuss and
determine the purpose of the experiment,

The experiments are done by the teacher or students
while the rest of us watch.,

During laboratory sessions I work with only one
partner,

students ask tha teacher to tell them vwhat they are
suppose to do,

Students who f£inish the experiments before us (in this
class or another class) give away the answers to the
experiment,

e do experiments before we read or discuss what they
are about,

Our teacher is grading papers or doing some other
personal work while wa are working in the laboratory.,

We talk about the different kinds of evidence that are
behind a scientist?s conclusion,

Reading the books and the teacher's talking are about
the only way we spend our time in science class,

When we have laboratory work to do, I work alone,

We know the answer to the laboratory experiments be-
fore we do them,

We started with.Chapter I and went straight through
the IPS Dbook.

Questions asked in this class have more than one
answer,

We hand in work every day to be graded,

Math is used in science class,

Students are asked to read aloud,

We are expected to write the answer to all the ques-

tions asked of us during an experiment by the IPS
book,
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Some students work ahead in the laboratory and do
other experiments,

We hava classroom demonstrations done by the teacher,

Wa discuss the problems faced by scientists in the
discovery of a scientific principle or law,

We skip around to different parts of the IPS book,

Science tests ask us to figure out answers to new
problems,

If I don't agree with the teacher, he wants me to say
80, .

Our entire class does the same experiment at the same
time,

Our teacher tells us step by step what to do in the
lab,

Class time is spent in answering questions that are
taken from the book or that the teacher has made up

for us,

Science tests give us data and ask us to draw conclu=-
sions from this data,

Wa have demonstrations done by students,

Our tests and quizzes have questions about the movies,
filmstrips, and slides we have seen,

We spend more than half of our time in this c¢lass
reading or discussing science,



(5)

NEVER

Date
SELDOM
(4)

MI

90

(3)

Answer Sheet
Class & Teacherx

SOMETIMES

CLASSROOM ACTIVITY CHECKLIST
First

OF'TEN
(2)
1 2 3 4 5

(1)

o,

Last
ALWAYS

Male or Female (circle one)

Name
School
KEY
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