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ABSTRACT

3

The study examines whether or not a significant

and positive relationship exists between:

(1) sclf-concept in science and science
achievement

(2)  scientific attitude and science
achievement

- (3) self-concept in science and scientific
attitude -

The study also examinés some of the variables that
affected the significankly positive relationships
found bétwéen the predictor variableé and the criterion
variables. |

Thé éamplé Eonsisted.of two hundred and twenty-
four higb §chool Biology students from grades tén,
eleven and twelvé, sglected from the Edmonton>Public
School sysfem{ Data fo; the present study were taken
from four diffefeﬁg‘test instruments in order to get:
é ﬁeasu;e of the students'’ self—conceptlin‘sciencg,
sqientific attitude, process achievement, andlﬂiology
content achiévemen?.‘ In addition to the test score.

data, mental ability séores, gender, and grade level

were recorded for each student.



In order to test the major hypotheses in the

¢

study, a stepwisé multiple regression analysis was

carried out. From this procédure, a multiple regression

)
equation was developed that was used in the decision

to reject or hold tenable thé.hypotheses. Where it was
found that a significant and positive relationship existed
between the predictor and criterion under study, partial

cbrrelapion coefficients were calculated to eliminate

1

the effects of the variables of mental ability, gender,

ahd grade level in order to answer the associated

research questions.

RésultS»indicateﬂ that self-concept in science

was not a gobd predictor of process achievement or

3

Biology content achievement. Self-concept in science
did not correlate well with process achievement or
" Biology content achievement, and thus did not appear in

tﬁe regréssion equation for the prediction of these
: »

]

vartables.

Results also indicated that scientific attitude

was a good predictor of process achievement, but not of

- &

Biology content achievement, as the prediction of
B@ology content,aChievemgnt_depended heavily on the
process ;ghievement varihfle.

Finally,\pheﬂresults indiﬁated that self-concept

could be used to enhance the efficacy of prediétion of

scientific attitude, but the gelationship between these

T vi_ -



two variables depends heavily on mental ability.
It appears that development of self-concept 1in
sclence 1is not a useful intent by itself ﬁor classroom

teachers wanting to enhance science achievement in their

classroonms. Conversely, development of scientific
attitude appears to be a useful intent for classroom

teachers wishing to enhance process achievement.

. vii
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CHAPTER 1

THE PROBLEM

Introduction

Paradigmatig Conceptions of Research In Education

| Different ideas can be brought to a reséarch
problem in any social setting including educatioh,
depending upon the fréme of reference the researcher
applies to his task of viewing and interpreting the
world. In fact, the literature of research in education
p;évides a large number of methodological and theoretical
frames of referencg for viewing the world. Many
researchers briné/;o their task the conception of "
research as being the means to some predetermined end.
This conception of research attempts to narrow the
gap between what 1is real and what 1s ideal utilizing
assumptions, techniques and interpretations unique to
the ends means or empirical-analytic paradigm. >The
main thrust of the empirical-analytic paradigm is one
of assessing the degree of relatedness between means
and ends which, in turn, allows the researcher to enhance

certainty in predicting outcomes with greater precision

‘aﬁd efficiency.



The empirical-analytic world view not only
dominates the literature and research, but also has
had evolve from it many sdphisticated models for guiding

researgh. \

It 1is recognized, kowévef; that other research
paradigms exist that provide alternative frameworks
‘for guiding research (Habermas, 1971). A second world
view of research sees its proponents conceiving this
endeavor as judging the entire context of a prpblem.
This‘contexf would include the writer'g perception of
people, as well as the situational factors that give a
research problem its unique relevance aﬁd meaning. The
main goal of a researcher utilizing.the situational
p:;adigm to vieg the reai world would be to uncover the
relevance and meaning that a particular activity has for
those involved in that‘activity.‘ g

A third world view used in approaching research
can be referréd to as the}crit;gal—thqorétic. From a
critical perspective, researchér; interbret their task
as judging the fundamental, undg;}fing assumptions and
implications of a situation. A?}rimary goal of a'
researcher utilizing this paradigm would be to uncover
those fundamental elements necessary for social change

that would ultimately lead to the betterment of man

(Aoki, 1978).



Each world view allows people to understand
different aspects of a research situation. That 1s to
say, the three paradigms mentioned, and undoubtedly .
there are others, are not necessarily mutually exclusive,
but can be complementary. By using different ways of
viewing the real world and ba}answering different kinds
of qnestions, a multi-paradigm approach will pronide a
much broader picture of the real world.

The present study utilizes the emﬁiricalé
analytic orientation to research in order to begin to
examine 1f a significant positive relationship exists
between self-concept in science and achievement in

o v .
science, and scientific attitude and achievement in

‘.

science.

Self-Concept and a Science Classroom

For generations, teechers hane sensed the
significance of the ngsitive relationship between a
student's perception of himself and his performance in
school. They intuitively believed that the students who
felt geod about themselves and their abilities wvere the
ones who were most likely to succeed - Academic success
or feilure appears to be as deeply rooted in concepts

‘of self as it is in measured mental ability or socio-

economic status.
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~affective and humanistic intents in the classroom. One

Brookover (1967),for example, concluded from shis
extensive research on the relationship between self-
concept and achievement that the assumption that human
ability is the most important.factor in achievement 1is

A

'questionable, and that student attitudes limit the degree

of achievement in school.

In our dynamic society, the intents of‘eaucation
are constantly being modified as a result of many diverae
influences. Factors such.as the social contextlof learn-
ing with new views toward curriculum evaluation -and student
performance, changing roles of the ceacher, and techno-

logical advances with classroom application have direcbea

many research efforts toward examining the need for
)

result of the interest in examining humanistic intencs
has been thebincreasing emphasis on student'eelf—concept.
Conceptualization of self-concept has been
supported by the phenomenology of Combs and Snygsg (1959),
the client centered framework for human freedom in
learnlng of ngers (1951y, and the writings of Maslow (1954).
These and similarly oriented theorists have had

a large impacﬁ on education theory‘by formulating the

notion that perception of self is an important factor in

determining the scholastic achievement of a stndent.
From this writer's perspective, it is quite
possible for a student to ‘think of himself as handsome,

well liked, a good football player, and yet do poorly in



science.. No single summatizing statement of this
student's gelf—con;ept is %pprzpriate.v To think of

this student as.having a high or low general self-
concept would be to ignore relative characteristics'of
the studenf, and at the»same time, dehumanize that
student by attributing characteristics of a particular
label to pim. Certain of these.self—concgptg will be
more or less relevant.depending on -the social'gituation.
If a stﬁdent is faced with a-problem in science class,
his self-concept relative to being a good or poor science
student is more likely to affect his achievement in !
scienc’ than hits self-concept as a good. . football pf%yer.
‘This notion of a composite self-concept is supported by
Brooko;;ph(l962, 1965 1967), who found thaﬁ the specific
self—conc;ﬁt of ability in sciencé was a better predictor
of grades in sciencg than generaL‘self-concépt.

Because of the nature of science educationm, with
its "hands-on" approach; iﬁ appears to be a fruitfulﬂarea
in which go eﬁgmine self-concept withvrespec{fto decision
makiné in a éﬂecific'area ;f study. ' ‘/

Scien;ific Attitude and a Science Ciassroom‘

The literature seemé to indicatelthé;‘many
- ence educators now agree that affectivérintents should
be given cdnéideratioﬁfwhen planning inét;ﬁctioh (Bloom,

197?} Nay and.Crocker, 1970; Klopfer, 1976). Their
# \ S ) .

e

consensus focuses on the notion that students should"



leave their classroons with an appreciatioh tor scientific
methodology and logi;; an awareness of technological
application; and the ahility to make meaningful decisions
regarding sclence and society.

| One major. intent of science education is to
develop positive scientific attitudes in students (Fraser,
1978). That is to say, the intent of the teacher would
be to have students develop those attributes of science
that are{most often exemplified by scientists'at their

. N v v

work. Such attributes would include honesty, open-
mindedness, suspended judgement,_willingness to change

. . ‘
opinion, respect for evidence, and questioning attitude,

~

as well as others.

4

Justificatiqn, for the importance of scientific
"attitudes seems to appear in tuo basic forms. In the
first form, it is reasoned that adoption of- positive
scientific attitudes as a classroom intent by a .teacher
would give students .a better understanding of the nature
of scientific.processes. This assumes, to some»extent,
that the student is experiencing the fundamental essence
of what the role of -the scientist is, and that his |
‘decision making is directed by such activities.

| Another assumption behind_this argument is that
‘scientists in their scientific work exemplify the

presence of positive scientific attitudes. Studies_by

e



Cohen (1971), Lawson (1959), and Brown and Brown (1972),
indicate tﬁat sclentists profess a high regard for
sclientific attitudes, but the degree to which this
expressed preference 1s related to decision making has
nét been investigated to a great extent for scientists
.or science students (Mulkay, 1976).

The second reason for the importance of sclentific
attitudes is that positive scientific attitudes influence
students in their everyd;y lives (Brown, 1976).- Blough
(1960) argued that under the influence §f positive
scientific attitudes, problems will be approached and
ideas and informgtion will be viewed from one}s perspective
in order to make sense of a scientific problem. Another
implication of this position is that by incorporating
scientific attitudes iﬂto one's perspective, a student
will show more iﬁherest in attempting to {ind answers
to problems,-more tolerance to other points of view, less
tendgncy to jump to conclusio@s or accept_suberstitious
beliefs (iurtz, 1976);

In consideration of the reasons for the importancé
ofnécientifié attitudes discussed above as a classroom
intent, it is not unreasonable to assume thét a éignifi—
cant positive relationship may exist betwgen seif-ponceptﬁ
in science and a ﬁositive scientific attitude. The way

- - /
in which people feel about themselves in a specific



subject area may influence the perspectives they hold on
the real world and, in turn, influence their willingness
and desire to hold a high regard for positive scientific
attitudes. |

Resegfch examining the existence of any
relationship between scientific attitudes and cognitive
variables such as science achievement has apparently
not been examined very closely, as evidenced by the lack
of literature on the subject. It is the purpose of the
present study to examine if a relationship exists between
self-concept 1in science and science achievement, as well
as any relationship that may exist between scientific

attitudes and science achievement. S

Statement of the Problem
The purpose of this study is to determine if:

(a) ®elf-concept in science can be used as
-a predictor of achievement in science cn
process and content test items.

(b) scientific attitude can be used as a
' predictor of achievement in science on
process and content test  items.

(¢) self-concept in scienqe can be used as
a predictor of scientific attitude.



Research Questions

The present study attempts to focus on the

following research questions:

~(a) ‘are there any relationships that exist
between self-concept in sclience and process
and content achievement, and 1f so are
these relationships affected by mental
ability as expressed by an I.Q. score?

(b) are there any relationships that exist
between self-concept in science and process
and content achievement, and 1f so are
these relationships afficted by gender?

(c) are there any relationships that exist
between self-concept in science and process
and content achievement, and if so are
these relationships affected by grade level?

(d) are there any relationships that exdist T
between scientific attitude and process
and content achievement and Af so are
these relationships affected by mental
ability as expressed by an I1.Q. score?

(e) are there any relationships that may exist
. between scientific attitude and process
and content achievement, and if so are these
relationships affected by gender?

(f) are there any relationships that may exist
) between scientific attitude and process and
content achievement, and 1f so are these
relationships affected by grade level?

‘(g) . are there any relationships that may exist
" between self-concept in science and scientific
attitude, and if so are these. relationships
affected by mental ability as measured by
an I.Q. score? A )

(h) are there ‘any relationships that may exist
between self-concept in science and scientific
attitude, and if so are these retationships
affected by gender?

(1) are there any relationships that may exist
between self-concept in science and scientific
attitude, and if so are these relationships
affected by grade level?. ‘



10

Need for the Study

Educators have expressed concern about the
development of students' self-concept in science as a
mode of achieving cognitive intents. The writings of
Bropkover (1963), Purkey (1978), and Vargo (1974) indicate
that a strong self-concept in a specific subject area is
an essentlal component for the personal development of
a student.

Atsthe gsame time, educators have expressed concern
for the neéd to develop positive scientific attitudes

in studenﬂs. Nay and Crocker (1970) point out that a ¢

student's understanding of the scientific attributes

that compose the scientific attitude is important in
understanding scientific concepts. Explicit in the .

writings of Nay and Crocker (1970) and Gauld (1975) 1is

‘
1

the notion that students displaying positive scientific
attitudes will be better able to appreciate the wc kings

of science, which will uitimately lead to a deeper

understanding of the content and processes of science.

.-

The impetus for this study arises from the need
to determine 1f ~a positive relationship exists between
self-concept in science and science achievement as well
as scientific attitpde and science achiévement. If 4t is
féun&‘tha; a significaht positiﬁe relationship exists
between sgif—conéépt 1n‘sciegce‘and scienée'achievement
as well as scientific gﬁfitude and science achievement,

to#
then teaching strategies for enhancing self~concept 1in



science (Purkey, 1978; Maoning, 1972; JTnglis, 1974) and
teaching strateglies for developing posftive gscientific
attitudes (Nay and Crocker, 1970; Klopfer, 1966, Conant,
1957) may be employed by teachers. Support for conducting
this study arises from the lack of litevrature and research
on the topic indicating that the problem needs td be
examined more closely, and the desire for ways of knowing
how to bring to fruition, intents such as fincreased
codtent and process achievement.

A further justification for thié study is that
it will attempt to develop a révised version of the Test
on Scientific Attitude (Kozlow and Nay, 1976). Thisg
revision will be done in order to update the test items,
improve upon the test items in tefms of wording and to
improve the item analysis staiis?ics of the test.

This instrument will be ﬁvailable to those
teachers wishing to use the instrument as one w&y‘of
determining thelir students' scientific attitude as it
is being aiSplaye: in a science classroom.

The study is also significant in view of the
incréasing concern for development of s;ientific'
literacy (Page, 1979). If it is assumed that students
shogld be able to read and discuss scientific information
found in common literature ahd to interpret common
scientific phenomenén with facility and confidence, then
teachers must be able to use existing teaching strategies
and research to help them examine fundawental ways éf

attaining student growth in science.



Definitions of Terms
Self-Councept In Science

A student's self-concept in sclience refers to

the perception the student has of his ability

to achieve and function in science and to.perform’
well according to the expectations of his sclence
instructors. The student's self-concept {in
science will be measured by the Self-Concept 1in
Sclence Scale (Doran and Sellers, 1978).

Process Achlevement

This will refer togthe gscore obtained on the .
Processes of Science Test (Biological Sciences
Curriculum Study, 1965).

Processes of Science

This will refer to the process skills used by
scientists. The following processes of science
are outlined in the curriculum guide ot Junior
High School Science (Alberta Education, 1978)
and are the ones tested for in the Processes of
Science Test (Biological Sciences Curriculum
Study, 196%).

quantifyin‘ interpreting data
communicaﬁfng designing an investigation
inferring processing of data
predicting identifying problems
observing seeking furthér evidence
defining terms formulating hypothesis
classifying

Content Achievement ’ -

H
This will refer to the score obtained on thi”
Senior High School Biology Achievement Test
(Alberta Education, 1975).

Mental Ab{ility
This will refer to a student's 1.Q. score as

measured by the Canadian Lorge Thorndike
Measure of Mental Ability Test.

74



Sclientific Attitude

An attitude is a relatively
of beliefs around an-object
disposing one to respond in
manner {(Rokeach, 1968). In
scientific attitddes are fu

~terms of the following thré

‘(a) Cognitive Component

<

The student's undérsta
cance of -the .8cilentifi
scientfst's work.

(b) Intent Component

This component refers

rmP

13

endurlng organization
or situation pre-
some preferential

the pr‘Sent study,
rther defined in
e components:

nding of the signifi-
c attributes in a -

to the student's

tendency to show approval or disapproval

of scientific attribut
- thelir work.

(c)'_Action Component

This component refers
tendency to exhibit th
attributes of a scient

(Kozlow and Nay, 1976).

es of scientists at

to the student's
e scientific

ist in his work
In the present

study, the scientific attributes refer to
honesty, openmindedness, suspended judge-
ment, willingness to change opinion,

respect for evidence,

Hypotheses to be Testéd

H

1:

and critical mindedness.

The prediction of a student's process achievement
score is not significantly enhanced by the inclusion

of the student's self-concept in science score

in the prediction equation.

The prediction of a student's content achievement
score 1is not significantly enhanced by the inclusion
of the student's self-concept in science score in
the prediction eqdetion.

The prediction of a student's process achievement
score 1s not significantly enhanced by the inclusion
of the student's scientific attitude score 1in the
prediction equation.

)

Y
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H,: The prediction of a student's content achievement

of the student's scientific attitude score in the
prediction equation.

H.: The prediction of a student's scientific attitude

of the student's self-concept in science score in
the prediction equation.

Delimitations

1. The study was restricted to those schools that were
on a semester program offering Biology in the first
semester.

2. The study did not consider variables otuner than
mental ability, grade, and gender that may have
affected the relationships under study.

3. The sample was restricted to intact classes of
Biology 10, 20 and 30 students.

4. The study was delimited to two senior high schools
within the Edmonton Public School system.

5. The study examined the research problem utilizing
only the empirical-analytical research paradigm.

Limitations

1. Because of the selected sample, the present study
has limited generalizability.

score 1s not significantly enhanced by the inclusion

score 1is not significantly enhanced by the inclusion

'2. The ir..rpretation of the results will not necessarily

have spccific transferability outside the geographic
location of the study.



CHAPTER 1II

REVIEW OF THE RELATED LITERATURE

Introduction

The literature review presented in this
chapter is discussed under the following topics:
Se1f4Concept gnd Achievement, Self-Concept and

Science Achievement, Scientific Attitude in the

LY

. A
Classroom, and Research Examining Scientific

Attitude and Other Variabfés.

Self-Concept and Achievement
A review of the literature and research shows

a perserverant and significant relationship between

general self-concept and academié achievement.. This
relationship appears to be more prominent and ‘signifi-
céntly myreapositive for males than females. Both
Campbe11 (19§5)Aand Bledsoe (1967); using se1f¥report
inventories, found a stronger relationship between
self—cohéept and achievement in males than femalés,
indicaﬁ&ng that differengesLin gender'affeét the
relationship between selffconcegt and achievement.

The observation concerning the effect of gender on

the relationship between self-concept and achievement .
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was more prominent‘in the area of underachievement.
Male students who are considered by their teachers to
be underachievers tend to have a more negative self-
concept than their female counterparts. The reason’
for this may be partly explained by examining a&a study
by Baum (1968).

Baum used the Self-Concept as Learner Scale
developed for his stuqy and found that females, both
high and low achiévers; report a higher ;elf—concept

than males.

Shaw, Edson, and Bell (1960) conducted a study

to determine if differences exist in the way‘achievefsu
and underachievers felt about themselvesl‘ The students
in the study were frqm twelve to eighteen years.of age.
The SarbinbAdjective Checklist (Sarbin, 1955) Qas
. written by the studenés participating in the stddj,
A maior conclu;ion of fhe.stqdylwasAthat male studéntil
considered by theif teachers to be normal achievers,
felt relatively more positive about themselves-than
male underachievgrs; No-si;pi; geherglizations could
be made about the female groups. |

A related study considering-;he re}ationshié
bgtweeﬁ self-concept and ach;eyeﬂent'was done bf' o -
Fink (1962). . Th; ;tudyléonéistea'bffzwo'éfbups=b£
grade'nine students paired for. academic ability. ..One -

member of each grbup was considered to be a high achiever

and thé other member was considered to be. a low achiever.

»
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The self-concept of each person was judged by -three
separate psychologists using inforﬁation obtainéd from
the éalifornia Psychological Inventory (Holland, 1959),
The Gough Adjective Checklist (Gough, 1956,, a personal
data gheet, and avstudeﬁt essay entitled "What I Will
Be In Twenty Years".

| The combined ratings of the three psycﬁologists
showed highly significant differénces in the relationship.

between self-concept and achievement between the

\

individuals in each paifing. Fink (1962) concluded that
‘there is a strong relationship between self—concépt'and
academic achievement. ‘He alsovconéluded that this
rélationship is more significant in males than females.
Brookover, Thomas and Patterson (1964) conducted‘

a study which had three purposes:

N

(1) to determine whether the student's self-
concept of ability in school is related
to academic achievement.

A(2) to determine if Self—conceﬁt is differen-
tiated into specific self-concepts which
correspond to specific subject areas.

(3) to determine if self-concept is related
to a student's perception of how signifi-
- cant others view his ability.

~

Each child in the study was administered the Self-
. Concept of Ability Scale, déveloped by the authors
of'thelstﬁdy, to detgrmine hi§ se1f-concgpt qf;his
general ability, as well as his sélffconcept in specific'

subjects.
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After the mental ability, as measured by I.qQ.
scores, was factored out statistically, the students'
self—concept and their grade point averege were signifi-
cantly and positively correlated. Brookover (1964)
and his aseociatee concluded'that the";elationship
mentioned above is substantiated when subjects from a
‘selected range of I1.Q. scores aré.USed. Further, it
wes sho;n that tﬂere are specific self-concepts of ability
which differlf;om the;self—coneept of general abiliE§?
In summariziné-tﬁeir reseafeh to 1964, Brookover,
Patferson and Thomas (1965) conclhdedvthat self-concept
of academic ability 1s associa;ed wieh academic achieve-

ment at each grade level.

Self—Coneept and Science Achievement
' | It aﬁpears that few resea;chers have utilieed
Brookover's (1964) findings and have attemptedrto
further Ipvestigate the relat}onship between e student's
self-concept in a sbecific subject area and hie achieve;
ment”ﬁn that area, particularly'in sclence. j_
Brookovef (1967) guided several studie; that
investigated'the reiationship between a studeﬁl's self-
cdbncept of ability in a specif}c-subject aregtand
achievement in that subject. He found tha;ffor males

sgﬁecific self-concept of ability in scienee was a better

predictor of‘&rade%’in science than waS;%he student's

el
~



general self~concept of ability. This conglusion could
not be drawn for the fema}e”gfoups. Brookover's (1967)
research is significant ig/iight of the present study,
as it supports the use 9ffgender as a separate variable
~and the use of specific self-concept instrumeﬂtation.

Vargo (1974) invest;gated the relationéhip
between self-concept of.apility inlscience and science
achievemént witﬁfj sample of 205 grade nine earth science
students. Vargo:developed a Self~-Concept in Science
Semantic Differentia1 instrument, to measure gelf-
cbncept iﬁ sclence. He concluded that self-concept
in science was significannly and positiQely correlated
(+0.23) with the final grade in the science course.

Using the Instructional Objective Exchange
(197?) "Self Appraisalllnventory", Alvord and Glass
(1974) found ghat subscale scores of general, peer
group>and'family. as well as the compos;ue self-~
concept‘score, decreased in their-poténtial for pre-

t

dicting science achievement, as measured by items.

1 -

frogm the National Asseésmeht~of,Educational Progress

- . e

est Battery.

Doran and Sellers (1978)\investigated the

r ationsﬁip bétﬁeén a student's self—concept’in

science and his sciepce aéhie%ément:uéing mthal ability‘
and -gender as the indéﬁendent variables. ‘Utilizihg‘

the Self-Concept iﬁfséiénce.Scaie‘with a gféﬁp_of

grade ten students (N=300)'this‘s;udy ;ftémeed to

Y -
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answer two questions:

(1) 1Is there a relationship between students'
" mental ability, gender, biology achievement,
process achievement and their self- concept
in science? , v

(2) 1s there a relationship betwéen students'
differential achievement in biology,
process achievement, gender and their self-
.concept in sgience?

The results of the data for question 1 indicate
that mental ability, gender, and measures of science
achievement were useful in preddgcting Students' self-
concept in science; It was‘concluded that the higher
the level ofbprocess achievement and biology achievement,
the higher the level of student self—concept in scierce.
It was also fonnd that when the mental ability contribn—
..tioniwas etatistically removed, the relationship between
‘selfrconcept and science achievement nas severely reduced.

In the second part of the" study, the effect of
mental ability was controlled in order to study the
relationship of aghievément topself*concept in science.

B

 ,From the data, it ﬁas’concluded that gender differentia-
tibnwwas net useful in therrediction of self;concept "

when mental ability was.partialled out. Since the

l;existence‘of the relationship between the complete set

of independent variables and the criterion variable was

not eatablished, reaearch question 2, stated in theﬂnull

form, was not rejected v

Summarizing ftom the brief review of the literature
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on self—éoncept in science studies, one‘may tentatively
state that self-concept is positively related to achieve;
ment, and that gender and,ﬁentel ebility‘may‘be important
variables to consider when studying the relationship

between self—concept in science and atademic achievement.

s

Scientific Attitude in the Classroom

wIn order to expiicitly present the concept of
scientific attitude as used in the present study, it
should be distingtished from the - i;?ty to use scieﬁtific
\Rggcedures."A sggdent,may be eble "o .(emonstrate |

effectively many of the process skill» thzt are often'

b AN

utilized in science classrooms, but may not possess a
positive scientific attitude. In other words, although

" a student may possess the ability and Akills,{equired
— ) A\)
to do science work, the fact that -he doe& not use these

skills from day to day in his science class suggests
' o

that he does. not possess a positive scientific

4

" attitude (Martin, 1972).

For Brown (1970), the contrast is between what
a person can do (ability),aﬁd‘what a person preferg to

do‘(a;titude) in a science activity. TQ\E\a student

prefers to peérform certain deeds in science assumes that
he understands why it is that a particular action is the

preferred one to take in anyvgiveh situation. Dewey \

(1934) supports Brown's (1970) distinction by describing

] . \ .
the scientific attitude as the will to use scientific

¥
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A}

attributes in the science classroom and everyday life,
which are‘khose attributes displayed. by scientists at
their work. Such attributes would include: questioning
attitude, critical mindedness, suspended judgement,

open mindedness, willingness to chamge opinion, respect
for evidence, and honesty.

Although the distinction in the literature is
often made between attitudes and abilities, it is often
overlooked by many researchets (Renner and Stafford,
1972; Baunel and Berger, 1965). For example Bsumel and
Berger (1§65) show the lack of awéreness between attitude
and ability by representing their four components of
scientificiattitudexas abilities.

"In attempting to determine the nature of the
scientific attitude as it relates to the present study,
further distinctions have been made in an attempt to
define explicitly what is meant by scientific attitude.

Gardner (1975) has suggested that scientific
attitude refers to attit&des toward science or how people
feel about some aspect of science. He further suggests
that scientific attitudes should be called styles of
thinking because there seems to be no identifiable
components of the scientific attitude that can be
labelled. Gatdner (1975) maintains that there are too
many -variables' to be able to accutately define hisg
notton of scientific attitude.

N
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Klopfer (1971) and Sears and Kessen (1964) have
taken a different perspective on the interpretation of

scientific attitude. They suggest that scientific

rattitude represents an attitude towards certain affective
decision making procedures of scigqee, which includes

such traits as curiosity, open mipdedness, objectivity,

intellectual honesty, willingness to suspend judgement,

and respect for evidence, as well as others not mentioned

¢

here.

Klopfer (1976) adds to this distinction of
sclentific attitude as opposed to attitude toward science.
He p&}nte out the difference between enquiry procedures
as &hey occur in SCience as a discipline (Schwab, 1962),

and en&piry procedures as they are incorpotated into
\ M .

. \
‘the subject of science.

Id‘Klopfer's (1976) sclieme, a student's prefer—‘

1

ence for reﬁding about experiments performed by scientists
would be relgmed to his attitude toward science, while

a student's preference for*doing.experiments in the

in -

manner that scientists perform them would relate to the
extent to which he adopted the scientific attitude.
The area of research surveyed in the present study
refers tolthe‘extent to which students demonstrate the
willingness to perform classroom experiments 1n the
manner that scientists do, and the degree to. which they
understand the reason for doing so, rather than the ) J

attitude they have towsrd science.
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Nay and Crocker (1970) have made a further
aistinction witﬁ respect t§ the nature of the scientific
attitude. Their main thesis states that it is generally
recognized that scientists exhibit a number-of attributes
in their research activities. Based on this notion, Nay
and Crocker (1970) constructed an inventory of attributes
of ;cientists at their work, and attempted to show their
relationship to the knowledge and process dimension of
scienee teaching. The inventory of attributes to deter-
mine the manner in which scientists do their work was
constructed on the basis of.inter?iews with scientists,
and by survefing the literature on thé nature of science.
The result of the inventory was a comprehehsive, but not
exhaustive, list of attributes of scientisfs at their
work. The list of attributes of scientists at their
work was categogized intovseveral_sub-éomponents which
are as follows:

interestsl .

operational adjustments

attitudes or intellectual adjustments

appreciations )

values or beliefs ., , 7
The_sub-componénts that compose the inventory of
attributes of scientihts at ‘their work do nc- form a
hierarchy and no claim was made by Nay and Crocker (1970)
that any sub~ component of the inventory was more import—
ant than any other sub-component. \

i Kozlow and Nay (1976) have taken the sub-compénent
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of gttitudes or Intellectual sdjustments and have labelled
thié the scientific attitude. The scilentific attitude

is defined as being composed of eight identifiable com-
ponents which are as follows:

respect for evidence
objectivity
openmindedness
N willingness to change opinion
honesty
suspended judgement
questioning attitude
critical mindedness

The components are not all inclusive of the original
attributes identified by Nay and Crocker (1970), but

are the omnes tésted fof in The T;Bt on Scienmtific
Attitude (Kozlow and Nay, 1;76). The Test on Scientific
Attitude 1is being used in the present study aud will be
discussed in Chap?t:er 111:

The definition of scientific attitude, as used

in the present study, may be displayed graphically

-

(Figure 1).
In summary, scientific'attitude as used in the

present study is a collectionqof compdnents that combine

to form one of the several affective attrfbutes of
scientists, as ldentified by Nay and Crocker (1970).

In thisfétudy, sclentific attitude will be measured by

N

the use of a revised version of The Test on Scientific

Attitude, which was originally aeveloped by Kozloﬁ

£

and Nay (1976).



’ FIGURE !

Graphic Representatjion Depicting the
Definition of Scientific Attitude

Nay and Crocker (1970)

Attributes of Scientists

Interests -
Operational Adjustments
Appreciation

Values -and Beliefs

Attitudes ————seee—pr Kozlow and Nay (1976)

Sciefitific Attitude

regpect for evidence
cbjectivity -
openmindedness

willingness to change opinion

honesty
(\\\ su&penQed judgement
\\ questioning attitude
critical mindedness

Fi
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.Research Examining Scientific Attitude and Other Variables

Working with elementary school children, Clarke
(1972) found no difference between higher I.Q. and lower
I.Q. children in their scientific attitude. At the high
schéol level, Meyer (1;39) found no relationship between
scientific attitude and intelligence. This study was
supparted b? Wynn and Bledsoe (1967) and Wick and Yager
(1966) who found no relationship between scientific
attitude and achievement in test items. Both of these
studiés‘,sed gain scores as measures, which'can.léad
to problems of unreliability (Ferguson, 1976). The
studies mentioned’above do not suppor the use of menfal
ability as a separate variable in this study. However,
‘it is felt by this author that the lack of in-depth
literature on the topic would w%rran£ further investiga-
tion into the effect that méntal ability may»have, when
considering the relationship that may exist between
sclentific attitude and cbgnifive variables such as
achievement. |

Somé\studies have reported poéitiQe relationships
between scieﬁtif£2'§ttitude and cognitive variables.

LI

ﬁutall (1971) reports a high positive correlation between
scientific attitude, as‘measuréd by the Séienéé Attitude
Questionnaire (Billeh and Zakhariades, 1975), and exami-
nation grades in séience. Channoﬁ (1971) reports simi-

larly high positive felationships using the Science |
> . o
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1

Attitude Questionnaire and various achievement tests
of convergent and divergent thinking.

It would seem that from the limited amount of
literatgre on the relationship between scientific
attitude and achievement in science, more research is
necessary to gain a better understanding of the relatiﬁn—
ship that may exist between scientific attitude andl
cognitive variables.

Gauld and Hukins (1980) report, in a review of
the literature on scientific attitude, that geﬁder is
probably the ;ingle most' important variable related to
a student's scientific attitude. This report is
supported strongly by Kruglak (1978) and by Hukins (1963)
who concluded in their studies that gender was an
impértant Qariable when cﬁnsidering students' scientific
attitude. The two studies showed that males were more
likely to have a higher positivé-écientific attitude
than females. The:research of Kruglak (1978) and |
Hukins (1963) seems to indicate the use of gender as

a separate variable in the present study.

o

‘Summary

If research into scientific attitude is to be

of value to the classroom téacher, the- pertinent

literature suggests that more attention needs to be

¢

devotéd to_examining.scientif}c attitude and its re-

lationship to' such éognitive variables as‘achievement.

“
. ’

-



. CHAPTER III

EXPERIMENTAL‘PROCEDURES AND, DESIGN

Introduction

~Data collection in the present study made use
of four test instruments which provided a measure of

the students' Biology'bontent achievement, process

achievemeng, scientific attitude and self—cahdept in
science. Content achievement was measured by the Senior
High School Biology Achievement Test and the scores

obtained were correlated with final grades from their

Biology courses.

Before usihg the Test on Sciedtific Attitude

in. the present study, it was felt that major ‘revisions

[y

of ‘the original test wefe ﬁecessary)' The description
of the procedures uéed in produciﬁg the reviged version. -

of the Test on Scientific Attitude are discussed in

- *
this Ch?p@@;;.

The experimental design and the statistical

proéédures used to @nalyze the data are also discussed

1

in’ this chapter}
Sample _ . : .
The popdlatiqh from which the sample was drawn

, , ‘ ; ‘
consisted Qf three Biology 10, 20 and 30 classes in the

- - . " - ~
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Edmonton Public School system. After consulting a
number of teachers regarding the study, the saﬁple was
selected on the basis of those teachers who agreed to
lend their classes to the study. The selected sample
consisted of students in Biology 10, 20 and 30 classes
from two schools in the Edmonton Public School system.
.The number of students éompleting the testing battery
may be found in Table I. This table also indicates the

sample breakdown according to:grade level and gender.

Instrumentation

The Self-Concept in Science 8cale (SCSS), tﬁe
Processes of Science Test (POSf), the Sénior High School
Biology Achievement Test (SHSBAT), and the Test on
Scientific Aftitudé (TOSA) were administered to students
as part of the data collection of this study. Students'
‘scores on the Canadian Lorge Thorndike Méasure_of Mental
Ability Test were bbtaihgd from the student files.
Students' seores as a measure of theif final grédes'in
~ their rgspective Biology courses were obtained from :

their teachers.

Self-Concept in Science Scale - (S€SS)

The Self-Concept in Science Scale was developed
by R. Dofan and B. Sellers (L978) to measure a student's
self-concept in science. The inSfrument is built upon
two majof dimensions which include:

)

’



- TABLE I

Sample Breakdown Based On Grade Level And Gender

Grade Level Tofal Number Total Number thal Number

« 0of Students . of , . of
Male Students Female Students,

Biology 10 68 .. 34 34
Biology 20 67 . 322 - 35
Biology 30 89 ) 32 57
oAl 224 98 126,




(1) operations of learning in a science
classroom
- (2) self-concept

The '"operations of learning in a science class-
room" dimension is divided into:

(a) processes of science
(b) methods ’

The processes of ‘ience upon which the SCSS

was built are:

observing clc isifying
inferring communicating
predicting processing of data -
quantifying concluding ’

The methods and techniques involved in learning

upon which the SCSS was built are:

reading individual projects
listening multi-media presentations
taking notes memorizing

demonstrations class discussions

cIass interaction reference and library work
test taking . working with materials and
field trips ) : ’ equipment

" Both major subdivisions of the operations of
learning subscaie emphasize many of the things a
student should be able to do in the science classrooﬁ

"(Doran and Sellers, 1978). |
The self-concept dimension of the scale is
composed of the three sub-elements of the self as
postulated by Fit;é'(1971). ‘These three sub-elements
are: |
(a) didentity

(b) self-satisfaction
(c) decision making
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The.sixty-three statements uséd in the instrumént
include one statgment.for each of the tgénty—one opera-.
tions of learning at each of the three sub-elements of
the self. Student response is on a five point Likert
scale. (See»Appgndix I for a copy of this instrument.)

Content validity was ascertained by cafeful
adherence to a séecific defin;tiOn of'self—concept; w .
processes of scilence and methods of learningL A banel
of nine judges (univérsity_profgssors, science teaéhefé

and doctoral stuvdents) judged each statement -as .to the

sub-element of se” and the opérétioﬂAof:learning.under
which each item ~»uld be categorized. The judges wele

in total agreement as to the ca;egorization_dffihe

3

-

statements in the SCSS. . L

. y

‘Concurrent validiﬁy‘of.thg SCSS total énd'subﬁ S

scalescores was established by .correlatioms with the

’Teﬁqusee Sélf?Cancept“Scalé."Tﬁe’correlétion coefficients

Y ce,

.

" were: . . . ‘ . R o
~’.,"}':(1) identit’y, N ' 43 . _" | 5 . e
(2) self-satisfaction .44 . T
(3) decision making 42 e
(4). total score .48 s .

7 oo .
;internal . - - .
ﬁ. : )

The KRe?O‘is used as a measure of
‘consistency ‘and is given at 0.80. The test-retest
cqrrélqtion‘cdefficient ib_used_aé'&aﬁeasuré of test

3 Lo

stability and is given at .0.82 with a four week delay . ' -
‘.bgtweén tests. '?5 e T f{_f':¢5ﬂ7v7 oo
) ‘, . " ) ’.:J \ D
'7 - ? ’ . ’ v 4 N
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Processes of Science Test (POST)

"The Processes of Science Test (Biological

Sciences CnrriculumAStudy, 1965) was initially developed

as one phase‘of the Biological Sciences Curriculum Study
(BSCS) evaluation program. In preparing POST, the focus
AN

was on the intellectual hiStory of Biology and science

as inquiry. The concerns of the authors were with the

.vmethOdology of“Science{.the.bases for judging facts,

’

principles, and coneepts;'the extent to which the student

'had developed standards for judging or appraising data,

"the student s ability to interpret qualitativekJata, and

‘-his ability to screen and judge the design of experi-

J%A

measurement. : o

AStudy to appraise a student 8 understanding of,general

ments. The_test measures.the ability of students to

recogniZe.adeduate c;itefia for actepting or rejecting

vhypotheses, and to. evalque the general structure of

.

_experiméntal design 1n science. including the need for

«contrbls, replicstion,%adequate sampling and careful

PR ' . . .
The POST consists -of” forty multiple choice

-

fitems designed to provide 2 standardized estimate of

vthe procesSES of science.. Since this test was speci-

-
. »

fically pvepared by the Biological Sciences Curriculum

e

: scientific principles and scientific reasoning ability, vow

A

it is also-useful fot courses other than Biology where

oy

‘;'-the‘underécanding.of the processes of science is important.
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Two types of*reliability are presented for
POST. A split-half~intern§l consistency cofrelation
coefficient of 0.82, éorrectéd by the Spearman~Brown
formula, was obtained. - The test-retest measures are
correlations between two administrationg ofAPOST with
one school §ear between testiqg.' This correlation

coefficient 1is given at 0.72.

Senior High_School Biology Achievement Test (SHSBAT)
The Senior High School Biology Achievement
Test (Alberta Education, 1975) was designed by the
Depa;tment of Education based ;n thé Cou}se of Studies
for Aiherta Schools (1970). It consists of three
sectioné“(A,rﬁzand C) each of which contains forty
items. E#éh section of the test conta ns -est items
relevant to %ﬁgh grade level of the ﬁigh School Biology
program. This\;u}tiple choice tés; is designed to
measure a student>§ knowledge of Bidlogy content.

The KR~20 rel .bility coefficignts for the

questions pértainingrto ach grade leveijare as follows:

Biology 10 0.82
B Biology 20 0.83 ,
Biology 30 0.89 : N

Contené§validity with respect to tQS individual school

or classroom hecessitates the judgement of the teachers

concerned. The teachers who participated in the present .

study were unanimous in their agreement that the content
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of the test was valid in yiew of the present day , °
curriculum. To lend supﬁort to the content vaiidity
claim maae by tﬁe teécher;, the score obtained on the
SHSBAT was correlated with the stuaent's final grade in
Biology. The Pearson r correlatiop coefficient was found
to be 0.79. Assuming that the teachérs who participated
in the study covered the topics outlined in the Alberta
High School Biology Curriculum Guide) a correlation
coefficient of 0.79 would indicate that the SHSBAT was

a valid instrument to use as a content measure in the

present study.

Test On ScientifiévAttitude (TOSA)
Revision Procedure

After examining the original Test On Scientific
Attitude ‘Kozlow and Nay, i976), it was felt that a
revision of this instrument was necessary. The major
factor that led to_tﬁe decision that the test be
revised‘was the reliability coefficients given f&r Ehe
original test. The KR-20 reported for TOSA was 0.55

and the test—}etest reiiability was given at 0.71.

' )

Although these figures may be considered.acceptablg for
an attitude measure, this writer felt that revisions
might result in an -improved test.

A second factor indicating necesgity of revision -

- was that item analysis revealed some of the test items
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to be po%rly worded or had distractors which were not
psychometrically sound. The abeve decisions and subse-
quent revisions were made in close collaboration with

the original authors.

| The first step in the revision procedure ihvolved
the cohstruction of twenty new tesg)items, ten of wﬁith
were discardéd afge; prelim}nary analysis. It was felt
by this writer and the oriéinal authqgs of TOSA that the
ten discarded items did not édequately represent whét
the test purportéd-to measure.

The second step in the revision procedure was to
examine the item analysis of the original test to deter-
miﬁe those items in need of revision. Questions.requiring
revision were quified‘so thaf they were deemed to be |
acceptable by the authors. The criterion used to decide
whether or not a test item should be modified were as
follows:

(1) the difficulty index of the item could not
lie outside the range of 0.20 to 0.80.

. . .
(2) the discriminating power of the item ﬁﬁd

to be above 0.10.

* »
(3) all of the distractors had to have drawn
at least two percent of the responses.

(4) the point biserial correlation had to be
above 0.100. : :

The fifty item test was then presented to a
panel of judges. The panel consisted of the two

original authors, three professors of science education
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at the University of Alberﬁa. and two science teachers
who were working towards graduate‘degrees in science
education. The purpose of the panel of judges was to
validate the instrument by:

(1) establishing the appropriate response for
each test item.

-

(2) classifyipng each item into its appropriate
: sub-test,.

(3) establishing which attitudes were Peing
displayed by each test item.

Appropriate Test Item Response

. The appropriate response for‘each test itgm was
established by unanimous agreement by the panel of
judges on all but seven questions: 9,’13, 16, 26, 30, 37
and 50. On four questionsj 16, 26, 30, and 37, one panel
member disagreed with the regt of the panel. On three
quesfions, 9, 13, and 50, two panel members disagreed
with the rest of the panel. All but two of the disagree-
ments were resolved through a discussion of the intentions
of thgsé test items. The disagreements on questions 30
and 50 vé;e.not resolved, so it was decided to accept
the response that the majority of panel members had
made. |
Sub-Test Clhssification

The fifty items whicﬁ-were-used in TOSA were

dividea 1nto_tﬁo sub-tests of twenty-five'itebs each.

The stems of the items in the Cognitive Component



Sub-test (CCS) degcribe a situation a scientist might
encounter in his work. The student is asked to select
the c?urse of action éﬁichyhg\pelieves woﬁ}d\gf most
appropriate for the scientist. These kinds of\\tems are
designed to measure the student's understanding(gf the
role attitudes have in influencing Scientists"actions
(Kozlow and Nay, 1976).

| The stems of the items in the Intent Component
Sub-test (ICS) present a situation which the student
might encounter in the science classroom or in everyday
activities. The student is asked to select a course of
action which best describes his reactiog to the situétion.

The classification of the items inté their
appropriate sub~tests was establf@hed by unanim;us
agreement by the panel of judges on all but four questions:
31, 43, 47, and 49. When those panelists who were not
in agreement with the rest of the pagll were consulted, .
and the nature of the sub—tést explained, unanimous hd
agreement was obtained on the item to sub-test classifi-
cations.
Classification of Attitudés Being Tested .
The third task of the panel was to relate an

atfitude or attitudes to each test item. A question was

said to be testing an attitude or attitudes if five or

more of the panel members responses agreed. Panel
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members were given a description of}bghavior&l Intents
developed by Kozlow and Néy (1976 to guide them in
this task. The distribution of attitudes as glven by
the panel 1s summarized in Table II.

When the test itews were written, an attempt was
made to prepare equal numbers of items for each of the
six attitudes and two sub-tesgg. STnce se;éfalnof the
behavioral ;ntents defining the attitude are listed under
more than one attitude (Kozlow and Nay, 1976: 152-153),
the questions based on theée behaviors are likewise
associated with more than oﬁe attitude. Another factor
contributing to the uneven distribution of questions
amongst components of the scientific attitdﬂe is that items
were agsociated with only one intent when they were
written. Closer inspectio: of the question stems revealed
that for some questions, the keyed response whskpela§ed
. to one attitude, while other alternatives were related
to other attitudes.

Administration of the pilot test took place in
December of 1980. One hundred and eighteen students
wrote tlie exam, thirty-one Biology 20 students, thirty-
two Physics 20 students, and fifc&—five Chemistry 20

P
-

students. ' *

>



TABLE II°

Summary of Panel Responses Relating

Test

Items To Attitude

[ Attitude

yP

Question Number

Crifical M;ndedness
?uspended Judgement
"Respect fbr Evidence

Honesty
Objecéivity

Willingness to
Change Opinion

3, 8, 9, 11, 19, 21, 22, 27,
30, 31, 32, 47, 49.

1, 2,°6, 7, 8, 10, 12, 13, 14,
15, 24, 26, 29, 34,.35, 40,
41, 44, 45. :

3, 4, 10, 13, 14, 15, 17, 19,
20, 21, 22, 24, 26, 28, 32,
35, 38, 41, 42. .

4, 23, 25, 33, 36, 46, 47, 50.

73 16, 17, 18, 27, 28, 29, 30,

35)’ 37. 1-62, 43’ 35. 48.. 49-

6, 11, 12, 15, 20, 29, 39, 48.

©
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Results, of the TOSA Pilot Stud&
Descriptive Statistics
For the one hundred and eighteen students

-4

tested, the means for TOSA, CCS and ICS are 54.4, 50.0

..

and 59.0 percent respectively. The standard deviations
are 8.9, 11.2 éndl10.8'respectively. The correlation
between the CCS and the ICS is 0.22. This low correla-

tioﬁ,suppoits the division of the questions into the

" two sub-tests as it indicates that they are measures of

different entities. - ~

Item Analysis ' o T

Students were allowed sufficient time to

complete all items of the test. Most of the alterna-

v

-

tives proved to be acceptable distractors. Out of th

two hpndred'alternatives analyzed for the fiftry queétions,‘

o

six altefnativeé‘rgceived less than three percent of

the responses.- The distractors that received one to
- o e - » b

two ﬁercent of the responses-ﬁere°in relatively.easy
questionsthere‘tﬁe di?ficulty index was 0.80 or higher.
It 1is poégible that the nature of the sample whicﬁ was
tested may havéAdontriBut;d to raiéin§ the difficultyv
ihde* of some of the easier questions. Clam stry,

R
Physics and Biology are not compulsory courses, therefore, A

- =2

‘most .of the students registered in these courses are®

taking the-dbutsekby‘choice or as a»preréduiaite to

" further study iq tﬁe.sub}gct;; Also, a certain amount

-

of sérééhilg is done before étudents can take these courses.

TN
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Reliability

The KR-20 coefficient is used as a measure of
1ntefnal consistency and the tr-st-retest correlation

coefficient is used as a measure of test stability. For

-

" the sample of one.hundred angd eighteen students, the

KR-20 coefficients for TOSA, CCS and ICS are 0.55,

+

0.42 and_0.36 respectively. A number of factors may have

contributed to these coefficients. There is some evi-

dence that some of the questions are not related to the

1
|
\

A\

rest ot the test. In the cbnstruction of the test, no

attempt was made to ensure tliat the item difficulties \\

S

wouldvbe near 0.50. The fact that six of the questions
have difficulty indices above 0.75 or ﬁelow 0.25 will

tend to 10wer;the:KR—20 coeffitients. The coefficients
will aléo be affected by test iengtﬁ and reduced bécéuse

the sample was homogeneous (Gullicksen; 1950).

The test-retest correlation coefficients for ;,fﬁ-

-

TOSA, CCS apd ICS are 0.86,°0.83 and 0.79 resﬁectivef;.
These correlations were calculated from écorgsrféf

: ' N : - o
one hundred and six studénts for a test-retest period

of five weeks.

Validity

The content validity can be argued GR the basis

4
’\.,.O

that the attitudes which the test is designed to measu; d
were from a list of affective attributes of sciegtists

and were validated by a ﬁanel of judges._,Theabéth1otal

C s
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épecifications of these attitudes were selected on the
basis of the responses of the same panel of judges. The
conﬁent of the items describe science related situations,
and the content of the items is comparable with the
ideas expressed in a wide va?iety of science reading
material. The validity of the keyed reéponses hés been
demonstrated by the samé panel of judges.

Summéry

TOSA is a fifty item multiple choice test
originally constructed by Kozlow and Nay (1976) and
revisedlfor the present study. The test is composed
of twq subtests of fw:ﬁty4five items each.  Each
question is écored 1-0 with one keyed responge for
eaLh question. The test statistics were discussed
éaélier in this chapt;r." (See Appendix II for a éopy
of the instrument.) ' |
. . : , | A
Data Collggtion".

Three imtact classeg\of Biology 30 studenfs
_from one_Edmoﬁtgn Public Sc;;ol participated in the”
Nstgdy{ Three intact classes of Biology- 10 and Biology 20
;tudents from a éecond Edmontdn Public School also.
participated in the study. The distributionrof étuden:s
by grade level and gendef vas given in Table I.

* The tesﬁing battery was administered during a

two week period within two weeks of the end of the first
. , ’

J' .

»
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. -
semester. Testing was done at the end of the semester

to allow the teachers participating; the study to use
parts qf rhe testing battery in The,calghlation of their

. o { L :

final grades. It was Xelt byfthis'writerAthat if the
. . . TN

students knew that the results were being ueed in the

calculation of theit ﬁinal grades, they would participate
in the’study in a‘more seriouefiashion, thus enhancing
_ / ,

the validity of the r¢s8dUlts. .
| The nentei ability scoreg/nsed in the nresentr
study‘were obtained from.the‘students' files. The files
contained the results from the Canadian Lorge. Thorndike
Mental ;bility Test, written by the students in their
final year of Junior High School. Students whose mental
ability score could not be'obtainéd were not used in tne
present study. ‘ |

All of the tests were administered under the
supervision of this researcher and the classroom teacher.
The test battery was administemed in the following order:

1. Self-Concept in Science Scale E

2. Processes of Science Test

3. Test on Scientific Attitude

4. Senior High School Biology Achievement Test
All of the.students,were allowed to complete,eacheof the
tests. The students indicated'their‘aneWers to'the'test
items on the Univereity of Albetta; Computing Services,
general purpose optical scoring.sheet.vatudent réeponeee

~

were scored using the Optical Scale Score Program at the

&

University of Alberta, Computing Services Division.
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The raw scores for all of the tests were used
in the analysis of the data with the exception of the
acofes obtained on the SHSBAT. The raw scores on this
test were firstbconvérted into percentile scoxés. Thel
conversiqn was done according to the norms in the test

manual.

Statistical’Procedures ~ ; .
Where 1ntactvclassrooms are employed, a
étatistical rather than experimental methodumay be used
to adjust for the effects of_uncontrolled variables and
allow for a valid evaluation of the outcomes of the

study (ﬁerguson, 1976).

In certain education research problems,
pafticularly fhose hﬁvolving érediction, it is often
desirablé to determine the correl#tion>between a
criterion variablée and a combination of préd{ctbr
variables each of which correlates to some degree with
the criterion. .The statistical procedure used to test
the major hypothesis in the present étudy was the step-
wise multiple regression procedure. This procédure
yielded(a mul;iple‘reg:ession eqhation that combined
the predictive value of sevefal variables intb a single
formula. This‘aSSuméd that those variables entering
the regfession equa;ion aécountqd‘for a sigﬁificant

portionbof the criterion variance. The stepwise



multiple regression equatiOn weighed each variable

- - \

in terms of its importance in’ making the desired

prediction.f From this. procedure, it Was possible to, d

&

tell whether or not the predictor variables undex study

enhdnced the'efficacy of prediction of the criterion "g'
ble. .. ;' P t" o - '_. I .

‘varia ’%e '. ' - 7';’:1 ’ \\‘{' ) o . T g ’ "-"

The stepwise regression procedure used in the,ﬁh“

‘ . ‘

“

present study was carried out by the MULRO6 program of .

IS

the D. E R. S. Library at the UniVersity of Alberta. A

-

Further discussion of the details of this procedure may-~

¢

- be found in Draper.and Smith (1966);¥ Whenﬁa significant ey

v ‘n

positive correlation was found between\the criteriOnvf

variable and the predictor variable under\study, an’ ¢

' attempt was - made to determine the neture of this ,f~
R {-

‘relationship. ,Partial correlation was employed in the

4 +

”present study in’ Order~to individually rule out he

- . ot

effects of mental ability, gender and grade level._*

<@

. J LI
'This was done in ‘an attempt tb clarify the effects of

Kl

the predicto; variaﬁle under study upon the critetion

b .,-..

J -

.,behavior pattern, and thus ‘answer the associated S PR

2
PR L.

:}research question outlined in Chapter I. L

P

. The partial correlation procedure used in the_

pregent, study was carried out according to that procedure

~ °

outlined in Statistical Analysis in Psychology and

P} . d A

.Education (Ferguson, 1976 453 456) 3‘:";' v f“\_l



CHAPTER 1V

+~ .7 RESULTS AND DISCUSSION \

. Intreduction
’ ) ,Chapter IV presents the results of the present
v §QUﬂ9;in three separate sections. The first\section

e

students' test ddta,‘used in determining the.value of

"éelf—concept in science as a predict r of proces

“'second section'repoxts the statistical regults computed

" from the stﬁdenté"test data, used in deterimining the

" value of gciéntific attitude as a predictor o process
achievément apd of Biology content achievement. \The
'final section ;eportp the statistical results computed
fram the'students; test data, used in detefmining'the
value of self~concept in science as a predictor ofi

_réc;entifié atti-ude. The presentation of the statistical
dgta 18 followed By'a brief discussiom of the results
in each section. ‘

Statisticai results for ghgm;egression énalysis

- were computed by the bivisidn‘of Edﬁcational\ResearEh

Services documented computer programs. Partial corre-

lation coefficients calculated in the'present study were
A

\\
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\

\

done as outlined in Statistical Analysis in Psychdlogyy

and Education (Ferguson, '1976). In the statistical

analyses, probability levels‘for the partial correlatign
coefficients and for the variables entering the regression
equation are céhsidered to be statistically significant

at the p < 0.05 level of probabili-ty.

The Use of Self-éoncept in Science as a Predictor of =~
Science Achievement

The Relationship Between Self-Concept in Science and

Process Achievement

i

Hypothesis 1 states that prediction of a
student's‘proéess achievement scoFe wiil not be signifi-
cantly enhanced by including that student's self-concept’
in science score in the regression equafionf In order
to establish whether or not self-concept in sé@ence 7
w;s a good pfedictor,of process achievémeﬁt, thesétépwise‘
regression an@lysis described in Chapter III’wgs~carriéd
éut. The resulfs of this statistical procedure are
presented in Table IiI and Table IV.

| Table III reports the intercorrelations generated
between all éf the Qariables examined in the presént
study, as wéll as the means and standgrd deviations of

these variables.

Table IV reports the-order of the predictor

-vdriables entering the regression equ#tion, the associated

F values for the ladst variable_entériﬁg the regression



TABLE III

7
£

.Hnnmﬂnonnmwwn»onm. Means, And Standard Deviations
of Gender, Grade Level, Mental Ability, Biology
Content Achievement, Process Achlevement, Scientific

Attitude And Self-Concept In Science

1 3 4 5 6 7

1. Gender ‘ 1.00

2. Grade Level 0.12 % 1.00 ’

3. Mental Ability -0.08 -0.04 1.00

4, wwcwomw Content Achievement 0.04 0.03 +0.28 1.00 .

5. Process Aghievement 0.03 +o“bm +0.25° +0.43 1.00

6. Scientific Attitude +0.19  40.30  +0.19  +0.32  +40.57  1.00

7. Self-Concept In Science 0.00 0.06 +0.14  0.06  0.06 +0.14 1.00
Mean 1 113.9  59.9 = 23.6 - 25.3 -202.6

| - 100 40 50 260
Standard cm.imﬁos 12.5 14.1 5.4 5.2 15.9
- .

+p < 0.05



TABLE IV

. Stepwise Prediction Of Process Achievement
Scores From The Predictor Variables of
Gender, Grade Level, Mental Ability,
Biology Content Achievement, Scientific Attitude,
' And Self-Concept In Science

5
F Value Total Probability Percent Of
For Last » F . Level Variance
Variable Value For Last Accounted For
‘Entering Variable
Scientific £ 107.1  107.1 .  0.001% 32.
Attitude .
Grade 41.6 84.2 T 0.001% 43,2
Biology ' 37.1 77.7 0.001* 51.4
Content . :
R - Achievement
Mental 7.1 61.7 0.05* 52.8
Ability
\
Gender ‘ 3.4 7. 50.5 0. 53.7
Self-Concept 1.2  "42.3 0.5 . 53.9

inx Science

- *p £ 0.05
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equation, the total F‘value and its associated probability
level, as well as the percent variance accountéd for by
each predictor variable entering the regression equation.
On the basis of the &ata presented in Table 1V
Hypothksis 1 is not rejected. Thus, on the basis of
the data collected in the present sthy, self~concept in
sclence 1is not significantly related to process achieve-
ment and including a student's self-concept in science
score in the regression equation woulévnot enhance the
efficacy of predigtion of a process achievement score for

-~

that student.

The first variable to enter the regression
equation is scientific attitude, which is able to account
for 32.5 percent of the variance. The next vériable
to enter the regression equation is grade level, which
incréases the variance to 43.2 percent. The thi;d
variablé to enter the regreésion equation is content
achieveﬁeh;, which raises the variance to 51.4 percent..
The final variable to enter the'regression_equation.
significantly at the p € 0.05 level of probabilit} is
mental ability, which inc¢reases thé varlancé to 52.8
percent. The above predictor variables have 52.8 percent
:common‘vatiance_with the process achievement variable, .
Qnd will permit fairly accurate pgediction of process
“'\achievem-ehrt (Borg and Gall, 1979).
| .The weighted_regréssionvequation for the

\ - ' -

2



prediction of process achleVement generated as a result

of the data analysed 1in the present study 1s as follows:
y - 0.36Xl + 2.45X2 + O.IOX3 + O.OSXA - 25.22

» X,» X5, and Xa are sclentific attitude scores,

grade level, Biclogy content achievement scores, and

where X X
mental ability scores respectively.

The predictor variables of gender and self-
concept.in science did not increase the percent variance
accounted for significantly at the p € 0.05 level of
probability and thus were not considered in the regression
equation. This was the major factor that led to the
decision that Hypothesis 1 should not be rejected.

Since the present study did not find the exis-
tence of .any sigﬁificant positive”relationship;between
self-concept in sPience and process acﬁievement, the
associa;ed research questions as to what effecé mental
ability, gender, and grade level have on this r;&;tionshiﬁ

cannot be answered on the basis of the data colkected.
’ !

The Relationship Between Self-Concept in Science and
Biology Content‘AchieyengEE

Hypbthesis 2 states that prediction of a student's
Biology content achievement scere will not be enhanced
by includiné that student's selflcancept in science score
in the‘regreésion eqﬁation."ln order to.establish whether
or not self-concept in science was a8 good predictor of

Biology content achievement, the stepwise regression
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A\
analysis described in Chapte?® 111 was carried out. The

results of the regression ahalysis are presented in
Table III and Table V.

Table V reﬁorts the order of the predictor variables
entering the regression equation, the associated F values
for the last varjable entering the regression equatijon,
the tatal F value and its associated probability level,
as well as the percent variance accouﬁ?ed for by each
predictor variable entering the regression equation.

On the basis of the data presented in Table V,
Hypothesis 2 18 not rejected. Thus, on the b#sis of the
data collected in the present study,‘selfﬂconcept in
science is not significantly related to Biology content [
achievement an® including a student's ;elf-coucept'in
sciénce score’in the regression equation ;111 not enhance
the efficacy of prediction of a Biology content achieve-
ment score for that student.

The f;rst variable to enter the regression
equgéion is processNgchieveéent,iniCh is able to account
for 18.5 percent of the variance. The next variable to
enter the regression equation is grade level, which
an}eases‘;hevvatignce to 22;9 percent. The third variable
to ;nter the rogfession equat%oixis mental ability,

which raises the variance to 24.7 percent. The above

! 4
predictor varilbl“ }ave 24.7 percent common variance -
vith the Biology content achievgment variable. This .
; Iy

i .



TABLE V
o ‘ N
“ Stepwise Prediction Of Biology Congept
Achievement Scores From The }redictor‘ ariables
of Gender, Grade Level, Mental AbT1ity,
# Process Achlevement, "Scientific
“Attitude And Self-Concépt In Science

~ .-

"Predictor F Value - Total "Probability = = Percent Of
Variable For Last F = =X Level ) Variance P
“¥ntering Variable 'Value For Last Accounted For“™'»
Euntering - Variablg :
‘Process . 50.5 50.5 .  0.001% - 18.5
Achiévement ‘ A B _ T e
. '3’, . N ‘ ' % ; ' . . '“j:'- e
trade . 12.4  32.7 - ¥.0.001% . 22.9
=¢ - ’ Lo : o -
Mental - 5.4 24.1  °  0.05% S 2407
Ability _ L e L ® S
Sciénpific , 3-4;:6f 18.7 0.05% ° - 25.6
Attitude. e . - .
- «
Gender . 0.6  15.2 . 0.05% 25.8
. ' 5 - v \‘:, ,‘ g . '}' ) . B
Self-Concept =~ O.1 - 14.7 » . 1 0.0M A . 25.2 -
~in Science . , #%g;f . - o
) ) _ ’ rAjE’J
*p £ 0.05 o
N . 37 ,,'3'_‘.! )
o ¢ w“
g ) |
. x N K
) o .
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percentage of common variance will not permit highly
acturate prediction, but does indicate that the combiged
predictor battery will give a better estimate of\prédiction
than any single predictor. The relatively lowrcoﬁmon
varjiance between the e¢riterion variable and the battery

of predictors significant in the ‘regression equation 1is

‘q‘iterrlkely. due to the”tact that these predictoxu do
s

_ noc.correlate well individually with the Biology content

-

~achievement variable (see Table III). Better estimates

td
¥

N of prediction are usually obtained with multiple regression

P

.

o '

«

when individual predictors correlate 0.35 or greater
with the critefibn varipble and do not correlate well
with each other (Borg and Gall. 1979).

The weighted regression equation f%; the predic-

~

tion of Biology' content achievement generated as a xesult

rd

of the data analysed in the present stldy is as follows:

~

2 3

where Xl, X2’ aﬂdax3 are process achievement ‘scores,

y = 1.3%; - 3.5X, + 0.16X, + 49.7

grade level, and mental ability scores fespectively;

'
13

The predi:tor variables of acientific attitude,
o

qfnder, apd self- codcept in science did not increase the

’

LY
percent variance accounted for significantly at" the 0.05

¢ :
leti} of probability and thus were not considered in the
regression dﬁuqtlohl‘ This was the major factor that lgd
to the decision that Hypothesis 2 should not be rejected.

The decisions made in the present study regarding

@ e
g T~ Lo \5 X
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‘for thé‘velf’-conci@ in science .variela‘le, as shown in

57

Hypotheses 1 end 2 do not support previously reported
research. For example, BrookoQEr (1965,~1967) and
Dorav and Sellers (1978) found that self-capcept in a
spevific subject area was a valid pne@i r of achieve-
ment. . ' %&

It may be possible that the opposition 4in findings
between the present study and those in previous stug}es.

is due to weaknesses inherent in some of the test !%

_instruments. Specifically, the Self-Concept in Sci

Scale seems to have some of the weaknesses that are
common to Likert tests. ' ” 3
- . . . *,} ]
Likert scales have the inherent weaknes‘ that
combinations of positions on the scale cawgyiegp equal
_ ’.

score values without neeessarily indicating eqhivalent

positions of self-concept in science. This‘pay account

\\fof the relatively low standard deviation and‘high mean

Tabl{-III (Best, 1977). ~ Ve A
‘ It‘is“a%so posskile that individuals partiq;pating

in the,gtudy’mayyhave responded to items on the test

acedfding to the eay they thought they sﬁould feel,

\ ( , .
. rather than ‘how they really felt about‘themselves in .

i

science.\ These apparent weaknesses of the Self Concept

\ ~ 4

in ScienceﬂScale nay have led to high self—qoﬁcept in
. \\“ o . R

science scerea for those 'students who;seored poorly on

the process and 310103y content items. If such was the

\
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case, this would partly account for the low zero order
~correiatione between the predictor variable of self-
concept in science and the criterion variables of.process
.achievement and Biology content achievement.

Since the present study did not find the
existence of any. positive relationship between self-
concept in science agd Biology content achievement,
the associated'reseatch questions as to what effect

mental ability, gender, and grade level have on this

P
relationship cannot be answered on thﬁ baSis of the ) o
. l;‘}t."” S
data collected. SR Col

."\,' Tt
AT
PP SN

’ .
The Use of Scientific Attitude As a Predictof-qf

Science Achievement g b

The Relationship Between Scientific Attitude and
Process Achievemegt

Hypothesis 3.etates~th£§ prediction of a
student's process echievement.scofe will’qot be ‘ )
significantly enhanced by that student's ecientific
attitudilscore in the regreéeion eqeation. In order to'
establish whether or not scientific attitude was a
good predietor of.process achievement, the stepwise v
regression analysis described in Chepter III was qg}
carried out. The results of this statistical proce&hre
arq presented in Table III and ‘Table 1V.

On the basis of the ‘data presented in Table IV
Hypothesis 3 is rejected. This ed}gests, to an

-

s



59

appreciable extent, that scientific attitude and process

achievement are related and that scientific attitude 1is
a good predictor of process achievemernt.

‘The first variable to enter the regression

“equation 1is scientific attitude, which accobnts fot

32.5 percent of the variance. This indicates that
scientific attitude has 32.5 percent variance in common
with pq@%ﬁdﬂ*n¢hievement. This shared variance would

allow for reasonably accurate prediction o%»process-

achievement when scientific attitude is used as a single °

-

predictor. The weighted regression eqnation fgr'the

prediction of process achievement from the singie pre-

dictor of scientific attitude is}
y = 0.59xl + 8.7
where‘X1 is the student's scientific attitude score.

The second, thirﬁ. and fourth variables to enter

the regreésiOn equetion'as significhnt predictors of
4nrocess'acnievement ere_gfade'level, Bioiogy content

achlevement and mental ability; respectively. 'The
cvariance contributed by each variable as it enters

the regression equation and the statement of the re-
gression equation have been discussed ‘earlier in this-
chapter in the section entitled "The. Relationship

[l

Batween Self- Concept in Science and Process Achievement"

tl~ - _- .
3t appea:i that 4in this instance, the variable of

4
QB‘/ \
WJ" < . . ~

%



~
scientific attitude fits the criterion outlined by
Draper and Smith (1966) for being a good predictor
variable. From Table III it can be seen that acientific
attitude cortelates highly with process achievement, and
at the same time\does not correléte highly with other
predictor variables. This suggests that the prgdictiQe
information contained }n the scientific attitude variable
is not redﬁndant with other predictof variables. If the
correlation between the scientific attitude variable

and other predictos vaéiaﬁles waé high, the multiple

regression equation combining the two predictor variables

. ~
»

would yield no improvement over the use of each variable
by itself as a predictor,(Bofg and.Gall, 1979).

Since the existence of a significantly positiye
relgtionship betwegn scientific éttitude and process
achievementlwas egégilished in the'pregng.stﬁdy,'further
investigation into the nature of this-;eiétipnship was
necessary in an attempt to answer the asgociated Te~ \

N AN .
search questions outlined in Chapter 1I. Specifically,

v

the investigacion examined the 1nfluence that the
variables of mental ability, gender and grade level had .
on- the degree of correlation between scientific at‘t'ude

and process achievement.

{Tf_% 5 The statistical procedure of partial coxrelation
L

" was enployed in the present study and 1s deacribed in

Chep;euﬁIII The use of this statistical procegure

>
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"and process achievement.

was necessary in order to rule out separately the
influence that mental ability, gen’bg, and grade level

had on the relationship between écientific'attitude

The Relatibnship Between Scientific Attitude
and Process Achievement -with the Effect of
Mental Ability Removed

The zéro order correlatioh coefficients'for-
this and subsequent probléms in this section are found
in Tabfe III. The zero order corfqlation coefficient
between scientiggc‘aftitude'and prpcega #chievement is
0.57. With the 4nf1ugnce of the mental ability variable

eliminated, the partial correlation is 0.55 (p < 0.05). "
gﬁﬁ% Apﬁhteﬁfly, the variable of mental ability is
i

;ot a significgﬁtw}actor affecting the relationship

between scientific attitude and process achieyemenfﬁ
This is most likely the case, as mental abilfty does
not correlate highly énoﬁgh.with scientific attitude
or'proce;s achievément to have any great effect when

it is removed. -

The Relationship Between Scientific Attitude
- and Process Achievement with the Effect of

Gender Removed :

When the influence -0of the gender variable is

¥

- : , %
removed from the interaction between seientific attitude
and process acﬁievement, the'partial cofrelation is
0.57 (p € 0.05). This represents no change from the

=7

zero order correlation coefficient between scientific

attitudé and process achievement. Apparently.'the>
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“+1s not statistically signifﬂcant, it indicates that the

. 62
)

(

variable of gender is not a significant factor §£fecging
the relationship between scientific attitude and
process achievement.
It is worthy to note that further éxamination
of the zero order correlations betwegn the variables
of scientific attitudé, process achieQement, and
génder reveals that gender is significantly and positiQély

correlated with the criterion varigble._ Such a case
’ b

-

suggests that the gender variqb*e may be a Buppressor
variable in this instance. vaéhis were the caée, then
‘it would follow that a.siight 1ncreas§ in the relation~
ship between criterion and predictor wogld be npticed.
In order t§ further examine the notion that
'gender was acting as a suppressor variéble,’a paréial
correlation coefficient was calculated between process
achievement and gender eliminating the influence of
scientific attitude}'vThg\parti;Ifcorrelﬁtion for this
calculation is -0.09 (p >'§.05). Since this partial-’
correluiion coefficient is ¥ negative real number that

| : .

gender variable 1a'only verging on being a suppressor

i
\-

vatiable. ' ' |
The correlation betﬁe%ﬁ the two predictor
‘variables of scientific &ttit&de and gender‘ié signi-
"ficant and positive. The correlation between gender
Sy . l

7

]
R

i
R 4



kinfotmation contained in the‘gender variable 1is cqggtrned

‘in the scientific attitude variable and thus it does
‘ S

63

and the process achievement variable is not Btatisti-

callyreignificant. This suggests that the predictive

| 4

-y

not appear in the regression equation.
| ythe R;letionship Between Scientific Attitnde

and Process Achievement with the Effect of

Grade Le el Removed

When the influence of the grade lével variable
was removed from the‘interaction between scientific
attitude and procese achievemeht, the partial correlation
is 0.51 (p £ 0.05). Appareqi}y, the variable\ef grade
level has no significhnt effeét:on the relationéhip
between scientific attitude and process achieveme&t.

Although the zero order correlation coefflcients
between scientific attitude and grade level and process
echIevement'and grade level are significantly positive,

it would appear that even when the grade level effect

is eliminated, enough common variance is shared between

"grade level and Process achievement for grade level to

appear in the regression equation.

The Relationship Between Scientific Attitude and
Biology Content Achievement .

Hypothesis 4 states that predictiqn of a student's
Biology content achievement score will not be signifi-
cantly enhanced by including that student's scientific

attitude score in the regression equation. 1In order to

2

N
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establish whether or not scientific a;titude was a good
predictor of Biolegy content achievement, the stepwise
regression analysis described 1n‘Chapter III wa§ parried
out. The results of this statistical procedure are
presented in Table V.

On the basis of the data presented in Table V,
Hypotﬁesis 4 is not rejected. Thus, on the basis of the
data collected in the present study, séientific attitude
is not a good predictor of Biology content achievement.

The discussion of,fhe sequence of variables used
in developing the regression equation may be found in
the section in this chaptef entitled "The Relationship

Between Self-Concept in Science and Biolog& Content .
L)

Achievement". : . .

v

Apparently, the degree to which a student

understands and practices those attributes of a scientist
Ll

-~ at his work is not directly related to that student's

échievghent on Biology content test items. It appeérs from

s

data invfhe present study that developing a student's
scientifi: attitude will not directly enhance his

Biology content scores.

Although scientific attitude does not appe%5

\\\\\\;\in the regression equation for the prediction of Biology

\\

contéﬁ?\ach}evement. the zero order correlaﬁ}on between

~
4 T

these two variéBItg is 0.32 (p € 0.05). This indicates

that some kind of relationship exists between these two

%
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variables. In an attempt to discover the nature of
this relationship, partial correlation coefficients .

, /
were calculated in order to determine the effect that

the variables of mental ability, gender, and grade levei
had on the relationship between scientific attitude and
Biology content achievement. Since process achievement
correlated h;ghly with scientific attitude, the effect
of this variable wae also examined.

The Relationship Between Scientific Attitude and

™ Biology Content Achievement with the Effect of
Mental Ability Removed =

\.
\

The z2ero order correlation cOhfficients necessary.

to compute the @artial correlaty _for this and subse-

quent problems in this section- 3 ound }n Table III.

The zero order corre&etion coefficient between scientific

P2

\

attitude ‘and Biology <content achievement is 0\32 (p <0. 05).
. #

With the influence of theumental ability vhtiable

elilinateg, the;partial correlation coefficient 1;\

o : N\
Oﬂgly(P £0.05). 1t appears that the variable of mental

ability is not a factor directly affecting the relatio ghip

between scientific attitude and Biology content achievemegt.

\

The Relationship Between Scientific Attitude . .

and Biology Content Achievement with the Effect

of Gender Removed , .

When the influence of the gender variable is
removed from the interaction between scientific attitude
and process achievement, the pattial correlation is

0.31 (p € 0.05). This indicates that this relationship

-

’
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1s independent of gender. This is probably due in. part
to the fact that the gender variable does not correlate
well with either the predictor variable or the criterion

‘.Qariable.

.The Relationship Between Scientific Attitude

and Biology Content Achievement with the

Effect of Grade Level Removed

When the effect of the grade level variable is
eliminated from the relationship between scientific
attitude and Biology content achievement, the partﬁfl
correlation coefficieht iv 0.32 (p € 0.05). Examination
the zero order correla''ons between scieq;ific
attytude and Bi&logy content achievement, combined with
the fact tha; no change was observed between fhe partial.
correlation c;efficient and the zero ogqér correlation
coefficieﬂ;, seéqs to indicate that gfade level may be
a suppressor vari;h;e in this case.

in order to Hetermine iflgfade level was a
suppressor variable, a second partial correlation
coefficient was calculated between Biology content achieve-
ment gndﬂgra&é‘lgiel, eliminating the éffect of scientific
attitude. The péfﬁialﬂcorrelation'coefficient is
-0.07 (p 2> 0.05). This.indicates that the grade level
variable is verging on acting as a ;upyressor vafiablq
but since it appears in the reg;essios equation for » -
prediction of Biology co=mtent acbi?venent, othe: factw. .,
‘must be significantly affecting the nature of the

%

&
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influence of this variable. Thfg is a problemjwhich
requires further investigation, and is beyond the scope

of the present study.

The Relationship Between Scientific Atti}ude

and Biology Content Achievement with the

Effect of Process Achievement Removed

When the influenc+ of the process achievement
variable is eliminatzd from the relationship between
scientific attitude and Biology content achievement,
the partial correlation coefficient is 0.10 (p 2 0.05).
This suggegts that the relationship that exists between
scientiftc attitude and Biology content achievement
depends to a large egteﬁt upon prdéess achievement.
Closer examination of the data in Table III reveals
that the correlation between scientific attitude and
process.achievemen; is relatively high. As the correlation
between two predictor va;iables increases, the predictive
information contained in one of the variables becomes
increasingly redundant with the predictive informat-
contained in the other variable. If the correlation
becomes too high, as appears to be the case in the
present study, the multiple regréssion'equation combining
.the two variables yields no improvement over the use of
each.variable as a pfedictor by itself. This is probably
the reason why the scien;ific attitude vari;ble'does not
appear in the regreséidnquuation for the prediction of
Biology content achievement, even though it correlates

/

significantly with Biology cggtent achievement.



The Use of Self-Concept In Science As a Predjctor
of Scientific Attitude

The Relationshjp Between Self-Concept 1in Science
and Scientific Attitude

Hypothesis 5 states that the pr. .tion of a
student’'s scientific attitude score will nog be
significantly enhanced by including thatvstudent's
self-cbhcept in science score in the regreséign equation.
In order to establish whether or not self-concept in
sclence 1is a good predictor of s#ientific attitude, !
the stepwise regression analfsis described‘in Chapter 111
was carried out. The resuiis of the regression analysis
are presented in Table VI. On the basis of the results
bpresented in Table VI, Hypéthesis 5 1is xejected. “This
suggests to some extent that, d; fhe basis of the data
cpllected in'the present study, including a student's

s&lf—co-cept in science score im the regression equétion

enhances the efficacy of prediction of scientific

attitude scores. ‘ . 3 ' :

RS

The first variable to enter the regression i

. o $
equation is process achievement which accounts for
. p ,

18 gender, which raises fhg

- 82.5 perceﬁt of the Qariance;”AJhe next”variqble to enter . 5>

. LR =
the regressios equatfoﬁ

variance to 35.71pcrcent. The third variable teo enter ¢

.

the regression equation is self-%pncept in Science,

which incteaigs the variance to 36.9\\percc_nt. It is-

-

worthy to note that because of the veaknesses d.iomﬁed

.



-ﬁf-' TABLE VI .
- o &
tudq

Stepwise Prediction of Scientific At
- . 'Scores From The Predictor Variable® of
_ -Gender,. Grade Level, Mental Ability, Biol
='.  Content ‘Achievement,p»Procegs Achievemen

 And Self-Cond@@t In §cience

ogy -
t,

Total Probability
F  'Level
Value _For Last
Variable .

F Value
For Last '
Variable
Entering

‘fPtedict0t~“
" Variable
Enteriifg

Percent. Of .
Variance
Accounted For

-

. —
107 <1
'i' .

RS
Process
Achievenient-

Gender -

| T
Self-Concept .
An ce .- . -

)

$1ol'ly _ i
Con. nt . Ty N K . * " ) . L.
Achievement®
. Grade
Level

\/-.
1
-
w®
‘[

Mental 0.08 30.8 3640
. Abdldiey- . . s

¥
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3

earlier, coneerning the éelf—concept‘in science instru-

700

ment, “and because including self-concept in science #n

£5% ‘ -
N B “
the regression equation increases the total variance

Kd

is too low to be considered—S}actically significant.

A correlation’ ofdo 14 indicates that these two variables. '

A

i)

2 percent, the Question of practical significance must

,r ’ * I\ : ﬁ
JWe raised. Apparently, the correlatiqn between self-’

concept in science and‘scientifgc attitude (Table I11)

RN

have-only 2 ,ercent of their variance in commbn at best,

2

which doea not al;ow faf‘aoggdagredictipnvto be made

. e - Lo
B 11. 1979).. “nelnt i . i
( org ?nd Ga 9 9) ’“; o %ﬁy ? ] | )

" The weigh(’d rggresir@w equation for the

¢
-

dA‘

: prediction of scientific att!ﬁude ‘as a Yesult of the

:eegder and aelﬁLff}fw

&

data analyzed in thc present stud *Iia as follows

'y = o 54x1 41, 86x2 +0. 04x3 + 2.3 .

-

PR .’
-,

relationaﬁlp between seif concept in science and

A 4

acientific attitude was e tahliahed in the present study,

j'mra ;rocess aqhi§VaQEnt scdres;

ro ”s!nce‘the exietence£of Gyaignificantly positive

pt 1pfscienceascores respectively;,q

'-further investigation Lpeb the nature ofs this relation-'

’

o

]

fahlp was neceaaary 1n an. attenpt to answver the associated~

¢ N

/research quescions outlined 1h Chapter I.f,l. 7-,»f
LA S -

»

- vas enployed in'the preaent atudy to elininate the
: %r o ' ’

The statistical procedure of gartial correlation
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2 e i
B ~ Jhe Relationship Between Self-Concept in .
g 4 !ﬂ L W Science gnd S¢ientific Attitude with the;, N
Effect gf Ment%l Ability Removed 3 RS
. _— . 0% -- A -
I The zero order torrelatfons necessary to ¥
4 . compute the partial correlation coefficients for this
4 P
and subsequent problems in this %fctio% are found in
Table III. The zero. order correlation coefficient
3 b . T e
. ' bequ'en gh%f-concept/in science and scientific :
Cean, - .
, “,'?"j-?‘ ‘ atti:ude*i o,.u.. - With the influence of ‘the mental
,;ﬁf‘ mineted!~the partial correIation{ "
) -, o - : .
_ w11 (p >"0 05). -<Apparently, this, e
. ,,.rel‘ationehip is dipendent uppn ’ntal Ev\ility._ This -
b & ' : o
ﬁ;$ - f is. proaebk‘ due to the fact thatQa high degree of ;‘.‘ '
> ':di cortgletion exists be'ueen mental ability and scieptific .
e ! @ i Clg v
R : attitnde and self—conc t in science. IR ‘. ' R
Ly T f-conggpe B e
- . ‘q‘*,» S The Relationship §etween Self-Concept In “'ﬁ‘;
) f’ fﬁ; ;2 *" <'sciénce and Scient{fic: Attitu@® with. the . et
LT ; , ‘Effect of the Gendér Variablegmoqu s '
A 59, ;‘__ o ' , ,? [
Since q,‘l.choncept ia’ Science has 0 00 correlatipn

. with gender, Q difference»in the pattial correlation

' fton the zero otder cor‘rlation was” observed._iiqgh an&vé

incidence euggeote that eq‘ﬁ-éoncept in sciencem nd
RN T

Sender interact wich the scientif{c attitude variable _"_‘ '

independently ‘of one’ another. &his is probably one teason. ;V
why both variablee appear in the regtession equation.-

.

. - K - R .. L Dl Lo . . . - '
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» ) ‘ .




-

M _ ,ﬁ’ Q 72

¢ The Relationship Between Self-Conceptiin
Science and Scientific Attitude with the
Effec® of the Grade Level Variable Removed

v
S

When the effect of the grage level variable

Partial correla

) ' ' [

A 7S i, .

between self-concept in science /and scientific attitude
' /

on wmoefficient

ie 0.13'(p'<.0.05). Itfappearﬁ/that the relatiohship

-

that exists between self- c?ncept in science and
scientific attitude is noi*dependent upon grade levei N

This is probably due in part to the fact that there is
- o
a very low eprrelation between grﬁde level nnd self—
» i 'n;'?‘r-

vconcept in sciencea This ﬁ3u1d mean thatJthe shard&ﬁﬁ

»
e

~‘variance anongs. thsa‘“three vaxiebles fb dot stkﬁisically

-

significant enougb to’ have an impact on . he relationship

' b
- under study.awhen the effect of'the grade level variablef_
: v _ _ _ S
, ' is eliminated. ' ‘

- ~,,;;Iz.i7 : §

>

-
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"CHAPTER V ' "

SUMMARY AND CONCLUSIONS

Introduction
k ]

In this‘chapter a brief summary of the study
4

will bg ‘presented., It will be followed by the- conclu-

(Q

sions oﬁwthe 1nvestiga¢or regarding the dEC1sions to

reject or hold tenable the research hypotheses. During

the course of the investigation, it became evident that

%"

other a‘?icts of\the area of study needed further

i ' ™

‘fls&arch.: These areas df investigation will be"utlinad

. 2 L
i; the fi;:l part of tHe chapter as T, J: ' ‘ ns(ibr
further :eeea:cht  ‘ - - ‘ :
\,\ rf'.

Sumbary Wt - -
‘(fﬁe\’\\stfy“waa ‘iesigne“d to determine vﬁé.

nqt a signifdcant‘and positive relationship existed"
. o~ : . : ‘ '

4

\ between the fo}lowing variablea.‘_j _ a o ‘

(1) aalf—concept in"science” and science
N achievement .

L d : : ‘

x .
(2) 'scienttfic attitude and science achievemenb
v ) R */ : . ¥
(3& self- concept in science and scienti ic
attitude ‘ : .

LR

a‘;»*¢§*gpfﬁqpudy also determined in part. the nature '

vof the aignifiéantly poaitive relationships found

e

PN

]
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—

" between the predictor variables and the criterion

W

variables under study. This was done by selectively
removing the effects of-the variables of mental ability, 4
gend%’. and grade level from the interaction betwei&

l V .q;

those variables whose relationship wasﬂ*’der stldy

The sample consisted of two hundred and twenty-

. q'“‘

four high school Biology. stud}hﬁs ffom grades ten, =, !
& .

eleven, and twelve, selected from the Edmonton Public

- J.‘ w‘
School ‘system. The test battery was administeredéauring

L€ T

)the last two ‘!eks of" xhe,first semester ‘January 12 - 23,

. B LN

1981).s Fgur test instruments were used in the stuiz

»The Se&f Concept in Science 8ca1e is a five- point

9

\

Liﬁ ecale and was u§ed to determine how stud&nts felt

&
cience Test (Biological Sciences

themselves h scien€£ (Doran and Sellers, 1978)
l’s

The Processes o
- ~
Curriculum Study, 1965) was tsed as a measﬁre of the level ~

:of competence achieved by etudents in identifying and

.

¥ . [

%tilizing various process skills in solving seience v -

LI Ty, ’ o
problems. The Test on.Scientific Attitude (Kozlow agd

Nay. 19761 was revised for use in the study. This test

was used ‘a8 a measure to indicate whether or not tge . . .

s
IS

students understooé. and were villing ‘to display in

'their science work. those ettributes of eciencé commonly

-

(2}

displayed.;y sciepti;?s at vork. xhe Senior High School

&
Biology Achi*\fm

used as a neature of Biolqu con%ent knowledge of the , {V .

t (Alberte Education. 1975) vas ;'

» . X S ;"‘ sl . ) - . . 1




students. All of the tests were administered under t}f’

- direct auperviaion of the classroom teacher involved

‘or this researcher.

oo

In addition to the test scoré data, mental

\

L ability scores, as meaaured by the Canadian Lorge
Th&%dﬁike Mgpsyre og,Mental Ability Test, were recorded.

Qender and grade leve¥® were also recorded for each student.
)

wgn L ~Inuorder to-tent eac? of the majorlhypotheses

1 «in. the stud;; a;;tepwisé nultiple regressibn analysis

- :":""iwgs carried out . The predi‘c”tor,yariable'f self concept

‘ u‘/ wv;ﬁ%?dn eﬁiencg wat exapined toldetermine its effectiveness

" ;é:f & *’in”’redi;;ing process’ achLeVement and Bi;logy contepr oo ,{‘ G
.2 abniev'pent.' Ihevpredictor vériabie of scientific o o

?gﬂ“‘ ;~ attituﬁe was examined to. determine its effectiveness 139

N predicfing process achievement and Biology ‘content achieve-

£ ’.
Ny

_,Ment.‘ Finally, the pradictor of self concept in science
e CIR ] ‘U\
"Was examined to iFtermine its ef?nctdveness in’ predicting

' “ i

e sclentific attitude.

i oas ."‘

-

© : - '#n order to investigate, in part, the nature of

the relationships of the variablea under study. partial

correlation coefficientswwere calculated to eliminate
: I v ’

'the effecta of selected variables.» Where a significant

: positive'relationship was found between the- predictor | .

. variable and the criterion variable. the effects of the o o
'vartablea of mental ability, gender and grade level. werer o e
elininated. This procedure was carried out tozgetermine .nF*'l'

if theﬂe Variables were affecting the relat&onahipa‘
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‘hat existed between the var#abﬁ!s under study in the

ﬂ‘dor hypotheses.;
. ; . |
Conclusions | ‘
: L. 3 3
Table VIIfsh‘ﬁarizes/rhe decisions the investi-
gator made as to whether or %ot.to reject the research

hypotheses of the study.

1’A 4

and S*#!re rejected. while decision was made to hold

. #
betwee .self—conc Pt in scienee aﬁ?mprocess

. ach ent tha would enhance the efficacy of gredietion

- : ‘*»’ . o
of a stud#nt's process achievement score. Therefore,

it is the conclusion of this study'thdt,selféconegptsin
acience is not a valuable predictor‘of'process achieve-

neﬁt.g Apparently, develo ing a student's self-concept

“

in science is npé a useful intent by itself for enhancing

process gchievement in th clessroom. - )
* "' n’&. P '—‘35‘ . ‘ . H
On the ba%ii of the results presented 1n»the

N

stndy, there does not appear to be a relationship N

'existing h»;veen self-concegt 1n science‘and Biology‘
4content achievement that would enhance the efficacy of

-prediction of a student'c Biolosy ‘content acﬁievement

score. Therefore. it !‘kthe conclusion of this etudy

iy



TABLE VII

mary of Decisions MadefConcerning
Major Hypotheses of The Study

v . W
PR

Hypothesis

' . w

.Decision

.!‘_ 4 N i
g‘ Tenable Reject

'H

1d

The prediction of a student's
Process Acﬁievement Scoyxe is not

significantly enhanced by includ-

iing his Self-Concept in Science

Score in" the regression equationm..

" The prediction of a studqpt 8

Biology Content pghievement Score
is not significantly enhanced by
including his Self~Concept in
Sclente Score in%the regression

.equation. .

The prediction of a student's
Process Achievement ScoTe is not
significantly enhanced by includ-
ing his Scientific Attitude Score

7in the regression equation.

igIhe pfzﬁlction of a student 8

Biology Content Achievement Score
is: not significantly enhanced by

including his Scientific Attitude
Score ln'the regression ' uation.

The prediction of a stud ht's

Scientific Attitude Store is not oo
signiiicenxlylenhanced‘by includ=-",
* .4ing his Self- -Concept in Science

Score 1n éhe regression equation.
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"science is ndt a useful intent by
3

1tse1f for enhanc iology content achievement in

~

the classroom.

' The results of the study that led to the
decision to hold tenable Hypothgses_l and 2 disagree
with thoke results of Doran and ée%lers (1978).

They found.that‘self-concept in science was statisti-
cally, significactly, and positively related t!ﬁprocess
achievement and Biologf content achievement.‘ The
'fearson r cccrelatiOn coefficients between the variables
in the study conducted by Doran and Sellers (1978) were
low, and not. practically significant ip this author's

»

-opinion self concept in science with

procesii

with Bie "coﬂtent achievement) Theg’eason for this

(0 26 f

<

veme ‘Q 28 for ‘self- -concept in science

D r

mAy have been due, in part./to'the faék‘thet self-

concept in science was used as the criterion variable
‘\and process achievement and Biology content acﬁievement

were used as. the predictor variables. It. would ollow

) . : 4 i : . ..
that predictor 'vu&ﬁbfe#‘hving a low-correlition with

the criterion‘variable could still appear in the fegnession

‘equation if”the pércenf variante ecceunc:d:for was

.gteater than thatuconttibuted by other variaﬁlefiused

%n the study._ -Such appeared to b_e the teasg;\ for the o
low correlation betneen:ielf-concept in scigcce and ‘*I;,?t

[ ., a

-

'ptbcess achiewegen;eand Biology cogtenffachgevement tﬁ s

. .- .
[ o [

.’ »l A -v Y : ) «‘(’, A‘,." :.‘- y:.‘..'/_r
G . . . o
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\ ) . \ ’ .
the Doran and Selfé‘ts (1978) study. The low correlation
found by Doran ;nd Sellers (1978), along with the
decision to hold Hypotheses 1 and 2 tenable, does not
satisfy the present investigator that one can determine
v
the nature and usefulnegs of self-concept din science on

the basis of one test instrument. It appears from the

present study that a student's self-concept in science

]
4

".En ! ’
is too complex to make definitive conclusions about.its

nature withoutv utiiiz‘!hg the findings ,oﬁfl regsearch,

B

emanating from other r@s‘earch parad»*lgms.

rela@nship exis‘ r""’» '"nt:lfic attitude and

prgcess achievement %

s

‘it :ls the conclusidn - e
of this’ 3tudy that scbfe‘ntific attitude is\g. valid pre-
dictor of process achievement.‘ Thisdndicates that

encouraging‘scientifi‘c,‘ atWe nithin the classroom “
s, " _
A

3
N

may be a useful :lntant t’d enhance ptocess “’achievement.
: A

This generalization is supported by the statiatically

,“, -+ ﬁ .
ignificant part@ corrqlation coefficients between
. e, S et
scientific attitn and yroceas achieveme\nt. as. well as

the fact that scientific attitude appegs 1\1 the regression

' »_equation for the prediction of process achiev‘ment. B
<o 2 R S
; ,"' On the basis of - the results prea&ntéd 1 \

A
£y

»-
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. regression eQuation) A A : J /fm

- ship between self-concept in science and seientific

~.e;titnde._ Boweveri in the Opinion of thie/author,ﬂm,

4
content achievement. However, this relationship is

heavily dependent upon the process achievement variable.

- This indicates that encouraging sciengific attitude as

a classroom intent may not be useful to directly enhance
k N

Biology..content achievement. There is a high cors letion ‘}

-

‘between scientific attitude and Biology content e~ ¢

ment, which becomes statistically non-significant when

- the effect of the process variable 1s eliminated. There'
e } ‘ .
is also a high correlation between scientific attitude
. o . ‘ .

and process achievement, which means that a large portion »

T

of the variance of oge:variazle is dlso contained in

»

the other vsriphle.. Ing:his case, process achievement

has a higher correfﬁ%ﬂon wfth Biology content achievement

than scientific attitude, and ‘so ‘it appears in the -f%‘
¢ #“ & s T,
multiple regression equation. Conbining the two«varid&&es

in the multiple regression equation yields no improvement
over the use of each varihble by itself as a predictq;

¥

q-

and'so sciemtific attitude does not appear in the re-

'gression equption.‘ This suggests that scientific atticude'

>/

N &
may be a valid predictor of Biology contéht iehievémenqb

1f process achievement is not included }n the same“ o

¥

o On the basis of the data presented in the’ study,< o

'fﬂhere appeers to be a significant %nd positive relation-

B - 3
.« ¢ s ires
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the relationship is weak and is influenced by other
vaigablea, such that a generalization having any
o \ .
practical value cannot be made. .
. . s * ’ .’. ,’f.
It 1s worthy to note that the reséarcher ¥u§'

recognizes that all of the above generalizationsvhav¢h &

limited'valoe cutside the sample used in the study.
~ ‘ 4

Associated Rese;rch‘Qpestionp

. v N . ‘v,' / " . . .
.1!- The study found that self-congept in science.was
hot‘&ighificaoily related to proceps achievement or

* . ’
Biology content achievement.' Therofore, the associated
- ’ P

N gesearch questious for Hygot?eses 1 and 2 were no( ;“evant.

“»
Thd study did figd. hovever, that scientific

4

attitude vas significantly and positively :Qlated to.

r”process achievenent. This relafionship did not appear -

to be.affected by elininating the affects of the nental u
R .

<a§il¢ty. gender. or grade lavel variables. Apparently."
Ll 4

the relationship betveen acientific attitude and process

achigvement ts acting indepandently of these“variables. .

»

Howev ait vas found that cpe gender variable was verging
a, R -

X on acting as ‘= snppressor ggriable. . ' -
v The study gid find.a significaqt.and positive
relationship between scientifkc attitude and lioldgy

: ntent achievement;\ This relatiouship &id not ‘appear

- . -
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@/ " eliminated. .
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Apparently, this relationship is acting independently

,of theswe variables.
R [ad .

A positive rvelationship between self-concept in
¢
science and scientific attitude was found to exist in
the study. This relationship did not appear to be
affected by gender.or:grsde level. ‘1c ‘did, nowever,a
aqpear‘to be dependent upnn‘the—aental ability variable,
as tne partial correlation betveen'self-concept in

science and scientific at;itude was statipticaliy non- .

qssignificant vhen the effecg;of mental ability was

.1is. necesssry to inveatigste the problens of the present

relatiodahips reported in the present study cannot be .

4

N3

Recommendgtions For Yurther Research
~ : 5 3
As fhe study was being conducted, it became f 3:,5
apparent to the 1nwegtigator that a number oftothe; . L
& . - \:: w e

areas related to the study needed fur%ber 1nvesttgsti§n
A Since the geueralizatioﬁs drswn in the study

cannot b@ cons&ﬂered the finsl word on the subject. it

f
~

'
study 1w other sress of science. / .

. A s ° . . L=

- g oIt is neceueary,to,inuest;gate'the.probleqs

M . e . ) .y ~ . ’ - .h"
1n'the prhsent‘study'ﬁtillzing differént instrunentstion. i -

“
\. Av L

The pretent study uaed one instrument to measure eacH

of the verisbles exatined, and thus the nature of the “,.

» -

ssid to hsve been exsmined fullg. T S
a0 ﬁhg: : S T ’

b.ga ;F’.,.s
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3. The prvdiftive value of Instruments like the
Test on Scientific Attitude could be further investigatod.
Tests of this type could possibly be used to predict
achievgment in other areas of scilence.

4. It is necessary to investigate the effect
that variables other than the on;s used in the present
study would have on the reported relationships. The
study seemed to indicate that a complex network of
variables 1s affecting those relationships inyesgigated.

5. An extension of the study would be to‘
examine possible teaching strategies for developing a
positive scientific attitude in students. Research
might determine whether teachers couid effectively
teach scientific attitude as defiqed in this study.

6. It is necessary to inves}igate the problems
of the study taking a perspective other than the
empirical-analytic. Such an investigatioﬁ would

undoubtedly give a much broader picture of the nature

of the relationship between the variables examined.



CHAPTER VI

POSTSCRIPT

1 would 1like to use thils sace o reflect upon
some of the events that have t: - ° -~ uring the
writing of the manuscript which rou @ =~ Just read.

’

s

It is my intent to share with you some of my tﬁoughts
regarding what 1t meant to me to experience the trials
and tribulations of the thesis portion of my graduate
program. Most of the passages that you.will read are
accounts of events extracted from my journal, which

I kept duriné the time that I was doing my graduate work.
There is no chronology associated with the reflections
that éppear here, as quite often I wrote in my journal
rany {houghts as they came to mind, totally devoid of
any perspective of time.

One of the main reasons for writing this
postscript comes about as a result of a sense of growing
dissatisfaction with the underlying principles of the
empirical-analytic ‘gramework which I used to conduct my

~
study. It is not so much that I denounce this paradigm
as a way of interpretingxthe reél world, but in retro-
spect I doﬁ't feel that it was the paradigm I should

have used to study such humanistic entities as self-
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concept or scientific attitude.

I suppose my personal backgroand was a
dominating factor that was responsible for mé'chpos{ng
to do technical research. I have always been under
the impression that one of the reasons for graduate

irse work was to ald a person in preparation fo: his
Lhesis work. Of the three compulsory courses in my
program, two and one half of those courses were embedded
in.empirical—analytic theorizing. I felt that this was
the only tool I had to work with, and that trying to do
situational research without the préper background
would be a dangerous task to attempt.

Withut question, a second factor that contri-
buted to my selection of the empirical-analytic paradigm
was my own 1dea of what research was abouts® j'bw that
I think about 1it, I was moré ends-means oriented s=veral
months ago than I thought. 1 suppose it just came natur-
ally that planning technica' research was easier than
attempting to plan situational research. It seems
that it is always easier to maintain the status quo
than to change your way of viewing things. I nevér
thougﬁt that I would learn anything about myself from
this experience, but it has been a somewhat self-
enlightening experience. It seems that often we learn
things about ourselves when situations do not work out

the way we plan them. I can't help thinking that such
J
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has beén the case in this instance. I sense that one
of the things that has bothered me the most about
utilizing the empirical-analytic paradigm for my study
i3 the opposing direction I took in relation té the
philosophy of education of some of the staff members
of the Department of Secondary Education. Thelr work,
utilizing other research paradigms, was beginning to
make much more éense to me in terms of interpreting
the real world than minetdid; ar ' this was a source of
internal conflict for me. My one wish is that I had
made this reallzation sooner. It seems to me that one
of the intents of some of the staff of the Department
of Secondary Education is to expose the student to new
and different ways of thinking and studying problems
in education. One of the things I learned about myself
through all this is that I have not made that funda-
mental breakthrough necessary to examine the real world
from otherx perspectives.

We seem to spend a lot of time talking about
sense~making of the real world when doing research.
I felt that when I started my research project I was
going to add to the sense-making of student achievement
in a-very significant way. I know that my expectatiohs
of myself were very high early in the project, and I
suppose I thought I was more important than I actually

was. As I recall, I had to eat humble pie more than
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once, and {t didn't take long for me to realize that
my projebt was only one of many. I suppose 1 have
added to the sense-making of student achievement {in a
small way, but much of my own dissatisfartion seemed to
result because of my own exuberance for the fdeal and
what became a reality.

As the reality of my project began to unfold,
I became much more aware of the major weaknesses of the
technical way of knowing. The more 1 think about it,
the more apparent it seems thatdéhe data I collected
in the technical mode had little resemblance to the
actual situation | was trying to make sense of. First
of all, the data are second order descriptions of what
the real world 1is like for students. I have much more
difficulty now understanding how a forty or fifty
multiple-choice tést can be used to describe a situation
where many different individuals are involved. The
experience of working with the students and the data
made it quite’ clear to me that a technical description
Sf a situation does not give a complete picture, and
that other perspectives must be taken to view the
prgblem. The point I find most frightening is that
many important factors are deeﬁed irrelevant by the
researcher when tests alone are used to describe a
‘situation. I realized this point during the writing of

* .
my third chapter as I was describing the test instruments.
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By this time, though, it was too late to do anything
about 1it. I remember the sinking feeling I had when
it suddenly became apparent to me that an empirical
examination of the problgm could not fully answer all
the questions in the stuéy.

There gre too many factors that compose a
student's perspective of the real world to get a clear
picture of that perspective from a test paper. In order
to gain a better understanding of thqse factors in
relation to any problem being investigated, it would
seem obvious that there is a need for dialogic communi-
cation between researcher and subject somewhere in

the research design.

When I took the sécond order descriptions of
the students and applied them to mathematical 1deali-
zations, I felt as though I was losing more information
about the students. I remember being quite elated when
I had colle9téd all my data and put it into my computer
file. I felt that my project was progressing well,
inasmuch as my data collection was complete. As I
prepared my data for statistical analysis, I experienced
a feeling as though a dark cloud had passed by me.
Again, I sensed flaws in my research and again I was
in no positian to do much about 1it, except continue on

the best way I could. The first problem was that I

had just reduced my two hundred and twenty-four subjects
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to five pages of numbers. This was disconcerting

for me because 1 like to think that I take a humanistic
approach to education. Suddenly, I felt as though 1
was‘becoming the teacher as technician ~- a situation
which I have tried to avoid sin;e my days as an under-
graduate.

The second problem that I had to deal with to
my own satisfaction was the notion that I had to make
generalizaiions and conclusions about those students
who participated 1n my study. Thinking about how I
might answer related questions on my oral exam made me
realize that it is very difficult to make'stat:Lents
about large groups of individuals on the basis of
numerical data. Since I was having difficulty in my
own mind justifying the generalizability of empirical-
analytic research,, it seemed even more obvious to me
that situational‘research would be just as valid as a
wa& of interpreting the real world. I couldn't help
thinking that ; reductionist view of the reai world, |
such as the one I had just taken, would not totally
lend itself to sense-making of any giveﬁ problematic
situation. ‘I sensed that I was no longer dealing with
a second order typification of a problem, but the order
of magnitude had become ﬁigher. I was continua11y>asking

‘ . :

myself questions like "where 1s the connection?" and

"why am I putting so much emphasis on the theoretical
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world of second or third order schemes?"

Early in the writing of my manuscript I felt
.that a number of holes 1nhe?ent in technical research
had appeared in my study. Many of these holes seemed
to centre around the weaknesses associated with the test
instruments. 1 previously believed that when you
administered a test to gather* information 1£ would be
written by a sincere group of individuals, and all of
your questions wouid be answered. One of my biggest
mistakes was thinking that my self-concept in science
instrument was the end-all of.test instruments for
measuring self-concept 'in science. Statistically it
was sound, but statistics don't necessarily reflect
how seriously a‘given sample of students will take the
test. I think that because of the inherent weaknesses
of the Likert test, students did not answer honestly,
and‘! got '"taken for a ride", 1f you will pardon the
vernacular. I remember feeling quite disappointed as
my computer.printout came off the printer and I found
that self-concept in science was not relatgd to achieve-

\

ment. Common sense had told me that thisfrelationship
: {
should exist, but since it.didn't I felt as though I
had just wasted a lot ofbtime. I still think the problem

has to be investigated much further to get a clearer

picture of the relationships that were studied in this

project.
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The Test On Scientific Attitude was another
instrument that was cause for concern as 1 tried to
write my manuscript. 1 wag’quitc proud of this test,
as I had a hand in its revisdion. 1 felt quite confident
that this test would measure accuratelvy a student's
scientific attitude, and I still believe that {t does
reflect the concept of scientific attitude as used in
this study. The problem 1s that this instrument reflects
only one philosophical approach 'to scientific attitude,
and undoubtedly there are others. Again, 1t seems to
me that research from the technical paradigm tends to
narrow the focus of study in cases like this, and ignores
many other factors that may be relevant to interpreting
a total situation. Factors such as the components that
interact to give a clearer picture of the student's
scientific attitude become much more important when you
are trying to get.a clear picture of the whole, rather
than 6ne of its parts.' It seems to me that individuals
work as a complete entity, rather than in parts; and by
trying to makev;ense of the real world by examining
only parts of it, described via mathematical idealiza-
tions, is a difficult\task.

During the writing of the th{éis I had ﬁany
thoughts about graduate work in general, most of which
emanated from the experience of trying to'put together

a manuscript that would be acceptable to me and to those



people whosé ideals I had begun to accept.

Starting the writing of the thesis was most
difficult for me. As 1 sat down to begin writing my
thesis, the task sf butting together a schélarly docu-
ment seemed insurmountable. I felt‘as thouéh 1 was
embarkihg on a project that would ¢5kq forever. For-
tunately 1 had a colleague and fr?é\KQ&ho was enduring
a similar experiencé;Jaﬁd tﬂis @rovided me with the
realizatjon that I wasn't the onngperson in graduate
school that was gaing thfough moments of doubt. Because
of alfew bad experiences rin the past, i had very little
confidence in/my ability to write. It seemed as though
everybody else did‘®good work, but it seemed that I had
a poor self-concept of my ability as a writer, and that'
I had a lot of trouble getting -things down on paper.

For a long while I was even gcared to let my adviser
‘read my material. As things turned out, I eventually
had to let somebody read the manuscript; and 1 did get

- "hassled" a lot about my writing, but 1 also got a lot
of very constructive criticism. It 1is a bit 1ironic

that I should have been studying a self-concept problem,
and at the same time have been experiencing one myself.

As I worked through my project and.completed
Chapters I, II, and III, I began to feel as though I

could complete the manuscript, even if it didn't pledse

my adv.ser. I remember wondering if I cared any longer,
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and 1 often thought how easy it would have been to duit

and work at something less challenging. Obviously,

this was a brief mbmcnt of weakness sinée, at the same

time, I began to sense that the whole situation was

{m; roving and that some light was beginning to appear

at the end of the tunnel. My adviser had just gottén

back from a ski trip so he was in a fantastic mood --

compiete with words of encouragement and advice. Once

agéin things began to unfold and I continued to progress.
As 1 con}inued, I ran into a ;roblem in amatyzing

my data. The way I had originally proposed to analyze

my data was not working out, and I was lost as to what

to do. I was getting advice from several different

people, much of which didn't make sense to me. I am

not sure if these people didn't fully understand my

project, or if I just didn't_understana their approach;

but at any rate I was rapidly becoming frustrated. I

finally approached another faculty member on the advice

of my committee chairman, and was bailed out of my

predicament. This whole experience was Iinteresting,

as 1 felt as though I had been backed as far into a

corner as cotld be, and then finally given an escape

route. As . think back, this sort of experience occurred

several times during ﬁy stay as a graduate student. -

Because of these experiences, I have often wondered if

one of the intents of gradﬁate school is to see how much
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]
pressure you ({{\endure‘

One of the things 1 realfzed during the writing
of Chap?ér IV on the results was that sevrvral different
interpretations can be fmade from the same data, and
that numbers can be manipulated in many ways to mean
different things to different people. 1 suspect that
this type of problem is not unique to the empirical-
analytic pafadigm 1nsofar as situational research allows
for many different inte prétations of data, based on

. Lhe tesearchéﬁs own perbbectiv;, At thig-point, I
am not sure how to handlg$ this particular problem.

Once I finishg{’the rough draft of the manu-
script I felt as though a great weiéht had been lifted
from my shoulders. I’was now beginning to feel as
though I éould finish the project, 1In spite of all the
times I felt I should ;ije up.! However, this feeling
of joy was mixed with the wish that 1 had done a project
that was somewhat more‘timely and impressive. Through-
out the latter parts of the writing of my thesis, I
remember feeling as though this was a project that had
to get done, rather than something I wanted to do. . I ¢
suppose by this time, a certain amount of.paranoia had
set in; and I sensed that I had let down a lot of people.
It seemed to me that several people had placed their
confidence in me to do quality graduate work. Again,

I could see some of the people whose work I admired in
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the D«partmeqL of Secondary Eddcation‘heading in one
direction, a;d me in another, Af- this stage, being
helpless to do anythiug about it, 1 began to feel some-
what behind the times. = |

N IJ is funny to think back to some of fhe thdughts
anq emotions you experience when enduring difficult
moments. Now that all is said and done, I can honestly
say that this has beenka valuable learning experience ,
for me. I have gained a number.of insights 1into prdblems
assoclated with research in education. In spite of the
fact that I have been able to identify in my own mind

some of the weaknesses regarding teygpical resear;h, I
still think that it has {its pIhce as a valid>way of
viewing the world. I also now believe that in order to
be able to criticize something, you must first have
experienced that ent%ty in order to cépt;re the fﬁnda-
mental essence of that which you are pritizing.

I don't think I can count the number of times
I felt 1like qditting my program. Some of the time I
am not even sure why I wanted to quit, but I am glad
that I was able to overcome ghose hurdles which gave ]
me a lot of troublé. It is a‘gféat feeling«vhgﬁﬂthg\

v

light at the end of the tunhel‘beépmes the en&,of the

-

tunnel.
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SELF-CONCEPT IN SCIENCE SCALE

Instructions

On the separate answer sheet fill in the heading
according to the directions given by your examiner.
Write only on the answer 'sheet, please.

The statements on the following pages are to
help you describe yourself as you see yourself in science.
Please respond to them as if you were describing yourself
to yourself. Do not omit any item. Read each statement
carefully, then select one of the responses listed below.

On your answer sheet, darken the circle of the
response number that you have chosen for each statemen .
Please use the pencil provided for you. If you decide
to change an answer, erase your first answer completely
and then darken in the circle of your new response.

The responses are as fcllows:

Completely Mostly Partly False  Mostly Completely
False False and True . True
Partly True

-

1 2 3 4 5

Remémbep, please respond to the statements as if you were
describing yourself to yourself in science.

1

You will find the response numbers repeats«d at
the bottom of each page to help you remember them.

~
N
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PART 1

1. I measure things as well as 1 would like to.

2. I

am a person who can think about what I have observed

and come up with a good conclusion.

always try to carefully notice what we do in class.

am satisfied with my ability to describe the

differences and similarities between things.

3. I
4. 1
5. I
6. 1I
7. 1

am a person who 1s able to put things into groups.
try to measure things carefully.

am ssatisfied with my ability to observe what is

done in an experiment.

8. I am a good experimenter.
9. I am satisfied with my ability to make predictions.
10. I dq well on number problems in class.
11. I wish I could make better conclusions based on what
I have seen in class. =
12, I am a ﬁerson who works well with numbers.
13. I can compare things.
14. I gdive up whenyI have to classify things.
15. I am . a good obgerver.
16. I am a person who is able to measure things.
17. 1 am satisfied with the way that I do experiments.
18. I know that I compare things very well. .
19. I can make good generalizations.
RESPON%ES

Completely Mostly Partly Félse Mostlg\~ Completely
False False and True True

.Partly True . ) - -
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am never satisfied with my ability to classify

things into groups.

can make predictions.

am satisfied with my ability to work with numbers.
am a person who is able to predict things. N

do experiments well in science class.
PART I1I

am a loner in science class.
try to learn a lot when I go on a field trip.
wish that I could be a better reader.

am satisfied with my ab®1ity to learn well from

movies and filmstrips.

try to take good notes in class.
use the science books that we have in our library.

am the kind of person who does well on individual

projects.

20. 1
21. 1
22, 1
23. 1
24. 1
25. 1
26. 1
27. 1
28. I
29. 1
30. 1
31. I
32, I
33. 1
34. 1
35. 1

ought to do better than I do on my science tests.
do well when I just have to memorize something.
am a good reader.

ought to listen more closely to what my teacher

says in class.

36, .1

am not the type of person who gains a lot from

going on a field trip.

37. I wish that I could do better in class discussions.
38. I learn well from other students.
RESPONSES

Completely Mostly Partly False Mostly Completely
Fdlse False - and True True

N~

Partly True
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39. I am the type of person who learns from watching
demonstrations.

40. I am not a good note taker.
41. T am satisfied with my ability to memorize.
42. 1 never put materfals and equipment together for

science experiments.
43. I learn well when 1 listen to my teacher.

44 . I am satisfied with what 1 learn from the demonstrations
glven in science class. .

45, I discuss well in class.
46. I sometimes do poorly in reading.
47. I wish that I could take better notes.

48. I do my best work when I am working on an individual
project.

49. I am not satisfied with the way that I put materials
and equipment together for science experiments.

50. I am able to learn well from listening to my teacher.

51. I wish I could gain more from going'on 4 field trip
than I do.

52. 1. do as well as I want to on individual projects.

33. I know that I put materials and equipment together
well for science experiments,.

54. 1 do mot understand some things in class because I
do not pay attention to the demonstrations.

55. 1 am a person who has the‘ability to use science
reference books. :

56. 1 wish that wmy classmatgs liked me better.
RESPONSES ) .
Completely, Mostly Partly False Mostly Completely

False _ False and True True
Partly True



57. I know that I have the ability td learn well from
movies and filmstrips.
58. I am a good test taker,.
59. I always try to learn. from movies and filmstrips 1in
science class.
60. I am a person who could just about memorize anything.
6l. 1 am satisfied with the way that I can use science
reference books.
62. I give up when I take tests.
63. I am the <ind of person who does poorly in class
discussions.
. -
«
RESPONSES

108

Completely Mostly Partly False Mostly Completely

False False and True True

Partly True
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N,

TEST ON SCIENTIFIC ATTITUDE & )

Andruski
Kozlow

G.
M.J.
M.A. Nay

Directions:

1.

Each question or incomplete statement is followed by
four possible answers. Read each question and decide
which ONE of the four alternative answers you think
is best. Mark your answers on the separate answer
sheet. Make certain that the number on the answer
sheet corresponds to the number of the question

that you are answering.

2. Do not write in this test booklet.

3. Read each question carefully but dd}-not spend too
much time on any one question. Ans et all questions.

4. Mark only ONE answer for each question.

Example: Answer Sheet

200. A berson who dedicates his )
life to the study of chemistry

is a

\ 200. Al B2 C3 D4
A. biologist C. chemist - T
B. physicist D. zoologist
c 1980 Rewvised. A%l rights reserved by the

authors. Unauthorized use
or reproduction in whole
or in part is prohibited.
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1. Suppose you live near a large industrial plant. You
find that the rose bushes in your yard die in a short
while after they are planted, but your lawn remains
in perfect condition. You suspect that the fumes from
the industrial plant are the cause of the death of the
roses. Which one of the following would be the most
reasonable course of action for you to take?

A.

Study the effect of the fumes on healthy rose
bushes.

Stop growing rose bushes.

Start legal action against the plant for pollution
control.

Move away from the plant.

Questions 2 and 3 refer to the following paragraph.

The scientist, Schleiden, bublished a report in

1838 on the origin of plant cells. He made several
observations on the reproductive cells of some plants
which he explained as follows:

It is an absoclute law that every cell takes its
origin as a very small bladder and grows only
slowly to its defined size. The process of cell
formation which I have just described . . . is
that process which I was able to follow in most
of the plants which I have studied. Yet many
modifications of this development can be observed
. Nevertheless, the general law cannot be
questioned . . . ’

14

2. Which one ~ the following is generally true about
scientists bt was NOT demonstrated by Schleiden in
the above situation?

A.

Scientists try to avoid making general statements
based on limited data.

Scientists are usually careful to report exactly
what they observe.

Scientists collect large amounts of data in order
to develop a law of nature.

Scientists may ignore observations which do not
quite fit into their theories. :
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Some aspects of Schleiden's theory were later shown to

be not accurate. The most probable reason for this 1is
that he
A. did not have modern instruments. to use in his
investigations.
. , -~
B. did not make his theory explain all of his obser-
vations.
C. based his cell theory on too few observations.

D. felt that his theory could not be questioned.

Suppose you wanted to determine which types of mosquitoes
cause malaria. You obtained three kinds (Types A, B,

and C) and examined the c(igestive tracts of each for
malaria parasites. You found some parasites only in

Type B mosquitoes. You concluded from this that malaria
is spread by Type B but not by Types A and C mosquitoes.
Which one of the following describes your conclusion?

A. Your conclusion does not agree with the evidence.
~B. Your conclusion is valid in light of the evidence.

C. Your conclusion. is justified, but more evidence
should be obtained.

D. You did not obtain enough evidence to make a
conclusion. .

Quite often it is possible to give several different
explanations for a particular set of observations.
Which one of the following would NOT be generally
true about such explanations?

A. Only one of these explanations could be the true
scientific one.

B. The explanation which is the most widely used is
lgkely to be the accepted one.

C. . The' explanation which greatly stimulates -urther
research is likely to be the one which most
scientists will accept.

D. All these explanations would be acceptable if they
explain the observations adequately. .
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When Einstein published his theory of relativity,
another famous scientist was reported to have said,
"Dr. Einstein's new theory has shattered many of my
scientific beliefs to smithereens!" This statement
indicates.that the scientist

A. recognized that a scientific theory can change.
B. held some wrong scient{fic beliefs without knowing
it.

C. did not believe in the 0ld theory very strongly.

D. did not have sufficient evidence to support his
original beliefs.

. N A
A theory in science is generally accepted when it

explains all of the observed properties of the sub-
stances involved. However, it is possible that
undiscovered properties exis: that cannot be explained

by the theory. Which one of the following is the
BEST approach to this situation?

A. The limits under which the theory appiles should
be carefully stated and the theory should be used
within these limits.

B. Scientists should provide several theories to
explain a given set of observations so that if
exceptions to one theory are found, they will
have others to rely on. .

C. Scientists should not accept a theory until they
are certain that exceptions to-it do_not exist.

D. When excéptions are discovered, scientists
".should abandon the theory and devise a new one.

Scientists recognize that a scientific theory

A. should not be changed when it is based on a
large amount of data.

.

B.. may have to be changed to keep up with a rapidly
changing world.

C. 'may have to be changed to explain new observations.

D. should not be changed when it explains what happens .
in nature. .
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A boy goes skating on a pond and breaks through the
ice. He 1is rescued and given a drink of hot choco-
latg by someone who 1is sneezing and coughing. A few
days later the boy also has a cold. Which one of

the following best describes the reason for the boy s
cold?

A. His cold is due to falling in the cold water and
getting wet.

B. He got the cold from the person who rescued him.

C. He probably had a cold coming before he went
skating.

D. The reason why he got a cold is not yet
determinable.

Scientists have questioned many religious beliefs.
Which one of the following best expresses the way
you feel concerning this matter?

A. When scientific theories question religious beliefs,
it is better to keep the religious beliefs. &\

B. I question those religious beliefs upon which
science has cast doubt.

C. i have two separate thought compartments, oane
for my religious beliefs and one for scientific
knowledge.

b

D. I keep my religious beliefs until scientists
prove them wrong.

A science magazine reports that a scientist produced
a type of water that boils at 540 C at sea level.
Another scientist reading this report would probably

A.  believe the report if it was written by .a higﬁﬁ§
respected scientist, .

B. disbelieve the report because he would know that -
" water boils at 100.C at sea level.

C. do experiments to try to prove that water cannot

boil at 540 C. .

~

D. neither beiieye nor disbelieve the report until
other scientists study this problem.
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In the research on genes (carriers of heredity), many
scientists are currently doing experiments in which
genetic material from two unrelated bacteria are
combined to form a new cell with different and often
unexpected traits. Some of these man-made bacteria
have been found to be very useful. However, environ-
mentalists have warned that bacteria may be produced
that could cause grave harm to humans and the environ-
ment. Which one of the following courses of action

in regard to such genetic experimentation would you

favor most?

A. Have experts prepare safety controls and regula-
tions which the government would impose on such
genetic research. ! ’

B. Have the government stop this type of research
because of the unknown danger to humans and the

environment.

C. Have no controls or regulations because the
potential benefits of uncontrolled research
outweigh the possible dangers.

D. Have no controls or regulations because research
is done best in an atmosphere of complete freedom.

Recently, a chemical company was accused of deliberately.
making false claims about the safety of some of its
insecticides. On the basis of these claims the
government permitted their use in the human environment.
Now there is evidence that these insecticides have
caused many people to suffer. Which of the following

is the best way to handle this kind of situation?

A. The chemical laboratory should be barréd from
developing new insecticides. ’

B. The government should check more closely_od the
safety claims of such potentially dangerous
chemicals,

C. The false claims should be ignored until sufficient
evidence is obtained that these insecticides harm

humans.
el

D. The ﬁalse claims should be ignored since there is
nothing to replace these useful chemicals. -

-
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A scientist was studying an ore from the moon in an
attempt to obtain a new metal from it. He made several
tests but did not find evidence of a new metal. ‘
However, he did identify a peculiar gas which he

obtained during one of the tests. He probably would have

A. reported that the ore did not contain a new metal
but did contain a peculiar gas.

B. reported only that portion of his investigation
related to the gas.

C. not made any report because he did nét get any metal.

D. not made any report until  he was able to get another
scientist to confirm his identification of the gas.

When you are evaluating the correctness of ideas in
science textbooks, which one of the following is the
most important consideration?

A. How recently the book was published.

B. Whether or not the author is a scientist.
C. The extent to which the ideas have been simplified.

D. How widely the ideas in the book are currently
accepted by scientists.

1

Suppose you had worked several days on a chemistry:
experiment. You then accidentally added some sodium
nitrate solution when you should have added silver
nitrate. Which one of the following courses of action
should you take?

A. Start over again as soon as you realize your
mistake.

B. Continue with the experiment but if 1t doesn't
turn out the way it should, start over again.

C. Continue the experiment to see if the mistake
makes any difference.

D. As soon as yoﬁ realize your mistake, add some silver .
nitrate solution and continue with the experiment. -
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17. If a scientist had to choose betwec. two theories,
he would probably support the theory which

A. most other scientists feel 1is more¢ likely to
be correct.

B. has more practical value.

C. is based on a larger number of observations.

D. explains the available observations more satis-
factorily.

Questions 18 and 19 refer to the following paragraph.

Galileo gathered much evidence on stars, motion of
objects, etc. which gave rise to ideas about the universe
which were contrary to those held by some of the philo-
sophers of his time. These philosophers forced Galileo
to say that he was wrong and tried to stop him from
practicing science.

18. Whi h one of the following best applies to this situation?

A. Galileo should have collected more evidence before
disagreeing with the philosophers.

B. Galileo's ideas became wrong when he was forced
to say that they were.

C. Galileo should have avoided those investigations
which led to disagreement with the philosophers.

D. Galileo was Justified in questioning the beliefs'
of the philosophers

19. In their t:eatment of Galileo, the philosophers

A. showed that they did not have a proper respect
for ewidence.

"B. seemed to think that they knew all that there ‘was
" to know about the universe.

C.I were not willing to change-their ideas in the face
of new evidence.

D. showed all of the above characteristics.
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"People born when certain stars are becoming more
prominent show the influence of these stars in their
personalities.'" People who believe this statement

A. probably have a special ability to understand
such influence. .

B. are more imaginative than most people.
C. are more open-minded than most people.
D. do not take scientific evidence into account.

Suppose you did a chemistry experiment, but the results
were not what you expected. Which one of the following

would you do?

A. Report the results which were ~redicted in the
.chemistry text.

B. Copy the resulté from a friend.

.C. Report the results that you obtai-ed.

D. Report no results and tell the teacher rhat the
experiqent failed. S .

Quite often two groups of scientists will suppurt two
opposing theories on some aspect of nature. Which

one of the following would be the MOST important point
to- consider in settling such a controversy?

A.. Both theories glve satisfactory explanations for
the observations, but one theory has more practical
.applications. ’

B. One group of scientists believe more strongly in
their theory.

C. One group contains several scientists who have won
the Nobel Prize for scilence. :

D. Different conclusions are reached when the two
theories are applied to certain problems.

s
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Questions 23 and 24 refer to the following paragraph.

23.

24.

Priestly and Lavoilsier, both of whom lived 200
years ago, are often referred to as the "fathers of
modern chemistry'". Both of them did many experiments
on burninggand believed in the phlogiston theory of
combustion (all materials give off a substance call
"phlogiston" when they burn). However, later
Lavoisier became dissatisfied with the phlogiston theory
and developed our modern theory of combustion in which
he said that when a substance ‘burns it combines with
oxygen. Priestley never accepted Lavoisier's theory.

Which one of the following is generally true about
scientists, but was NOT demonstrated by Priestly in
the above situation?

A. Scientists believe very strongly in their theories.

B. Scientists demand an excessive amount of experimental
evidence before changing their belief in a theory

C. Scientists do not accept new theories when they
are first published.

D. 'Scientists accept new theories when they are
consistent with experimental data.

Which one of the following can be inferred from the
above paragraph as NOT true about Lavoisier?

A. He believed that his theory of conbustion would
. never change.

B. He recognized that theories are likely to change.

C. He was prepared to consider ideas presented by
others. \

D. He developed a new theory to explain the evidence
on burning.
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Drs. Brown, Jones, and Smith are medical researchers.
Each one independently investigated the cancer-
producinyg effect on rats of compounds found in tar.
Dr. Brown reported that there was no effect. Some
time later, both Drs. Jones and Smith reported that
these compounds were highly cancer~producing. Which
one of the following was probably the MOST important
reason for Dr. Brown's conclusion?

A. He did not consider all. the evidence.

B. He -did not do a sufficient number of controlled
experiments.

C. He was in a hurry to report his results\first.

D. He did not analyze his data properly.

Below are a number of points of view regarding the
teaching of the theory of evolution in a biology
class. In your opinion, this theory, should be

A. omitted from the biology course.

B. presented to the class, but its controversial
aspects should not be discussed. '

C. discussed thoroughly in a democratic manner
in class with ¥11 students present. )

D. discussed openly in class, but those students
who do not want to listen should be permitted

to leave.

During a class discussion a student said: "The
questions which are really important to man can never
be solved by science." Which one of the following
would be your reaction to this statement?

A. Disagree with him immediately.

B. 'Not pay any attention to this statement because
it is not worth thinking about. ‘

C. Ask him to present facts and arguments to support
this statement.

D. Support him because you believe that the statement
is true. ; T
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In i1t Lamarck presc¢ - 0 his theory of inherftance of
acquliied characterist - (traits developed by an
organism can be passed on to offspring). Darwin, who
later developed the modern theory of evolution, called
Lamarck's theory "rubbish". In a recent article, two
scientists claim to have discovered evidence for
Lamarck's theory. Of the following reactions to the
newspaper article, which one is most scientific?

A. "The discovery 1s tremendously important to the

biology of heredity."

B: "It is a nutty bit of research which I would not

bother to read about."

C. "The discovery by the two scientists does not so

much attack Darwin's theory of evolution as {t
expands upon 1it."

D. "This discovery 1s not surprising because in some

ways Darwin's theory is incomplete."

5

"Many people have cycles of mental disturbances which

correspond to the full moon." Which one of the follow-

ing best represents your reaction to this statement?

A. One should be willing to consider the possibility

that there may be some truth to this superstition.

B. Scientists could never prove or disprove this 1dea.

C. This statement is true because people have believed

in it for a long time.

D. There is insufficient evidence to make such a claim.
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30. Imagine you are living in a small town on the banks of
a river not far from a large industrial city. Your
town has jJust experienced a severe flood for the first
time in {ts recorded history. Some people are saying
that 1t was caused by increased rainfall due to the
smog from the nearby industry. Which one of the
following best expresses your evaluation of this claim?

A. This is a popular opinion for which there 1is no
proof.

B. This is & popular opinion based on people's
prejudice against smog.

C. This i1s a valid conclusion based on sufficient
evidence.

D. This 18 a conclusion for which more evidence 1is
needed. '

31. In an experiment, students blew through limewater
with a strav and noted that it turned milky. From
this result most of the students concluded that their
bodies gave off carbon dioxide. However, one girl
wrote In her notebook that since there 1s carbon dioxide
in the air we breathe the experiment proved nothing.
Which one of the following best describes your
evaluation of this situation?

A. The students were justified in concluding that
the body gives off carbon dioxide.

B. The girl was justified in doubfing the proof for
the body giving ofk carbon dioxide.

C. Neither side had s?!ficient evidence for their
conclusions.

D. Both sides were paﬁtlyujustified in their conclusions.
RS .
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Which one of rthe following is NOT an important reason
why scientists often repeat the experiments reported

by

A.

BS

other scientists?

A sclentist could be so intent on finding a degired
answer that he“unconsciously observes onl, what
he wants to see.

This helps to make a 5ciénpist more careful and
honest when maklng observations and reporting
results.

The first scientist might have used a faulty
experimental procedure,

The first sclentist might overlook a significant
variable in his experiment.
~L :

A scientist shows that he is open-minded when he

discusses hils 1deas with other scientists.
evaluates ideas which do not agree with his theories.
agrees with 1deas presented by other scientists.

asks other sclentists to provide experimental

evidence to support their ideas. '

Because a scientist 1s human, he can neVer be totally
objective (without blas) when doing and reporting his
research. Yet when he does report his research findings,

er scientists usually treat them as accurMe.and

ondst. Which of the following statements best explains

t

A.

s, apparently contradictory situation?

From the vreport, scientists are able to tell
whether there was any cheating. . '

A sclentist’s strong sclentific interests and
biaseg do not have any effect on his findings.

Sclentists trust such reports because they know
that the research can be repeated by other
scientists working in the same field. &

Biased research findings are often very useful
in science. : 4 .

A

e

i
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For more than 100 years chemistry textbooks have
presented Arrhenius's theory of ionization to explain

the properties of acids, bases and salts. However,
at the time Arrhenius first proposed this theory, very
few scientists were willing to accept it. Which one

of the following is the MOST impogtant reason why the
theory was not widely accepted when it was first

proposed?

A. Arrhenius, .in.his theory, gave a different inter-
.pretation to the avallable data on acids, bases
and salts.
*5
B. The scientists who would not accept this theory
were not as imaginative as Arrhenius.

C. Arrhenius did not have enough evidence to support
his theory.

D. The scientists who would not accept this theory
were less willing to be criticized.

-

Nuclear plants are becoming of increasing importance

as a source of electricity in industrialized countries.
However, dangerous radioactive wastes are produced which
must be disposed of safely. Recently, a proposal was
made to bury them deep in stable Pre-Cambrian rocks

where they must lie undisturbed for hundreds of

thousands of years. Which of the following reactions

is the most reasonable one for you to take on this issue?

A. The prpoposal is sheer madness betause this increases
the risk of radioaetive pollution.

B. Risks should be taf@n because the eléctricity from
nuclear plants is badly needed.

C. The proposal should be shelved unfil studies are
done on the success of long-term burial of
radioactive wastes. .

D. The industrialized countries should use less
electricity so that nuclear plants would not be

N .
necessary.
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A scientist had a theory for which he needed some
evidence. He did experiments and found that some
of the results did not support his theory. When he
reported his theory, he omitted those results which
did n« fit. In this case, the scilentist

A. produced a theory which did not have any practic
value. '

B. produced a theory which was not very important./

C. made his theory explain part of the experimental
results. -

D. .made the experimental results agree with ﬂis the

A scientist should report his findings as accurately
and honestly as possible

A. so that his experiments can be repeated by
others wanting to check his claim.

B. so that it will be more difficult for other
scientists to challenge his discoveries.

C. so that he does not lose his scientific reputati

D. because it is expected of him by the scientific
community. :

"Light travels as a stream of particles.”

"Light travels as a wave."

If you came across these two statementé in two diffe
science books, which_of the following would you do?

A. Ask your teacher to tell you which statement to
accept. )

B. Check other science books for statements on this
topic.

C. Assume that scientists are not certain as to how
light travels.

al

-

ory.

on.

rent

D. -Accept the statement in the newer ﬁj;kﬁ\‘\\\\\--

¢
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In many investigations in biology courses, live
animals are subjected to conditions that appear dis-
tressing and painful, and often result in their death
during the experiment. Which of the following best
expresses your reaction to this type df research?

A. On humane and moral grounds such experiments
should not be allowed.

B. Such experiments should be allowed since the
knowledge gained from the animal's suffering
outweighs the need to respect its comfort.

C. Such experiments should be allowed with live
animals raised especially for this purpose.

D. Such experiments should be allowed only under
careful supervision and when it 1is certain that
the animals will not.suffer.

During a discussion of current events in a science class
a student reports that much of the research on paranormal
power (eg. mental tclepathy, clairvoyance, and fortune
telling) gives false results. The main reason for these
false results is the difficulty in devising proper
research methods to study paranormal power. Students

who believe in paranormal power upon hearing this

report, should react in which one of the following ways

A.  Continue to believe because eventually new rese 't h
may show. that some people do have paranormal power.

B. Stop believing in pardqormal power until acceptable
scientific evidence 1s obtained to support it.

C. Continue to believe because one knows from one's
own experiences that some people have paranormal
power.

D. Read the evidence for and against paranormal power
so as to be able to decide whether to continue
believing 1it.
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A scientist withholds or suspends judgement on
sclentific conclusions when he

A. collects as much data as possible before
making conclusions.

B. makes sure that the conclusions fit the facts
(evidence). '

C. recognizes that knowledge 1s incomplete.

D. reports observations even when they do not
support his conclusions.

Suppose that you and a friend both did the same experi-
ment to determine whether or not sunlight is required
for plants to produce starch. Both of you tested a
leaf from a plant that had been left in the dark for
two days. Then you both tested a leaf from a plant
that had been left in the sunlight. Your friend found
starch in both leaves. You found starch only in the
leaf from the plant that had been left in the sunlight.
Which one of the following would be the most reasonable
thing for you to do? : ‘

A. Accept your own result because text books say that
plants in the dark should not produce starch.

B. Have both of you repeat the experiment.

C. Accept the result obtained by the one who knows
more about the experiment. '

D. Ask your teacher to decide which result should
be accepted.



44,

45,

128

Consider the following data concerning fluoridation
of the public water supply:

Fluorides help prevent cavities in children's
teeth. )

Small amounts of fluorides appear to have no
long-term harmful effects on humans.

~ The easiest and cheapest way to administer fluorides
to children is through the public water supply.

The fluoride content of lakes and oceans is
increasing as a result of putting fluorides
in the public water supply.

It is safe to put acceptable amounts of fluorides
in milk for children.

Which one of the following best describes your point
of view after considering the above information?

A. You would be against putting fluorides into the
public water supply.

B. You would be uncertain as to which side to support.

C. You would be in favor of putting fluorides into the
public water supply.

D. You would lose 1nteresf in the problem because the
evidence is too indefinite. ‘

"Cloning" is one kind of experimentation with genes
(carriers of heredity) in which identical copies of an
organism are produced. This result of cloning has led
to claims that it 1s possible to produce ny copies of
a human being. Which one of the followiniﬁieactions do

you favor?
A. Biologists have no business aspiring to "play God".

B. The possible bad results of duplicating human
beings are scary.

L

C. Cloning of humans should continue because it may

help in our understanding of the processes of life.

D. Society should protect the sanctity of life by
forbidding the cloning of humans. '

e
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| 4
It has been stated that secrecy in research is
necessary, one reason being that stealing of ideas
occurs 1in science. Which one of the following is
the LEAST important reaction to this situation?

A. Stealing of research ideas 1is desirable because
it informs the wronged scientist that his
research is important. ) .

B. A certain amount of stealing of research ideas
is tolerable since it tends '"to keep scientists on

their toes".

C. Stealing of research ideas 1s bad because it may
prevent a scientist from getting proper recog-
nition for his ideas.

D. Such stealing is harmful because it may prevent
scientists from sharing ideas, hence slowing
down scientific progress.

If you came acros a scientific idea which goes
against your c aL e e, which one of the following

would you be in ° to o0?

A. Disregar. the scientitic idea because it is
better to rely on common sense.

B. Disregard common sense because it is not as
reliable as scientific study.

C. Do an experiment to determine whether common
sense or the scientific ideas 1s more acceptable.

D. Try to produce a compromise between the scientific
~idea and common sense.
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Some medical researchers say that marijuana 1is more
harmful to humans than alcohol, while others say that
it is not. In the 1light of this information, which
of the following would you be inclined to do?

A. Not smoke marijuana because it is probably harmful.

B. Ignore the evidence that marijuana might be harm-
ful and smoke it if you wanted to.

C. Smoke marijuana because it is probably no more
harmful than alcohol.

D. Put off any decision .._ut smoking marijuana until
more definite iowiedge 1s obtained about its effects.

Imagine that you have just fin.shed a laboratory investi-
gation in which you took 8 measurements. Your measure-—
ments all agree except two. If you were unable to

take more measurements, which of the following would

you probably do?

A, Include the two odd measurements in your report
but omit them-from calculations.

B. Adjust the two odd measurements in your report to
make them' agree better with the others. :

C. Do not include the two odd measurements in your report.
D. Use all the measurements as they are when making

calculations in your report.

When observations are made that do not fit an accepted

. scientific theory, scientists usually

A. try to adjust the observations so that they fit .
into the theory.

B. keep the theory as it is since the new observa-
tions cannot be twsed to improve 1it.
v

C. try to change the theory so, that these observa-
tions can be explained.

D. discard this theory and develop a né% one to
explain these observations.



