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One purpose for teaching science is to provide an as-
pect of an individual's general education which will promote
effective citizenship. This has been described as educat-
ing for a scientifically literate citizenry.

This study sought to infer dimensions of scientific
1iteracy with regard to a theoretical definition for a.group
of science oriented persons, for a group of nonscience ori-
ented persons, and for the two groups combined. Compari-
sons of the strength of agreement of the two orientation
groups, and oflsubgroups of the two groups, with the in-
ferred dimensions were made. Rélationships between the in-
ferred dimensions and the predictor variables (a) educa-
tional level, (b) amount of science education, (c) educa-

tional level of parents, (d) age, and (e) sex were in-

'vestigated.



A Theoretical Model of Scientific Literacy was de-
veloped and used to develop a 45 statement Q-set, thém§éi-
entific Literacy Q-set (SLQ). A questionnaire, the INFORMA-
TION SHEET (IS) was developed to collect predictor variable
data. Both instruments were piloted and refined until they
were at an eighth grade reading level. Pearson's r was
used to calculate intercorrelation coefficients after the
.éLQ was sorted in a test-retest situation; the average
coefficient was 0.49.

The sample consisted of five subgroups. There were
thirty-seven university pure science persons, thirty-eight
university applied science persons, seventy-five university
nonscience persons, one hﬁndred public science persons, - and
one hundred,public nonscience persons. These persons were
réndomly selected from The Ohio State University faculty and
from Franklin County, Ohip residents.

The SLQ, the IS, and ancillary materials were mailed
without prior consent to the selected persons. The instruc-
tions aéked tﬁem to sort the SLQ in terms of "What should be
expected of most high school graduates with regard to sci-
ence?" A forced sort, five cards per nine piles, was re-~
quired. The nine piles represented a continuum from +4 MOST
IMPORTANT to -4 LEAST IMPORTANT. It was aetermined that
forty persons did not receive the materials; 185 persons

responded producing a 60% response.
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3
' Descriptive statistics, correlations, factor analysis,
analysis of variance, and regression analysis were used to
analyze the data and/or test the null hypotheses. Seven in-
ferred dimensions of scientific literacy were developed.
I. Scientific Inquiry - producing new knowledge through a
synthesizing activity. 1II. Maintaining Current Awareness -
valuing people keeping abreast of new developments in sci-
ence and technology. III. V;lﬁing Methods of Science -
valuing methods which scientists use in their work. TIV.

Personal Application of Science - applying scientific

NN

knowledge andtmethods of science in daily lives. V. Dis-
tinguishing Between Science and Technology - making the dis-
tinction in terms of goals and'resu;ts, also understanding
how science and technology affect each other. VI. Utiliz-
ihg Factual Knowledge - knowing and using factual knowledge
about nature. VII. Mutual Involvement of Science and
Society - science providing mankind with new capabilities,
also society providing supportive conditions for science.
In addifion to the inferred dimensions of scientific
literacy several generalizations were developed from the
data analysis results. Membership in subgroups was more
related to respondents' perceptions of scientific literacy
than was membership in the two orientatioﬁ groups. The
subgroups valued the inferred dimensions differently. 1In-
dividual characteristicé of respondents were related to

their perceptions of scientific literacy. Sex and age

4
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were weakly related usually in combination with other wvari-
ables. In general an inverse relationship existed between
respondehts} educational levels and their valuing of the
inferred'dimensions. Also, respondents with lower educa-
tional levels thse,paren£s had lower educational levels
tended to value more practical ag#pects of the inferred
dimensions. Science courses which respondents had taken
were related to their perceptions of scientific literacy.
In particular, high school science courses which the public
nonscience respondents had studied were positively reléted;

v

to their perceptions of scientific literacy. '“Ww4*“fw@;”
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CHAPTER I
INTRODUCTION

Need for the Study

Science in the Curriculum
Fundamentalwgéterminants of educationai directions,
sometimes called the historical forces behind education, are
usually cited to be economic, political, social, and reli-
gious by nature. Perkinson (1968) examined a century of ed-
ucation in the United States between the years of 1865 and
1965 and succinctly demonstrated how education has been an
imperfect panacea in dealing with thése forces. Rapid
changes during the -Twentieth Century have wroﬁght upon
'the.schools even more forces. Fox (1969, chapter 2) arguéd
that science and techﬁology have come to'be additional de-
termining forces of educational directions.
Concern'for the inclusion of science in the edﬁcaﬁion

~ of youth has been recognized for many years. In the hid

1700's science was taught in the form of "natural history"”

and "natural philosophy." It'was hoped that children would

gain a better.understanding of God and would cling to ele-

vated moral horizons. Still a century later "God was

1
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explained by science and science by God." (pella, 1967,
p. 347)

During the 1900's science has been taught for varyinj
reasons. It has been a means‘of training the mind, of
pettering society, and of bettering the whole individual.
During the Fifties and Sixties, science was taught in a dis-
cipline-centered fashion; the intention was to emphasize the
vrganization and methods.of science. The curricula which
. were developed toward this end.have come to be labeled the
ABC curricula. At the senior high level physics was ;he
thrust of the Physical Science Study Committee (PSSC) and
Harvard Projeﬁt Physics (HPP); chemistry was the thrust of
the Chemical Bond Approach (CBA) and the Chemical Education.
Materials Study (CHEMS); and biology was the thrust of the
_ﬁiological Sciences Curriculum Study (BSCS). At the junior
high level Introductory Physical Science (IPS) emphasized
chemistry and physics, and the Earth Science Curriculum Pro-
ject (ESCP) emphasized the earth sciences.
| The above mentioned discipline curricula and others
recently developed have been for the most part accepted as
strong, positive developments by science educators. How-
ever, not all students experience all or any of these in
their classes. Schlessinger, et al., (1973, p. 147) indi-
cated that the ABC curricula were on the average being used
in approximately fifty percent of the nation's schools.

Furthermore:



-..for about three fourths of all school

children, their secondary school instruction

in science includes no more than two years

at the junior high school level and probably

a .10th grade course in biology; probably

fewer than 25 percent of all 18-year olds

have studied chemistry, and no more than one

'in a dozen has taken a course called physics.

(Belasco,_1970, p. 19)

As science has been taught in the schools for various
reasons so too has the curriculumlchanged. New content has
been added; some has been deleted. On the whole, "The

. gradual process of curriculum change... (has) tended to re-
flect the relatively gradual evolution of society itself."
(Goodlad, 1966, p. 9) Presently, it seems science is taught
in the schools for three basic reasons:

(1) to prepare future scholars for the different
disciplines of science;

(2) to help individuals attain the necessary back-
grounds for entry into .technological occupations
and professions; and )

(3) to provide an aspect of the individual's general
education which will promote effective citizenship.

(Clem, 1950; Baily, 1957; Hurd, 1958; Behnke, 1960; Kusch,
1960; Waterman, 1960; Ubel, 1961; Weaver, 1962; Johnson,
1962; Evans, 1962; Wittlin, 1963; Shamos, 1963; Pella,
1966; Korth, 1969; Broudy, 1972; Agin, 1974)

For more than a decade scientists and other intellec-

tuals have generally cited the need for scientifically lit-

erate citizens. Science educators have been specific in
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clarifying this need. 1In a society that is scientifically
and technologically oriented all people should be broadly
educated in science, including its products, its processes,
its philosophy, and its impact on society. (NSTA, 1964;
Pella, 1967; Klopfer, 1969; Richardson and Showalter, 1969;
Andrews, 1970; Belasco, 1970; Evans, 1970; NSTA, 1971;
Agin, 1974) “fThe single most important goal of school sci-
ence must be to prepare scientifically literate citizens for
the future.” (Gatewood, 1968, p. 20) Hurd (1970, p. 14)
claimed "The broad goal of science teaéhing ought to foster
the emergence of an enlightened citizenry, capable of using
the intellectual resources of scien-e to create a favorable
envirbnmant that will promote the development of man as a
human being."

However, to forestall any belief that the argument for
education to include science for all individuals has occurred
only recently, one should heed a statement attributed to
Benjamin Franklin by Agin (1974, P. 404). Writing in 1749,

- Franklin stated:
With the History of Men, Times, and

Nations, should be read at proper Hours and

Days, some of the best "Histories of Nature, "

which would not only be delightful to Youth;

...but afterwards of a great use to them,

whether they are Merchants, Handicrafts, or

Divines; enabling the first the better to

understand Commodities, Drugs, etc., the

second to improve his Trade of Handicraft by

new Mixtures, Materials, etc., and the last

to adorn his Discourses by new Proofs of
Divine Providence.
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Schilling (1959, chapter 5) analyzed the essence of
science. He saw science as: (1) a Body of Organized
Knowledge, (2) a Way of Knowing, (3) an Area of Experience,
(4). a Feundation of Technology, (5) an Intellectual and
Moral Influence, and (6) a Social Enterprise. Fox (1969)
and Hurd (1970) suggested that emphasis in science education
during the last two decades has been on science as a "Body
of Orgaﬁized Knowledge" (product) and science as a "Way of
. Knowing" (process). Separately, both Fox and Hurd empha-
sized the need to concentrate on the other aspects of sci-~
ence because the science courses are leaving youth unable to
cope with the demands and problems of a science-oriented
society. Hurd believed "The majority of adults are unaware
of or are misinformed about the meaﬁing of science and its
- influences on the material, social, and intellectual life of
our time....they have little insight into the meaning of
problems which plague mankind today..." (Hurd, 1970, p. 13)

O'Hearn (1975) illuminated the point that Fox and Hurd
‘made.
Non-rigorous examination shows that most texts
are deficient ir social and cultural implica-
tions with varying degrees of coverage of the
processes of science and the nature of science.
It is clear that in some courses, reference to
technological applications and social implica-
tiong, and applications of scientific knowledge
have been systematically avoided or reduced.
There is evidence that much work needs to be

done if high school graduates are to be lit-
erate in science.



Scientific Literacy--What Does It Mean?

In the early Sixties Robert Carleton, (aé that time the
2xecutive secretary of the National Science Teachers Asso-
ciation, NSTA) asked some of the nation's scientists and
science educators, "What does it mean to be scientifically
literate?" (Carleton, 1963, p. 33) The responses suggested
that a-person is scientifically literate if he understands
the processes of science and if he is aware of the accom-
 plishments of several of the science disciplines. The
statement by Hugh Odeshaw (at that time the executive direc-—
tor of the Space Science Board of the National Academy of
Science) was rupresentative cf the various replies to
Carlefon's query. "Scientific literacy can be defined as
qomfortable f#miliarity with the development, methodology,
-achievements, and problems of the principal scientific dis-
ciplines."

By the mid Sixties scientific literacy had come to be
defined more broadly. Haney (1966, p. 24) in a prepared
statement for the Association for Supervision and Curriculum
Development of the National Education Association stated
- that scientific literacy had six dimensions.

1. The pupil should acquire knbwledge which
he can use to explain, predict, and con-
trol natural phenomena.

2. The pupil should grow in his ability to
engage in the p. .cesses of science and to
apply these processes in appropriate sit-

uations as he.confronts them in his daily
life.
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3. The pupil should acquire the attitudes of
scientists and learn to apply these atti-
tudes appropriately in his daily experi-
ences. '

4. The pupil should come to understand the

various interrelationships between science
and society.

5. The pupil should learn numérous useful

manipulative skills through the study of
science.

6. The pubil should acquire a variety of in-

terests that may lead to hobbies and pos-
sibly to a vocation.

This statement introduced scientific attitudes and in-
terrelationships between science and saciety as important
aspects of scientific literacy. It also suggested that the
person who is gaining scientific literacy will find personal
pleasure and enjoyment through involvement in science re-
lated activities.

In the early Seventies a Committee on Curriculum
.StudieS_for the NSTA stated that the development of scien-
tific literacy should be viewed as a con ~inuum. The end re-
" sult of this continuum would be a scientifically literate
person who:

1. uses science concepts, process skills, and

values in making everyday decisions as he
interacts with his environment '

2. understands that the generation of scientific

knowledge depends upon the inquiry process

and upon conceptual theories

3. distinguishes between scientific evidence
ard personal opinion
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4. identifies the relationship between facts
and theory

5. recognizes the limitations as well as the
usefulness of science and technology in
advancing human welfare

6. understands the interrelationships between
science, technology, and other facets of
society including social and economic de-
velopments A

7. recognizes the human origin of science and
understands. that scientific knowledge is
tentative, subject to change as evidence
accumulates "

8. has sufficient knowledge and experience so
that he can appreciate the scientific work
carried out by others ‘

9. has a richer and more exciting view of the
world as a result of his science education

10. has adopted values similar to those which
underlie science so that he can use and
enjoy science for its intellectual stimula-
tion, its elegance of explanation, and its
excitement of inguiry
11. continues to inquire and increase his sci-
entific knowledge throughout his life
This'statement was much more comprehensive than pre-
‘'vious statements. It, like the others, emphasized products
and processes of science. However, the need to perceive the
-interrelationships between science and society is explicated
to include technological, social, and economic developments.
This statement exceeded the others and implied a need for

the scientifically literate person to understand and be

familiar with the "nature of science."
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Several definitions of scientific literacy have been
offered during the last quarter of a century. Within this-
time frame the definztions have differed considerably in
content aﬁd comprehensiveness.- (Carleton, 1963; Pella,
1967; Kloofer, 1969; Daugs, ;570; Evans, 1970; Hurd, 1970;
Agin, 1974; Showalter, 1974) One would be hard pressed to
find that any one of the definitions was developed as a re-
sult of intelleétual inpﬁt from many people with varying
backgrounds and interests. It appears that at no time has
any segment of the general public been asked to respénd_to
the various definitions of scientific literacy. Stated in
another way, individuals have not been asked to specify what
they believe is impoftant, or not important, with regard to
elements of the‘dimensions of scientific literacy. "Many
.individuals use the term 'scientific literacy' but fail to
give it an adequate meaning; they assume that everyone knows
what the concept means." (Agin, 1974, p. 405) By asking
People from all walks of life to indicate what they value
the most, or the least, with regard to specific elemenfs of
scientific literacy, a starting point could be established

for giving meaning to the term scientific literacy.

Scientific Literacy--Is It Instrumented?

As concerned writers have expressed a need for a sci-
entifically literate citizenry, attempts have been made to

assess levels of scientific literacy. These fall into two .
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broad types of assessment. First, researchers have been in-
terested in only one particular aspect of scientific lit-
eracy. Second, researchers have tried to assess 1eve1§ of
scientific literacy by using a battery of instruments or one
instrument that covers several aspects. |

Figure 1 indicates some of the particular aspects of
scientific literacy that have been a concern to various re-
searchers. It is not comprehensive.but is indicative of
this type of assessment.

Other investigators have attempted to measure several
aspects of scientific literacy in their research. Leake and
ﬁinerﬁan (1973) used the Science Forms 4a, 3A, 2A and 1A 6f

the Sequential Tests of Educational Progress and the

"Wisconsin Inventory of Science Processes to measure compre-

hension, reasoning abilities, and process skills in science
of high school seniors. Gallagher (1969) described the use
of eight tests to measure eight different aspects of scien--
tific literacy of graduating seniors in the Test Every
Senior Project.

Richardson and Showalter (1969) sought to measure the
effects of a unified science curriculum on high school grad-

uates by developing the Abfi@ged Scientific Literacy Instru-

ment around three of the six general objectives of Haney's
list (see pages 6-7). The three they chose were numbers 3,

,4, and 6. They recognized that scientific literacy is a
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term frequently used by science eduéators and that science
educators agree in a general way on the various dimensions
of the term. However, to develop an instrument to account
for all the aspects of scientific literacy was beyond the
scope of their research. As a result, importaht items such
as numbers 1, 2, and 5 of Haney's list were excluded in
their instrumen;.

Cossman, desiring to evaluate the success achieved in
an experimental secondary school course, "Science and Cul-
ture," designed .to foster scientific literacy, used six dif-=
ferent tests in his research. He stated: "Except for the
case of substantive knowledge, available measuring instru-
ments are few in number and typically still in experlmental
stages." (Cossman, 1969, p. 276)

A major effort was undertaken in the Sumﬁer of 1965 to
define the achievements of American education in the area of
science. This was part of the National Assessment of Educa-
tional Progress.(NAEP). Test items were deveiopéd‘and ad-
ministered to 28,000 nine yYear olds, 28,000 thirteen year
olds, 28,000.seventeen year olds, and 10,000 young adults,
twenty-six through thirty-five years of age. The major
areas of assessment were: .

I. Know fundamental facts and pr1nc1ples of
science.

II. Possess the abilities and the skills needed
to engage in the processes of science.
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III. Understand the ihvestigative nature of
science.

IV. Have attitudes about and appreciations
of scientists, science, and the conse-
quences of science that stem from ade-
quate understandings. .

(Committee on Assessing the Progress of

Education, 1969, Chapter 2)

This national effort was impressive, and its continua-
tion should bring increased knowledge and understanding
about the effects of science education in the United States.
However, Merrill (1970, p. 18) expressed criticism in that
"The most striking feature (of the assessment project) is
that almost twice as many exercises were administered to
measure Objective I as were used for all other objectives
combined!” 1In his opinion "The released information for
Objectives II and III is rather Scant, and for Objective IV
"is sO meager as to be almost worthless."

Three years later, in 1972-1973, NAEP undertook a
follow-up study using 230 questions that were used in the
study described above. This represented apprcximately one-

half of the original number of questions used with an aver-'’

age of seventy-six questions for each age group. (Ahmann,

et al., 1975, p. 23) The results reported by NAEP (1975)

indicated that nine year-olds, thirtéen year-olds, and
seventeen year-olds performed on the average less well in
1972-73 than they had in 1969-1970. It has been suggested
that some of the questions do not represent the pfesent—day,

school science curricula nor the emphases made ir the
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teaching of science (Howe, 1975). This suggeétion and
Merrill's comments about Objectives II, III, and IV should
temper reactions to these gloomy findings.

One senses that the state of the art of instrument de-
velopment to assess scientific literacy is not well ad-
vanced. If scientific literacy is not well defined at pres-
ent, how could it Le anticipated that a valid, integrated
measure of scientific liferacy should exist? "To date, no
system has been developed for assessing student achievement
in the identified areas of scientific literacy, 6ther than
knowledge, with occasional attempts to assess learning in
the processes of science and in attitudes toward science."
(O'Hearn, 1975) Building upon O'Hearn's ideas, Doran (1975)
pointed out that "...some of the existing'standardized and

,gesearch instruments...are totally or in part usefui for
_measuring student progress toward scientific literacy, but
they should not be‘the ‘tail that wags the dog' and épecify

the objectives for scientific literacy."

Scientific Literacy--What Does It Mean to the General Public?

Learned writers often poinf to the impact 6f science
upon the lives of the world's peoéle. "One of the most re-
markable characteristics of modern 1ife is the completeness
with which it is dominated by science and its sister subject
technology." (Russell, 1955, P. 5) Many do not recognize.

this impact, but without it, life for them would scon be
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non-existent. "AlgHough only a sixth of the world's popu-
lation is in this pPUhery 209 although only a seventh of the
world's area lays withjn j£S porgers, yet the United States
produces one-half of the wo¥ld's manufactured godds."
(Riggs, 1969, p. 115) Oppelheimer (1954, p. 89) suggested
that neither wérs nA¥ gisasters change 1ives as rapidly as
does science. No 1P%3er .qo©S Ohe generation follow another
seeing little devigflon froM estaplished social patterns.
Our ends and beginyiiyg have pot much ip common.

It has been sygYsgteq that tpe general mood of the
people has now becys® 1¢ss Supportive of science and tech-
nology. After WoryA Way IY the nétion's military strength
was séen as a safeggﬁbd, NOw many view it as a poténtia%'

invitation to war y4 R yesylt of gituations such as the re-

"cent Vietnam Confli&t\ ThefQ is growing concern that the

world is becoming WAtpoPuldted. The conquest of many dis-
eases and improved g4Yjculetital methods are both major fac-

tors in this problgyp+ flnally, continual industrial growth

‘is considered by va? 2s 3 ¥3pe of the environment. (Price,

1974, p. 97; Steingys 1971, B, 2)

Weinberg (197Q, P, 1431) claimed that science and the
resulting technology 2re on the defensive from four fronts.
Some journalists(.lgpeled.aé "sCientific muckrakers," pic-
ture the scientifiq @NterpyiSe ay a Ccorrupt political or-
ganization quibbling “{¢hin itgels for "séientific dollars."

Secondly, some legiglatgrs 2hg administrators sense a

o~
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decline in the relevance of science as certain social proh-
lems demand ndtional attention. Thirdly, there are the
"technological critics" who cry for a slowdown and redirge-
tion of technology "because of its detriméntal side ef-~
fects." Finally, there are the "scientific abolitionistg”
who claim that the scientific-technological mode has bean
a catastrophe for the past 100 years.

Shills (1974, pp. 2;3) stated that support for science
is based generally on a belief in its efficacy and a belief
in its ability to _Ssustain futurevlife. He‘warned thét
"these beliefs are affected by the tldes of mood and opinion
which rise and fall in the ocean of the larger society."

Et21on1 and Nunn (1974) sought to gain an understanding

of the public appreciation of science in contemporary

-America. In their study the data base consisted of varions

public opinion polls and attitude surveys taken during the
fifteen years preceeding their study. Using these sources

for their only data base, the researchers recognized that

“their conclusions could at best be-only tentative. They

learned 1itt1é "about the factors, vectors,fand dynamics
underlying the status of science in the public mind
today." (p. 202) Their major finding was that "the overw
whelming majority of the public seems to confuse science
and technology and sses science in a very technological inp-~
Strumental light." (p. 203) The researchers expressed a

need for an "encompassing, updated, analytic study." (p. 203) .
.
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It can be inferred from Etzioni and Nunn's statements>
that a meanihgful study would be to determine what it is
that people today value with regard to the séientific enter-
prise. The public's appreciation of science and its  inter-~
relationships with technology and society does not seem well
understood. On one hand, science is valued; it is seen as
a very positive influence upon our lives. On the other
hand, science is not valﬁed; it is seen as a negative influ-
. ence upon our lives. Often science is confused with tech-
nology and technology with.science. oOver a span of a few
yearsthe mood of the nation (influenced by the economy by
war, by catastrophes, or whatever) tends to oscillate from
positive feelings toward science, to no feelings, to nega-
tive feelings toward science.
- An editorial in the Journal of Chémical Education
(1972, p. 785) asked "...how can a society grow with science
and technology without being devoured by them?" Many citi--
zens see science as beihg able to find the corfect answers,
Many see science as a golden goose--a good science with
happy solutions messianicly replacing hard difficult man-
- made decisions.
Science and technology héve made life more convenient
‘without making it easier to live. This paradox often leaves
people physically more comfortéble but emotionally less com-
fortable. Instead of using science and technology to tell

us how to deo things we have thought we wanted to do, we must
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now use science and technoiogy to décide what we re#lly want
to do. (Morrison, 1970, p. 22)

Research in science education can be helpful in this
effort. Kahn and Weiner (1367, pp. 398-399) developed
soundiy the need for future-oriented;%esearch. It can
clarify, define, name, and expound major issues. It can in-
crease the abil%ty to identify new patterns and crises and
can help to understand their character and significance. It
can improve the administrative ability for decision-makérs
to react appropriately to the neﬁ and unfamiliar. A poten-
tial direct consequence of future-oriented research would
be to decrease "scientific illiteracy." Scientific illit-
eracy'is a barrier to the resolution of present day dilemmas
‘that often exist when science is deployed towards social ob-
"jectives. (Menchar, 1971, p. 35)

The present state of affairs appears to commend itself .
to education of the public through the maséigZéia. In-
creased use of educétional television, newéﬁabers and popu-
lar periodicals could begin to remedy present public mis- '~
understandings of science aﬁd'its interrelationships to
technology and society. (Seaberg, 1971, p. 15; Daddario,
1974, pp. 141-142) '

...education for citizenship...every-
body's education - will have to provide not
only adequate knowledge of science in general

-++,but above all, understanding of ihe impact
of science on fundamental aspects of human
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existence. That,...,is.the central problem

of education in the coming decades. Unfor-

tunately, not much is being done about. it.

(Rabinowitch, 1971, p. 1149) ‘

If in fact science does play a big role in the lives of
people, there is a need to determine what people believe
will best prepare high school graduaﬁes to face this. One .- -
way to accompiish this is to ask persons what importance
they attach to particular behaviors on the part of high
school graduates with regard to science and its relation-
ships to technology and to society. From their responses
one should be able to make, at the very least, limited in-
ferences about what constitutes scientific literacy in their
minds.. A mor2 complete understanding of thesé inferences
could then be gained if the inferences are compared on the
_basis of variables which might be an influence on the status
of science in the public mind today. Finally, the results
of such a study could be used as a baéis for developing

viable science education progrims not only for the schools

. but also for out-of-school education.

Scientific Literacy--Can It Be a Theoretical Foundation for

N

- Science Educatiop?

"It has been said that science education is not a dis-
cipline, that science educétion has no philosophy, no ra-
tionale, nor no theoretical basis. Hurd (1971, p. 243)
stated thut a much neglected factor in science education re-

search is =% *heory kase. Watson (1962, p. 277) nearly a
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decade before leveled the same seriéus criticism of research
in science education. Watson suggested the lack of a propo-
sitional framework, or the lack of explicating one, had the
efi. :t of leaving the results’of research without meaning.
Hurd (1971, p. 244) suggested that without a theory base we
are left without a "...notion of the actual state of knowl-.

edge, the statu;e of the field, and the‘location of the
-'frontier." Instead, he called for "decision oriented re-
search" which could contribute tc élternatives, options, and
directional probabilities in science education.

In 1975 the cry continued for research which could be
the initial foundation for a theory base in science educa-
tion.' Agin (1975), recognizing the lack of coherence in
science educafion and science education research, explicitly -
" described science educators as "grasping at ideas and tech-
niques like people at a bargain basement sale, and what we
get most of the time isn't a bargain."

To respond to the conditions described above, the
National Association for Research in Science’ Teaching *
(NARST) and the National Institute of Education (NIE) have
.outlined eight (8) areas to receive priority in future re-
search (NARST-NIE, 1975). One of thése priority areas is
scientific literacy. The Commission believes that "Con-
tinued restatement of speéific goals and emphases appro-
priate to the changing role of science educa:ion should be

encouraged."
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Pella (1975) pointed out that the vocabulary in sciénce
éducatioﬂbselectéd from many sources such as science, en-
gineering, and Philosophy "has been prostituted to the point
where any one word, regardless of context, represents as
many concepts as people who use it." Decrying the sad state
of research in science education, Pella stated, "Because of
inadequacies in conceptual vocabulary and frames of refgr-
ence for assessment the results of our research are con-
tradictory." |

Referring to ideas developed through the Center for
Unified Science Education at The Ohié State University
Showalter (1975) stated:

There is general agreement in the science edu-

cation community that the concept of scientific
literacy is of very great importance in today's
education in science. There is further agree-

ment that the function of the concept of sci-

entific literacy is to serve as a primary

source of overall objectives for school sci-

ence programs...A necessary precondition for
developiny instructional programs intended to o
enable learners to achieve desirable levels '
of scientific literacy is a comprehensive and
functional statement of the dimensions of sci-

entific literacy and of the factors associated , A
" with each dimension. (Showalter, 1975)

Doran (1975) suggested that although scientific lit- -
eracy as a concept was actively discussed in the middle and:
late 1960's as an overarching schema to conceptualize the = .
goals of science education, it has recently been replaced by
other concerns. Doran felt "the time is ripe for a

're-look' at what we are about..."
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Summary
From the foregoing discussion the following needs have
b2en inferred: |
l. There is a need to develop a theoretical definition
of scientific literécy in order to:

a. have a valid, comprehepsive, and functional
definition at the present time.

b. facilitate communication in reference to the
educatiqnal goal of deﬁeloping scientifically
literaté citizens.

c. provide a basis for developinj science educa-
tion programs which will enable students to
attain appropriate levels of scientific
literacy.

d. provide a basis for developing an instrument
to assess student achievement in the identified
dimensions of scientific literacy. _—

2. There is a need to ask perséﬁs with varied educa- -
tional, experiential, and environmental backgrounds"
to specify the importance of each of several ele-
ments of a theoretical definition of scientific
literacy.

3. There is a need to infer what constitutes dimen-
sions.of scientific literacy in the minds of the
persons who are asked to attach importance to ele-

ments of a theoretical definition of scientific
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literacy.
4. There is a need to find correlates to the inferred
dimensions of scientific literacy of the particular

groups of persons.
Statement of the Purpose

The purpose of ﬁhis study is tb develop dimensions.of
scientific iiteracy for two groups of persons, science ori-
ented and nonscience oriented, using their perceptions cof
impoftance of several elements of a theoretical definition
of scientific literacy and to find correlatés to these in-

ferred dimensions.
Statement of the Problem

The problems for this sfﬂéy'are as follows:

l. To infer dimensions of scientific literacy with
regard to a -theoretical definition of scienﬁific
literacy for each of two groups of persons, science
oriented and nonscience oriented, and for the two
groups combined.

2. (a) To compare the strength of agreement of the
science oriented groupiof'persons and the non-
science oriented group of persons with the

‘overall inferred dimensions of scientific 1it-

eracy of the two orientation groups combined.
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(b) To compare the strength of agreement of the
subgroups of the two orienfation groups (uni-
Versity pure science, university applied sci-
ence, university nonscience, public sc1ence,
and public nonscience) with the overall in-
ferred dimensions of scientific literacy of
the two orientation groups combined.

3. To determine what relationships exiét betweeh the
inferred dimensions of scientific literacy with re-
gard to a theoretical definition oé scientific lit-
eracy for the groups of science oriéntéd and non-
science oriented persons and the vériables: (a)
amount of previous education; (b) amount of pre-'
vious science education; (é) amount of prévious
education of parents or guardians; (d).age; and

(e) sex. ‘
Hypotheses

The hypotheses of this study are as follows:

Hypothesis 1. (a) There are significant differences in the

factor scores of the science oriented
group of persons and the nonscience ori-
ented Qroup of persons on each of the
inferred dimensions of scientific lit-

-eracy.
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(b) There are significant differences in the
factor scores of the subgroups of the
two orientation groups of persons on
each of the inferred dimensions of sci-

~entific literacy.

Hypothesis 2. There are significant predictors or combina-

tions of predictors among the variables: (a)
amount of previous education; (b) amount of
previous science educaticn; (c¢) amount of pre-
vious edpcation of parents or guardians; (d)
age; and (e) sex of the persons in the.scique
oriented and nonscience oriented groups of
persons and the inferred dimensions of sci-

entific literacy.
Definitions

Science oriented person: a person whose occupation requires

formal training, or its equivalence, in a science or

science-related field.

Nonscience oriented person: a person whose occupation does
not require formal training, or its equivalence, in a
science or science-related field.

Theoretical Model of Scientific Literacy (TMSL): the theo-

retical definition of scientific literacy developed for
this study.

Dimension of scientific literacy: a recognizable group of
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behaviors within the TMSL which together define a par-
ticular aspect of scientific literacy.

Component of dimension of scientific literacy: a recogniz-

able group of behaviors which are a subset of a ‘dimen-

sion of scientific literacy.

Element of scientific iiteracy: a discreet behavior in the

TMSL which specifies expectations of the scientific

literate person.

Scientifically literate person: a person who demonstrates

the behaviors described by the TMSL at a specified cri-

terion level.

Scientific Literacy Q-set (SLQ): a set of fbrty-five (45)

statements developed for this study which represents

the elements within the TMSL.

INFORMATION SHEET: a questionnaire developed for this study

designed to elicit information about (a) amount of pre-
vious education; (b) amount of previous science educa-
tion; (c) amount of previous education of parents or

guardians; (d) age; and (e) sex.

Respondent: a person who responded to the SLQ, the Informa-
tion Sheet, or both.

Inferred dimension of scientific literacy: the commonality

believed to be shared by a group of SLQ statements.
Assumptions

This study assumes:
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The persons selected to respond to the INFORMATION
SHEET énd the SLQ represent the groups of persons
from which they were drawn..

Jo systematic variance developed in the process of
using a standard procedure for distributing and
collecting data. |

The respondents completed the Inférmation Sheet
with integrity, that is, they supplied the correct
information to the best of their knowledge.

The respondents sorted the SLQ statements according
to the instructions.

Each SLQ statement is equivalent in meaning to the
TMSL: statement from which it was developed.
Inferred dimensions of scientific literacy for a -
grouping of persons can be developed from their

pefceptions of importance of elements of the TMSL.

,o

Delimitations

This study has the following delimitations:

1.

The study was conducted with public persons who
lived within Franklin County in the state of Ohio.
The study was conducted with university faculty

members at The Ohic State University.
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Limitations

This study has the following limitation:

l. 2ny finding related fo this study cannot be'gen-
eralized beyond persons living within Franklin
County, Ohic and faculty members of The Ohio

State University.
Overview

Scientific literacy has become a term commonly used to
delineate the basic goals of science education. However,
the term remains'somewhat in the realm of jargon. For this
research literature related to science education was
searched for descriptions of what it means to Bé'scien-

tifically literate. The TMSL was developed as a theoretical
definition of scientific literacy and is the theory base
‘for this study.

| Forty-five (45) élements of the TMSL were randomly
selected. These were rewritten at an eighth grade reading
level. Two pilot studies were conducted to refine these
Statements. The set of forty-five (45) statements became
the SLQ which along with the INFORMATION SHEET was admin-
istered to two types of persons, science oriented and
nonscience o;iénted. |

There were four major results of the study. First,

a set of inferred ‘dimensions of scientific literacy was
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developed for the tpﬁil 9roYd of persong., Second, a set of
inferred dimehsiong AT gejentjfic literacy was developed'for
the group of scienyg Qrijengeq Persons. rThird, a set of in-
ferred dimensions vf Sciengific literacy was devéloped for
the group of nonscygfhteg Oriehﬁed peérsong, Four, a set of
personal backgrouny ¥drjah1es which correlated with the in-
ferred dimensions qf Sejiengifyc literacy was identified for
" each group of persqp?- |

Chapter II is yH& yesylt of 5 reviey of the literature
necessary to develap this st™y-. Chapter III describes the
TMSL, the SLQ, the g%Ost of science oriented and nonscience
oriented persons, the varigples ConsSidered in the study, the
Procedures used in & stidys and the analyses used on the
data collected. Chygtay Iy iy 2 gescription of the results
. of the analysis of (p® dsta. chapter V contains conclu-
sions, implications A yeqoMuendyrions related to the

research.
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CHAPTER II
REVIEW OF THE RELATED LITERATURE
Literacy

One objective of this study was to examine the essenQg
of scientific,literacy; It would be well to illuminate
literacy. In 1962, UNESCO through its International Com-~
mittee of Experts on Literacy defined literacy as:

A person is literate when he has acquired the
essential knowledge and skills which enable
him to engage in all those activities in which
literacy is required fcr effective functioning
in his group and community and whose attain-
ments in reading, writing, and arithmetic make
it possible for him to continue .to use it to-
wards his own and the community's development
and for the active participation in the life
of his country. 1In quantitative terms the

. standard of attainment in functional literacy

" may be eguated to the skills of reading, writ~
ing, and aritmometic achieved after a set num-
ber of years +f primary or elementary school-
ing. (Curle, 1284, p. 12)"

Stanley (1972) spoke out declaring that in the United
States, and in Western culture, literacy is essentially
technicist in nature and théﬁ a ﬁgdern society often sub-
ordinates human freedom to the dictates of its primary
tcolé, its technology. A technicist society is one dhar—

act.erized by sophisticated technology, by an inordinate
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faith in technological capacities, and, most importantly, by
bending human reaeon to the service of instrumental ra-
tionality. "In such a society the 'ends' or purposes of
- instruments are not Subjected to intensive rational analysis
at the public level." (p. 375) He suggested that tech-
nicism is a "radical disjunction between the application of
reason to means as against ends." (p. 375) Four (4) iden-
tifying elements of a teehnicist culture are: (1) a domina-
.tion of the notion of objectivity; (2) a metaphorical domina~
tion of non-human domains such as from mechanics, biology,
or engineeringu(this means a loss of metaphors from the
"spoﬁtaneous dimensions of human existance"); (3) speciali-
zation or social division of labor; and (4) the. general p&b;
ulation yielding its responsibility for action, at a per- -
‘eonal level, to scciety's technicians, people trained tech-
nically. These factors contribute to the grave danger
whereby thelpublic resigns "to the dictates of expertise"
and Subsequeﬁely withdraws "into private hedonisms of con-
... sumerxr existance...accompanied by proliferating forms of re- - o
fusal to endow the society at large with moral stature."
. (pp. 376-380) |
It is important to belabor the concept of a techﬁicist
culture in the context of this study of scientific literacy. v
Stanley illuminates the conceptvwell using -examples easily
observable in the United States.

1. stylish cynicism - refusal of esteem to anything;
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2. internal flight - refusal of participation in the
solution of social problems, migration from cities
to suburbs; ‘ ' T

3. voluntary ignorance - refusal of hope that to know
anything is to be able to change anything;

4. sabotage - "ripping off the establishment," refusal
of respect for public authority;

5. spiritual neglect of one's children -~ refusal of
the parental authority to represent society and its
values to children; and

6. doctrines of cultural revolution - refusal of
legitimacy to the mythological foundation's of one's
civilization. (p. 381)

Other observations of world development-complementvand

. y; : '
add meaning to Stanley's expose.

In some developed crnuntries there seems to be

.a disturbing trend towards diminishing inter-

" est in science and technology. In some ar- ‘

ticles appearing in periodicals, it is claimed

that progress in science has made young people

more selfish; that they now behave more as

consumers than as responsible members of so-

ciety. Some authors say that science has be-

come an occult doctrine, which can be under-

stood by a small and select group and that a

gulf between general culture and scientific

knowledge is very hard to bridge. (Teterin,

1971, pp. 3-4)

Bruner (1971), the learning theorist and spokesman for

the intellectual, science curriculum reform of the Sixties,

hés also noted a need for reflection on what it means to be

literate. He has moved awvay from previous stances and now
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believes a means must be found to bring society back'to its
values and priorities. He suggested that it is now tim2 to
de-emphasize the structure of the disciplines and to empha-
size structure in the context of the societal problems now
faced by the world.

The implications for scientific literacy from these
brizf statements are clear. Scientific literacy must mean
that a person is not willing to yield the dominion of knowl-

. edge to the societal elites but will remain personally com-
mitted to acquiring the essence of new learnings. The sci-
entifically literaté person will actively sérﬁtihize both
the means and the predicted ends of 1nstrumented action by
publlc off1c1als or their de51gnates. The sc1ent1f1cally
';iterate person will participate in the solution process of
" socio-technic problems of the world society. The scien-
tifically literate person will seex to bridge the gulf be-
tween general culture (with its wmyths, values, morays, and - = mtnuc
heritages) and the growing scientific knowledge with its

resulting technology.
Definitions of Scientific Literacy <

The call to educate for living-in a scientific and
technological world is not new. Much has been previously
written. Many of these writings have had an influence on
science education during this century. (Whitehead, 1921;

Becker, 1936; Bush, 1946; Bryson, 1947; Conant, 1947;

Do




34
Russel, 1951; Brown, et al., 1957; Basalla, 1968)
Since 1963 (when Carleton first sougnt answers to,
"What does it mean to be scientifically literate?") many
definition .ave been given to explicate scientific literacy.
The respons:. riven to Carleton (1963) essentially said, a
person is scientifically literate if he understands the pro-
cesses o :cience and if he is aware of the accomplishments
of severzl of the science disciplines. Carleton's collec-
. tion of responses was drawn together at a time when the ABC
curricula were being in“-erwoven into American education.
Examining Haney's 1ist (1966) and NSTA's list (1971), one
senses the change in thinking, by a great majority of educa-~
tors,.during the years following the introduction of the
"first ABC curriculum, PSSC.
The listing by Haney (1966, p. 24) is at a mid-point:
1. The pupil should acquire knowledge which
he can use to explain, predict, and con-
trol natural phenomena. - -

2. The pupil should grow in his ability to
engage in the processes of science and to
apply these processes in dppropriate situa-
tions as he confronts them in his daily
life.

3. The pupil should acquire the attitudes of
scientists and learn to apply these atti-
tudes appropriately in his daily experi-
ences. -

4. The pupil should come to understand the

various interrelationships between science
and society.
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5. The pupil should learn numerous useful

manipulative skills through the study
of science.

6. The prupil should acquire a variety of in-

terests that may lead to hobbies and pos-
sibly t¢ a Vocation._

The 1971 statement of NSTA's Committee on Curriculua
Studies was made during the maturing stage of the ABC cur- _
ricula in Anmerican science education. Because of changes in
society insigh*ful people were beginning to state that sci-
ence education should be more than discipline-centered
teaching. This Lhange in thinking is reflected in NSTA's

statement; the svientifically literate person.

l. uses science concepts, process skills and
values in making everyday decisions...;

2. understands that the generation of scien-
tific knowledge depends upon the inquiry -
process and upon conceptual theories;

3. distinguishes between sciéntific evidence
and personal opinion; .

4. identifies the relationship between facts T e
and theory: T

5. recognizes the limitations as well as the
usefulness of science and'‘techhology in
advancing human. welfare;

6. understands the interrelationships between
- science technology, and other facets of
society...; -

AR

7. recognizes the human originh of science and T anis
understands that scientifie knowledge is '
tentativg...; ‘

8. has sufficient knowledge and experience...
(to) appreciate the scientific work car-
ried out by others; : :
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9. has a richer and more exciting view of

the world as a result of his science

education; ‘
10. has adopted values similar to those which

underlie science so that he can use and

enjoy science for its intellectual stim~

ulation, its elegance of explanaiion, and

its excitement of inquiry; and
11. continues to inquire and increase his sci-

entific knowledge throughout his 1ife.

(NSTA, 1971, pp. 47-48)
Scientists, science educators, and phileosophers of sci-
.ence have all had definitions of what it mea2ns to be scien-
tifically literate. Robinson (1968, chapter 12) presented
a lengthy treatise on the nature and organization of scien-
tific knowledge as it related to scientific literacy. He
dealt with the nature of scientific thought; Man's view of
the universe; the nature of science; the processes of sci-
"entific reasoning; the constraints of scientific reasoning
(that is, assumptions, observations and operations, lan-
_'gqage, logic and mathematics, prediction, confirmation,
validity, and models); intultion; and discovery. His writ--
.ing was a comprehensive treatment: of the relationships be= -
tween the structure and processes of science.

Kimball (1967-1968) wanted to compare scientists' and
science teachers' understanding of the nature of science.
After an extensive study of the literature on the nature and
philosophy of science, he developed a model of the nature of

science. The eight assertions in the model are important

characteristics of science and possibly represent a
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dimension of scientific literacy. : ' : ‘

1. The fundamental driving force in science
is curiosity concerning the physical
universe...

2. In the search for knowledge, science is
...a dynamic, ongoing activity rather
than a static accumulation of information.

3. In dealing with knowledge as it is de-
veloped and manipulated, science aims at
ever-increasing comprehension and sim-
plification, emphasizing mathematical lan-
guage as the most precise and simplest
means of stating relationships.

4. There is no one "scientific method" as
often described in school science text-—
books...

5. The methods of science are characterized
by a few attributes which are more in the
realm of values than techniques...

6. A basic characteristic of science is a
faith in the susceptibility of the physical
universe to human ordering and under-
standing.

7. Science has a unique attribute of openness,
both openness of mind...and openness of the :
realm of investigation, unlimited by such SR e
factors as religion, politics, or geography.

8. Tentativeness and uwncertainty mark all of
science. Nothing is ever completely proven
in science... - :

(pp. 111-112)
Charging that past science curriculum designers have
- "shied away from any direct consideration of the connection*
between science technology, society, and the individual,"
Hurd (1970) has substituted scientific enlightment for
scientific literacy as the end result of today's science

curricula. Hurd stated that the scientifically enlightened
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person:

sees the need to view the scientific enter-
prise within the broad perspectives of culture,
society, and history; .

appreciates the cultural coaditions within
which science thrives;

expects that social and economic innovations
may be necessary to keep pace with and to en-
hance scientific and technological develop-
ments with regard to both solving contemporary
social problems and making it possible to use
research knowledge for improving the condition
of man;

views science and technology as interrelated

and dependent upon each other; however, he is

also awars that they are not synonomous and

that their goals are different;

appreciates the universality of scientifi¢ en-

deavors, their lack of national cultural and

ethnic boundaries, and their potential for de-

veloping.bonds of understanding between coun-

tries that can lead to worldwide cooperation

in research;

has some awareness of the need to gercerate a

system of concepts within which science, so-

ciety and the humanities ¢an fit. (Hurd,

1970, pp. 14-15).

Daugs (1970) reasoned that scientific literacy is essen-
tially growth along a continuum and is not an either-or sit-
uation. A person is always "becoming" scientifically 1lit-
erate. He felt that no one could be considered scien-.
tifically literate if the definition included: (1) under-
standing science as a source of social change; (2) under-
standing  he relationship of science to the humanities; (3)
understanding the ethics that control the scientist in his

work; and (4) rejecting myths and superstitions. Working
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with these aspects of scientific lieeracy, Daugs contended
that it ie probably impossible to be completely literate in
any field of science.

It was suggested previously that definitions of ‘scien-
tific literacy have evolved from definitions containing only
a few aspects (such as knowing and understanding the prod-
ucts and'procesees of science) to larger, more elaborate
definitions. This has been in part_caused by changing needs
within seciety itself. It is understandable then that
writers would link scientific literacy to environmental con-
cerns. O'Hearn (1972) and Longbrake (1974) alluded to the
lecessity of environmental education if scientific literacy
is a bart of the common education for citizenship. ,Through
environmental‘education the public can begin to understand
‘the difference between the short and long term social bene-
fits or problems brought about by wise or unwise use of
technology. |

The unified science education movement holds scientific
literacy as "the basic premise of the whole abproach." B
(Showalter, 1974, p. 1) Showalter posited his definition
-~ with seven basic dimensions of scientific iiteracy. The

scientifically literate person:

I. understands the nature of scientific
knowledge;

II. accurately applies appropriate science

concepts, principies, .laws, and theories
in interacting with his universe;
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III. uses processes of science in solving

problems, making decisions, and further-

ing his own understanding of the uni-

verse;
Iv. interacts with the various aspects of

his universe in a way that is consistent

with the values that underlie science;
V. understands and appreciates the joint

enterprise of science and technology

and the interrelationships of these

with each other and with other aspects

of society; ' ‘
VI. has developed a richer, more satisfying,

and more exciting view of the universe

as a result of his science education

and continues to extend this education

throughout his life; and
VII. has develceped numerous manipulative

skills associated with science and

technology. (p. 2)
Klopfer (1969) projected science education into the
* future. To visualize what science education wculd be like
in 1991, he used scientific literacy as the bas. . Only
through litéracy‘in science will a person be able to func-
tion effectively in twentieth century culture. Being sci-
-antifically literate a person will be able to make intelli-
gent choices about his personal well-being; will be able to
judge and take action on issues related to science affecting
every citizen; and will be better able to understand and
appreciate the functions of science and technology in a
transformed world. Klopfer offered these dimensions of sci-

entific literacy:
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1. understand the key concepts and principles
of science;

2. understand how scientific ideas are de-
veloped;

3. understand the process of scientific in-
.quiry; and

4. understand the interactions between
science and the general culture.

Four (4) major research efforts have attempted to de-
fine elements of scientific literacy by examining newspapers
;and periodicals. Koelsche and Morgan's work (1964) was rep-
resentative of the thinking of the late Fifties and early
Sixties. They sought "to determine the scientific informa—
tion needed by people in order to interpret and understand
science articles they read in newspapers and magazines and
to provide science curriculum study groups with information
.that could serve as a guide to design course content in sci-
ence for general education." (p. 5) Science content as it
was developed in the study referred basically to the first -
. two elements of Schilling's analysis presented in Chapter I.

Twenty-two daily newspapers froﬁ‘various sections of
the nation and nine of the most widely circulated magazines
- were Subscribed to from November 1, 1962 until May 1, 1963.
Articles, found within these publications, dealing in any
way with science, were scrutinized for words or phrases
which required a knowledge of science to understand. The
words and phrases were categorized according to the science

area with which they were associated, and the related
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science principle or concept for each word or phase was
identified:

Of the magazines, one had no science related articles
at all'during the six month period. The eight other maga-
zines yielded 116 arficles with biology being the pre-
dominant field of related discussion, followed by physics.
In the newspapers 2,883 science related articles appeared

during the six months. A breakdown is presented in the

figure below.
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anucnéy of Science Articles Appearing in Smlected Publications

Interestingly, the months of November and December
yielded 62.0 per cent of the articles. Private releases
contributed 45.5 per cent of the sources of articles. The
median level of reading comprehenéion of the articles.in

Both newspapers and magazines was at the eleventh grade
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level with extremes at four and sixteen. It was estimated
that erroneous statements with regard to science were made
in less than one per cent of the articles.

Another studyA(Goldberg,‘1966) had as its purpose "to
determine the size and quality of the scientific vocabulary-
required to read the material related to science in The New

York Times and in the poliitical campaign literature produced

by the Republican and Democratic Parties in 1960." It was
. found that "Forty-six science words constituted a science
vocabulary without whose understanding Americans could not
be scientifically litérate in 1960."

Wood, Pella, and O'Hearn (1967-1968) in a study similar
to thét by Koelsche and Morgan énalyzed the scientific and
?echnical articles which appeared inntwenty—two (22) capital
city newspapers representing nine (9) geographical areas in
‘the United States. Their study included 157 daily and 57

_Sunday editions over a six morth period. Some of the find- -

- ings were that Sunday editions contained more articles per -

. -edition than did the daily editions. These Sunday articles’

were also longer. Article themes fell into five (5) major
classes: space, automation-cybernetics, disciplines of sci-
ence, nuclear energy, and medicine. "The greatest propor-
tion of the newspaper articles were classified as medicine
(38%), followed by articlés deéling with disciplines of
science (33%), and space (22.5%)." (pp. 152-153) Tech-

nology and resulting applications were predominantly
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emphasized more than science. Few articles dealt with the
pbrocesses of science. Over three-fourths (3/4) of the
articles required some science kndwledge by the reader; most
of these articles dealt with biology as opposed to physics.
Less than one-fourth (1/4).of.the articles dealt with social
implications of science or technology.

A related study, by Pella, O'Hearn, and Gale (1966),
was more comprehensive than the preceeding three (3) studies.
,As a result it is often cited by others as a definitive
étatement about what it means to be scientifically literate.
They sought to determine.the referents pertaining to scien-".

tific literacy. The Reader's Guide to Periodic Literature

and The Educational Index were searched for articles during

the period from 1946 to 1964. Topics for searching purposes
) Qere: scientific literacy; science and/or technology and
the éitizen; relationships or ihterrelationships of science
and/or technology and society and social problems; relation-
ships of science and technology; science and/or technology
wuw and culture; relationship between scientists and nonscien- -
-~ ~tists; science and the public domain; science and general °
edudation, and the sc1entific and/or technological revolu-
tion. 1In addition six science journals from 1950 to 1964
were searched for articles. The card catalog of the Uni-
versity of Wisconsin library was searched Ffor relevant

titles; two newspaper science editors were consulted; con-

sultations with selected scholars at the University of
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Wisconsin were held; and all bibliographic references cited
in the analyzed documents were searched for relevant titles.
After analyzing documents it was determined that refer-
ents were becoming repetitive; an 2dditional 34 documents
failed to produce any new referents. Therefore, for 100

documents a frequency for each referent was determined:

l. science and society 67
2. ethics of science 59
3. nature of science 51
4. conceptual knowledge 26
5. science and technology 21
6. science and humanities 21

It was discovered that "attitude toward science" was used
repeatedly, but that éll documents used this phrase as "a
means of pointing up one or more of fhe other‘referénts..."
.(p. 200) |

.~ Pella, O'Hearn, and Gale concluded:

.The scientifically literate individual
presently is characterized as one with an
understanding of the (a) basic concepts in
science, (b) nature of science, (c) ethics
that control the scientist in his work, (d)
interrelationships of science and society,
(e) interrelationships of science and the
humanities and (f) differences between
science and technology.

Evidence from analysis of the literature
concerned with scientific literacy reveals
that knowledge of the (a) interrelationships
of science and society, (b) ethics of science,
and (c) nature of science are more important
than (d) conceptual k:-owledge, (e) difference

67



46

between science and technology, and (f) the

interrelationships of science and the hu-

manities. (p. 206)

Pella (1967), authoring an article by himself, cap-
sulized what he thought were the elements of scientific

literacy. The scientifically literate person should:

l. understand the interrelationships Letween
science and society; E

2. understand the methods and Processes of
" science;

3. have knowledge of fundamental science con-
cepts and conceptual schemes;

4. understand the difference between scienée
and technology; and :

5. understand the relationship between science
ard the humanities or better still look
upon science as one of the humanities.

(pp. 348-352)

It is interesting that two aspects of scientific 1lit-
eracy, illuminated in Pella's, =t al., research study as
béing quite important, were_conspicuoﬁsly left out in his
- description of a sqientifically literate person a yeartlatei..

Pella (1967, p. 348) suggested that the referents identified
.in the research project may not be of much consequence be-
cause the fdata were the opinions of those who talk about
scientific literacy." The dimensions of scientific literacy
need further refinement in terms.of deﬁinitions so thay may
be assessed quantitétively and qualitatively. (p. 333)

The early statements defining scientific literacy exem-

plified by those reported by Carleton (1963), emphasized the
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understénding of scientific facts, concepts, and conceptual
schemes. All of the later statements have followed suit,
buf by -including these only as dimensions of scientific
literacy. Pella, et al., (1966) suggested that these dimen-
sions were of lesser importance as referents of scientific

literacy than were others. “Evans (1970) called these com-

ponents of scientific literacy "literacy in science." Evans

pointed out that just as the literacy in science of an in-

. dividual scientist differs from one area of science to an-

other,_the level of literacy in science is different for
individuals, that is, the scientist, politician, business
executive, housewife, and science teacher. Yer he claimed
it is'possible for all of these persons to be scientifically
;iterate. Although there is little agreement about what the

minimal list of facts, concepts, and conceptual schemes

.should be that the scientifically literate person should

sefOmmand, it is generally agreed that citizens must be able -~

to réad, to interpret'and to discuss scientific information '
found in newsstand-type literature.’

Evans agréed that the referents identified by the re-

- search of Pella, et al., (1966) form the -nucleus of a de-

scription of a scientifically 1itera£e person. However, he
adaed that "The scientifically literate person (1) possesses
objectivity, (2) has faith in and values logical reasoning,
(3) rejects myths and superstitions, (4) accepts conclusions
when supported by data, (5) is critical and skeptical, (6)
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displays the habit of weighing evidence, and (7) uses the
methods of science to solve problems when the methods are
appropriate.” (p. 82) He reported, however, that even
though scientific literacy is generally an accepted major
goal of science teaching, liﬁtle effort has'beep expended to
properly define the term. He suggested (p. 83)‘that "...an’
all-out effort to come tq grips with the charaéteristics of
scientifically literate persons and with the meaas of
achieving these characteristics once they are identified,..."
is a most pressing need at the pfesent.

In an invited paper presented at NARST's annual meeting
in 1975, Pella (1975) again specified the requirements for
scienfific literacy. Referring to the citizenry of the
Qnited States, he suggested that the literate citizenry -
should be able to communicate about knowledge or ideas of
nature of natural objects and phenomena and to communicate
:about“tﬁe utilization and control of natural objects and - w. .- i
. forces. The citizenry should be ablé to rationally use em-" ‘ -
pirical concepts and laws in adjusting to, explaining, and
predicting events within the environment. The citizenry
should be able to read about scientific dévelopments. It
is aware of differences between theoretical concepts and
laws and empirical concepté and laws in terms of (1) how
they come into being, (2) how they are expressed, and (3)
how they are used. With regard to scientific knowledge the

citizenry should be aw.re that it is probable in nature as
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opposed to absolute and-that it is developed for the em-
piricai universe. The citizenry should be able to use sci-
énce processes and be aware of regulatory principles which
guide scieniists in their work.

In summary it may be stated that a scien-
- tifically literate citizenry understands some
of the knowledge library of science, knows
some of the limitations and potentials of the
contents of the library, knows how and when to
apply the knowledge library, knows where the
contents of the library come from, and knows

some of the regulatory principles involved in
knowledge production and use.

Assessment of the ABC Cufricula

Schlessinger, et al., (1973) made a 1970-71 survey of
scier e teaching in the United States' public schools to
establish "bench mark" data. The aﬁalysis of the data
vielded an ihdication of the acceptance of the ARBC curricula
into the schools of the United States-'as of 1971. "The pop-

- -~n, alation consisted of .all. public secondary -schools in fhé e

. United States that were listed in thé state edﬁcation direcl'"

- tories for the 1969-70 school year:" ‘(p. 1) Of this popu--

lation 6,398 schools were drawn as the sample to which ques-
tionnaires were sent. Representative sampling was striven

for with an elaborate, multi-stage random sampling technique.

Analysis‘of the data éllowed the research>rs to estab-
lish approximate percentages of the types of courses offered

in the public secondary schools. It was determined that 42%

of the schools offered a course in general science; 26%
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offered a course in life science; 48% offered a course in
physical science (31% offered Introductory Physical Sci-
ence); 16% offered a qoursé in health sciénce; 73% offéred _
'a course called biology (27% offered BSCS Green, 20% offered
BSCS Blue, and.27% offered BSCS.Yellow); 40% offered a
course in earth science and 4% offered a course in geology
" (19% offered the ﬁafth Science Curriculum Projéct); 69%
offered a course in chemistry (34% offered the Chemical Edu;
cation Materials Study and 4% offered the Chemical Bond
Approaqh); and 66% offered a course in physics (33% offered
the Physical Science Study Committee course and 12% offered
the Harvard Project Physics course).

It appears that the science curriculum projects of the
"Fifties and Sixties have been institutéd in approximately
50% of the sample public schools in the United States. How-
ever, the data analyéis indicated that not all regi»ns have
adopted the new programs equally. The New England and Far
West regions were mentioned most frequently as havihg
‘greater percentages of schools using these programs.

The sentiments of the nation were very positive in the
mid-Fifties for curriculum reform in the sciences as a re-
sult of poor performances turned in on military tests in
science areas in previous war years. These positive senti-
ments turned to demands after the launching of the Russian
Sputnik in the fall of 1957. The science curriculum reform

projects had common threads. Science was presented as a

)
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mode of inquiry, and the teaching-learning procedurcs often
emphasized inquiry in the form of processes of scieﬁce.
Life—like experimentation was sought for in the laboratory
exercises in the hope that scientific knowledge would be
conceptualiéed. Géneralizati&ns, pétterns}”&nd mental
models were developed in the teaching-learning situations
~in the hope that order and meaning could be achieved with
what may appear to students as discrete and unrelated facts.
- (Rutledge, 1973; Schwab and Brandwein, 1962; Goodlad, 1964;
National Science Foundation, 1970) Fox (1969) summed ade-
quately the béliefs that many held about the success the
curricular projects had in the product and process objeq—
tives.for teaching science. |

With more than a decade of investment of Fed-
eral resources in the development of new pro-
grams suited to these ends and with the prodi-
gious effort made to help teachers with these

curricular innovations, it may be reasonable
to assume that science education is making

fair progress toward these:two-objectives. , N

(p. 13)

Tyler (1973) suggested.that citizens are adequately
prepared in science when they can deal with the issues that
~confront them today and can understand the role and contri- .
butions of science in developing. the  modern world and its

potential role im maintaining and improving society as a:

whole. This is the point at which criticism of the new sci-

ence curricula begins. Fox (1969) saw the dominant and

urgent problems of society rooted deeply in technology, and
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hence, criticism must be made of the modern science cur-
ficula because they do not illuminate the interrelatedpess
of science and technology. Neither do they address the com-
ponents of the critical,persoqal and social_pfoblems-(such
as youth alienation and loss of self-identity).

Crane (1970, p. 22) questioned if the new curriculum
projects "...arg doing anything at all to the potential of
students to be creative.;." Belasco (1970) and Klohr (1974)
have also been critical of the new science curficula. Both
persons claimed that theicurricula have not taken their
place with the other disciplines such as English, social
gtudies, history, or the arts. 1Instead they have been
overly emphasized as a part of the student's general educa-
tion for becoﬁing a literate citizen. This is most likely
a backlash effect of the curriculum projects' discipline-
approach.

" Andrews (1970) .criticized fhe new high school science
courses as being "conspicuously aimed at the potential sci-
ence major." He suggested that "If-high'schdol graduates
who study contemporary science emerge as scientifically lit-
erate citizens, serendipity has played a significant role."
(p. 30) ,

Ulhorn (1970) and Schmidt (1970) reported studies of
the image of the scientist among elementary students. They
found that eiementary students see scientists’ in long white

lab coats; as chemical mixers; as skeleton examiners;.as
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having no time for family life or play} and as predominantly
male. It was suggested that both the mass media of today
and the students' experiences in the elementary classroom
of tqday dbntribute strongly to these percepfions. (Schmidt,
1971, p. 28) ' | |

Pella (1967) after examining many of the new science
programs (he labeled them."Government science courses") was
critical of their ability to project the six referents of
"scientific literacy which he and others had previously de-
veloped through research. He found that even though they
stressed understanding rather than memorization of facts
still they presented large amounts of féétual information.
Some éttention was given to the ethics of science, but much
less than was given to the concepts’énd"processes of sci-
ence. NoO mention was made of techﬁology, per se, ncx N ol
relationship between science and technology. Likew? ze,
nothing was done in the new-science-curricula to deralop @
either the social implications of science or the bhumanity
'aspects of science. He concluded that no curriculum wr- ject’
or combination of projects, "has yet arrived at peri.ction .

concerning the objective of scientific literacy.” (p. 356)
Assessment of Dimensicns of Scientific Literacy

This investigator perceives that science educators have
assessed bouth explicitly and implicitly for scientific lit-

eracy. That is, some investigators referenced their
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assessment of certain dimensions of scientific literacy to
a specific model of scientific literacy. However, cther in-
vestigators assessed particular dimensions, usually only one
per investigation, without reference to any model ¢f scien- "~

tific literacy.

Explicit Assessment of Scientific Literacy

Leake and Hinerman (1973) proposed to determisre the
level of achievemeﬂt on two dimensions of scientific liter-
acy, the ability to use the knowledge of process=:sy of sci-
ence and scientific knowledge. The instruments used in the

'study were the Wisconsin Inventory of Science ard chS'Seguen-

tial Tests of Educational Progress; Science. Their s=rnient
i ! L

~—

sample was randomly drawn from the population of gradnating

fiigh school seniors from small, médium, and larye high
scho&ls in each of five college.districts ir the state of
Missouri. |

‘ They chose as sub-~prohiems to investiga%e the aegree of
réiationship between each of the two dimensions of scien-
tific literacy and (1) total school enrsilment; (2{ percent
of seniors going on to higher education; (3) average salary-
of science teachers; (4) annual school scierncn budget per
-student enxolled; (5) number of science credits required for
graduation; (6) and the average size of science classes. An
additional sub-prcblem was to determine if significant dif-

ferences =xisted among mean scores on the instruments from
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the five geographic areas.

Significant positive correlations were identified bej
tween the two dimensions of scientific literacy and (1) the
percent of seniors going on to ccliegs and (2) the total
school enrollments. Variance; Lo great fo be attributed to
chance, was established with respect to geographic areas and
mean understanding of the two dimensions of scientific 1lit-
éracy as measured by the two instruments. |

Richardson and Showalter (1967) developed the Abridged

Scientific Literacy Instrument using three of the six dimen-

sions of scientific literacy identified .by Haney»(i966)

(see pages 34-35 of this chapter). 1Items in‘the instrument
were-Written as "situation - establishing statements .fol-
lowed by a seven- p01nt—scale of which only the extreme
p01nts and the mid- p01nt were expllcated as p0551ble re-
Hsponses. (p. 46) Thus, the scale represented a continuum
along which a respondent could mark his personal "position."
The instrument was validated using seniors in a high school
class and a panel of science educators selected from the
membership of the National Association for Research in Sci-
ence Teéching. The-péneiists were asked to respond to each
item "...as he would expect an 'ideal' scientifically 1it-
‘erate persdn to do..." The responses of the panel "...cre-
ated a kind of operational definition of scientific 1it-

eracy." (p. 48)
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The instrument was uséd invthé study to evaluate the
longitudinal effects of a four-year unified science cur-
riculum on graduates from the Ohio State University High
School. Attempting to control several variables (intelli-
gence,‘schcol achievement, scﬁool setting, age, and sex),
the study indicated a general and consistent favorability
for the graduates from the unified science curriculum as
opposed to those graduatés from the same high school not ex-
periencing the unified science curriculum. Additional find-
ings that resulted from the study were: (1) boys take more
science in grades 9-12 than do girls} (2) boys and students
with higher levels of intelligence have a greater general
interest in science; and (3) interest in science increased
after the students graduated from high school.
. Cossman (1969) sought to determine if an experimental
course, "Science and Culture," could produce significant
increases in students':

1. understanding of the scientific process;

2. understanding of scientists as an occupa-
tional group;

3. understanding of science as an institution
and its relationship to other institutions
in our society;

4. ability to think critically;

5. substantive scientific knowledge;

6. assessment of the importance of theo-
‘ retical values; and
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7. understanding of the character of scien-
tific and non-scientific segments within
the culture and their knowledge of the
evidence for the interaction between them.
(p. 276)

Students were tested using the Stanford Achievement

Test--Advanced Science, the Test On Understanding Science,

the Facts About Science Test, .the Watson Glaser Critical

Thinking Appraisal, and Study of Values, the "Iowa Science
and Culture Achievement Test," and the "Science Opinion Sur-
vey." The latter two tests are unpublished instrumehts de-
signed for use with adults (Kindéll, 1965).

The results of the analysis indicated that pretreat-
ment--posttreatment growth score differences between the
compafison groups were significant at the .01 level on all

tests except the Stanford Achievement Test--Advanced Science. '

Cossman cited "...(l) the lack of emphasis that the experi-
mental course places upon teaching scientific facts and (2)
the much larger number of science courses taken by control -- -

group subjects during the experimental peribd..." as poten--

‘tial reasons for the one nonsignificant finding.

Jaffarian (1968) had as one purpose of his study "to
determine the level of scientific literacy as indicated by
measures of subject matter knowledge, knowledge of the na-
ture of science, and the aéademic science background of
twelfth grade students" in Wisconsin. The instruments used

were STEP--Science Form 2B, thesWisconsin Inventory of Sci-

ence Processes (WISP), and a student questionnaire which was
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used to collect information concerning the academic science
background oflthe students. Two findings of particular in-
terest were: (1) chémistry, physics, and advanced science
were being studied almost exclu§ively by only those students
planning to attend a college or university, and (2) physics
and advanced science were courses elected only by students
pPlanning a college major in a scientific or technical field.
Many persons in the United States never go on to college.

If they have not studied physics or chemistry, it could
leave them ill prepared to face the big role sciehce plays
in their lives each day. Also, they cruld be less offective
in making decisions on issues related to science and tech-
nologf.

Hamilton (1965) assessed the scientiLic literacy of
Kentucky students. Among her findings were: (l) scientific

literacy depends upon mental ability; '(2) a positive rela-

~tionship exists between the number of science courses com~' "’

pleted in high school and scientific literacy; and (3) the
students' environment contributes to scientific literacy. -
Jones (1969) sought to determine if a physical science
course cculd be so structured such that certain aspects of
scientific literacy could be developed in college freshmen.

He used the Sequential Test of Educational Progress (STEP):

Science, Forms 1A and 1B, to measure the students' abilities

to apply methods of science and to measure the students'

knowledge and understanding c¢f scientific facts, concepts,
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and principles. The Watson-Glaser Critical Thinking Ap-

praisal was used to assess student progress in critical

thinking. A modified version of the Attitude Scale de-

veloped by Allen (1959) was used to determine if the stu-
dents developed favorable at;itudes toward science and the
scientific enterprise.

The results of the study were not supportive of the
physical sciencé course. The results of the study indicated
that those students who have knowledge‘ahd skill in science

' also have high scholastic ability. Critical thinking
ability of the students was found to be directly related to
their general scholastic ability and their knowledge and

%_' skill in science. The students' attitudes toward science,
scientists, and scientific Ccareers was directly relatea to ..
éheir general scholastic ability. _

The Test Every Senior Project (Gallagher, 1969) was
largely an endeavor to acquire baseline data concerning
knowledge of and attitudes toward science of high school

‘‘‘‘‘ seniors in schools affiliated with. the Educational Research
Council of America in Cleveland, Ohio. Eight aspects of
scientific literacy were studied:

a. knowledge of content;

b. understanding and ability to apply pro-
cesses of science;

c. understanding the nature of science;
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d. understandlng the re]atlonshlps between
sc1ence and soc1ety,

e. ablllty to read and interpret literature
on science;

f. critical thinking.ability;.

g. attitudes toward science; and

h. 'creativity.

Eight separate tests were used to test 12,800 seniors.
To accomplish this overwhelming task the survey design was
such that each student took only‘one fest. The tests were
raﬂdomly distributed among the population‘ih such a way that
all eight tests would be given simuléaneously in any class;
room in which students were participating in the survey.
Randomization amongst the students was accomplished by or-
dering the teéts randBET§—§;Ibr to packaging them for each -
student.

The majority of the results of this project were re-
ported only to the schools involved. However, Gallagher - °
(1969) reporting on aspects of attitudes toward science

~cited these findings. A comparison was made of students who
took chemistry and/or physics to students who took neither

of these courses. The former group demonstrated more favor-
able attitudes toward science than did the latter. No dif-
ferences were found between the two groups in attitudes io-
ward scientists although girls dernionstrzted more favorable

attitudes than did bo§s. The former group demonstrated more

favorable attitudes toward science teachers and ther selves
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as scientists than did the latter group. In these two com-
parisons girls demonstrated more favorable attitudes than
did boys, but the reverse was true with regard to themselves
as scientists. Gallagher stated that cultural conditions
influence attitudes as much as does education; drawing con-
clusions from these findings must be done with care.

In another description of the project Korth (1969) re-

ported on the aspect of social aspects of science. It was

- Tound that the group of students who had taken either
chemistry and/or physics as compared to the group of stu-
dents who had taken neither had a more positive attitude to-
ward science, a bhetter understanding of the nature.of the
scieniifio enterprise, and_a more realistic conception of
the characteristics of scientists. The results indicated
that the latter group of studenté had serious misconceptions

- .concerning the nature of science, the scientific enterprise
and the interaction between science and society. There was"
evidence that even among the group of students who had taken
chemistry aﬁd/or physics there was a confusion of science
with technology, a tendency to agree with the idea of a sci-
entific method, a failure to understand the nature of scién-
tific knowledge, and a tendency to aésociate science with

material products rather than acquisition of knowiedge.

e
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Implicit Assessment of Sciencif.ic Literacy

Much study has been done in the.area of attitudes con-
cern%ng science. Summaries of many of these studies have
been completed by Matala and McCollum (1957), Boeck and
Washton (1961), Miles and VanDeventer (1861), and Aiken
(1969). Aiken (1969, PP. 295-296) reported that the ma-
jority of studies concern "attitudes toward science" and
deal with affect or feeling toward science in general or a
particular science. Other like or dislike type studies are
the "attitude toward scientists" studies dealing with the
activities engaged in by scientists or the kinds of people
that scientists are thought to be. Some studies, however,
deal w1th attltudes in a more cognitive way such as "scien-~
tific attltude," another term for adherence to or knowledge
of "scientific method."

Attitudes concerning science have been measured with
checklists (Lewis and Potter, 1961); attitude scales such as
the Likert-type (allen, 1959); semantic differential tech- -
niques (Klopfer, 1966) ; projective techniques (Lowry, 1966);
and even multiple measures (Blankenship, 1966). A few
theory based instruments have been developed through which
the investigator represents a pre-coﬁceived idea of the as-
pects of scientific attitude. (Baumel and Berger, 1965;
Schwirian, 1968; Vitrogan, 1967; Allen, 1959)

Korth (1968) attempted to assess student change in

cconceptions of the social aspect of science. He developed

841




63

for his research the Test On Social Aspects of Science.

Steiner (1971) made a study‘of attitudes among high schoul

- seéniors toward socially significant science-related issues.

fe deéeloped an Inventory of Societal Issues instrument for
his stﬁdy.

Brown and Brown (1972) developed an instrument to study
scientific values. This was administered to professors of
science and the humanities in thgir study.

Understanding the "nature of science" is often spec-
ified as being necessary if 6ne is to be scientifically 1lit-

erate. The Test On Understanding Science (TOUS) (Klopfer

and Cooley, 1963) is used quite often as an instrument to
assess this understanding even though it attempts to measure
general attitudes and an understanding of the whole of sci-
énce. It has been used at the junior high level to deter-
mine thé effectiveness of different instructional techniques
(Wachs, 1966; Thomas, 1968; Mackay, 1971); at the senior

high level with the new curricula: BSCS, CHEMS, and PSSC

- (Glass and Yager, 1970; ¥Yrcxel, 1968; Jungwirth, 1972;

Wbodman, 1972); and at the undergraduate level with pre-ser-
vice teachers (Craven, 1966).
An instrument dealing specifically with the "nature of

science"” is the Nature of Science Scale (NOSS). It was de-

veloped as a reszarch instrument by Kimball (1968). The re-
searcher constructed a model cof the nature of science before

developing the instrument, making the NOSS a ‘theory-based

o
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instrument. Kimball used the instrument in one part of his
study to explore the understahding of the nature of science
exhibited by science teachers compared with the understand-
ing exhibited by scientists. He found that when science
teachers had undetgraduate majors in science no differences
were found between science teachers and scientists in their
unders£anding of the nature 6f science.

Measuring an understanding of the processes of science
has been attempted with various instruments. Welch and

Pella (1967) developed the Inventory of Knowledge on the

Processes of Science and Tannebaum (1971) developed the Test

on Science Processes. Another instrument used in assessing

students’ understanding of scientific processes is the

Wisconsin Invéntory of Science Processes (Wood, 1972).
. A brief review of the literature soon reveals that many
research studies have been undertaken in the hope of gain-
ing a better understanding of concept deveiopment. Several
of these have been conducted at the Wisconsin Research and
Development Center for Cognitive Learning located at The
University of Wisconsin,“ Directed primarily by Dr. Milton
O. Pella, these have been developed from a common goal--to
gain a better understanding. of cogn@five learning of
children and improving related educational practices.
Stauss (1968), Helgeson (1968), and Carey (1968) fo-
cus:d on:selected concepts of the conceptual schemes of the

biological cell, of force, and of the particle nature of
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matter, reépectively. In each of the studies mastefy of a
particular concept was judged in terms of knowledge, compre-
hension, and application. These represented increasing
levels of mastery. 1In each oﬁ the studies it was found that
pPupils in grades 1-3 could master several of tiie separate
concepts at the knowledge and comprehension levels. Mastery
of the concepts at the application level was accomplished
primarily in grades 4-6.

In Stauss' study age was not found to be significantly
related to pupils' abilities to achieve mastery of a par-
ticular concept at any one of the levels of mastery. This
was within a particular grade level. He did find that the
degreé of relationship between concept test scores, regard-
less of the level df}ﬁaétery, and IQ was greéter in grades . -

4-6 than in grades 2-3. To the contrary, Helgeson did not

find IQ to be related to concept test scores within a grade

_level for any of the levels of mastery. He did find that

maturity, as indicated by grade level, was a factor in de- .
termining mastery of the concepts. - Carey found both IQ and
grade level to be positively correlated with levels of
mastery.

Voelker (1968) and Pella and Ziegler (1967) studied
concept development using different instructional tech-
niques. In both studies IQ and past achievemeht in science
and mathematics were not found to be significantly related

to the ability of children in grades 2-6 to formulate the .
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concepts. Pella and Ziegler also found the same nonsignifi-
cant relationships with regard to grade level and age.

Boles (1268) sought to detarmine the feasibility of

teaching biological concepts to high school students through ~

instruction on the relationships of science and sociéty and
the social implicationé_of science. Statistically, this ex-
perimental inétructional approach produced significantly
larger gain scores than did the traditional instructional
approaches to teaching biology and social scle*qe.. Gain
scores were shown to be independent of IQ. Studieris felt
that the experimental instructional materials were - .ve in-
teresting and less difficult than other science m:terials

with which they were familiar.
Q-sort Technique

Q-methodology Versus R-methodologyv

Q-methodology has its origin in the Tﬁirties. It was
independently developéd by William Séephenson (1935) and
Sir G. H. Thompson (1935). It is Stephenson, however, who
is most frequently associated with Q. Brooks (1970, p. 165)
reported that Stephenson develuped Q from the traditicnal.
means of correlating and factor analyzing test rasponses—-
sometimes referred to as'R—methon;ggx,. Stepkenson believed
that'a meaningful analysis would be to correlate and factor
analyze the responses to the test items in terms of the per~

sons who made the responses. The former, and more
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traditional, anslysis vields various groups of items which
seem to measura different factors. The latier analysis,
that suggested by Stephenson; yields various groups of
people who have responded similarly to a set of items.

During the ensuing years, much argumen+ developed as to
the similarities and differences of R and Q. Stephenson
(1952, p. 483) labeled many of these arguments as super-

ficial. Two of the primary comparisons to which he made

. reference were: (1) "...all that is involved is a single

matrix of data which when correiated~down the rcws is R, and
along the columns is Q." (p. 484 ) and (2) "If there are
more persons than tests, then tests are correlated (R), but
if there are more tests than persons, then persons are cor-
related instead (Q)." (p. 483)

4

Kerlinger (1973, p. 598) pointed out that Q- +thoa..locy

is not well-suited for testing hypotheses with large numbers

of individuals. As a result, one does not often attem:: {o

generalize_to.the populations from which the Q-perc.ns ere

.- sampled. " What is attempted is to test a theory on a small

set of subjects who have been carefully chosen for paxticu-
lar characteristics which one has theorized they possess.

On the other hand, R-methodology is well-sﬁited for testing
hypotheses with large numbers of individuals and generaliz-

ing the findings to the population universe.
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O-sort Tazchnigue

In the literature the term "Q-methodology” has been
used in refersnce to several ideas. Often authors use
"Q-methodology" when disdussing: Q-correlation; fesponses
by card sorting; a specialized use of questionnaire items;
forced responses so that data fall into Preestablished dis-
tributions; and factor analysis of Q-correlations. Q-sort
technique has been closely associated with Q-methodology,
but it is simply a means to collect data from people. It is
the technique of Q-sorting that will be furthered illuminated.

Erooks (1970, pp. 165-166) described the ¢(~sort tech-
nique as a procedure involving the selection.bf "something"
that ié‘directly related to a concept or a theory under
examination. .The “sométhing" which is given to persons to
select from may be single words, phrases, or even pictures.
If verbal expressions are used, they are typed one to a
card, shuffled, and given to é person with instructions to
sort them into piies according to the extent of his agree-
-ment with the statements. "The purpose of the sorting is to
get a conceptual representation of ‘the sorter's attitude to-

- ward the subject being considered - 'what is in his head'.".
(P. 166) Thus the Q-sort technique has the‘advantage of
allowing the individual subject to use his own frame of
reference.

A general review of the literature shows that the

Q-sort technique is used as a research tool much more
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predominately than is the Q-methodology used as a basis to
" formulate the research study. A review of science education
Aiiterature revealed. three studies in which the Q sort tech-
nique had been used. Halterman (1969) used a Q-sort  twuch-~
nique to study the characteristics of effective science
teachers. Deamer (1973) used a Q-sort technique to deter-
mine the perceptions held by individuals involved with a
science teacher education program. Her purpose was to de-
termine what was most important to them about a field ex-
perience, preparatory program. Mandelare (19?3) used the
Q-sort technique as a means by which.secondary chemistry
students could express their cognitive preferences of
memory, application, principles, and critical questioning'
in their study of chemistry. These studies typify many
others.in which the Q-sort technique is used to collect
data, evin though the research study is formulated with R
postulates. The analysis of the data in these studies is
traditional in the sense that responses with specific items*
in the Q-sort are given prime attention, as oupposed to tae "

types of persons who made the responses.

Structured Versus Unstructured Q-sorts

As hinted above, one pypically-puts together a set of
cards to form a Q-set in order to use the Q-sort technique
in research studies. The Q-sets are either structured or

unstructured. At least two reviews of the literature have
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indicated which type of Q-set has most often been used.
Wittenbbrn (1961, pp. 132-142) reported that the great
majority of Q-sort studies used unstructured Q-sets.
Kerlinger (1973, p. 587) reported the same finding.

“An unstructured Q-sort is a set of items assembled
without specific regard tb the variables or factors under-
lying the items." To develop an unstructured Q-set one
gathers or writes several homogeneéus‘items which presumably
represent one broad variable.' This set of items is like the
set of items contained in an attitudg measurement scale. It
is not difficult to imagine that a theoretically infinite
population of items could exist for a particular concept.
The cbncern is to make the Q-set a representative sample 6f
the item population. (Kerlinger, 1973, p. 587)

Brooks (1970, p. 158) noted that the developer of a
Q-set might desire to randomly draw items from a larger pop-

- ulation of items as a better means of developing a Q-set. -
Still, the end result would be unstructured if the popula-
tion of items was homogeéneous with regard to one broad
concept.

Stephenson (1953, pp. 65-85) explicated the development
and use of the structured Q-set. To develop a structured
Q-set, one must create itehs which will correspond to a
theory or a set of hypotheses one might desire to test.
“Since the instrument is constructed to embody the theory,

- the sorting of items by known types of individuals can test
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the hypotheses generated by the theory." (Brooks, 1970,
P. 168) When the theoretical variables included within a
theory are identified and items are developed which cor-
respond to each of these variables, one is in a better po-
sition to test the theory in operational terms.

To structure a Q sort is virtually to
build a "theory" into it....In the use of Q
as Stephenson sees it. individuals as such
are not tested; theoretical propositions are
tested. Naturally, individuals must do the
sorting. And, Q sorts can, of course, be
used to measure characteristics of individ-
uals.  But the basic rationale of Q, as
Stephenson sees it, is that we have individ-

- uals sort the cards not so much- to test the
individuals as to test "theories" that have
been built into the cards." (Kerlinger,
1973, p. 588)

Olson and Gravitt (1968, pPP. 14-15) argued thét the
Structured Q-set is superior to the unstructured Q-set since
the former has a theory built into it and, the latter does
not. When unstructured Q-sets are used in research studies,

theories essentially remain untested. Goldberg (1962,

_pP- 255) and Brown (1975) both suggesfed that when the con-.=

".cept under study has three or fourfidentifiable sub-areas,

the structured Q-set should have an equal number, of items
for each area so the theory involved can be fu£i§ repre-
sented. The emphasis, however, is on full représentation
of the theory.

There are extensive details in the literature to guide

an investigator in developing a structured Q-set. Stephen-

son (1967, pp. 19-20) summarized many earlier statements
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about structured Q-set design by comparing the structured
Q-set design to an analysis of variance design. Kerlinger
(1972)_extended this idea. He claimed the structured Q-set
"...has built into it at least one- partitioning of a dimen-
sion or variable and follows, Fisherian analysis of variance
design principles. Partitioning breaks a set down into sub-
tests that are disjoint and mutually exclusive." (p. 5)

Previously it was stated that the structured Q-set
-represents aspects of a theory such that the Q items are
operational descriptors of the various facets of the theory.
Kerlinger (1972, pp. 6-7) developed a discrete descripi:icu
of a structured Q-set following a one-way analysis of wvari-
ance design.

A éheory is about some phenomeron cr set

of phenomena and the relations between this

phenomenon or set of pPhenomena and other phe-

nomena. There is a universe, U, of aspects of

the phenomenon. Within U there are subsets,

A, B, and so on. These subsets can be par-

titioned into further subsets A r Boy seee,

B+ By,....Structured Q sorts consift of these

seéts and subsets. The task of the researcher

in building a structured sort is to be able

to define and describe the universe and the

subsets and to obtain or write items that fit

the final partitions of the structure.

As with analysis of variance designs, structured Q~sets
can be much more complicated than the design just described.
Stephenson (1952, pp. 487-490; 1953, pp. 65-85 and pp. 114-
338) developed the rationale for higher order variance de-

signs and used many exemplars of these designs from research

in psychology. Brown (1970) explicated the use of variance
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designs and provided examples from research in political
science. Kerlinger (1966, 1972, 1973) also discussed higher
order Q-set designs and proVided examples from research in
social science.

Validity is a term used in terms of’meésures, that is,
test instruments. It cannot so aptiy be applied to a method

of collecting data. Cataldo, et ai., (1970, pp. 209-210)

. stated, "A measure is valid if it measures what we intend it

- to measure....When there is no proven valid external measure

of a property,...,face or content validity is often the best
initial judgment that can be made." Jackson and Bidwell
(1959, p. 226) addressed the issue of validity directly:

Once the selection of items to be placed
within each category has been made, the ac-
curacy of the investigator's judgment may be
checked through the use of competent judges.

A panel of three or four judges may be asked
to classify according to the statement of cate-
gories, the tentative -array selected by the
investigator. The ratings assigned to each

of the statements by the judges and by the in-
vestigator may be compared through the use of
Kindall's coeffecient cf concordance, intrs-
class correlation, or some similar device,
which will indicate the extent of- ajjreement
among them and in so doing indicate the ade-
quacy of the investigator's classification.
The array so classified will then either be
accepted or modified or perhaps subjected to
further judging. .

The number of items in a Q-set has been bounded by
recommended minimum and maximum limits. Schlinger (1969,
E. 54) suggested that Q-sets should have sufficient jitems

in order to establish stability and statistical reliability,
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“...but not so many as to overwhelm the respondents." She
believed fifty-five (55) to seventy-five (75) items would be
ideal. Kerlinger (1973, p. 584) also posited stebility and
reliability argquments for his recommended range?—*ﬁé'sug-
gested that "...the number should probably be not less than
60 (40 or 50 in rare cases) nor more than 140, in most cases
nNo more than 100. A good range is from 60 to 90 cards."
Brooks (1970, p. 167) acknowledged that no stipulated number
of statements must be selected, but the numerical range
should be between fifty (50) and 100. Again, the argument
is for stability and reliability. . One muét keep in mind
that the stability and reliability arguments stem from a
Q-methodology perspective.-ij one operates from tﬁe R pef-
spective, these arguments are n&t aé meaningful. In fact,
one could use less thah forty (40) cards, but because of
respondent overload, one should not exceed the upper number

limits. -

Forced Versus Unforced Sorting'

One of the most controversial aspects of the Q-sort
technique in the literature has keen forced versus unforced:
sorting procedgres for the Q-set items. The forced sort re-
quires the subject to place tﬂe cards in a predetermined
number of piles; each pile has a predetermined number of
cards. By specifying the number of cards per pile and the

number of piles the investigator controls the shape and the
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scatter of the distribution curve.

Brooks (1970, p. 169) offered an example of the forced
sorting procedure. Given ninety items describing a person;
the person is asked to sort the cards along a rank order
continuum from "Most like me" to "Least like me" with vary-

ing degrees between the extremes. This is exemplified

below; the numbers signify the number of cards per pile.

. Most like me Least like me

3 4 7 10 13 16 13 10 7 4 3

-t
-—te
-t

]
L

-
-
-
-
-t
-t
-

The center pile with 16 cards is neutral. ' The
statements in this pile may be ambiguous to
the sorter or may be left over after he made
other choices. The three statements or items
in the pile at the extreme left are the state-
ments the sorter believes to be most like him-
self, while the three statements or items in
the pile at the extreme right are the state-
ments the sorter believes to be least like
himself. (Brooks, 1970, p. 170)

Brooks (1970, p. 170) offered other potential distribu-
tions with differing numbers of cards and categories. These
distributions were used in research by Block (1961), Knapp :
(1963), and Goldberg (1963).

The unforced Q-sort allows the sorter to place any num-
ber of statements within a category and to use any number of
categories. Olson and Gravitt (1968, P. 15) pointed out

that sometimes maxima or minima are specified by the
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investigator. This type of sorting procedure, sometimeé
called free-choice, allows the final distribution to have
any shape and scatter.

" Brown (1971, p. 283) cited the common argument against
forced.sorting. Such sorting'"discards possibly important
information in terms of elevation, scatter, and skewness."
Cronbach and Gleser (1953, P. 461) have supported this argu-
ment strongly. They defined elevation as the "mean of all
scores for a given person;" scatter as "the square root of
the sum of squares of the individual's deviatiog scores
about his own mean;" and shape as "the residual information
in the score set after equating profiles for both elevation
and scatter." Additionally, Gaito (1962) and Jones (1956)
leveled the same criticisms against forced sorting.

- Kerlinger (1972, p. 17) recognized that each time a
coefficient of correlation is computed the elevation (means)
and scatter (standard deviation) is 1ost.which results in
all individuals having the same general mean and the same
-general standard deviation. However, he argued for the ~-
forced distribution:

Because all subjects do nét "ﬂéﬁurally" sort

the cards into a normal distribution does not

mean that a normal distribution or quasi-normal

distributions should not be used. There are

several reasons why subjects dé not sort

'normally': the sample of items, and so on.

Furthermore, the distribution of traits may

be normal, but subjects may of course not
perceive the distribution in themselves.
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Several studies have been undertaken to compare forced

and unforced procedures. Hess and Hink (1959, p. 89) after
a study of the two procedures concluded that "...the free

and forced sorts do not give strikingly different results."
Brook§111970, P. 172) described a similar study in which

subjects were asked to do a forced and unforcéd sort with a

set of items. "When the subjects' unforced sorts were cor-

related with their forced sorts, the mean for the 55 corre-

. lations was found to be .94 and only two correlation co-

effecients were below .90."

Brown (1971, p. 283) reported that other investiga~
tors--in particular: Livson and Nichols (1956), Nunnally
(1967), and Schill (1966)--have concluded that distribution
shqpe does ﬁot matter. In-a theo:etical study Brown (1971) -
Aeveloped eleven strikingly different, Q-sort distributions
.(skewed right, skewed left, normal, rectangular, platykurtic,
;gptokurtic, etc.) and compared.£he possible correlations of

the results. He concluded. that the distribution does not --

- of these correlation coefficients when factor analysis is

used as an extended analysis. of the data. In the study he
used four procedures for intercorrelating the eleven dis- ..
tributions: " (a) Kendall's X corrected for ties; (b)
Pearson's r; (c) Spearman's r dncorrected for ties; and

(d) Spearman's r, corrected for tiesL“' (p. 284) He con-

cluded that Pearson's r was the best procedure for
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intercorrelational pufposes.
Brooksv(1970, P. 172) summarized the criticisms of sev-
eral researchers with regard to forced sorting. The thrust
of the criticism is on statistical grounds to the effect
that the forced sort violates the assumption of independence;
that is, the chance that an item can be placed in any pile
is lessened with each placement of an item in a pile.
Brooks then offered four rebuttals to this criticism:
(1) all forced choice procedures violate the
assumption of independence, thus making
Q sorting no different from other com-
monly used instruments in the behavioral
sciences;
(2) when a Q sort is properly administered,
subjects understand that they are free
to take any item from the pile into which
it has been sorted and place it in any
other pile; A

(3) the violation is so minute that 'it is
doubtful that too much is risked in Q-
statistical situations, if there is a
fairly large number of items...'; and

(4) the requirement for statistical signifi-

cance in Q sorts may be raised from the Co
.05 level to the .01 level.

A calculation by Brown (1974, p. 5) illuminates point
(3) of Brooks' rebuttal. He reported that a Q-set having
fifty-five (55) items to be sorted offers the sorter 1,485
judgments in the process. fThis is calculated from the

formula 1/2n(n-1), where "n" represents the total number of

items in the Q-set.
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Brooks (1970, p. 172) and Kerlinger (1973, P. 596) re-
gorted that Q-sorting is criticized because it is said to
constrain the subjects; they do not like to do the sorting.-
However, both researchers report opposite results from sub-
Jects with whom they have worked. Also, Livson and Nichols
(1956, p. 162), having used Q-sorting procedures, reported
that "the Q sorter is his own worst critic and that re-
searchers should not be ﬁnduly alarmed by adverse sorter
criticisms of the method."

If the free-choice Q-sorting procedure is used, it
often provides data which are too un&ieidly, Oor even impos-
sible, to analyze. Whereas, the forced Q-sorting procedure
yieldé data which are more easily analyzed (Brcoks, 1970,
p. 173). Block (1956, p. 492) concluded from a comparative
study of forced versus free-choice procedures that "...no
great loss is suffered and many benefits are achieved...by
forcing all sorters into comparable data systems." Olson

and Gravitt (1968, p. 19) compared- forced vwersus free sort--

-ing and concluded that "...little jnformation was either

gained or lost as a result of either method."

As with validity, reliability is a term that refers to
measures or test instruments. If an instrument is reliable*
in a given situation, it is said to be true, stable, and

relatively free from random error. Hence, discussion of the

-reliability of Q-technique must be couched in this perspec-

“tive. "It is possible, however, to speak about the
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potentials of a hethod to produce reliable data. A measure
is reliable if it is accurate; that is, if the items of the
measure are homogeneous and internally consistent:."
(Cataldo, et al., 1970, P. 208) From a me:ssiur-ment view-
point, one might prefer the word "precise" iastead of the
word "accurate" in Cataldo's statement.

0 To this end investigators have reported the reliability
of the Q-technique. Frank (1956) used the test-retest
method to ascertain the reliability of Q-sorts. Using
Pearson's r, he calculated the reliapility coefficients and
found them to be between .93 and .97. Hess and Hink (1959)
also used test-retést methods and Pearson's r as a means of
calcuiating reliability coefficients. Their values ranged
as high as .95 and .99. Olson and Gravitt (1968) also used

i the test-retest method, over a two week period, and calcu-
lated the Pearson's r to determine reliability values. Their
study produced average reliability coefficients of .80.
Livson and Nichols (1956, p. lGS)-diécovered from their

'study that "...as more discriminations were made in the
(forced) Q-c=ort situation, the test-retest reliability of

- the sort tended to increase." They recommended that if one
were to use a forced distribution, it should be a rectangu-

lar distribution.

102




’ - 81
Sampling

Q-sorting is possibly a more time consuming method of
data collection than are some other commonly used methods.
For this reason the consideration of the number of subjects
to be used becomes important. Kerlinger (1973, p. 595) con-
cluded that cross-sectional or large sample type studies are
not well suited for the use of Q-sort technique. He argued
for carefully selected small samples unto which one would
. apply the Q-sort technique. Guilford (1954, Pp. 532-533)
suggested that stable correlations of data can be obtained
if the number of responders is approximately three times the
number of items in an instrument.

The major criterion is representativeness-hmaking sure
that all parties or groups.of people are represented. This-
can be accomplished via random sampling of a population uni-
verse. Schlinger (1969, p. 55) suggested the structured
sample design as the most judicious means to achieve repre-
sentativeness. : .-

Such a design allows the resedrcher to prede- T

termine the classes of respondents for the

study, and it allows the researcher to specify

how many respondents within each class should

be interviewed. Structured samples are not

intended to represent proportionately, the

characteristics of the...population. Instead

the structured samples are used in order to

make certain that relevant sub-classes of re-

spondents are sufficiently represented even

though the incidence of those in the popula-
tion may be relatively small.
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Analysis
After the data ére collected one must consider how the
data will be analyzed. Actually, the data are in a senée
"created." Given the continuum of piles for card placement
purposeés, one assigns numerical vailues to each pile. All
statistical analyses are performed -on these assigned values.
In the figure below the numbers above the line are the num-
ber of cards per pile, while,the numbers below the line are

those assigned for computational purposes.

3 4 7 10 13 16 13 10 7 4 3

—t——t—t————
+5 . +4 43 42 +1 0 -1 -2 -3 -4 -5

" Brown (1970, p. 183) pointed out the several potential
methods for analysis of Q-sort data. Correlation, factor
analysis, analysis of variance, chi-square, and percentage

and frequency counts have all been used in Q-studies. An

examination of Q-literature revealed that most analysis have

been correlational in nature (Wittenborn, 1961, pp. 132-142).
Kerlinger (1972, p. 15) has expressed his belief that the
amenability of Q-data to correlational analysis is one of
its salient, technical st;engths. "This is an important and
powerful mode of analysis that enables the behavioral sci-
entist to test theories...in a preliminary way and, just as

important, to discover aspects of theory, that he may not

104



e

' 83
be aware of, or that he may only have been vaguely groping -
for."

Factor analysis is rapidly becoming a tool of the re- -
searcher as he endeavors to discover relationships in data.
Factor analysis allows one to group either items or subjects
on the basis of the various Q-sorts by the subjects in such*

a way that one can "...reduce the number of variables to

those few whlch appear to be most responsible or most active

. in the process he is studying." (Brooks, 1970, p. 174)

Brooks furtherlpointed out that parametric statistical
tests, such as t and g”ﬁay be used to evaluate the signifi-
cance of the differences of the various factors. "If the
distribution of the Q values of the two groups being com-
pared are reasonably symmetrical and have variances that are

not- too divergent, then the t test may be used to test the

significance of the difference between means of two groups-

or the F test for three or more groups." (Brooks, 1970,
P- 175) |

Although analysis ofuvariance-has'beén used in the
analysis of Q-sort data, it is nct used as often as other
methods are. Kerlinger (1972, P. 14) advised "...to use
analysis of variance and other statistical tests and indices
as though it Qere all right to do so, but to be especially
careful in conclusions and genéralizations-drawn from such
analyses." The warning is offered in light of (1) forced

"normalacy" of the distribution due to forced sorting
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procedures and (2) the "loss" of independence of a Q-set's
items, due to separate item Placement in a pile. Examples
of studies using analeis of variance are Neff and Cohen
(1967)‘and Nahinsky (1965; 1967). Brown (1970) after a re-
view of the literature stated:

-+.a review of Stephenson's papers, including
The Study of Behavior (Stephenson, 1953),
will show surprisingly little reliance on
analysis of a variance as the preferred ana-
lytic method. 1In fact a search of the liter-
ature on Q (Brown, 1968) will not yield a
single paper by Stephenson in which analysis
of variance is:the primary analytic method,
and only a handful of papers will be found in
which he mentions analysis of variance, and
then in the form of a warning that it ought
not to be given. analytic prominence.

Chi-square was %sed a@s an analytic method by Olson and
Gravitt (1968). It Qgs used by them to compare sorters' re-
sponses to, first, a Eree—choice sort and then to a forced
sort. .

Once a factor analysis of the Q¥;ort data has been ac-

complished, factor arrays can be developed. Using the R-

.perspective, the resiilt is particular items which substan-

tially load on a factor or factors. To develop a factor
array, "One uses weighted avérages of the responses of the
individuals substantially loaded on a factor to determine
the items most .associated with the factorf" (Kerlinger,
1972, pp. 24-25) Kerlinger, on a later date, described the

Process more extensively:
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A factor array is a Q sort constructed_from
factor analytic results. Conceive factors as
similar clusters of objects--in this case per-
sons, or rather, the responses of persons.

Those individuals who respond to a Q sort sim-
ilarly will form clusters of persons. Over-
simplified, conceive of summing responses of
the individuals of a cluster to any Q-sort

item. If we do this for every item in a Q-
sort, we will have sums for all items. Th-se
sums will, of course, vary a great deal. They -
can be rank-ordered and then fitted into the
original-g distribution. fThis "new" ‘synthetic
Q sort is literally a description of the factor,
which can be directly interpreted. Usually the
top and bottom two or three piles of the Q dis-
tribution are used for interpretive purposes.
Factor arrays are calculated similarly for

each factor. (Kerlinger, 1973, p. 592)

Although Kerlinger described the fac£or array in terms of

persons, as if one is operating from the Q-perspective, his
'descriptioh is quite apropos to factor arrays developed in
terms of items, as if one is operating from the R-perspec-

tive.




CHAPTER III
METHODS AND PROCEDURES
Introduction

This chapter describes the methods and procedures which
were used in this study to develop the instrumentatign, to
" collect the data, and to analyze the data. The organization
of this chapter follows the ‘same order in which the study .
was conducted. First it was necessary to develop a theo-
reticai definition of scientific literacy before anything
else could be done. By the time this was accémbliShed it
had beéh decided that & structured Q-set and a biographical
questionnaire would be the best means of instrumentation
‘given themhjpotheses that were to Ee tested. The sample of
peréons was drawn, and the data were coilected. Another,
separate sample of persons, representative of the study
sample, was developed. This Zample of persons was used in
a test-retest setting in.order to.obtain data which could be
used to determine'reliébiliﬁy coeffigiénts for the stabiiity
of the SLQ. Finally, the data fér the main study were

coded, punched on cards, and computer analyzed.
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Development of.a Theoretical Model
of Scientific Literacy
The process of developing a Theorétical Model of Scien-
tific Literacy (TMSL) was beggn in June, 1974 and continued
through February, 1976. Utilizing (1) the data base of thé-
Educational Resources Information Center (ERIC) at the ERIC
Clearinghouse on Science, Mathematics, and Environmental
Education at The Ohio State niversity; (2) science educa-

. tion journals such as: Journal of Research in Science

Teaching, Science Education, and School Science and Mathe-
matics; and (3) appropriate dissertations found through

Dissertation Abstracts, 1885 to the pPresent, a collection

of statements describing scientific literacy was made. The
individual statements were for the most part gleaned from
iarger sets of statements developed by science educators or
Persons interested in the teaching of science.

The goal, pursued by this investigator, was to develop
a'theoreticalldefinition of .scientific literacy. The task
was perceived to be that.of developing a scheme by which the
various statements could be uniquely classified. After many
attempts, a scheme containing ele&en (11) dimensions was de-
veloped. Each dimension contained a number of cétegories,
and within each category were the statements which had been
gleaned from the literature review. Figure 3 contains a

representative portion of this classification scheme,
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Dimension Science and Culture ‘ .
Name '

The scientifically literate person:

Category IX.1 Understands the broad cultural
Label perspective of science. :
IX.1l.1 ...sees the need to view the
scientific enterprise within
Literature the broad perspectives of cul-
Statements ture, society, and history.
(Hurd, 1970, p. 15)
IX.1l.2 ...understands the interactions

between science and the general

culture. (Klopfer, 1969, p. 6)
IX.1l.3 ...is aware of certain important

historical and philosophical

developments in science.

(Kaiser, 1973)

Figure 3

A Representative Portion of the
Initial Classification Scheme

This scheme was given to the eight (8) science educa-
tors of the Faculty of Science aﬁd Mathematics Education at
The'Ohio State University plus the director of the Center
for Unified Science Education located at The Ohio State Uni-
versity. These persons were asked to critique the scheme in
terms of:

l. proper grouping of literature statements for
common meaning;

2. appropriate category labeling; and
3. appropriate dimension naming.
As a result of the criticisms offered by these persons,

it was decided that much confusion developed when this
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particular classification scheme was used as a theoretical
definition of.scientific literacy. Specifically, the lit-
erature statements did not have the same meaning to each in-
dividual; some literature stateménts seemed to belong to
more than one category;'and some categories seemed to_belqng
to more than one dimension.

Notipg that the literature statements were couched in
terms of behaviors that éould be expected of the scien-
'tificaily literate person, it was conceived that perhaps a
more meaningful classification scheme could be developed
utilizing the cognitive and affective taxonomies. Drawing

upon the ideas presented in Handbook I: Cognitive Domain

(Bloom, 1956) and Handbook II: Affective Domain (Kféthwohl,

1964), the previous classification scheme was modified.

ﬁpon refinement this resulted in the Theoretical Model of
Scientific Literacy (TMSL) which was the theoretical defini-
tion of scientific literacy for this study (Appendix A).

Figure 4 highlights the structure of the TMSL.

111



90
A THEORETICAL MODEL OF SCIENTIFIC LITERACY

Dimensions Taxonomies of Educational Objectives
of . Scien-
tific
Literacy '~ ‘
- A. Major Classes of the - B. Major Classes
Cognitive Domain. of the Affec-

tive Domain

1.
I.2.
- 3.

II.

III.

VI.
VII. ,
[\ J

VIII.

Figure 4

Structure of the TMSIL

The TMSL is a'two—way, classification scheme with
dimensions of scientific literacy versus taxonomies of edu-
cational objectives. The two taxonomical domains are the
cognitive domain and the affective domain. The cognitive

domain is sub-divided into six (6) major classes:

112




91
A.l knowledge, A.2 comprehension, A.3 application, A.4
analysis, A.5 synthesis, and A.6 evaluation. These classes

and their descriptions were édapted from Handbook I: Cog-

nitive Domain (Bloom, 1956). The affective domain is sub-

divided into three (3) major classes:. B.1 valuing, B.2
behaving, and B.. advocating. These classes-and their de-

scriptions were adapted from Handbook.II: Affective Domain

(Krathwohl, 1964). fThe élasses define the columns of the
.matrix.

The dimensions of scientific literacy define the rows
of the matrix. The particular dimensioné chosen seemed to
subsume the greatest number of literature statements in the
most succinct manner. For this study the dimensions of
scientific literacy were:

I. Organization of Knowledge;
II. Intellectual Processes;
III. Values and Ethics;
IV. Process of Inquiry;
V. Hﬁman Endeavor;
VI. Interaction of Science and Technology;
VII. Interaction 6f Science and Society; and

VIII. Interaction of Science, Technology, and Society.

There are two noticeable differences between the delin-
eation of dimensions used in this study and those discussed
in Chapter II. “"Nature of science" and "attitudes toward

science" are not treated as distinct dimensions. To
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identify these in the TMSL it would be necessary to use a
three-way perspective as opposed to the two-way perspective
which is used. Pella, O'Hearn, and Gale (1966, p. 200)
addressed this issue with regard to "attitude toward sci-
ence" (see page 45 of Chapter 1I).

Each cell in the TMSL contains at least one element.
Each cell has two characteristics: (1) a dimension char-

acteristic and (2) a major class characteristic. Each cell

. contains at least one element. An element describes a be-

havior that can be expected of a scientifically literate
person. The statements about scientif;c literacy which
were found in the literature were usedhfo develop the ele-
ments; The elements were written to capture the essence ef
whaﬁ other writers had previously stated. Some cells were

initially empty because appropriate literature statements

were not found. Elements were written to fill these cells.

Figure 5 indicates.which cells were filled in this manner.

Because the descriptions of scientific literacy found

in the literature were used to develop the elements, coher-

ence does not always exiet in going across a dimension.
Therefore, each element should be thought of as a single
sample drawn from a population of elements each of which
would be appropriate for a particular cell.

The TMSL has a quasi-hierarchical nature. The dimen-
sions of the matrix increase in complexity from the Organi-

zation of Knowledge dimension to the Interaction of Science,
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A THEORETICAL MODEL OF SCIENTIFIC LITERACY

Dimensions Taxonomies of Educational Objectives .
of Scien-
tific
Literacy ' :
' A. Major Classes of the B. Major Classes
Cognitive Domain - of the Affec-~

tive Domain

1. 2. 3. 4. 5. 6. 1. 2. 3.
1. X X
I.2.
3. X X X X
iI.
III. X
Iv. X X X X
V. b4
VI. . X X X
VII. o X
VIII.
Figure 5

Cells of TMSL for which Appropriate Statements
Were Not Found in the Literature

Technology, and Society dimension. Within the Organization
of Knowledge dimension there are three components: I.l &
Factual Component, I.2 a Generalizations.Cémponent, and I.3
a Discipline Comvonent. A component is a recognizable

group of behaviors which is a subset of a dimension. In
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this case the dimension increases in complexity from the
Factual Component td the Discipline Component.

The affective domain is seen as being more complex
than is the cognitive domain. The cognitive domain is more

easily dealt with programmatically than is the affective

‘domain (Shock, 1973). Each of the two domains increases

. . i .
in complexity from left to right. That is, major classes

tend to be subsumed by the ones to their right (Stedman,

. 1973; Kropp and Stoker, 1966).

Each element is of an "entry level" nature. "Entry
level"” implies the least of which would be expected of a

scientifically literate person.

Development of the Scientific
Literacy Q-set

It was decided that the Q-sort technique would be an

'aépropriate instrumentation technique to use to collect data

for the purpose of pursuing Problem 1 (see page 23 of Chap-
ter I). A stfﬁctured Q-set embcdies a theory, and when
sorted by persons it allows for the study of‘the embodied
theory (see pages 70-72 of Chapter 11: Kerlinger, 1968,
p. 588; Brooks, 1970, P. 168; Olson and Gravitt, 1969, PpP.
14-15; and Stephenson, 1953, pp. 65-85)..

The Scientific Literacy Q-set (SLQ) was developed over
a five (5) month period from October, 1975 through February,

1976. By develbping the SLQ on the basis of the TMSL a
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strucﬁured Q-se:l. was produéed.

A protbtype SLQ was developed which had one Q-statement
for each elemenﬁ in the SLQ. The results of a small pilot
study indicated that this was t6o ﬁgﬁy Q-étatements.-

It was decided to randohly select forty-five (45) ele-
. ments from the TMSL to be represented in the SLQ. Three
stipulations were imposed. Only one element from a ceil
could be selected (this Qas done using a table of random
numbers). Five (5) cells wéﬁld be selected from each major
class (see page 71 of Chapter II: Goldberg, 1962, p. 255
and Erown, 1975). The three (3) coméonents of Dimensiqn I
would be treated as though they were each a dimension. The
reason for this latter stipulation was that there were so
many more literature statements appropriate to Dimension I
than there were for the other dimensions. Figure 6 shows
which cells of the TMSL were sélected.tq be represented in
the SLQ. The ﬁndérlined‘identifiCation numbers in the TMSL-
- (Appendix A) are the elements which Qere selected to be
represented in the SLQ.

The eventual use of the SLQ with persons in the général
public meant that possibly'some persons would have low read-
ing levels. A decision was made to rewrite each element
selected at an eighth grade reading level. This was ac-

complished by:
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A THEORETICAL MODEL OF SCIENTIFIC'LITERACY

Dimensions | Taxonomies of Educational Objectives
of Scien-
\ tific
. Literacy ' :
A. Major Classes of the B. Major Classes
Cognitive Domain of the Affec~

tive Domain

1. 2. 3f 4. 5. 6. 1. 2. 3.
1. b4 X | X X X
I.2. X X ) X X
3. X X X X X
II. X X X b4
III. X X X X b4
Iv;‘ b4 X b4 b4 b4
V. . x _ X X b4
VI. » X X X X X
VII. ‘ X X X X
VIII. - X : x % | b4
Figure 6

TMSL Cells Randomly Selected-to be
Represented in the SLQ

l. wusing elementary science textbooks for
appropriate words;

2. using the Dolch word list (Buckingham
and Dolch, 1936);

3. using the Fry Readability Formula
(Fry, 1968); and
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4. developing definitions for key words which
of necessity had to be used.

The definitions of these words wére presented on the in-
struction sheet for sorting the SLQ (Appendix B).

Questionsvwere raised about the efficacy of the SLQ and
the sorting instructions. Because the Q-statements reflect
the two-way, classification scheme of the TMSL, the question
was posed as to whether persons would consistently key on
one characteristic to the exclusion of the other while sort-
ing the Q-statements. Secondly, were the softing instruc-
tions easy to use? Thirdly, were the definitions on the
sorting instructions sheet useful?

To answer these questiqns a pilot study was undertaken
with a ninth grade science class in Franklin County, Ohio.
It was selected because:

1. it was composed of students from a middle
class neighborhcod; and

" 2. the mean reading level of the class was
below ninth grade level.

Fifteen (15) representative statements were selected
from the SLQ. This set of fifteen (15) Q-statements cope
stituted a Modified SLQ for this phase of piloting. Four
(4) variations of the Modified SLQ were produced.

1. Variation one was comprised of Q-statements
just as they came from the SLQ.

2. Variation two had the verbs of the Q-statements

underlined to emphasize the major c¢lass char-
acteristic of the TMSL.
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3. variation three had key words within the
Q-statements underlined such that the
dimension characteristic of the TMSL was
emphasized.

4. Vvariation four had both verbs and key
words underlined in order to emphasize
the two primary characteristics of the
TMSL.
It was hypothesized that underlining would focus at-~
tention on particular parts of the Q-statements during the

sorting process, if true. then the sorting of the variations

"of the Modified SLQ would produce significantly different

sorts. The sets were randomly distributed to the students.
The studénts were asked to sort the fifteen (15) Q-state-
ments in accordance with the.sorting.instructions. The
instructions called for:

2 cards in each of the +4, +3 and +2 piles;

1l card in each of the +1, 0, -1 piles; and

2'cardé in each of the -2, -3, and -4 piles.

Questions raised by individual students about particu=
lar Q-statements and the sorting process were noted. 1In
addition, after the students had completed the task, they
were asked about the Q-statements as a whole, particular
words, the sorting process, and the format of the sorting
ihstructions. These responses were ¥ecorded to be used to
refine the sorting instructions and the Q-statemeﬁts in the
total SLQ.

The pilot study data were prepared for computer analy-

sis. The subprogram CROSSTABS from the Statistical Package
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for the Social Sciences (SPSS) (Nie, et al., 1975) was used.

to confirm that the four (4) variations of the Modified SLQ
were distributed randomly to the students with respect to
their reading abilities.

To determine if-any_one_(l) of the variations of the
Modified SLQ was sorted in a Significantly different way,
a univariate analysis of variance was made (Clyde, 1969).
Each of the Q-statements was treated as a dependent vari-
able, and the underline condition was treated as the inde-
pPendent variable. The four (4) variations of underlining
were coded as values of the independent variable. Table 1
is a summary of the results of the analyses of variance.
Since none of the univariate F tests were significant,
p £ 0.05, it Qas concluded that none of the variations pro-
duced significantly different results. |

The students' verbal reactions during the pilot study
~were mised to refine the total SLQ and the sorting instruc-
tions. It was decided not to underline any part of any of -
the Q-statements in the SLQ. 1In late Februnary, 1576 the
total SLQ was piloted. This time twelve (12) adults, three-
*(3) for each type of person to be used in the major studf,'
were asked to use the sorting instruétiOns to sort the SLQ.
Aftef each person completed the sort they were interviewed

in terms of:
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Table 1

_ ANOVA Results for the Effect of
Underlining on..Rank of Q-statements

Q-statement Eé Mean SQ B

VIIB31l 0.482 4.042 0.699
ITIA21 0.961 5.486 - 0.430
VB3l 0.485 4.153 0.696
IB33 2.878 17.486 0.062
VB2l ' 0.964 7.889 0.429
VIIIB3l 0.085 0.819 0.967
IVAll | 0.403 4.153 0.753
IVA3l - 0.373 2.833 0.774
IAS1 - _ 0.013 0.111 0.998
IVAaSl 0.503 5.042 0.685
IAl3 . 1.653 10.333 0.209
Ia41 0.722 4.944 0.551
VIIAGL 1.193 12.944 0.338
IA223 0.088 0.768 0.966
IA3l : 1.916 11.111 0.160

%4af = 3,20

1. what meaning they read into the words and
the Q-statements; and

2. the viability of the sorting instructions.
The Q-stgtements and sorting instructions were again refined
to incorporate their reactions.

At this péint it was concluded that the Q-statements of
the SLQ:.

l. were easily readable;

2. were written at an eighth grade. level; and

3. had the same meaning as did the TMSL
eiements which they represented.
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Appendix C contains the SLQ used in the major study. The
Q-staﬁqments are ordered as they appeared in the SLQ. The
lower left-hand identification numbers were not on the Q-
statements whichrpersons in the study received. They have
been added to identify the appropriate element in the TMSL
‘which each Q-statement represents. The lower right-hand
nuﬁbefs were on the Q-statements which the persons in the
study received. These numbers were used to order the Q-

statements randomly in the SLQ.
Development of the Sorting Instructions

The sorting instructions for the SLQ (Appendix B) were
referred to in the discussion of the piloting of the SLQ,‘
The reading level of these instructions is below eighth
grade level (Fry, 1968). The instructions ask persons to
sort the Q-statements of the SLQ into‘a rectangular distri-
bution of nine (9) piles with five (5) cards per pile. This
means that persons were asked to distribute the Q-statements
'using a forced sort technique. The forced sort techﬁique :
requires the person to place the Q¥statéments in a preae-
termined number of piies; eachhbile must contain a prede-
termined number of cards. By specifying the number of piles
and the number of.cards pef pile the shape cf the distribu-
tion curve is controlled. |

Cronback and Gleser (1953), James (1956), and Gaito

(1962) have criticized the forced sort. Stephenson (1953),



102
Brooks (1970), and Kerlinger (1973) have arqued for the
forced sort. Hess and Hink (1959) and Brooks (1970) cited
research findings which indicated that the forced ‘sort does
not give strikingly different results from non-forced sorts
on the same (-sets. See pages 75-77 of Chapter 1.

Hess and Hink (1959), Schill (1966), Nunnaly (1967),
Brooks (1970), and Brown (1971) have concluded on the basis
of rescarch findings that the forced distribution which re-
sults from a forced sort does not greatly influence the re-
sults of the analysis of the data. Livson and Nichols
(1956) argued for the use of a rectaﬁéular forced scrt on
the grounds that test-retest reliability of the sort is en-
hanced. See pages 77-80 of Chapter II.

The note after STEP 6 and the comment in STEP 12 ex-
Plain to the perscns that Q-statements may be changed from
one pile to another at any time. This is in line with
Brooke¢ (1970) comments. See page 78 of Chapter II.

The persons sorting the Q-stateﬁents were asked to‘d0f=“"
SO in terms of how important they thought each was. This
reflects Showalter's approach in his use of members of the
National Association for Research in Science Teaching to-
create an "operational definition of scientific literacy"

(1969, p. 48). See page 55 of Chapter II.
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Development of the INFORMATION SHEET

The INFORMATION SHEET (Appendix D) was developed to

collect data for the purpose of testing Hypotheses 1 and 2.

The information requested of each person fell into tﬁe
broad areas of:

l. amount of previous education;

2. amount of previous science education;

3. amount of previous education of parents or
‘ guardians;

4. occupation;

5. age; and

6. sex.

The INFORMATION SHEET was Piloted during the final
piloting of tﬂe SLQ. This was described on page 73. Based
ubon the persons reactions it was revised to:

| 1. ensuré that it could be easily completed; and
. 2. ensure that the necessaryl;nformation would
be secured from each person,

Development of the Population Sample

The Sampling Frame

_ To focus on two types of perséns; science oriented and
nonééience oriented, it was arbitrarily decided that per-
sons' occupations would be most indicative of their par-
ticular orientation. Science oriented persons would most

likely have science related occupations. Nonscience
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oriented persons would most likely not have science related
_occupations.

It ﬁas decided that the sample of persons for the study
would be drawn from two different SsoOurces. One portion
would be drawn from faculty members at The Ohio State Uni- .
versity. The other portiOn'would be drawn from persons re-
siding within Franklin County, Ohio. Since there was a high
probability that the university persons resided in’ or very
.close to Franklin Ccunty, it was assSumed that variables such
as ferm of government, politics, ecOnomic conditions, and
religious persuasions would be paftially controlled.

Figure 7 indicates the numbers of persons by type that
were drawn. Seventy-five (75) University Science Oriented

persons (UNVSC), seventy-five (75) University Nonscience

Science : Nonscience

Orienteg Oriented
University 75 persoﬁs 75 persons
Public 100 persons 100 persons’ “}

Figure 7

The Sampling Frame Used for the Study
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Oriented persons (UNVNONSC), one hundred (100) Public Sci-
ence Oriented persons (PUBSC), and one hundred Public Non-
science Oriented Persuns (PUBNONSC) coumposed the sample for
the study. Three considerations were made in deciding on
this sampling frame.
l. Stable éorrelations of data can be obtained
if the number of responders is approximately
three (3) times the number of items in the
instrument (Guilford, 1954, pp. 532-533). ‘
2. Large cross-sectional studies are not well
suited for the use of the Q-sort technique
{(Rerlinger, 1973, p. 595).
3. The major criterion in a Q-sort study is
representativeness - making sure that all
groups of pecple are represented, nct neces—

sarily proportionately (Schlinger, 1969, p. 55).

See page 81 of Chapter II.

The University Sample

The Ohio State University %s located in the City of
.Columbus in Franklin County, Ohio. It is one of the
" largest universities'in the United States with a graduate
school enrollment of approximately 8,000 students. Besides
the Graduate School and the Undergraduate University College
the university has'fifteen (15) colleges, four (4) of ﬁhich
are Colleges of Arts and Sciences and eleven (11) of which
are undergraduate professional colleges. v
The university sample was drawn using the 1975-1976

Faculty and Staff Directory. The listings of departments

were divided and alphabetized into two groups, science
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oriented and nonscienée oriénted. The science oriented de-
partments were further divided into the pure science depart-
ments and the applled science departments. (Note: some of
what are called departments in this study are actually
facultles. However, for convenience "department" w111_be
used.) Table 2 indicates these divisions.

The assistant professors, associate professors, and
professors, who were not visiting professors and who did not
have emeritus status, were identified. These persons (in
total approximately 3,300) comprised the university popula-
tion of faculty members from which séventy-five (75) non-
science oriented persons (UNVNONSC) and seventy-five (75)
science oriented persons (UNVSC) were drawn. The decision
was made to draw thirty-seven (37) pure science persons
iUNVPURSC) and thirty-eight (38) applied science persons
(UNVAPPSC) to comprise the UNVSC group.

. A random sample was drawn from each group in the same -

fashion. The desired number of persons for each sub-sample

-was divided into the total populatioﬁ of each group to de-

velop a skip number (Backstrom and -Hursh, 1963, pp. 39- 40)
A table of random numbers was consulted to find a random
number less than the skip number. This became the first
person in the group to be drawn. The next person drawn was
identified by the skip number. For example, if the skip
number were 20 and the first person drawn was person 12

then the next person drawn would be person 32. The process
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Table 2

Number of Persons in the University
Sample by College

Source Nonscience Science Oriented
Oriented ‘

Pure Applied

Science Science

Colleges of
Arts and Science

Arts ' 14
Biological Sciences 15
Humanities 15
Mathematics and

Physical Sciences ' 5 _ 21
Social and Behav-

ioral Sciences 17

Professional Colleges

Administrative :

Science 11
Agriculture and :

Home Economics 5 3
- Education 7 1
Engineering : _ 12
~Pharmacy .
Dentistry 3
Law _ 1
Medicine 14
Optometry ' 3
Veterinary Medicine _ __ 3

Total - ' 75 37 38

was continued until the required number of persons was
drawn. Table 2 shows the number of persons drawn in each

of the groups by the college with which they were
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associated.

Table 3 shows the number of persons in each group

by rank.
Table 3
Number of Persons in the University
Sample by Rank
Rank Nonscience Science Oriented
Oriented
UNVNONSC UNVPURSC  UNVAPPSC
Assistant Professor 22 11 9
Associate Professor 24 5 11
Professor 29 22 17
38 37

Total

75

The Public Sample

- The persons from which the public sample of persons was

drawn lived within Franklin Counfy,‘Ohio.

The Columbus Area

Chamber of Commerce repcrted that Franklin County had an

estlmated 1975 populatlon of 905 600; thlrteen percent of

whlch was non-whlte. Accord:ng to the 1970 federal census

Franklin County had 271,253 housing unlts with an average of

3.1 persons per occupied unit.

In 1973 the county birﬁhl

rate was 16.3 per 1000 persons, and the death rate was 8.3

per 1000 persons. The 1974 assessed valuation of
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" properties was  $3,471,512,390.

The R. L. Polk Directory for the City of Columbus, Oth ‘

(Polk 1975) was used as a source of persons from which to
" select the public sample. The directory lists persons

alphabetically with a description of their full time occu-~
pation, by whom they are employed, and with their home
address. The two criteria used to select the pub;ic_sample
from the directory Qere:.

(i) the persons worked within the city of Columbus; and

(2) they iived within Franklin County.'.

The déscription of each persoh's occupation was used
to determine in which orientation group a person belonged.
For both orientation'groups the approximate number of per-
sons in the directory was determined; a skip number and 2
random starting point were déveloped. As with the uni-
versity sample the pub%igf%ample was selected in twc parts.
First, one.hundred (100) public nonscience oriented persons -
(PUBNONSC) were drawn randomly; seéond, one<hundred (100)
pubiic science oriented persons (PUBSC) were drawn randomly.’

After the two groups of persons were drawn the ohio

Bell and Vicinity, 1975-1976 Telephone Directory and the
Ohio Bell Directory Assistance were ﬁsed to determine if the
selected persons still resided within Franklin Counﬁy.
Twenty-six‘(26) of the PUBNONSC.group and ten (10) of the
PUBSC group were found to no longer live in the area. Re-

Placements for these pPersons were selected randomly from the
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R. L. Polk Directory. The confirmation and replacement pro-
cess was continued until each orientation group contained
one hundred (100) persons.

The PUBNONSC persons were classified occupationally

using the 1970 Census of Population and Housing - Census

Tracts publication of the U. S. Department of Commerce and

a listing by Backs:rom and Hursh (1963, pp. 99-101). Table

4 compares the occupations of the PUBNONSC group with 1970

Table 4

Compraison of PUBNONSC Group with 1970
Franklin County Census Data by Occupation

Occupational ’
Classification Male Female Total
Franklin Sample Franklin Sample Frarklin Sample ”
County County County
No. ] No. ] No. ] No. ] No. R | No, L B
Professional - 60,962 182 g 11 23,769 17 5 19 84,731 18 13 13
. Administrators/ . .
Managers 29,762 9 15 21 4,738 3 1 4 34,500 7 16 16
Sales Workers 26,511 8 8 11 9,891 7 1 4 36,402 8 9: 9
" Clerical Workers 74,166 22 4 5 56,156 41 6 22 130,322 28 10° 10
Craftsmen 40,173 12 12 16 T - - 1 4 40,123 9 13 13
Operatives, ex-
‘cept Transport 638,991 12 5 7 14,736 11 - - 53,729 11 5 5
Transport :
Operatives 12,009 4 4 5 - - - - 12,002 3 4 4
Latorers, Not
Farm . 12,700 4 11 15 3,438 3 H 19 16,138 3 16 16
Farmers/Farm o ’
Managers - - - - - - - - - - - -
Farm Laborers 1,449 0 - - 200 0 - - 1,649 0 - -
Service Workers 35,947 11 2 3 19,626 14 4 is 55,573 12 6 6
Private Household 3,462 1 - - 3,301 2 - - 6,763 1 = -
Retired/No
Occupation - - 4 5 - - 4 15 - - 8 8
Total 336,162 100 73 100 135,857 100 27 100 471,989 100 100 100

3Rounded to the nearest percent.
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census data for Franklin County.

To deteri:ine if the PUBNONSC group of persons repre-
sented their respective occupational types in the county,
a statistical test of proportions was made on each occupa-
tionai type total for Franklin_County versus the totals for:
the sample (Ferguson, 1966, pPp. 176-178). The Transport'
-Operatives, Laborérs, and Farm Laborers were found not to
approximate a normal distribution because of the small num-~
. bers of sample persons drawn from these types. 0f those
which approximated a normal distribution the Managers/
Administrators and the Cleriecal Workers were found not to
represent their respective types, P £ 0.002. There was too
large-a'percentage of Managers/Administrators in the sample;
there was too small a percentage of Clerical Workers in the
sample. '

Table 5 shows the breakdown of the PUBSC persons into

four (4) major types.
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Table 5

Proportionment of the Public Science Orlented
Sample of Persons by Occupation

Number Percent
Technicians (Subtotal) 15 15
Laboratory 4 4
Research 1 1
Engineering 6 6
Dental 4 4
Pure Scientists (Subtotal) 8 8
Engineers (Subtotal) 38 38
Medical Personnel (Subtotal) 39 39
Physicians 9 9
Dentists 3 3
Optometrists 3 3
Pcdiatrists 1 1
Chiropractors 1 1
Pharmacists 4 4
Nurses 15 15
Radiologists 1 1
Dietitians 1 1
Therapists 1 1
Total : 100 100

Data Collection

Before the collection of data was initiated permission
was requested from The Ohio State University Human Subject
Review Committee to be waived from the requirement of using
a consent form with each person selected for the study.
Permission was granted. (Appendix E)

Packets of materials were prepared for the 350 persons

in the sample. Each packet consisted of:
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(1) a form letter with a perséﬁalized heading
and salutation (Appendix F);
(2) the INFORMATION SHEET;
(3) the INSTRUCTIONS FOR USING THE SMALL CARDS.
AND SMALIL iSNVELdPES; |
(4) the SLQ;
(5) nine small envelopes marked +4 Most Important,
+3,...,-3, -4 Least Important;
(6) a postcard - stamped and addressed to the
:,investigator for tﬁe respondent to return
stating that the materials had been completed
and forwarded; and -
(7) a st#mped;and addressed 5"x7" envelope for
retﬁrning the responses.
For the nonscience oriented persons blue ink was used to
_prepare the address labels for their 5"x7" return envelopes.
. For the science oriented persons black ink was used to pre-*
pare the address labels for their 5"x7" ‘return envelopes.

.- . Lines were used to differentiate between the returns of the
UNVPURSC and UNVAPPSC persons. One line was used to ﬁnderJ'
line "cahpus mail"” on the return envelopes of the UNVAPPSC -
persons. Two lines were used to underline "campus mail" on-
the return envelopes of the UNVPURSC persons.

The material packets were mailed to all persons on
April 5, 1976 using both the United States Postal Service

and the campus mailing system. As the returns were received
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a record was kept of who had returnéd the péstcard and on
what date it was received by the investigator. Also, the
number of returns per day for each group was graphed. The
graph féciiitgted an understapding of the rate of return.of
the materials.
Figure 8 is indicative of the graphing technique; it

shows the total daily returns.

Raturns

o

Y W WY + N + . N + . n n N 3 n
T T + —t T

+ 3 + t + + + + t + +
——t—r— H

PUINNSY | 2 3 4 21 12
1.2 3 4 3 6 7 8 3% 10 11 12 13 4 1% 8 W 2 1 21 23 1 S

Days Pollowing Mailing (Excluding Weskends)

Figure 8

Graph of Total Number
' of Returns Each Day
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It had been decided previously'that when an extended
and marked drop occurred in the daily returns telephoning
would be initiated. fThose persons whose postcards had not
been received were called. Telephoning was initiated on
Day 9 to those peisons who Had published telephone numbers.
Eight (8) Percent of the public portion of the sample did
not have published numbers. Each call amounted to:
1. determining if the person had received the
materials; |
2. determining if any portion of the materials should
be clarified; and
3. determining if the person planned to complete the
materials in the near future.
§ome telephone calls resulted in the person stating that the -

materials had already been discarded or that they would not

be completed. This information was recorded.

- Telephoning was initiated again after Day l6. Calls -~
were made to those persons who during the first call had in-
dicated they would respond but whose postcards had not yet -
been received. During the second call, the persons were
told that the data collection period would soon end; they
were encouraged to respond. '

Telephone calls were also made to approximately 15% of
the persons who returned the cdmpleted materials. These
calls were rmaue the same day on which the postcard was re-

ceived. T[ich person was asked if he could explain what was
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in his mind as he sorted the cards. That is, what was the
general basis for placing cards on the positive side as
opposed tc the negative side. These comments were recorded
for “ature use in the interpretation of the results of the
data analysis. 1In addition ;ﬁese persons were asked about
their reactions to the sorting process. The responses re-
flected the same skepticism on their parts as has. previously
been reported iﬁ Q-sort iiterature (see page 79 of Chapter
II). |

The data were prepared for computer analysis as they
were received. Using the SPSS CROSSTABS subprogram it was
determined that telephoning did not bias the way persons
responded. After Day 17 the accumulated data were analyzed
with the SPSS FREQUENCIES subprogram. This was repeated
efter Day 28. A comparison of the results of the analysee )
indicated that the percentage of response on the values of
.each,varieble did not change by more than three (3) percent. -
It was decided to terminate the data collection period after
.Day, 28 and to begin the analysis of the data. Two completed
sets of materials were received several days later but were'’
“not included in the analyses.

Table 6 summarizes the records which were kept on the
returns for each group of the sample. By taking into ac-
count those persons who stated they did not receive the
materials and those persons whose materials were returned

because they had moved, it can be observed that the
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Table 6
Summary of Data Collection

‘Original Did Not Adjusted Responded
Sample Receive Sample

$ of Adjusted % of
Sample

v. -1 1] No. No. ] No. Total

University Science (IINVS‘:)a ! 75 21.4 7 68 21.9 45 24.3 . 66.2
University Pure Science
(UNVPURSC) 37 10.6 3 34 11.0 23 12.4 67.6
University Applied Science
(UNVAPPSC) 38 10.9 4 . 34 11.0 22 11.9 64.7
University Nonscience
(UNVNONSC) 75 21.4 6 63 22.2 A8 24.9 66.7
Public Science (PUBSC) lo0¢ 28.6 15 -1 27.4 52 28.1 6l.2
Public Nonscience
(PUBNONSC) 200 _28.6 12 88 _28.4 42 * _22.7 47,7
Total 350 100 40

310° 100 185 100 100

*UNVPURSC and UNVAPPSC combined

percentages of res?onses were similar for the UNVSC,
UNVNONSC, and PUBSC groups. The PUBNONSC group hadlthe
lowest percentage of response.

An additional question was asked about the returns.
Within each of the groups did more of some type or types of

persons respond than did onther types? A chi-square test was
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made on each group in terms of the #ercent sampled to the
percent returned‘by eacﬁ type of person; for example in %he
PUBNONSC group Sales Workers would be considered a type of
person. It was found that in eacht group there was no skew-
ing of the number of returns in terms of the types of per-
sons. It was concluded that the responses from.each group
could be considgred representative of each group as it had

originally been sampled.

Reliability of the SLQ

Reliability of the Q-sort technique with a given Q-set

has most often been-determined by a test-retest method. The

statistical analysis has been to calculate the correlation

coefficient of each Q-statement with jtself using Pearson's

I. See pages 79-80 of Chapter II.
To determine the reliability of the SLQO in this study

"

the test-retest method was used. X rarge of one (1) to

eight (8) weeks passed between the ‘fi+st and second sorting

- of the SLO. Pearson's r was used to calculate the correlas

tion of each Q-statement with itself from the test-retest
situation. The sample of persons was selected to represéﬁt
the five groups used in the study (ﬁNVPURSC, UNVAPPSC,
UNVNONSC, PUBSC, and PUBNONSC). There were thirty-eight
(38) persons in this sample.

The analysis produced correlation coefficients ranging

from 0.1264 to 0.7969. The average of the coefficients was
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0.497. Of the forty-five (45) correlation coefficients !
five (5) were not significant at P é 0.05 (Guilford and
Fruchter, 1973, p. 516). The five (5) Q-statements which
did. not correlate significantly were Q37, Q8, Q10, Q20, and
Q42. Excluding these, the aﬁerage correlation coefficient

of the remaining forty (40) Q-statements was 0.5332.

The Variables

The variables which were used to test Hypotheses 1 and
2 are presented in this section.. The following presénts:

l. the section of the INFORMATiON SHEET from which
the variable was developed;

2. ‘the vériable symbol;

3. a discription of the variable;

4. the coded values of the variable for computer
analysis; and

5. the value labels.

- INFORMA-
TION
SHEET VARIABLE VARIABLE CODED
SECTION SYMBOL DESCRIPTION VALUE VALUE LABEL
A SEX sex of re- 12 female
spondent 2 male
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INFORMA-

TION

SHEET VARIABLE VARIABLE CODED

SECTION SYMBOL DESCRIPTION VALUE VALUE LABEL

B AGE age of re- 1 18-25 years

spondent 2 26-35 years
3 36-44 years
4 45-54 years
5 55-65 years
6 66 years or older

F OWNSCHYR last 'year 1-8 elementary school
completed 9-12 secondary school
by re- 13-16 college
spondent 17-24 graduate or

: professional
school

G MOTSCHYR last year 1-8 elementary school
of school 9-~12 secondary school
completed 13-16 college
by mother/ 17-24 graduate or
guardian professional
of re- school
spondent ‘

H - FATSCHYR last year 1-8 . elementary school
of school 9-12 secondary school
completed 13-16 college
by father/ 17-24 graduate or
guardian professional
of re- school
spondent

J SHGENSCI senior high 0 did not have
science 1 did have

J SHERTSCI senior high 0 did not have
earth 1 did have
science

J SHBIOL senior high 0 did not have
biology 1 did have

J SHCHEM senior high 0 did not have
chemistry 1 did have
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.INFORMA~
TION
SHEET VARIABLE VARIABLE CODED S
SECTION SYMBOL DESCRIPTION VALUE VALUE LABEIL
J SHPHYS senior high 0 did not have
physics 1 did have
J CLBIOSCI college 0 no space.checked
level 1 0-12 quarter hrs
biolecgical 2 13-36 quarter hrs
sciences 3 37 or more
‘ quarter hrs
J CLPHYSCI college: 0 no space checked
level 1 0-12 quarter hrs
physical 2 13-36 quarter hrs
sciences 3 37 or more
: quarter hrs
J CLERTSCI college 0 no space checked
level 1 "0-12 quarter hrs
earth 2 13-36 quarter hrs
sciences 3 37 or more
quarter hrs
. Jd CLENGSCI college ° 0 no space checked
level 1 0-12 quarter hrs
engineer- 2 13-36 quarter hrs
ing courses 3 37 or more
quarter hrs
IAll to  the 45 Q- +4 most important
VIIIB31l statements +3
of the SLQ +2
+1
0
-1
-2
-3
-4 least important
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INFORMA-
TION
SHEET VARIABLE VARIABLE CODED
SECTION SYMBOL, DESCRIPTION VALUE VALUE LAREL
STATUSb the re- 1 university pure
spondents science persons
categorized (UNVPURSC)
s into five 2 university ap-
‘ (5) groups plied science
T persons
(UNVAPPSC)
3 university non-
science persons
(UNVNONSC)
4 public’ science
persons (PUBSC)
5 public nonsci-
' ence persons
(PUBNONSC)
ORIENTb the re- 1 science oriented
* spondents persons .
categorized 2 nonscience ori-
into two ented persons
(2) groups

aIn addition to the variable values listed blanks were
coded for all variables to which the ' respondent did
not respond. A :

bThese variables were created in preparing the data for

the SPSS system from the identification of the respond-
ent's return envelope.

Analysis of the Data

As has been discussed the data were coded for computer
analysis. Punched cards were visually checked for mistakes,
and the raw data were compared to outputs of the various
SPSS (Nie, et al., 1975) subprograms for errors. When the

punched cards were believed to be completely accurate the

EBik; 14ﬁl
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analysis of the data was begun.

The SPSS subprogram FREQUENCIES was used to ascertain

- the absolute frequency and the percentages of response on
each value of each variable. This subprogram also computed
the values of the mean and standard deviation for the vari-
ables.

The SPSS subprogram PEARSON CORR was used to derive the
correlations among the vériables. Charts were constructed
to show graphically the signifiéant correlations.

The SPSS subprogram FACTOR was used for factor analysis
of the responses to the Q-statements; In the factor analy-
Sis principle-component solutions were developed with the
main diagonal elements of the correlation matrix replaced
by R2 communality estimates. Orthogonal rotations were de~ -
Qeloped as opposed to oblique rotations. This subprogram
was also used to develop standardized.factor scores for the
factor'solutions-which were developed. 3

- .. The SPSS subprogram ONEWAY was=ﬁsed.to test Hypothesiss -

#..l...The factor scores, from each of the seven factors de- -
veloped for the total sample (OVERALL), were treateﬁ individ-
ually as dependent variables. The'test for'significant dif-~
ferences was made with:

l. ORIENT: persons were classified as science ori-
ented Or nonscience oriented; and
2. STATUS: persons were classified as university

pure science, university applied science,
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university nonscience, public science, and
public nonscience.
ORIENT and STATUS were treated as independent variables.
Posteriori testing was done by the Scheffe' method for post
hoc multiple comparisons.
The SPSS subprogram REGRESSION was used to test

Hypothesis 2. The dependent variables“were the seven (7)

factor scores from the factor solution for all respondents
combinred. The independent variables came from the seeelons
in the INFORMATION SHEET which dealt with:
l. amount ef previous educatien;
2. amount of previous science education;
3. amount of previous education of parents or
guardians;

4. age;. and

5. sex.

146




CHAPTER IV
-‘ANALYSIS OF THE D.ATA
Introduction

In this chaptgr‘the‘results of the analysis of the data
are presented jin five (5) sections. The,first section is a
.preséntation of the descriptive statistics - absolute fre-
quencies, percentages, means, and standardndeviations_- of
résponses to particular variables, and the second section is
a presentation of the results of correlating these vari-
ables. Section thfee is a description of the résults of the
factor analysis performed dn the responses to the Q-state-
ments. In this section the inferred dimensions of scien-
tific literacy are developed and hamed. Section four com-
parés the science oriented groups of persons to the nonsci-
ence oriented groups of persons in termslof the inferred
dimensions of scientific literacy. The results of the

analyses of variance performed to test Hypotheses 1 (a) and

(b) form the basis for this comparisgn. Finally,/section
five is a presentation of the regression analyses which were
performed to test Hypothesis 2. An overall summary con-

cludes the chapter. 1In this summary the results from the
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previous analysis sections were brought together.

Descriptive Statistics for
INFORMATION SHEET Data

The Variables discussed ih this section were generated
from the INFORMATION SHEET. Each table in this section
specifies the number of persons and the respective group
proportion of those persons who d1d not respond to each
variable. These "non- responders" were excluded from all
calculations which ultimately were summarized in terms of
means and standard deviations. fThe SPSS ‘subprogram FRE-
QUENCIES (Nie, et al., 1975) was used to analyze the data
for this section.

Overall 85% of the respondents were males and 15% were

females (Table 7). The PUBNONSC and UNVNONSC groups had

Table 7
Freque.iy and Percentage for Sex of Respondents (SEX)

—y, S—

- PUBSC 1.9 6 11.8 45 88.

Group - - No R eponse Fenmale . ‘Male
No. % of No. 22 Y. 1
Groap
UNVPURSC 1 4.3 1 4.5 21 95.
£:vAPPSC 1 4.5 - - 21 100.
unvscP 2 4.4 1 2.3 42 97.
UNVNONSC 6 13.3 8 20,0 32 80.
1
1

PUBNONSC 2.4 12 29.3 29 70.

OVERALL 10 5.4 27 15.4 148 84.

O N M O w.Oo w

‘ndjusted to exclude the No Response column

bUN.{iURSC and UNVAPPSC combined
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greater percentages of females than did the PUBSC and UNVSC
groupé. Recalling that in Table 4 on page 110 of Chapter
III the~PUBNONSC-§roup was-27%A§ema1e, the 29.3% female re-
sponse might seem strange.' It should be remembered that not
all persons received the materials so that the original
sample was in effect reduced in size (see Table § on page
117 of Chapter III). Also one PUBNONSC respondent did not
indicate his/her sex. Botﬁ factors would contribute to the
-difference ir fémale percentages.

Table 8 shows that of all groups the PUBNONSC group had
the smallest mean age and the largest standard deviation.
The PUBSC group was soﬁewhat similar to the PUBNONSC group.
As would be anticipated the university respondents tended
to be older and have less deviation in their ages.

Only 4% of the respondents were retired (Table 9). The
retirees were public perscns since the university persons
were chosen from a population in which there were no retired
persons.

Table 10 does not duplicate Table 4 on page 116 of
Chapter III. Table 10 was developed from the more complete
description of the respondent's occupation as given in sec-
tion D of the INFORMATION SHEET. TaBle 4 was developed from
the short description of the person's occupation in the

R. L. Polk Directory. Also, a person who was listed as

retired in the directory supplied a description of his

occupation when he completed the INFORMATION SHEET; this
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Table 9

Descriptive Statisticas for Retirement Status of Responde:ts (RETIRED)

’ Group No Responsea B Yes No M2an SD
No. % of No. . tb No. ]
Group
UNVPURSC 1 . 4.3 - - 22 100.0 2.000 4.000
UNVAPPSC - - - - 22 100.0 2.00¢ 0.000
unvsc® 1 2.2 - - a4 100.0  2.000 0.000
UNVNON 2 5 1q.9 .- - . 41 100.0 2.000 0.000
PUBSC 1 1.9 2 3.9 .49 96.1  1.961 0.196
PUBNONSC . 1 2.4 S 12.2 36 87.8 2.878 0.331
OVERALL 8 4.3 7 4.0 170 : $6.0 1.960 (.195

aCoded: No Response = blank; Yes = l; No= 2
b, ..
Adjusted to exclude the No Response column

cUNVPURSC and UNVAPPSC combined

occupationjwas coded as such.

| Almost all university respondents were classified as
professionals whereas 88% of +he PUBSC group and 35% of the
PUBNONSC groups were. The other nore highly represented
occupations in the PUBNONSC group wcre Administrators/
Managers, Craftsmen, and Clerical Workers. The coding of
this variable was not of an interva. nature but was of a
classification nature.

As would be expected :he last school attended by the
university respondents was a college.or university. The
same was true of the 90%‘of the PUBSC groﬁp and 54% of the
PUBNONSC group. However, 37% of the PUBNONSC group had not

gone beyond the high school level (Table 11).
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Table 11

Descriptive Statistics for Last School Attended by Respondents (SCELEVEL)

Group No Response® Senijor Technical Junior College or Mean Sb
High School College University
No. $ of 1y, W No. % No. % * No. %
i Group

UNVPURSC 2 4.3 - - - - - - 22 100.0 6.000 0.002
* UNVAPPSC - - - - - - - - 22 100.0 6.000 0.000

unvsc® b 2.2 - - - - - - 44 100.0 6.000 0.000
S .

UNVNONSC 6 12.0 - - - - - - 40 100.0 6.000 0.000

PUBSC 1 1.9 - - 4 7.8 1 2.0 46 90.2 5.824 0.555

PUB.IONSC 1 2.4 15  36.6 3 7.3 1 2.4 22 53.7 4.732 1.432

OVERALL 9 4.9 15 8.5 ? 4.0 2 1.1 152 86.4 5.653 0.907

8coded: No Response = blank. Elementary = 1; Junior High = 2; senior High = 3; Technical
School = 4; Junior College = 5; College = 6 .

bAdjusted to exc.iude the No Response column

SUNVPURSC and UNVAPPSC combirned

Table 12 shows that the university respondents had at-
tended school'for a similar number of years. The UNVSC
group had on the average one (1) more year of school thén
did the UNVNONSC group. Somewhat surprising is the evidence
that two (2). UNVNONSC. respondents had completed only sixteen
(16) years of school. The PUBSC group averaged one (l) year
beyond the Bachelor's level while the PUBNONSC group aver-
aged two (2) yeafs beyond high school.

On the average parents of the PUBNONSC reépondents com-
pPleted approximately eleven (11) yea#s »f school. On the
average parents of the respondents in the PUBSC, UNVNONSC,
and UNVEC groups completed approximately twelve (12) to
thirteen (13) years of school. Tﬁe delineation of the num-

ber of years of school completed by mothers and fathers of
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‘the respondents is given in Tables 13 and 14.

The great majority of university respondents held a
doctorate or its equivalent {Table 15). More PUBSC respond-
ents (43%) held a Bachelor's degree than any other degree.
The majority of the PUBNONSC respondents (54%) held a high
school diploma as their highest degree. |

Comparing Tables 16 and 17, it is observed that the re-
spondents had a better memory for the science courses they“
had at the senibr high level than for those they had at the
junior high level.

Table 18 indicates that 33% of the respondents did not
believe they had science in the seventh grade. Table 19 in-
dicates that 23% of the respondents did not believe they had
science in thé eighth grade. These percentages were sur-
pPrisingly large. Woodburn and Obourn (1965) réported th&t
general science was an accepted offeriﬁg in the seventh and
eighth grades in the 1920's. They cited Bulletin 26 on the
Reorganization of Science in Secondary Schools (Céldwell,
1920) as a major influence in establishing science in these
grades. Table 8 showed that 95% of the respondents were
not older than 65 yecars. Therefore, since even the 65 Year
old persons would not have been in tﬁe seventh grade until
approximately 1923, it was believed that mofe persons had

science . . the seventh and eighth grades than was reported.
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Table 16

Descviptive Statistics for Respondents® Knowledge of Having Science
at the Junior High Schonl Level (JHSDNK)

Group No Response? Person Knew Person Did Mean sb
Not Know

No. %t of No. tb No. %

: Group
UNVPURSC . 2 8.7 18 85.7 3 14.3 0.143 0,359
UNVAPPSC - - 14 63.6 8 36.4 0.364 0.492
unvsc® 2 4. 32 . 11 25.% 0.256  0.441
UNVNONSC 6 13.0 33 82.5 7 17.5 0.175 0.385
PUBSC 1 1.9 41 80.4 10 " 19.6 0.196 0.401
PUBNONSC 1 2.4 29 70.7 12 29.3 0.293 0.461
OVERALL 10 5.4 135 77.1 40 22.9 0.229 0.421

Acoded: No Response = blank; Person Knew = 0; Persons Did Not Know = 1
bAdjusted to exclude the Wo Responie column

CUNVPURSC and UNVAEPSC combined

Table 17-

Descriptive Statistics for Respondents' Knowledge of Having mce
at the Senior High School Level (SHDNK) )

Group No Response® : Petsén Knew Person Did Mean SD
Not Khow
Nc. % of Ne, . \b No. ]
Group .
UNVPURSC 2 8.7 20 95.2 1 4.8 0.048  0.218
UNVAPPSC - - 20 90.9 2 9.1 0.091 0.294
unvsc® 2 a4 40 93.0 3 7.0 0.070 0.258
UNVNONSC 6 13.0 38 95.0 2 5.0 0.050  o.221
PUBSC 1 1. - 49 96.1 2 3.9 0.039 0.196
PUBNONSC 1 2.4 35 85.4 6 14.6 0.146 0.358
OVERALL 10 5.4 162 92.6 13 7.4 0.074 0.263

aCoded: No Respohse = blank; Person Knew = 0; Person Did Not Know = 1
bAdjusted to exclude the No Response column

®UNVPURSC and UNVAPPSC combined
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Descriptive Statistics for Seventh gr

Table 18

ade Science of Respondent (JHS7)

No Responsea

Group Did Not Have bDid Bave Mean sp

¥o.9 4 of No. 0 No. '

Group

UNVPURSC 5 21.7 4 22.2 77 14 77.8 0.778 0.428
UNRVAPPSC 8 36.4 4 28.6 10 71.4 0.714 0.469
unvsc® 13 28.9 8 25.0 24 75.0 0.750 0.440
ﬁNVNONSC 13 28.3 8' 24,2 25 75.8 0.758 0.435
PUBSC 11 21.2 19 46.3 22 53.7 0.537 0.505
PUBNONSC 13 31.0 10 34.5 19 65.5 0.655 0.484
OVERALL 50 27.0 45 33.3 90 66.7 0.667 0.473
%coded: No Response = blank; Did Not Have = 0; Did Have = 1
b

SUNVPURSC and Ul JAPPSC combined

dIncludes those persons who
having science zt the Junio

Adjusted to exclude the No Response column

did not respond and who had n
r High level

Table 19

0 knowledge of

NDescriptive Statistics for Eighth Grade Science of Respondent (JHS8)

Group No Responsea Did Not Have Did Have Mean sD

No.% 1 of No. W No. '

Group

UNVPURSC 5 21.7 4 22.2 14 77.3 0.778 0.428
UNVAPPSC 8 36.4 5 35.7 9 64.3 0.643 0.497
unvsc® 13 28.9 9 28.1 23 71.9 0.719 0.457
UNVNONSC 13 28.3 7 21.2 26 78.8 0.788 0.415
PUBSC 11 21.2 9 22.0 32 78.0 0.780° 0.419
PUBNONSC 13 3l1.0 6 20.7 23 79.3 0.793 0.412
OVERALL 50 27.0 3l ,23.0 104 77.0 0.770 0.422
3coded: No Response = blank; Did Not Have = 0; pid Have = 1
b

CUNVPURSC and UNV..PPSC combined

d

Includes those persons who
having science at the Junio

Adjusted to exclude the No Response column

did not respond and wh
r High level

159
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Figure 9 summarizes Tables 20, 21, 22, 23, and 24. The.4
percentages of respondents in the UNVPURSC, UNVAPPSC,
UNVNONSC, PUBSC, and PUBNONSC groups wno had general science,
earth.science, or biology did not vary by much. Few of the
respondents had an earth science course. This was not sur-
prising. Woodburn and Obourn (1965) reported that in 1920
only 4.5% of all ninth through twelfth grade students were
enrolled in an earth science course. By 1949 this enroll-

‘ment had decreased to 0.4%! With the introduction of the
Earth Science Curriculum Project in the mid 1960's more

schools have built earth science into the curiiculum.

Table 29

4 Descriptive Statistics for Senior High General Science of Respondent (SHGENSCI)

Group No '.esponse? pid Not Have pid Have ‘Mean Sp
No.d % of No. tb No. LI
Group

UNVPURSC 3 13.0 8 40.0 12 60.0 0.600 0.503
UNVAPPSC 2 9.1 8 40.0 12 60.0 0.600 0.503
unvsc® 5 11.1 16 40.0 24 60.0 0.60C 0.496
UNVHONSC 8 17.4 12 31.6 26 68.4 0.684 0.471
PUBSC 3 5.8 21 42.9 28 57.1 0.571 0.500
PUBNONSC 7 16.7 11 31.4 24 68.6 0.686 0.471
OVERALL 23 124 60 37.0 102 63.0 0.630 0.454

acoc_led: No Response = blank: pid Not Have = 0; Did Have = 1

bAdjusted £8 dkclude the No Response column
CUNVPURSC and UNVAPPSC combined

dIncludes those persons who did not respond and who had no knowledge of
having science at the Senior High level
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Descriptive statistics for Senior High Earth Science of Respondent (SHERTSCI)

Table 21

138

Group No ."esponsea Did Not Have Did Have Mean sD
No.d %t of No. tb ’ No. L -
Group

UNVPURSC 3 13.0 17 85.0 3 13.0 0.150 0.366

UNVAPPSC . 2 9.1 16 80.0 4 20.0 0.200 0.410
' uNvsc® 5 1.1 33 82.5 7 17.5 0.175 0.385

UNVNONSC 8 17.4 37 - 97.4 1 2.6 0.026 0.162

PUBSC 3 5.8 43 87.8 6 12.2 0.122 0.331

PUBNONSC 7 16.7 3 88.6 ‘4 11.4 0.114 0.323

OVERALIL 23 12.4 144 88.9 18 11.1 0.111 0.315

Pcoded: No Response = blank; Did Not Have = 0; Did Have = 1

b

CUNVPURSC and UNVAPPSC combined

d::ncludes those persons who
having science at the Senio

Adjusted to exclude the No Response column

did not respond and who had n
r High level

Table 22

o khowledge of

' Descriptive Statistics for Senior High Biology of Respondent (SHBIOL)

a

Group No Response Did ot Have Did Have Mean SD
’ No.d % of No. tb No. L
Group

UNVPURSC 3 13.0 4 20.0 16 80.0 0.800 0.410

UNVAPPSC 2 9.1 5 25.0 15 75.0 0.750 0.444

unvsc® 5 11.1 9 22.5 31 77.5 0.775 0.423 .

'UNVNONSC 8 17.4 11 28.9 27 71.1 0.711 0.460
) PUBSC 3 5.8 16 32.7 33 67.3 0.673 v.474

PUBNONSC 7 16.7 8 22.9 27 ©77.1 0.771 0.426

OVERALL 23 12.4 44 27.2 118 .72.8 0.728 0.446

aCoded: Nc Response = blank; Did Not Have = 0; Did Have = 1

b

CUNVPURSC and UNVAPPSC combined

dInciudes those persons who did not res

Adjusted to exclude the No Response column

having science at the Senior High level

ERIC
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Table 23

Descriptive Statistics for Senior High Chemistry of Respondent (SHCHEM}

139

Group No Response" Did Not Have Did Have Mean SD
No.d % of No, \b No. A
Group

UNVPURSC 3 13.0 4 20.0‘ 16 80.0 0.800 0.410
UNVAPPSC 2 9.1 - - 20 100.0 1.000 0.000
uNvsc® 5 11.1 4 10.0 36 90.0 0.900 0.304
UNVNONSC 8 17.4 7 18.4 31 81.6 0.816 0.392
PUBSC 3 5.8 6 12.2 43 87.8 0.878 0.3312
PUBNONSC 7 16.7 18 51.4 17 48.6 0.486 0.507
OVERALL 23 12.4 35 21.6 127 0.784 0.413

78.4

3Coded: No Response = blank; Did Not Have = 0; Did Have = 1

bAdjusted to exclude the No Response column

CunvPuRsc and UN' APPSC combined

dIncludes those persons who did not

having science at the Senior High level

Table 24

respond and who had no knowledge of

Descriptive Statistics for Senior High Physics of Respondent (SHPHYS)

Grdup No Response® Did Not Have Did Have Mean sD
’ No.d % of No. \b No.
Group

UNVPURSC 3 13.0 4 20.0 16 80.0 0.800 0.410
UNVAPPSC 2 9 2 10.0 18 90.0 0.900 0.308
unvsc® 5 11.1 6 15.0 34 85.0 0.850 0.362
UNVNONSC 8 17.4 12 1.6 26 - 68.4 0.684 0.471
PUBSC 3 5.8 10 20.4 39 79.6 0.756 0.407
PUBNONSC 7 16.7 26 74.3 9 25.7 0.257 0.443
OVERALL 23 12.4 54 33.3 108 66.7 0.667 0.473

3coded: No Response = blank; Dié Not Have = 0; Did Have = 1

b

Cunveursc and UNVAPPSC combined

9ncludes those persons who did
having science at the Senior Hi

Adjusted to exclude the No Response column
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Pigure 9

Percent of Respondents Who Had the Science Courses
Described in Tables 20, 21, 22, 23, and 24

However, even as late as the 1970-71 school yeaf only 40%

of the schools participating in a study by Schlessinger,

et al.'(1973) reported offering an earth science course

(see page 49 of Chapter II). With regard to chemistry and

physics, the unvsc, UNVNONSC, and PUBSC groups followed the

same trend; however, the PUBNONSC group deviated markedly.

Figure 10 clarifies how the variables CLBIOSCI,

CLPHYSCI, CLERTSCI, and CLENGSCI were coded for computer

analysis.

This figure is

hypothetical example for two
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College: major Geology ; minor Math
Graduate or Professional School:
Respondent A . major Geology ; minor Physics

Number of Quarter Hours

0-12 13-36 37 or more

Biological sciences
Physical sciences
Earth sciences
Engineering courses

\
College: major Geology ; minor Math
Graduate or Professional School:
Respondent B - major Geology ; minor Physics

Number of Quarter Hours

0-12 13-36 37 or more

Biological sciences
Physical sciences X

Earth sciences x
Engineering courses

Figure 10

Examples of Types of Responses for the Variables,
CLBIOSCI, CLPHYSCI, CLERTSCI, and CLENGSCTI

different respondents. In both cases the requndéﬁts had
the same majors and minors. Reséondent A did not indicate
what sciences he'had studied nor what amounts, even though
he could be expected to have had several hours cf sdience
at the college level. His responses would be coded as
"blanks" on each of the variables. Respondent B indicated
the types of sciences he studied and the numbers of hours
of each. ‘His responses would have been coded'for conputer

-~

analysis as 0, 2, 3, and 0 for these four (4) variables.
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The format of the 0-12 quarter hours column should be
avoided in any future research with the INFORMATION SHEET.
A person who éhecks this column could be indicating that he
had zero (0) hours or that he had from 1-12 hours. For this
study it'meént'that error was iﬁtroduced into the data on
these fouf (4) variables. However, only four (4) of the 185
respondents checked the 0-12 column for all of these vari-
ables; hence, it was believed that the introduced error was
.small. ‘
| Tables 25, 26, 27, and 28 present data concerning the
number of quarter hours the respondents completed at the
college or univérsity level in the areas of biological sci-
ence, physical science, earth science, and engineering. In
tpe pure sciences ‘(Tables 25, 26, and 27) it is observed
fhat the UNVsC fespondents had considerably more course work
Ithan did the other respondents even in the PUBSC group.
Since the UNVSC group completed approximately four (4) more.
years of schoo;,than did the PUBSC group, this is td be ex-
pected (see Table 12). However, the PUBSC group did exceed
the UNVSC group in terms of number of hours completed in en-
gineering courses. Comp#ring Tables 2 and 5 in Chapter III;
it is found that 38% of the persons sampled for the PUBSC
group were engineers, whereas only_iG% of the persons sambled
for the UNVSC group were engineérs. Therefore, this differ-

ence in hours completed in engineering was not surprising.
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Descriptive Statistics for
Biological Science Co

Table 25

Number of Quarter Hours of College Level
mpleted by Respondents (CLBIOSCI)

143

Group No Response Left Blank 0-12 13-36 27 or More Meen sD
No. % of No. W@ No. L No. | 3 No. )
Group

UNVPURSC 2 8.7 1 4.8 8 38.1 1 4.8 11 52.4 2,048 1.071

UNVAPPSC 6 27.3 4 25.0 3 18.8 3 18.8 6 37.5 1.688 1.250

uxvsc® € 17.8 5 13.5 11 29.7 4 10.8 17 45.9 1.892 1.149

UNvNONSC 9 19.6 12 32.4 18 48.6 7 18.9 - - 0.865 0.713

PUBSC 5 9.6 19 40. 12 25,5 6 12.8 10 21.3 1.149 1.179
_PUBNONSC 2 4.8 29 72.5 11 27;5 - - - - 0.275 0.452

OVERALL 24 13.0 65 40.4 52 32.3 17 10.6 27 l€.8 1.037 1.089

acoded: No Response = blank; Left Blank = 0; 0-12 = 1; 13-36 = 2; 37.or More = 3

bAdjusted to exclude the No Response column

CUNVPURSC and UNVAPPSC combined

Table 26
Descriptive Statistics for Number of Quarter Hours of Collece Level
Physical science Completed by Respondents (CLPHYSCI)
Group . No Responsea Left Blank 0=12 13-36 37 or More Mean sD
No. % of No. b No. L No. L No. %
Group :

UNVPURSC 2 8.7 2 9.5 3 14.3 3 14.3 13 61.9 2.286 1.056

UNVAPPSC 6 27.3 1 6.3 1 6.3 6  37.5 8  50.0 2,313 0.873

unvsc® 8 17.8 3 8.1 4 lo.8 9 24.3 21 56.8 2,297 0.968

UNVNONSC 9 19.6 7 18.9 .19 51.4 9 24,3 2 5.4 1.162 0.800

PUBSC 5 9.6 10 21.3 9 19.1 15 31.9 13 .27.7 1.660 1.109

PUBNONSC 2 4.8 26 65.0 10 25.0 3 l 7.5 1 2.5 0.475 0.751

OVERALL 24 13.0 46 28.6 42 26.1 36 22.4 37 23.0 1.398 1.131

acaded: No Response = blank; Left Blank = 0;

bAdjusted to exclude the No Response column

SUNVPURSC and UNVAPPSC combined
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Table 27

Descriptive Statistics for Number of Quarter Hours of College Level
Earth Science Completed by Respondents (CLERTSCZ)

144

Group No Response® Left Blank 0-12 13-36. 37 or More Mean SD
No. %t of No. \b No, L No. % No. %
Group

UNVPURSC 2 8.7 8 38.1 8 38.1 3 14.3 2 9.5 0.952 0.973
UNVAPPSC 6 27.3 5 31.3 10 62.5 1 6.3 - - 0.750 0.577
unvsc® 8 17.8 13 35.1 18 48.6 4 10.8 2 5.4 0.865 0.822
UNVNONSC 9 15.6 25 1.6 10  27.0 2 5.4 . - 0.378  0.594
" PUBSC 5 9.6 32 68.1 13 27.7 - - 2 4.3 0.404 0.712
PUBIINSC - 2 4.8 2% f2.5 11 27.5 - - - - 0.275 0.452
dVERALL 24 13.0 99 61.5 52 32.3 6 3.7 4 2,5 0.472 0.690
8coded: No Response = blank; Left Blank = 0; 0-12 = 1; 13-36 = 2; 37 or More = 3

bAdjusted to exclude the No Response column

UNVPURSC and UNVAPPSC combined

T;ble 28
Descriptive Statis:ics for Number of Quarter Hours of College Level
Enginqering Courses Completed by Respondents (CLENGSCI)
Group No Response® Left Blank =12 13-36 37 or More Mean SD
No. ¥ of No. Wb No. ] No. ) No. L '
Group

UNVPURSC 2 8.7 1z 57.1 6 28.6 2 9.5 1 4.8 0.619 0.865

UNVAPPSC 6 27.3 3 18.8 5 31.3 - - 8 50.0 1.813 1.276

unvsc® 8 17.8 15 40.5 11 29.7 2 5.4 9 24.3 1.135 1.206

UNVNONSC 9 19.6 27 73.0 6 16.2 1 2.7 3 8.1 0.459 0.900

PUBSC 5 9.6 16 34.0 12 25.5 1 2,1 18 38.3 1.447 1.316

PUBNONSC 2 4.8 32 80.0 5 12.5 3 7.5 - - 0.275 0.599

OVERALL 24 13.0 S0 55.9 34 21.1 7 4.3 30 18.6 0.857 1.156

8coded: No Response « blank; Left Blank = 0; 0-12 = 1; 13-36 = 2; 37 or More = 3

bAdjusted to exclude tﬁe No Response column

CUNVPURSC and UNVAPPSC combined
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Thé average amoﬁnts and types of science courses indi-
cated by UNVNONSC respondents in Tables 25 through 28 is not
atypical of minimum requirements for undergraduates. Only
32% of the EUBNONSC respondents earned at least a Bachelor's
degreé (see Table 15). This would contribute to the faét
that the PUBNONSC respondents completed so few hours in the
science and engineering courses.
Descriptive Statistics for
the SLQ Data
In this section the r'esponses to the Q-statements are
discussed. The discussion centers around the similarities
and differences in the UNVPURSC, ﬁNVAPPSC, UNVNONSC, PUBSC,
and PUBNONSC_group means on each of the Q-statements. A
shmmary of each table generally will be made in terms of all ’
of the respondents taken as a total group (OVERALL) .
| Looking at the tables in this sedtion, it is observed
that most meag values lie between +1 and -l.‘ Therefore,
* 1 were used as quasi-references. Q-statements are referred
to in terms of their number, for example, Q28 is Q-statement
number 28. The type of TMSL cognitive or affective behavior
explicated by each Q-statement is enclosed in parentheses
with each initial reference to the Q-statement. For ex-
ample, Q28 refers to a knowledge behavior; it will be noted

as Q28 (knowledge) .
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The sorting process forced persons to sort five (5)
Q-statements into each of nine (9) piles. The tﬁo'extremeé
for the piles were MOST IMPORTANT and LEAST IMPOK!PNT.
Therefore, each Q-statement was sorted in terms of how im-
portaht'it was relative to all of the other Q-sﬁatements
rather than in terms of absolute importance. During tele-

- phone interviews with respondents after they had returned
the materials, often the remark was made to the effect,
‘"I had trouble putting Q-statements on the LEAST IMPORTANT
side; I thought they all were important."

In Table 29 Q28 (knowledge) and Q45 (application) were
deemed to be more important than the other Q-statements in
the table by the respondents (OVERALL). The PUBSC,
UNVNONSC, and PUBNONSC groups tended to Value both Q-state-
ments similarly.- Of the‘UNVAPPSC group 79% of the respond;
ents felt Q28 was more important, but the UNVPURSC group was
split in its opinion. ‘Neither the UNVPURSC group nor the
UNVAPPSC group. felt as Strongly about Q45 as did the other
groups. The science oriented groups differed with the non-
science origpted groups on Q42 (anlaysis). The PUBSC group
tended to rate Q39 (synthesis) and Q21 (evaluation) more
highly than did the other groups. Tﬁe respondents (OVERALL)
tended to value the Factual component Q-statements of the
Organization of Knowledge dimenéion. The knowledge and

application behaviors were valued to a greater extent than
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Doscrlptive Stattaticn for Responses to Q-statements of

Tnablo 29

the Factual Component

of the Organtrution of Knowivdge Dimeny fon

Q-statencnt Bchavior Reaponses Keva sD
-4 -3 -2 -1 (] 41 +2 43 +

UNVPURSC Yalfd Casea: 21 (21.31%) Misuing Cases: 2 (8,77)

1A142 Knowledge 4¢ 2 - - 1 2 3 3 6 0.905 3an

2 1908 9.5 - - 48 9.5 143 143 28.6

1A31 Application 3 1 3 1 1 S 1 2 4 0.33 2.817

45 14.3 4.8 14.3 4.8 4.8 23).8 4.8 9.5 19.0

1A41 Analyeis 4 3 2 1 4 1 1 5 - -0,571 2.675

42 19.0 14.3 9.5 4.8 19.0 4.8 4.8 23.8 -

1451 Syntheafa 2 4 2 2 2 4 2 1 2 -0.333 2.536

3 - 9.5 19.0 © 9.5 9.5 9.5 19.0 9.5 4.8 9.5 :

1A61 Evaluation 1 1 2 1 b} 4 2 . 1 0.857 2.242

21 4.8 L.8 9.5 4.8 14.3 19.0 9.5 28.6 4.8

LNVAPPSC Valtd Cases: 19 (86.4%) Mi=sing Cases: 3 (13.6%)

1Al Knowledge - - - 1 - 1 2 6 9 3.053 1.1

28 - - 5.3 - 5.3 105 3.6 4.4

1A3] Application 1. 2 1 2 1 3 3 1 H 0.947  2.656

45 .3 10.5 5.3 10.5 5.3 15.8 15.8 5.3 26.)

IA4) Analysis 2 2 1 4 4 1 2 1 2 -0.211 2.440

42 10.5 10.5 5.3 21.1 21.1 5.3 10.5 5.3 10.5

1A31 Syathesia - 3 1 3} . - b ] 1 5 3 0.947 2.549

» - 15.8 5.3 15.8 - 15.8 5.3 26.3 15.8

1A61 Evalustion 1 1 1 H 3 2 2 2 2 0.316  2.262

21 $.3 s.3 5.3 2€.3 15.8 10.5 10.% 10.5 10.8

unvsce Valid Cases: 40 (88.91) Nissfnp Cases: S (3f.'%)

1Al KXnowledge 4 2 - 1 1 3 S 9 15 1.925% 2.674

28 10.0 5.0 - 2.5 2.5 7.5 12,5 72.5 3.5

mwn Application 4 3 4 3 2 s 4 3 9 0.625  2.724

45 ’ 10.0 7.5 10.0 7.5 %.0 0.0 10.0 7.5 22.5

1M1 Analysts & ) 3 ) 8" 2 3 6 2 <0.400  2.540

42 15.0 12,5 7.5 12.5 20.0 5.0 7.5 15.0 5.0

IAS1 Synthesis 2 7 3 S 2 ? ) 6 5 0.275 2.592

» 5.0 17.5 1.5 12.5 5.0 17.5 7.5 15.0 12,5

1AS1 Evaluation 2 2 3 6 6 6 4 8 b ] 0.600 2.240

21 $.0 s.0 7.8 15.0 18.0 15.0 10.0 20.0 7.5

LUNVNORSC Valid Cases: 41 (89.1:) Misaing Cases: 5 (10.9%)

1Al Knowledge H 2 3 3 3 4 4 4 13 1.000 2.898

28 12.% 4.9 7.3 7.3 7.3 9.8 9.8 9.8 .7

mn Application 1 2 3 ) [ I } 11 3 8 1.122 2.249

43 2.4 4.9 7.3 12.2 9.8 9.8 26.8 7.3 19.5

1M1 Anslysis 2 ) 6 4 4 4 6 8 4 0.561 2.440

&2 4.9 7.3 14.6 9.8 9.8 9.8 14.6 19.5 9.8

IAS1 Synthasie 2 8 3 2 5 6 7 S b} 0.172 2.469

39 4.9 19.5 7.3 4.9 12.2 14.6 1%l 12,2 7.3

1a61 Evaluation 1 5 4 10 1 10 b ] 4 3 0.073 2.195

21 2.4 12.2 9.8 24.4 2.4 24.4 2.3 9.8 7.3

russc Valid Cases: 52 (103%1) Missfne Cases: 0 (0.02

11 Knowledge 3 ] 1 3 3 ? 10 7 13 1.577 | 2.436

23 5.8 5.8 1.9 5.8 5.8 13.5 19.2 13.5 28.8

1A31 Applicatfon 1 7 6 2 b ] 3 7 1 12 1.135 2.657

45 1.9 13.5 11.5 3.8 5.8 5.8 13.5 .2 2.1

M1 Analysis 3 7 ? 6, 8 ? 4 3 ~0.096 2,345

42 5.8 135 13.5 1. 15.4 13.5 9.6 9.6 7.7

IAS1 Syatheats 1 ) ) 4 5 ? 11 1 ? 1.288 2,145

» 1.9 5.8 5.8 1.7 9.6 13.5 21.2 21.2 13.5

1A62 Ivaluation 2 4 2 6 b ] 17 ? 058 2.270

21 3 2.7 3.8 11.5 S.8 9.6 32.7 11.5 13.9%

PUBNONSC Valid CAses: 42 (109%) Missing Cases: 0 (0.0%)

1Al Kaowladgs 1 ) - 3 6 ? 4 10 8 1.4%2 2.200

28 2.4 7.1 - 7.1 14.3 16.7 9.5 23.8 19.0

mn Application 1 2 S 4 2 6 8 S $ - 1.167 2,357

45 2.4 4.8 11.9 9.5 4.8 14.3 19.0 11.9 21.4

1A41 Analyeis 4 2 ? ) 4 4 L 2 0.095 2.317

42 9.5 4.8 16.7 11.9 9.5 . 9.5 21.4 11.9 4.8

181 Syntheats - 3 4 7 3 6 6 8 0.976 2,219

3 . - 7.1 9.5 16.7 7.1 14.3 14.3 11.9 19.0

1A61 Evaluation 4 4 S 3 4 6 6 7 6 0.810 2.402

21 2.4 9.% 11.9 7.1 9.5% 14.3 14.3 16.7 14.3

OVERALL Valtd Casca: 179 (94.67) Mlsalng Cases: JO (5.42)

1Al Knowledge (2] 10 4 10 1) 21 2) 30 S1 1.491 2.55)

28 1.4 5.7 ‘2.3 3.7 7.4 12.0 13.1 17.1 29.1 .

1A Application 7 pY} 13 14 11 21 10 22 as 1.023 2,500

45 4.0 8.0 10,3 8.0 6.3 12.0 17.1 12.6 2.7

(1)) Analysts 15 17 23 20 2% 17 23 24 12 0.034 2.423

42 8.6 9.7 13.1 1.4 1.7 9.7 13.1 13.7 6.9

1AS51 Syntheria 21 13 18 is 26 2 27 23 0.720 2,389

3 2.9 12.0 1.4 10.3 8.6 14.9 15.4 15.4 134

1A61 Evaluation 6 15 14 25 14 27 30 25 19 0.65) 2.288

71 3.4 8.6 8.0 14.) AN 15.4 12.1 1.1 10.9

SEMSL element Weatlitoation
Q-stlatessnt Auabier

exumler of personn vhio plared N-stateacat fn a particular cnvelopo
Percent, atjusted ta exclude mluning canca
CUNYPUKSC and UKVAFPSC cunblncd
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were the analysis; synthesis, and enaluation‘behaviors.

Table 30 shows that all groups believed Q13 (valuing)
to be less important than the other Q-statements in the
table. The public groups,‘both science and nenscience, were
stronger in this belief than were the university pure and
applied groups. The UNVNONSC group placed a low level of
importance on Q13 but not to the same extent as did the
other groups. The PUBSC group and the UNVNONSC group -felt
' strongly about Q19 (application); however, the PUESC group
gave it a positive rating while the UNVNONSCIgroup gave it ,
a negative rating. By the same token, Q27 (synthesis) was
rated positively by the UNVAPPSC gtoup and negatively by the
UNVPURSC group The respondents (OVERALL) tended to value
the Q- statements deallng w1th cognitive behav1ors in the
Generalizations component of the Organization of Knov”. e
dimension. They tended to value the affective behavicr i
least.

Table 31 indicates that all groups placed con¢:3eralil.
more importance on Q41 (knowledge) than on Q25 (synthemin!
The science oriented groups tended to place less imp. -tance
on Q29 (behaving) than did the nonscience oriented groups.
Likewise, the PUBSC and PURNONSC gronps did not place as
much importance on Q34 (advocating), whereas the UNVPURSC
and UNVA!PSC groups did--the UNVNONSC group was ambivalent.
The knowledge behavior in the Discipline component of the

Organization of Knowledlce Gimension was generally considered
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Aruitoxt provided by Eic:

Tabls 3

Doscriptive Statfeticw for Responses to

of the Organizatio

Q-atatemeuts of the Generslizationa Component
n of Knuwledge Dinvnsion

Q-statencnt Achavior Respouses Wean fip
-4 -3 -2 -1 0 +1 +2 +3 +
vt Valtd Casers 3 _(31.33) Wissins faneni 3 (8.75) N
IA22)4 Compruhension 2¢ 1 - 2 2 6 2 3 3 28T A
&b 9.5¢ 4.8 - 9.5 9.5  28.6 9.5 1.3 143
1A% Applicat ton 1 2 3 3 2 2 1 3 4 vl 2.657
19 4.8 9.5 34.3 1403 9.5 9.5 4.8 143 19.0 !
1A52 Syanthcate 3 2 5 3 3 3 - 1 1 =}.v00 .191
n 4.3 9.5 238 143 143 1403 - 4.8 4.8
1A62 Evalustion 1 2 2 3 s 4 3 - 1 -0.1%° 1.957
23 4.8 9.5 9.5 14.3 23.8 19.0 14.3 - 4.8
M2 Valuing 5 4 3 2 1 2 - 3 1 L3 SRR 2.695
13 2).8 10.0 14.3 9.5 4.8 9.5 - 14.3 &8 ...
UNVAPPSC Valtd Cases: 19 (36.4%) MNiseing Casva: 3 (13.6%) K
. 1A223 Coaprehension 1 - 4 1 2 3 2 3 - [ 2,241
& 5.3 - 1.1 5.3 10,5 15.8 10.5 31.6 -
1432 Application - 1 4 - 2 5 - 5 2 0.8¢2 2,258
19 - 5.3 21.2 - 10.5 26.3 - 26.3 10.5
JAS2 Synthesis - 2 2 3 2 2 3 3 2 3.532 2,290
27 - 30.¢ 10.8 15.8 10.5 10.5 15.8 15.8 10.5
1062 Evaluation - 1 2 4 2 4 1 1 4 00450 2,257
23 - 5.3 10.5 21.1 10.5 .21.1 s.3 5.3 21,1
1312 Valuing 3 3 ? 2 1 2 - - 1 R EAN 2,006
13 15.8 1.8 3.8  10.5 5.3 __10.5 - - 25
nNvsce Valid Cases: 40 (88.97%) Ussing Casex: 5 (11.1%) rm—nn
1A22) Cerprehension 3 1 4 3 4 9 4 9 > 0.750 2,307
A4 1.5 2.8 10.0 7.5 10.0 22.5 10.0 22,5 2.
1A32 Application 1 3 ? 3 4 ? 1 8 6 0.625 2,454
19 2.5 7.5 17.8 7.5 10.0 17.5 2.5 20.0 15,0
1452 Synthesis 3 4 ? 6 s 3 3 4 3 -0.2:3 5.239
7 7.5 10.0 1.8 15.0 12,5 12.5 1.5 10.0 7.5
1A62 Evcluation 1 3 4 ? ? s 4 1 s w.2:8 2%
23 2.5 2.5 10.0  12.5 172.5 20.0 10.0 2.% 12.5
1812 Valuiag 8 ? 10 4 2 4 - b 2 ~1.400 B ]
13 200  17.5  35.0 10.0 5.0 10.0 - 1.5 5.8 -
UNVNONSC valid Cases: &) (69.1%) tilssinp Cases: § (10.9%)
1A223 Cougrehension 4 ) 7 4 4 5 2 -0,220 2.3
L1 9.8 12,2 17.1 9.8 9.8 12.2 4.9
1432 Application 1 2 b ] [ 4 4 5 1.073 2090
] 2.4 4.9 .3 .6 9.8 9.3 . 12.2
VAL Syathesis 1 3 3 3 10 3 8 (29— 1.963
7 2.4 2.3 7.3 7.3 24.4 12.2 19.5
1462 Praluation 2 4 H L [ 5 [ €.19 o294
a3 4. 9.8 12.2 12.2 14,6 12.2 19.5
1812 Valuing ? £ 4 ? 3 2 1 -V, 146 4,894
13 17.1 9.8 9.8  13.1 2.3 4.9 2.4
Jussc - Valid Cases: $2 (100%) Missing Cases: 0 {0.0%) .. -
1A223 Comprehaasion 3 ? 3 -3 10 4 ? ? H 0.212 2,468
44 5.8 13.5 11.5 5.8 19.2 1.7 135 13.N | NS
1A32 Application 3 1 3 ? 3 9 6 il ki 1.192 2.335
19 5.8 1.9 5.8 135 5.8 12.3 11.5 21.2 1.3
1AS2 Syntheris 2 3 2 6 10 6 ? 11 5 0.885 2.193
22 ) 3.8 5.8 3.8 ir.5 19.2 il.5 13.5 1.2 3.6
IA62 Evalustion - 2 8 9 8 6 [ 9 4 0.577 2,061
25 - 3.8 15.4 12,3 15.4 11.5 11.5 17.3 2.7
1812 “atufng 17 13 ? 4 2 1 4 2 2 ~1.962 2,376
p e 32.7 25.0 1.3 .7 3.8 1.9 1.2 3.8 3.8
JUBNONSC Valid Casys: 42 (190%) M{zy{nw Cases: 0 {0.07) .
1A223 Comprehicnsion [ 4 4 3 s 8 2 9 3 0.286 2,521
44 *5 9.5 9.5 7.1 11.9 19.0 A8 N4 7.1
1A32 . Application 4 2 H 2 4 6 4 & 10 0.833 .13
19 9.5 A.8 1.9 4.8 9.5 14.3 9.4 1.9 23.8
IAS2 Syathesis 3 4 3 3 ? 6 4 ] L] 0.500 2.452
22 2.1 9.5 7.1 1.1 16.7 14.3 9.5 Kb 9.5 .
1A62 Lvaluation 2 6 10 ? 4 4 2 4 .3 «0.500 2,309
23 4.8 14.3 23.8 16.7 9.5 9.5 4.8 9.5 7.1
1812 Vatuing 12 6 [} H 1 2 2 2 1 =2.011 2.310
13 - 40.5  14.3  14.3 119 2.4 4.3 4.8 ' 2,4
OVERALL Yast, Coaes: 125 (9%.63) Hicalng Cases: 10 (5.4%) -
JUVEE] Coaprehrneion 14 3 21 1 23 26 15 3% [ 0.251 2.453
“ 8.0 ¥.? 12.0 7.4 13.1 1..9 8.6 19.4 3.9
A2 Appitcstlon * ] 18 18 15 26 I 36 29 0.960 2,424
19 5.1 4.3 10.3 10.3 8.6 14.9 5ol 20.6 16.6
1A82 Syatheats 9 14 15 18 32 22 22 31 12 0.463 2.264
27 - s.1 4.0 8.6 10.3 18.3 12.6 12.¢ 12.2 6.9
1AL2 Evsluation 5 15 2?7 28 25 . 23 20 16 16 0.160 2,210
23 2.9 1.6 15.4 16.0 14.3 13.1 144 9.1 9.1
1812 Valuing 49 » 27 20 8 9 7 14 1n ~1.43 2.58)
13 8.0 12.1 15.4 11.4 4.6 5.1 4.0 4.0 6.3

JUISL elemcat IdentIfication
Q-statement nuaber
SNusber of persons vhy placed Gestatenent 1
Purcent, sdjunted to carlude siswing cascs
*UNVIURSC und WV fPEC comb lned

n & partfculac envalo:
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. Table 31

Descriptive Stattstics for Rusponacs to Q-statements of the Macipline Component
of the Organtzution of Knoeledye Dimensjon

O

ERIC

Aruitoxt provided by Eic:

Q-statement Schavior Respoues.s Hesn o
-4 -3 -2 -1 [} +3 43 +3 +

YNVPURSC Valld C.axcs: 21 (91.33) Wianing Caues: 2 (8.75) oo :

ALY Xnowledgu - 1™ 1 - “ & 6 1 [} 2.093 2.047

ab - a8d s . 4 83 28.6 A8 3.1

1AS3 Synthesis 11 5 2 - ) 3 - - - -2.952 1.532

L 52.4  23.8 9.5 - RS tk - - -

18231 Rehaving 4 "3 2 2 1 3 4 2 - =-0.667 2.336

29 19.0 14.3 9.5 9.5 4.8 14.3 19.0 9.3

1333 Advocating 1 1 4 1 3 3 4 H 2 0.429 2.315

M 4.8 4.8 19.0 4.8 14.3 146.3 _ 19.0 9.5 9.3

UNVAPPSC Valid Cases: 19 {R6.4%) Missing Cascss 3 €13.63)

1A13 Knowledge - - 4 2 1 3 1 1 7 1.368 2,417

41 - - 1.1 10.9 5.3 15.8 5.3 5.3 36.8 i

1A53 Synthesis 3 2 5 1 - k. - 1 1 =-1.632 2.499

25 31.6 10.5 26.3 5.3 - 15.8 - 5.3 3.3

132 Behaving b | 3 4 4 - 4 - 1 - =1.368 2.006

29 15.B 15.8 21.1 21.1 - 21.1 - 3.3 -

1833 Advocsting 1 1 1 2 4 3 H 2 - 0.421 1.953

i N 5.3 8.3 3.3 10.5 21.1 15.8 26.3 10.5 -

rivsct Vnlid Cases:- 40 (88.9%) Missiag Cases: § (11.17)

1A13 Knowledge - 1 s 2 3 S ? 2 15 1.750 2.262

a . - 2.5 12,5 5.0 1.5 12,5 17.5 3.0 37.5

1433 Syuthesis 17 ? ? 1 2 4 - 1 1 -2,325 2,129

25 42.3 17.5 12.5 2.5 5.0 10.0 - 2.5 2.5

18231 Behaving ? 6 6 6 1 ? 4 3 - =1.000 2.298

29 12.5 13.0 13.0 15.0 2.5 1.5 10.0 2.5 -

1333 Advocating 2 2 5 3 7 6 9 4 2 0.425 2,123

h 1] 5.0 5.0 12.% 7.5 12.5 15.0 22,8 10.0 5.0

UIVEONSC Valld Cases: 31 (69.12) Miswing Cescs: 5 (10.9%)

fTYE] Knowledge - 3 - E] 3 6 6 [] 12 1.902 2,095

41 - 2.3 - 7.3 7.3 14.6 ‘14.6 19.5 29.3

1A53 Syathesis 11 1 ? 2 6 1 - 2 1 «2.000 2.038

25. 26.8 26.8 17.1 4.9 14.6 2.4 - 4.9 2.4 .

18231 Behaving . 35 3 4 3 6 5 9 5 1 0.049 2,387

29 12,2 7.3 9.8 7.3 14.6 12.2 22.0 12.2 24

183 Advocsting 2. § 4 9 H 4 2 8 2 0.000 2.335

34 4o 12.2 9.8 22.0 12.2 9.8 4.9 _ 19.8 4.9

PURSC Valid Cases: 57 (100%) Missing Cases: 9 (0.0%)

IA1) Knowledge 3 2 2, 5 10 8 8 [) 8 0.904 2,251

41 5.8 a.s .8 9.6 19.2 15.4 15.4 11.5 15.4

IAS3 . Synthesis 8 11 ? 8 5 4 - 6 3 =1.019 2.485

25 15.4 21.2 13.5 15.4 9.6 1.7 - 11.5 5.8

man Behaving 4 H 6 9 ? 9 3 3 ¢ =-0.077 2,367

29 7.7 9.6 11.5 12.3 1.5 17,3 5.8 3.8 1.5

1333 Advocating 4 7 9 9 ! 1] 8 4 1 =0.300 2,210

A 1.7 13.8 17.3 12.3 Lo 1.8 18.4 2.2 1.9

PUBNONSC Valld Cases: 42 (1003) Missing Cascs: 0 (0.0%)

1A13 Knowledge 2 1 4 1 k) 8 6 5 12 1.500 . 2,381

41 4.8 2.4 9.5 2.4 7.1 19.0 14.3 11.9 28.6

1A33 Syothesis 9 8 6 6 6 - 7 - - =1.524 2.075

235 21.4 19.0 14.3 14.3 14.3 - 16.7 - - .

13231 Behaving 3 2 9 3 4 4 4 [} 3 0.024 2.599

29 il.8 4.8 21.4 7.1 9.5 9.5 9.5 19.0 7.1

133 Advocating 3 3 H ] 8 9 2 3 2 =-0.214 2,113

" 1.1 11.9 4.8 10.0 19.0 21.4 4.8 1.1 4.8 :

¢ ERALL Valid Casecs: 175 (94.63) Hiwstag Cases: 10 (5.47)

1A13 Knowlcdge 5 7 1 1 19 27 27 21 [¥] 1,426 2,266

41 2.9 4.0 6.3 6.3 10.9 15.4 15.4 12.0 26.9

1AS3 Synthesis 45 ” 27 17 19 9 7 9 5 =1.669 2.260

25 25.7 21.1 15.4 9.7 10.9 3.1 4.0 5.1 2.9

18231 Behaving 2 16 25 21 18 25 20 19 10 -0.234 2,430

29 12.0 9.1 143 12.0 10.3 14.3 11.4 10.9 5.7

1833 Advocating 11 19 .20 29 2% 25 21 19 ? =0.103 2.205

k1) 6.3 1n.9 11.4 16.6 13.7 14.3 12,0 10.9 4.0

¥IMSL element fdentification
Q-statesent nucher

Sumber of pcraons vhio placed Q-statcoent in

dpercent, adjusted to cxelude zissing canes

SUNVIURSC and U:VAPESC cocbincd
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importan£ by the respondents (OVERALL). .The evaluation be-
havior was éonsidered to be of little imbortance. Neither
of the two affective behaviors, behaving and advocating, was
ranked very highly by the respondents (OVERALL).

Table 32_6@5 three (3) O-statements about which all
groups agreedrﬂ'Q7(analysis) was not ranked as strongly by
the UNVAPPSC group aé it was by the other groups. The same
was true for Q2 (valuing). However, Q2 was somewhat more
strongly supported than was Q7. Qs(behaving) was believed
to be of less importance by.all groups and especially so by
the UNVPURSC group. Ql5 (advocating) was beliéved to be
fairly important by the UNVPURSC and UNVAPPSC grcups, of
less importance by the PUBSC and PUBNONSC groups, and of
least importance by ﬁhe UNVNONSC groﬁp. In the Intgllectual
Processes dimension the respondenté (OVERALL) attaéhed the
most importance to the analysis afd to the valuing behav-
iors. Some importance was attached to the advocating be-
havior but not very much to that of behéving.

Table 33 has only one (1) Q-statement, Q24 (synthesis),
which all gropps'of respondehts felt strongly about. 1In
this case they saw Q24 as having considerable less impor-
tance than the others in the table; the UNVNONSC group did
not feeli as strongly as dia the other groups. Likewise, all
groups felt that QlO0(evaluation) was less important than
other Q-statements, but with the exception of the UNVAPPSC

group the expression was not as strong as with Q24. oOn

174



ERIC

Aruitoxt provided by Eic:

Descriptive Seattstica for Responses to Q-statcments of the Intellectual Proccsecs Dimcnsion

Table 32

Q-atatesénta Schavior Responses Hean $D
-4 -3 -2 -1 [} + +2 +3 +
URVPURSC Valld Cises: 21 (91.37) Misutng Cases: 7 (8.7%) .
11A41 Analysis - 1¢ 1 2 s - 3 L) 3 1.476 2,205
» - &8 a8 95 T 2B - 4130 ;19,00 208
11811 Valuiog 1 - - - 2 2 1 8 7 2.426 1.965
2 4.8 - - - 9.5 9.3 4.8 8.1 a2
Iun Yataring, b} 2 3 3 2 1 4 - 3 ~0.286 2.686
14.) _,.5 14.) 14.) 9.5 4.8 19.0 - 14.)
Il”l Advocating l 2 2 1 b} 2 4 s 1.238 2,548
4.8 9.5 9.3 4.8 16.3 9.5 19.0 23.8
mursc Valid Cases: 19 (£6. ln.! 'usﬂn,' Cau's 3 (13.63) - .
IM‘I Analysis - 5 2 3 k) 2 0.737 2,336
5 b} 5. 10.5 - 26,1 10.3 15.8 15.8 10.5
Illll Valuiog 2 1 2 - 3 - 4 6 1 0.289 2.616
2 10.3 33 10.3 - 15.8 - 21,1 36 5.3 -
1182} Behaving 9 3 - 2 1 1 - 1 - «2.319 2.036
8 42.4 26,3 - 10.3 S.3 3.3 - 3.3 -
1131 Advocatiog - - 2 1 b} b} b} 3 4 1.526 1.982
13 10.5 5.3 15.8 15.8 15.8 15.8 21.1 :
mysc® Yalid Cases: 40 ‘BB 9") ‘stﬂl_(_c.\ses S (ll 1%)
T1A41 Analysts 2 3 10 2 3 3 ? 1.125 2,255
7 2 3 3.0 1.3 5 [} 25.0 5.0 13.0 17.5 17.5
e Valuing . 3 1 2 - 1 2 L] 14 8 1.675  2.422
2 1.3 2.5 3.0 - 12.3 $.0 12.3 5.0 20.0 .
1121 Behaviog 12 7 3 3 3 2 4 1 l -1.373 2,638
8 30.0 12.5 1.5 12,3 1.3 3.0 10.0 2.5 1.3
s Advocating l l 4 3 [ 6 5 7 9 1.375 2,272
15 10.0 7.3 __10.0 15.0 12.5 17,5 22,5
UNVNONSC Valid Cases: 41 (89. 12) !,;ssh; cases [ (10 9%)
11841 Analysis 5 3 3 8 10 1.415 2,429
7 2.‘ !.l l 9 2 4 12.2 12,2, 12.2 19.5 4.4
11811 Valulog 1 3 s 1 1 3 7 9 9 1.220 2.632
2 2.4 12.2 12.2 2.4 2.4 1.3 17.1 22.0 22.0
11821 Behaviog 12 6 H 4 s 4 3 1 1 ~-1.337 2.4
.3 29.) 4.6 12.2 9.8 12,2 9.8 1.3 2.4 2.4 .
11831 Advocating [ 1 4 3 2 9 [ 1 3 l 3 ~0.11 2.419
15 14.6 S.8 2.3 4.9 22.0 14.6 12.2 1.3 .3 -
. UBSC Valid Cases: 32 (100%) Missiny Cascs: O (0.0%)
- TIA&L Analysis - 3 4 4 6 ? 6 10 12 1.462 2,209
7 - 5.8 1.7 1.7 115 1.5 11.3 13.2 2.1
pssbi Valuing 1 4 3 6 2 5 10 8 1) 1.404 2,395
2 1.9 1.7 3.8 1.5 l.8 9.6 19.2 15.4 25.0
11821 Behaviog 9 9 10 s 6 4 8 1 - «1,250 2,141
8 12.3 17.3 19.2 9.6 11.5 1.7 15.4 1.9 - . .
11331 Advocatiog 3 h I 8 8 3 7 9 H 0.558 2.330
15 3.8 5.8 7 ? 15.4 15.4 9.6 13.5 12.3 9.6
PUBNO:SC Valid Cases: 42 (100 Jsshg Cas es o (0. 07.)
11A41 Analysis 7 4 9 4 1 1.548 2.098
7 - l 8 4 8 7. 16.7 9.3 21.4 9.5 26.2
11811 Valuiog 1 2 1 2 $ 7 7 3 12 1.667 2,183
2.4 4.8 2.4 4.8 11.9% 16.7 16.7 11.9 28.6
121 Behaviog 12 4 7 3 6 1 4 5 - -1.262 2.490
8 . 28.6 9.5 16.7 1.1 14.3 2.4 9.3 11.9 -
11831 Advocating ) 2 4 5 b} ? 9 7 2 0.348 2,276
15 7.1 4.8 9.5 11.9 7.1 16.7 21.4 16.7 4.8
OVERALL Valld Cascs: 175 (94,62) Misvina Cises: 10 {5.4%)
11A41 Acalysis 2 11 1 10 28 18 26 28 40 1.394 2,233
7 1.1 6.3 6.3 3.7 16.0 10.3 14.9 16.6 22.9
1181 Valuing [ 12 11 9 13 17 29 36 42 -+ 1.468 2,397
2 3.4 6.9 6.3 5.1 7.4 9.7 16.6 20.6 24.0
11821 Behaving 45 26 25 17 290 11 19 8 4 «1,349 2,368
8 25.7 14.9 4.2 9.7 11.4 6.3 10.9 4.6 2.2
nsn Advocatiog 1 10 15 18 24 24 26 26 13 0.571 2,319
135 7.4 5.7 - 8.6 10.) 13.7 1.2 14.9 14.9 10.9

*THSL element ddcncification

Q-statencnt ounbar

€Nuzber of persons vho placed Q-statement 4
Percent, adjusted to exciule nissing cases
UNVPURSC sod UNVAPPSC cocllined

n & particular envelope
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Table 33

Descriptive Statisties for Responnce to Q-ututements of the.Valuew and Echics Dicunsion

Q-atatesent Bchavior Responece Keen o
-4 -3 -2 -1 ] 41 42 +3 N
USVPURSC Valld Cascs: 21 (91.3%) Miasing Cases: 2 (8.72)
AN~ Knowledge 2€ - 1 3 3 4 s 1 2 0.571 2.204
12b 9.5¢ - 48 143 143 9.0 238 4.8 9.5 )
111A21 Comprchension - 1 2 °2 4 4 H by 2 0.762 1.895
32 - 4.8 9.5 9.5 19.¢ 19.0 23.8 4.8 9.5 .
111451 Synthesis 2 5 4 2 5 3 - - - =1.429 1.660
24 . ’ 9.5 2.8 19.0 9.5 23.8 14.3 - - -
111461 Evaluat fon 2 3 5 2 1 4 2 2 - =0.714 2,239
10 9.5 14.3 23.8 9.5 4.8 19.0 9.5 9.5 -
111311 Valuing 1 2 2 2 4 - 3 3 4 . 0.724 2,610
4.8 9.5 9.5 9.5 19.0 - 24.3 1.3 19.0 .
UNVAPPSC Valld Cases: .19 (B6.4%) Mfsslng Cases: 3 (13.6%)
1man Kaowledge 2 2 4 4 ) - 3 - 1 =0.842 2.167
12 10.5 0.5 1.1 21.1 15.8 - 15.8 - 5.3
111421 Coaprehension 2 2 2 2 -3 4 1 - ~0.474 2.270
i 10.5 15.8 10.5 10.5 10.5 15.8 1.1 5.3 -
111A52 Syothests 4 3 5 3 1 2 1 - - ~1.789 1.81)
24 21.1 1%.8 26.3 15. 5.3 10.5 5.3 - -
111461 Tvaluation 4 - 2 2 5 1 1 - -1.083 2,345
10 1.1 a4 - 10.5 10.5 26.) 5.3 5.3 -
111511 Valuing 2 ? 5 - - 2 1 2 - ~1.526 2,294
[] 10.5 36.8 6.3 - - 10,5, 5.3 30.3 -
nvsct Valld Cises: 40 (£8.9%) & gslng Cases: 5 {11.]1%)
111A11 Knovledge & 3 ? 6 4 8 1 3 ~0.100 2,274
12 10.0 s.o 12,5 17,5 35.0 10.0 20.0 2.5 7.5
111A21 Cooprechens fon 2 4 4 4 6 7 9 2 2 0.175 2.147
32 5.0 10.0 10.0 10.0 15. 12.5 22,5 5.0 5.0
111451 Synthcsis 6 8 9 5 6 5 1 - - =1.600 1.722
24 15.0 20.0 22.5 12,5 15.0 12.5 1.5 - -
311A61 Evaluatico 6 7 5 4 3 9 3 3 - ~0.875 2.267
10 15.0 1.5 12,5 10.0 1.5 22.5 1.5 1.5 -
111811 Valuing 3 9 ? 2 4 2 4 5 4 =0.350 2.685
§ 2.5 22.5 17,5 5.0 10,0 5.0 0.0 12.5 0.0
UNVRONSC Valid Cascs: 41 (89.1%) Misalng Cases: S (10.9%)
1Al Knovledge 2 2 & 6 4 3 6 8 6 0.854 2,435
. 32 . 4.9 4.9 9.8 14.6 9.8 7.3 14.6 19.5 14.6
111A21 Conprehenaion 5 1. 8 3 4 8 7 - 4 ~0.171 2.407
h Y] 12,2 4.9 19.5 1.3 9.8 19.5 17.1 - 9.8
111A51 Synthesis 5 1 10 4 5 5 3 2 2 ~0.829 2.2719
2% 22.2 12.2 4.4 9.8 12.2 12.2 7.3 4.9 4.9
111461 Evaluation 4 9 4 8 5 - 5 3 3 - =-0.951 2.097
‘10 ) 9.8 22.0 !.l 19.5 12.2 12.2 7.3 7.3 -
111811 Valuiog 6 6 s 4 4 3 4 2 «0.756 2.468
] 15.6 17 1 12.] 9.8 9.8 1.3 9.8 4.9
PUBSC Valid cases: 52 {loo'z Hssinr. gun 0 (0. 0~)
111A11 Kaowledge ? 6 1 - 2 =1.654 - 2,066
12 17 3 28. 17.3 S. 13.5 11.5 1.9 - 3.8
11121 Couprahcusion 8 13 ? 7 5 4 4 3 1 ~1.288 2,243
% 15.4 25.0 13.5 13.5 9.6 7.7 7.7 5.8 1.9
JI13A53 Synthesis 9 1 15 7 4 2 1 1 2 -1.7230 1.969
24 12.3 21.2 28.8 13.5 1.7 d.8 1.9 1.9 3.8
111461 Bvalustfion "2 6 8 5 1 1 5 4 2 =-0.135 2.083
10 .8 11.5 15.4 9 6 12.3 21.2 9.6 1.7 3.8
111811 Yaluing 4 10 7 5 9 5 3 - -0 788 2.052
2.2 9.2 13.5 l7 3 9.6 12.3 9.6 5.8 hd
PUBNONSC Valid Cazes: &2 (1001) ‘uulng Casce: 0 (0.07)
111A11 Knowledge 5 1 6 6 5 4 ) 2 «-0.381 2,489
12 1.9 ° 19 0 2.4 14,3 14.3 11.9 9.5 11.9 4.8
111421 Cosprehension 5 S 4 8 4 2 6 2 2 ~0.833 1.018
n 11.9 21.4 9.5 19.0 9.5 4.8 4.3 4.8 4.8
111451 $Syathests ) 1 6 5 5 3 3 1. - -1.667 1.996
24 1.0 26.2 4.3 1.9 11.9 7.1 7.1 2.4 -
111461 Evsluation 6 6 8 3 [3 4 2 3 4 ~0.667 2.56)
10 14.3 14.3 19.0 7.1 143 9.5 4.8 7.1 9.5 .
I Vllu(ng S 10 6 1 1 1 1 5 1 ~1.214 2,258
] 21,8 1603 26,2 4.8 2.4 2.4 11.9 2.4
OVEPAIL Valid Casce: 475 (u.c:z n;lnrbws: 19 (5.42) :
111A11 Knowlcdge 2 2) 18 19 14 13 =-0.406 2.468
12 ll.lu lS.l 10.9 12.6 13.1 10.3 10.9 8.0 7.4
111421 Comprehension 20 28 23 22 19 21 26 7 9 ~0.58) 2,347
n 11.4 16.0 13.1 12,6 10.9 12.0 14.9 4.0 5.1
111451 Syntheeia 28 35 & 21 20 15 8 4 4 ~1.480 2.017
% 16.0 2.0 .9 12.0 1.4 8.6 4.6 2.3 2.3
11161 Evaluation 18 28 i 20 2) 29 1 13 6 =0.617 2,258
10 . . 10.3 16.0 14.3 11.4 13.1 16.6 1.4 7.4 3.4
111e11 Valuing L 35 ” 7 1% 16 13 17 ? =0.783 2,353
Tin.y 0.0 15.¢ 15.4 B.b 9.1 7.1 9.7 4.0
Tl element Tdoatiflcatlon
l’Q»-ulnu-m-nt b
Chumbrer of petuuna wlio plarcd (-atatement tn 8 par-.¢'  envelepe

Fercent, adjusted to exclude wisular cosce
CUNVPUKIC and UNVAFFSE conhined
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Q—statéments Q12 (knowledge), Q32(combrehension), and
Q6 (valuing) the groupé disagreed. The UNVPURSC group saw
more importance in these three (3) than did the UNVAPPSC
group. Only the UNVPURSC group ratedaQ32 positively. Both
the UNVNONSC and UNVPURSC gropps gave a small positive rat-
ing to Ql12. The Q-statements of the vValues and Ethics
dimension were valued as being lesé important by the re-
spondents (OVERALL) as compared *o5 other dimensions.. 024
was the least valued with all other Q-statements valued
slightly more.

Table 34 has only 020 (analysis) for which all groups
Believed the same way. 2al1l groups played down its impor-
tance with respeét to the other Q-statements. The PUBSC
group placed more importance in Q40 (synthesis) than did the
ather groups, especially the UNVPURSC group. Q38 (applica-
‘tion) was valued relatively highly by the PUBSC and PUBNONSC
groups. The UNVPURSC. group tended to agree, but the
UNVAPPSC group disagreeﬁ. Q3 (comprehension) was believed
to be less important than other Q-statements by all groups
‘except the UNVAPPSC group. The UNVPURSC and UNVAPPSC groups
did not place as much importance in Q37 (knowledge) as in
some of the other Q-statements, but the other groups did
especially the PUBSC group. No Q-statement was ranked
strongly in either direction on the Process of Inquiry
dimension. Two (2) behaviors were valued siightly, knowl-

2dge and application. The other cognitive behaviors

177
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Table 34

Descriptive Statistics for Rexponses to Q-ststcacnts of the Process of 1ngquiry DPimension

Q-statemung Behavior Responacs " . Hean 1]
-4 -3 -2 -1 0 +1 +2 + +

UNVPURSS Valid Casea: (91.37)  Mis ¢ Cases: 2 (8.77) .

WAIL" Knowledge 2¢ 1 5 5 1 1 1 4 1 =0.333 2.456

3 3.5 48 2ns 28 ks 4. 48 190 4.8

1VA214 Coaprehension 1 -3 1 - 2 ) 6 1 2 0.619 2,334

3 4.8 14.3 4.3 - 9.5 23.8 28.6 4.8 9.5 .

1vA3l Applicstion 2 5 2 2 - - 2 4 4 0.143 3.119

k1] 9.5 23.8 9.5 9.5 - - 9.5 19.0 19.0 .

1vAdl Analysis - 2 ? 2 2 2 2 1 3 ~0.048 2,397

20 - 9.5 3. 9.5 9.5 9.5 9.5 4.8 1}k.3

1VAS1 synthuh 5 l 2 3 2 -~ - 1 «1.714 2.12%

40 2.8 19 ] 9.5 14.3 9.5 = - 4.8

UNVAPPSC anld Cases: 19 (86. 6 y) ‘Hsslng ('.uct 3 (J 168) - .

1VAll Knowledge 3 4 2 1 -1 ~0.J16 2.382

» 15.5 S 3 10.5 10.5 15.8 21.1 10.5 5.3 5.3

IVA214 Comprehension 2 3 1 2 4 1 2 3 1 ~0.158 2.544

] 10.5 15.8 5.3 10.5 21.1 5.3 10.5 15.8 5.3

1VA3L Applicstion 3 4 2 1 1 2 2 1 3 ~0.421 2.950

a8 15.8 21.1 10.5 5.3 S.J 10. 10.5 5.3 15.8

IVALL . Analysts 2 h B -~ 5 - 2 1 ~0.421 2.341

20 10.5  15.8 - 26.3 -lo"s--sz; 1 - 10.5 5.3

1VAS1 Synthesis l 1 3 4 2 b ] 2 ~0.632 2.212

40 5.3 15.8 21.1 S.J - 10.5 15.8 *  s.3

Unvsce Valid Cases: 40 QBB 9-.) Mssing Cases: § (11.12)

1vAll Knowledge - 2 ? ? 4 5 k) 5 2 ~0.325 2,330

» u H 3.0 12,5 17.5  10.0 13.8 7.5 12.5 . s.0

1VA214 Coaprehension 3 [ 2 2 A 6 8 4 ] 2.250 2,436

] 2.5 15.0 5.0 5.0 15.0 15.0 20.0 10.0 2.5

1vA3l Applicstion 5 9 4 3 1 2 4 5 ? ~0.125 3.014

s 12.5 22,5 10.0 2.5 2.5 5.0 10.0 12.5 12.5 t

1VAdl Analysis 2 5 ? ? £ [ 2 3 4 ~0.225 2.348

20 5.0 12.5 12.5 12.5 10.0 15.0 5.0 - 2.5 10.0

1vasl Synthesis 9 5 ? 6 4 2 2 3 2 «1.200 2.452

40 22.3 12.5 12.5 15.0 10.0 5.0 3.0 1.5 5.0

UNVNONSC Valld Cases: &1 (89.1%) ‘Missing Cases: 5 (10.%%)

1vail Knowledge 2 2 1 5 6 7 & 9 3 0.902 2,184

37 4.9 4.9 2.4 12.2 14.6 12.1 14.6 22.0 7.3 .

IVA214 Comprahension 5 ] 5 5 8 6 4 4 1 -0.341 2.28)

3 12.2 7.1 12.2 12.2 19.5 14.6 9.¢ 9.8 2.4

1vasl Application 1 5 L] 7 8 2 1 8 4 0.195 2.3%0

p L 2.4 12.2 12.2 12.1 19.5 4.9 2.4 19.5 9.8 .

1VALl Avalysis 4 4 ? 3 1 5 5 2 - ~0.585 2.000

20 9.8 9.8 12.1 2.3 26.8 12.2 12,2 4.9 -

Ivasl Syathesis 5 [ 4 [ - 4 5 2 4 ~0.3%0 2,529

40 12.: 14.6 9.8 14.6 12.2 9.8 12.2 4.9 9.8

UBSC alfd Cases: 52 (1003) Missing Cases: 9 (0.0%)

val " Knowledge 2 2 3 2 12 ? 7 9 8 1.115 2,184

3z l.8 3.8 5.8 3.8 23.1 13.5 1.5 12.3 15.4

1VA214 Comprahension b ] [ 8 10 9 4 2 5 5 ~0.250 2,334

3 5.8 11.5 15.4 19.2 12.3 2.7 3.8 9.6 9.6

VAl Applicstion 1 4 5 3 2 & 10 10 11 1.365 2,385

b1 ] 1.9 2.7 9.6 5.8 ) 1.5 19.2 19.2 21.2

1VALL Acalysis 5 7 5 1) 5 ? ? 2 1 ~0.635 2,09

20 9.6 13.5 9.6 25.0 9.6 3.8 3.5 3.8 1.9 .

1VAS1 Synthesis 3 7 3 [ 3 1t ‘ 4 6 0.154 2,420

40 5.8 1.5 9.6 11:5 9.6 2.2 3.8 1.2 11.5

PUBNONSC ¥Yalid Casest &2 UDOZ) Misming Cases: 0 (0.02)

1vall Knowledge k] 8 4 4 ? 8 6 2 0.476 2.086

» - 7.1 19.0 9.5 9.5 16.7 19.0 14 4.8

1VA214 Cozprehension 2 6 . 8 6 3 8 4 1 4 ~0.310 2,300

3 4.8 14.3 19.0 14.3 7.1 19.0 9.5 2.4 9.5

1vAdl Applicstion ] 1 3 3 6 8 4 6 ] 1.000 2,399

a8 7.1 2.4 7.1 7.1 %) 19.0 9.5 14.3 19.0 .

1vall Anslysis 4 1 4 4 ? 4 6 1 a -0.905 2,218

20 9.5 26.2 9.5 9.5 16.7 9.5 14,3 2.4 2.4

1VAS} Syothesis 4 5 8 5 3 2 6 L] 3 ~0.150 2.578

40 9.5 11.9 19.0 11.9 7.1 4.8 14.3 141 2.1

OVERALL Valtd Casea: 175 (92.67) Miayiog Cries: 10 (5.52)

1vall Knowledge 9 92 19 18 26 26 24 29 15 0.58) 2.2%2

» 5.1 5.1 10.9 10.3 14.9 14.9 13.2 16.8 8.6

1vA214 Comprehension 1 21 23 2) 26 24 18 14 13 ~0.171 2,320

3 7.4 12.0 13,1 13.1 14,9 13.7 10.3 8.0 7.4

1vAdl Application 10 19 17 16 17 18 19 29 » 0.66) 2.597

b1 5.7 10.9 9.7 9.1 9.7 10.3 10.9 16.6 17.1

VALl Analysts 15 27 2) 27 27 22 20 8 6 ~0.5%4 2.158

20 8.6 15.4 13.1 15.4 15.4 12.6 11.4 4.6 .4

1VAS) Synthesis 21 2) 24 ED ] 17 19 18 15 13 ~0.366 2.520

i&n < 12.0 171 1.7 1.1 9.7 1.9 17.° A5 A.6

I efcaont facat Il ication
Q-statecent rarbor .
Clledicr of petnonn wvho ploced Q-statement g0 a "(tlwhv enve lope

Pegcent, ndjunted to erclade »iueing caucn
VPR and UBVAIILC cardiined

% ¢
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involving comprehension, analysis, and synthesis were not
valued too ﬂighly.

Table 35 indicates that the respondents (OVERALL) did
not place as much value in the Q-statements on this dimen-
sion as in some of the other dimensions. Q1 (valuing) and
Q35 (behaving) were valued_the least by all of the groups.

The UNVPURSC group believed that Q30(analysis) had some im-
portance, but none of the other groups rated it very highly.
Q23 (advocating) was wvalued quite strongly by'the UNVAPPSC
group and somewhat by the UNVPURSC groﬁp but not by the
UNVNONEC, PUBSC, or the PUBNONSC groups. The importance of
the Q—statements‘pertaining to the Human Endeavor dimension

was played down by the respondents (OVERALL). The valuing,

~_behaving, and analysis behaviors were the least valued on

this dimension.

Table 36 shows that all groups had stronger feelings
about Q26 (evaluation) than some of the 6ther Q-statements.
They placed it as being least important of all other be-
haviors on this dimension. All groups gave a similar rating
to Q31 (analysis). all groups were in agreement oﬁ Q43 (com-
prehension), but in this case they gave it a more positive
rating than Q26 or Q31. The UNVPURSC, UNVAPPSC, and

PUBNONSC groups gave Q34 a fairly high positive rating.
‘The UNVPURSC and UNVNONSC groupé agreed that there_was-more
value in Q22 (knowledge) than did the other. groups. Ql8(ap-

Plication) was not valued as much by the UNVPURSC and

179
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Q-atatenent Behavior Responses Heoan s .
-4 -3 -2 =1 [} +1 +2 +3 44

URVPURSC Valid Cases: 2% (91.3%) Siissine Caseds 2 (B.7%)

VAALD Analysias 1° 3 1 3 1 5 5 1 1 0.190 2.228

30b L T R N T T A T T

vBll Valuing 3 3 3 3 3 2 3 - 1 -0.857 2.287

1 14.3 .3 14.3 14,3 14.3 9.5 14.3 - 4.8

Va2l Behaving 4 2 4 1 2 2 4 3 - ~0.662 2,556

35 19.0 9.5 19.0 4.8 9.5 9.5 14.3 4.3 -

VBl Advocating 2 l 1 - 4 4 2 0.286 2.686

33 ° .S 9.5 9.0 4.8 - 19.0 19.0 9.5

URVAPESC Valtd Cases: 19 (8o. 4’2 ‘Ilsslns Cases ( J 63%)

VA4 Analysts - 1 2 1 5 1 1 ~«0.579 2.795

3 21 1 21.. - 5.3 10.5 5.3 26.3 5.3 5.3

vBll Valuing 3 1 4 2 3 .3 2 - 1 -0.737 2.257

1 15.8 $.3 21.1 10.5 15.8 15.8 10.5 - 5.3

V821 Behaving 6 1 2 1 2 1 4 1 1 ~0.842 2,814

35 ’ .36 5.3 10.5 5.3 10.5 5.3 21.1 5.3 5.3

vBil Advocating - 1 1 2 2 - 4 6 3 1.632 2.140

3 - s.3 S. l 0.5 10.5 - 21.1 31.6 15.8

UNvsct Valtd Cases: 40 (£8.93) Misstng Cases: 5 (11.1%)

VALL Analysts 5 1 1 4 3 6 10 2 2 «0.175 .510

0 12.5 17.5 2.3 10.0 7.5 15.0 25.0 5.0 s.0

vBll Valuing 6 4 7 5 6 5 5 - 2 «0.800 2.244

1 15.0 10.0 17.5 12.5 45.0 12.5 12.5 - 5.0

va21 Behaving 10 3 6 2 4 3 7 4 1 «0.250 2.648

35 o 25.0 7.5 S 5.0 10.0 .5 17.5 10.0 2.5

¥831 Advocationg 2 3 6 3 - 8 10 - 5 0.925 2.505

3 5.0 1.5 7 ] 15.0 1.5 - 20.0 25.0 12.%

UNVNONSC Valid Cosiee: 41 (K9.1%) ilasing Cascs: 5 (10.9%)

VaLL Analysis 5 6 5 B} 3 6 4 5 2 <0.390 2.509

30 12.2 1.6 12.2 172 1.3 14.6 9.8 12.2 4.9

VBl Valuing 6 10 s 6 5 6 2 . 1 - -1.390 1.923

1 4.6 24.4 12.2 .6 12.2 14.6 4.9 2.4 - .

vi21 Bchaving 17 4 3 6 1 2 3 3 4 -1.585 2.784

as 41.5 9.8 7.3 14.6 2.4 4.9 1.3 2.4 9.8

VB3l Advocating 10 1 2 4 k] 9 5 5. 2 =0.220 2.669

33 24.4 2.4 4.9 9.8 7.3 22.0 12.2 12.2 4.9

RUBSC valtd Cases; 52 (100%) Miasfng Cisnu: 0 (9.0%) )

VAL Analysis 13 1 4 1 ? 4 2 3 1 ~1.519 2,279

30 25.0 2.2 2.7 13.5 13.5 1.7 3.8 5.8 1.9

A4 151 Valuing 14 ] ? H 4 4 4 6 ~0.269 2.874

1 26.9 $.6 13.5 5.8 9.6 2.7 7.7 2.7 11.5

VB2l Behaving 25 4 3 4 5 2 7 3 1 =1.712 2.674

s 48.1 .7 %.9 2.7 9.6 3.8 13.5 5.8 1.9

VB3l Advocating 13 4 5 3 6 8 5 2 6 ~0.558 2,778

hx) 25.0 1.7 9.6 £.8 11.5 15.4 9.6 3.8 11.5

UBNONSC Yalld Cases: 42 (169%) Miasslng Cases: O {0.02)

VALL Analysis 1 9 8 5 .3 2 4 - - ~1.952 1.925

J 26.2 21.4 19.0 11.9 2.1, 4.8 9.5 - -

11 Valuiog 1 s [ 5 4 2 4 3 2 =1.167 2.565

1 26.2 11.% 14.3 11.9 9.5 4.8 9.5 7.2 4.8

VB2l Behaviog 1 3 s 5 6 2 1 2 ? -0.714 2.891

3s 26.2 7.1 11.9 11.9 4.3 4.8 2.4 4.8 16.7 .

VB3l advocating 6 ? s 1 3 6 6 2 4 -0.429 2.642

33 16.3 16.7 1.9 7.1 7.1 14.3 14.3 4.8 9.5

OVERALL Valid Caees: 175 (84.6%) Miseing Cases: 10 {5.4%)

VA4l Analysis 3 33 18 2 1 18 20 10 E) ~1.031 2.408

0 19.4 18.9 10.3 12,0 9.1 10.3 11.4 5.7 2.9

311 Valuing 37 24 25 19 20 17 135 8 10 -1.017 2.462

1 211 13.7 1.3 10.9 1.4 9.7 8.6 4.6 5.7

¥B21 Bchaving 63 14 15 17 16 $ 18 10 13 ~1.223 2.763

35 36.0 8.0 8.6 9.? 9.1 5.1 15.3 5.7 7.4

B3l Advocating n 25 15 16 15 23 24 19 12 -0.109 2.698

3) 17.7 8.6 8.6 9.1 B.6 13.1 13.7 10.9 9.7

JIMSL elenent fdcatification

5Q--uzc:mz ausber

Chusber of personn who placed -+t
nsted to exclude atesing caxes

Percent, ad)

EUNVPURSC and UXVAPPSC corbined
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Q-statcment Behavior Responscs Hean SD

-4 -3 -2 -1 0 +1 +2 +3 4
USVPURSC Valld Cascst 31 (91.37) Misaine Canes: 2 (8,2%)
viangd Knowledge 2¢ 1 1 - 1 4 - E] 9 1.4 2,813
b 9.5 48 a8 - 48 150 - 1.3 429
ViA21 Comprehension - 1 - 3 4 2 2 8 1 1.333 1.906
4 - 4.8 - 14.3 19.0 $.5 9.5 38.1 4.8
VA3l Application 4 1 1 4 4 - 2 3 2 ~0.190 2.113
18 19.0 4.8 4.8 19.0 19.0 - 9.3, 14.3 9.5
VIALL Anslyate. B | 1 2 3 2 1 2 4 1 =~9.14) 2,555
n 14 3 4.8 9.5 2).8 9.5 4.8 9.5 19.0 4.8
VIASL Evaluatf{oa 3 4 6 - 2 1 - - -1.857 1.769
26 J 8 14.3 15.0 28.6 - $.% A.8 - -
UNVAPPSC Valfd Cascs: 19 (86.4'] .‘Huhg c“u 3 (13.6%)
ViAlll anled;e 1 2 k) 1 2 2 -0.05)3 2,415
22 - 15 8 26 3 5.3 10.5 15.8 5.3 10.5 10.5
¥1A21 Couprehension 1 - 1 3 2 2 5 4 1.158 2.267
[ 5.3 - 5.3 15.8 10.5 10.5 26.) 5.3 21.1
VIAJL Application 1 2 1 3 4 2 1 2 J 0.368 2.4n
18 5.3 10,5 5. 1.8 2.1 10.5 5.3  10.5 15.8
V1AdL Analyeie - 3 2 4 3 2 3 2 - -0.158 1.979
an - 15.8 10.5 21.1 15.8 10.5 15.8 10.5 -
VIAGL Evalustion l 2 1 2 4 - ") 1 2 -0.474 2.756
26 10.5 5.3 10.5 21.1 - 15.8 5.2 10,3
vsct Valld Cascs: 40 (84. 9’) Misstng Chscs: § (31.12)
V1AL Knwledge 4 6 1 J 7 1 5 11 0.875 2,747
22 S.O 10.9 15.0 2.5 7.5 1.5 2.5 12.5 27.5
via21 Coaprehension 1 1 1 6 [} 4 ? 9 - 5 1.2%0 2.060
(3] 2.5 2.5 2.5 15.0 15.0 10.0 17.8 22,5 12.5
VAl Application s 3 2 ? 8 2 3 - 5 0.075 2,586
18 12.5 7.5 5.0 17.5 20.0 5.0 1.5 12,5 12.5 .
VIASL Anelyais k] 4 4 9 5 5 6 1 ~0.150+-- 2,271
N 7.5 10.0 10.0 22.5 12.5 7.5 12.5 15.0 2.5
VIAGL Evalustion 9 5 5 8 4 4 1 2 ~1,200 2,366
26 22.5 12.% 12.8 20.0 10.0 5.0 _10.0 2.5 5.0 .
USVNONSC Valid Cases: 41 (89.1°) Missing Cases: S (10.9%)
ViAlll Knowledge 4 2 3 6 4 8 3 7 4 0.415 2,449
22 9.8 4.9 7.3 14.6 9.8 19.5 7.3 17.1 9.8
¥iA21 Comprchension b] [ 6 1 2 2 10 4 7 0.463 2.176
4Q 1.3 14.6 14.6 2.4 4.9 4.9 24.4 9.8 17.1
VIAJL Application 9 2 s 3 3 5 5 1 8 -0.122 2,943
18 22,0 4.9 12.2 1.3 7.3 12,2 12.2 2,4 19.5
VIALL Analysis 5 5 8 5 7 J 5 2 1 -0.805 2.19)
n 12.2 12,2 19.5 12.2 '17.1 7.3 12.2 4.9 2.4
V1A61 Eveluation ? ? 6 8 2 3 3 3 2 -1.049 2.428
26 17.1 17.1 14.6 19.5 4.9 1.3 1.3 7.3 4.9
ruvesc Valld Cases: 52 (1003) issf{ng Cases: 0 (0.0%)
VIALlLL Kaovledge 4 3 11 3 7 9 7 1 A -0.327 2.299
22 1.7 11.5 - 21.2 5.8 13.5 17.3 13.5 1.9 1.7
V1A21 Comprehenaton 5 4 5 3 5 7 6 9 8 0.635 2.650
4 9.6 1.1 9.6 5.8 9.6 13,5 11,8 12.3 15.4
VIAJL Application 4 4 10 3 4 2 4 8 13 0.673 2,861
18 1.7 1.7 19.2 5.8 1.7 3.8 1.7 15.4 25.0
V1A42 Analyeis 8 8 10 7 [} ‘9 4 - - . =1.269 1.921
N 15.4 15.4 19.27 13,58 11.5 17.3 1.7 - -
ViA6L EZvaluation 11 J [] 8 7 [ 2 H 4 -0.615 2.576
26 2.2 5.8 1. 15.4 13.8 1.5 3.8 9.6 1.1
PUENONSC Valid Cases: 42 (1003)
ViAlll Kaowledge ) 6 1 6 8 4 2 -0.28% 2,540
22 11.9 14.3 A% 9.5 2.4 14.) 19.0 9.5 4.8
VIA21 Comprehension 2 1 4 4 2 5 & - 1 3 1.167 2,241
[X] 4.8 2.4 9.8 9.5 4.8 119 19.0 3.0 7.1
VIANL Application 4 ? 1 5 4 5 3 [ * 0.310 2,172
18 9.5 16.7 2.4 11,9 9.5 11.9 7.1 14,2 18.7
ViAdl Analyeis J é 9 5 7 [ 4 2 - -0.786 1.957
N 7.1 14.) 21.4 11.9 16.7 14.) 9.5 4.8 -
V1A61 Ivaluation 8 9 5 7 6 1 2 3 1 ~-1.381 2.252
20 19.0 .4 11.9 15.17 14.1 2.4 4.8 1.1 2.4
OVERALL Valld Cawa: 175 (36.40) Misalng Caaat 10 (5.22)
VIALLL Know ledpe 15 in F{Y 14 1% o 19 17 21 0.131 2.528
22 8.6 10.3 14.9 8.0 8.6 1.1 10.9 9.7 12.0
VIA21 Comprehcens fon 11 12 16 14 15 18 3 35 23 0.843 2.464
43 6.3 6.9 9.1 8.0 8.6 10.3 12.7 2.0 13.1
ViAll Application 22 16 18 18 19 14 15 20 » 0.243 2,192
18 12.6 9.1 10.3  10.3 10.9 8.0 8.6 11.4 189
VIALl Analysia 19 23 b} % 25 21 18 10 2 -0.7%9 2.100
n 10.9 13.1 11.7 1.9 14,3 12.0 10,3 5.7 l.1
VIAGl Evoluattan )} 24 22 n 19 12 11 12 9 -1.03% 2.416
20 .0 1.7 13.4 1.7 14.9 6.9 5.3 ] 5.1
CIH5L element Ldeat 1 8eat fon
Q-statemenr o
SNumbier of | vowlio plarced feitatement fn 0 particutar envelnpe
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QNVNONSC groups as it was by the UNVAPPSC, PUBSC, and
PUBNONSC groups. On the Interaction of Science and Tech-
nology dimension the behaviors involving knowledge, compre-~
hension, and application were valued mofe highly by the re-
spondents (OVERALL) than were. the behaviors involving analy-
sis and evaluation. |

Of all Q-statements in the SLQ, Table 37 shows that
Q4 (comprehensicn) was believed to be more important by all
groups. Eaéh of the groups also believed Q11 (evaluation)
was important but not‘nearly as strongly as for Q4. The
university groups, both science and nonscience, rated down
rather strongly the importance of Ql7(behaving), and the
public groups, science and nonscience, tended to agree. The
respondents (GVERALL) rated'highly the comprehension'be-
havior on the Interaction of Science and Society dimension.
They also gave a positive rating to the evaluation behavior.
They tended to play down the importance of the two affective
Q-statemen£s, Ql7(behaviﬁg) and Q5 (advocating).

Table 38 has only one (1) Q-statement with which all
groups agreed. QlG(valuing)lwas believed ﬁo have more im-
portance by all of the groups than the other Q-statements
on this dimension. The PUBNONSC groﬁp was quite strong in
its oreference for Q16. There was disagreement among groups
on a!l other Q-statements. The UNVPURSC and UNVAPPSC groups
atteched less importance to Q9(application) than did the

other groups. The PUBNONSC group valued Q14 (behaving) to
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Descriptive Statistics for Responsen to Q-statvmenta of the
of Science snd Soclety Dimvnafon

Tabl

o 37

Interaction

Q-statenent Behavior Responses Mean 14
~4 -3 -2 -1 4 +1 +2 +3 +

USYFURSC Valld Casvs: 21 (I1.3%) Sissing fases: 2 (3.75) —

viia2:a Compreliension - - - 3¢ 2 H 3 2 10 2.3 1.936

ab - - - 14,38 9.3 4.8 143 9.5 42

v1IA61 Evsluation 1 1 H 3 2 4 2 6 1 0.837 2.220

1 4.8 4.8 4.8 4.3 9.5  19.0 9.5  28.6 4.8

viis2i Behsving 2 3 4 - 4 2 4 - - =1.000 .11

by 9.5 2).8 19.0 - 19.0 9.5 19.0 - -

VIIB3l Advocating 1 2 - 2 2 3 4 3 3 0.810 2,502

3 4.8 *4.3 - 9.5 9.5 14.3 19.0 14.3 14.3

INVAPPSC Vulfd Cases: 19 (35.3Z) t.ising Cases: 3 {13.6%)

VIIAl Cumprehens{on - - B - 1 1 4 2 10 2.789 1.686

4 - - - 5.3 - 5.3 5.3 211 10.5  S2.6

VIlAGL Evaluation 2 2 2 - 3 3 - 4 3 0.474 2.196

11 10.3 10.3 10.3 - 15.8 15.8 - 21.1 15.8

viis2l Bebaving 3 4 2 1 4 - 1 2 - -1.526 2.389

17 26.3 21.2 10.3 3.3 21.1 - 5.3 10.3 -

V11831 Advocating 2 2 - H 1 3 3 2 1 0.000 2.404

) 10.5 0.8 - 26.3 $.3 15.8 15.8 10.5 3.3

uNvsct Valid Cases: 40 (58.9%) 'Ussing Cascs: § (11.1%) .

VIlA21 Coamprehens fon - - 1 3 3 2 ? 4 20 2.57% 1,810
- - 2.3 7.3 7.5 3.0 17.5 10.0 50.0

ViIAS1 Evaluation 3 3 3 3 1) ? 10 4 0.675 2,485
2.5 2.5 7.3 7.3 12.3 17,5 3.0 25.0 10.0

vils2l Behaving ? 9 6 1 8 2 1) 2 - ~1.250 2.239

17 12,5 22,5 13.0 2.5 20.0 3.0 12.3 3.0 -

viren Advocating 3 ) - ? 3 6 ? 4 4 0.425 2,459

) 1.5 12.5 e 12.5 1.8 15.0 12.5 12.% 10.0

UNVNONSC valid Cases: &1 (39.1%) issfng Cases: 5 (10.9%)

V1IA2L Couprehiension - - - 4 3 6 6 21 2./80 1,651

4 - 2.4 - - 9.8 7.3 14.6 14.6 31.2

V1IA61 Evaluation 2 3 2 6 4 3 4 ? 10 1.098 2,577

11 4.9 7.3 4.9 14.6 9.8 7.3 9.8 12.1 26.4

viIs21 Behaving 9 10 1 4 ) H 2 2 3 -1.098 2.606

17 22.0 24,4 2.4 9.8 12,2 12.2 4.9 4.9 7.3

1238 558 Advocating 4 3 3 2 6 3 6 3 0.366 2.557
9.8 2.3 12.2 4.9 14.6 12.2 14.6 12.2 12.2

PUBSC Valid Cases: 52 (190%) ‘iss{ug Cascs: O _(C.0%)

VIIA21 Comprehension 2 - 3 2 s 3 JUNEIEF} 2,308 2.235

4 3.8 3.8 - 3.8 3.8 9.6 5.8 26.9 40.4

VI1A61 Evaluation 6 4 - ? 6 3 6 9 9 0.712 2.681

11 11.5 7.7 - 13.5 1.8 9.6 1.5 12.3  12.3

viis21 Behaving 3 3 10 6 8 4 8 4 “ ~0.404 2,286

17 9.6 9.6 19.2 11.3 18,4 7.7 135.4 7.7 3.8

viigil Advocating 13 3 5 13 6 4 3 2 1 ~1.154 2,244
25.0 3.8 9.6 25.0 11.5 1.2 9.6 3.8 1.3

PuBNQiSC Vulld Casew: 42 (109%)  ‘Hssing Cases: O 0.0

V11A21 Comprehens fon - 1 - 4 2 3 4 10 18 2,52 1.864

4 - 2.4 - 9.5 4.8 7.1 9.5 2.8 49

VIIASL Evaluation 3 2 3 3 3 2 3 3 9 0.619 2,603

11 7.1 4.8 11.9 11.9 19.0 4.8 7.1 11.9 21.4

viie2l Behaving 5 6 3 6 6 4 3 3 4 ~-0.452 2.510

17 11.9 1.3 11.9 14.3 14.3 9.5 7.1 7.1 9.5

visin Advocating 6 ? 4 6 4 2 3 ~0.571 2,520

S 143 16.7 9.3 14.3 9.5 4.8 19.0 7.1 4.8

OVERALL® Valid Caeers: 175 (24.0%) stssing Crses: 10 (5.4%

V1IA2L Coapreher.s fon H 4 1 10 11 13 20 34 80 2.5 1.917

4 1.1 2.3 0.6 5.7 6.3 7.4 11.4 19.4 45,7

VIlAS Evaluastion 14 12 10 21 23 17 15 n 32 0.7 2.578

11 8.0 6.9 5.7 12.0 13.1 9.7 8.6 17.7 18.3 !

viie2l Behaving 26 30 22 17 27 15 18 11 9 ~0.771 2,417

17 14.9 17.1 12.6 9.7 15.4 8.6 10.3 6.3 3.1

viisi Advocating 26 18 14 28 19 17 26 15 12 ~0.297 2.508
14.9 10.3 R.0 16.0 1n.9 9.7 14.9 8.6 6.9

FiMSL elczent Tdentfficaticn
Q-statesent nuaber

SNunber of persous vho placed Q-statement {n & parti-.slar e. selope

rercent, adjuwired to exclude nlvslas, cases
CUNVPURSC snd U4VAFPSC combined
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Table )8

Desertptive Statistics for Responses to Q-statements of the Interaction
of Scieuce) Technolupy, and Socfety Dimensiow

Q-atatement Rehavlor Respoanen Mesn - 8D

-4 -3 -2 -1 1] +1 +2 +3 +
UNVPURSL Valld Caes: 21 (91.3°) Slgalng Cones: 2 (8.7%) R
V111319 Appllcat fon 3T 7 1 3 - 1 1 1 -1 143 2128
b 1.3 w8 N3 1o 143 - 4.8 4.8 .8
ViIImil Valuing - 3 - 3 3 2 5 2 3 0.857 2.265
26 - 14.3 - 4.3 4.2 9.3 238 9.5 143
vilie2l Behaving - 3 1 2 2 2 1 3 . ? 1.3 2.652
14 - 14.3 4.8 9.5 9.5 9.5 4.8 14,3 33.3
viI1B3l Advocating [1 s 1 5 1 - 1 1 1 «1.762 2,385
36 28.6 23.8 4.8 23.8 4.8 - 4.8 4.8 4.8
UNVAPPSC Valld_Casea: 19 (86.3%) Micsing Cases: 3 (13.6%) .
V111A31 | Application 4 5 - 4 2 1 - 2 1 «s.263 2,557
L 21.1 26.3 - al.l 10.5 5.3 - 10.5 5.3
viliell Vaiuing 1 2 3 1 2 - 3 4 3 0.684 2.730
16 5.3 10.5 is.8 5.3 10.5 - 15.8 .2 15.8
V111821 Behoving 2 2 1 - 3 4 - ! [ 0.789 2.898
14 ) 10.5  10.5 5.3 - 15.8  21.1 - [) 6
V111831 Advocating 2 2 2 3 2 1 6 - -0.311 2,371
38 0.5 105 105 158 _10.5 5.3 M.6_ - oy
. uNysce Val{d Cascs: 40 (83.9X) Missing Cases: § (11.1%)
V11131 Application 7 6 7 8 5 d 1 3 2 -2.200 2,312
9 1.5 15.0 1.5 20.0 12,5 2.5 2.5 .5 3.4
viI11s11 Valuing 1 5 3 4 5 2 8 6 § .15 2,465
16 . 2.5 12.5 1.5 10.0 12.5 5.0 20.0 15.0 1.
viIig2l Behaving 2 3 2 2 5 6 1 4 2,249
14 5.0 12.5 5.0 5.0 12.5 15.0 2.5 10.0
vi1isi Advocating 8 ? 3 8 3 1 ? 1 2,415
36 0.0 1.5 1.5 20.0 2.5 2.5 12.5 2.5
UNVNONSC Valid Cases: 41 (89.i%) Mi<sing Cases: 5 (10.9%)
viliAil Application - F L] 6 2 5 ? 4 6 2.388
9 - 12.2 14.6 14.6 4.9 12.2 171 9.8 4 '
Vv1lisll Valuing 3 3 ? 2 10 6 - 5 5 3,083 2.427
16 : 2.3 2.3 17.1 4.9 4.4 14.6 - 12,2 12.2
V111821 Behaving ? 3 4 1 2 4 6 9 9,346 3.646
14 17.1 2.3 9.8 2.4 4.9 9.8 34.6 22.n
V111831 Advocating : 5 5 4 4 4 3 3 3 ~3.373 7.613
36 12.2 12.2 9.8 . 9.8 9.8 2.3 1.3 4.6
Pussc ¥alid Cases: 52 (JCGL) Missine Cases: O (0.0
VILIASL - Application 2 7 5 2 7 9 12 6 0.846 2,531
s 9 3.8 13.5 9.6 3.8 13,5 12.3 2.1 1.5
V1I11B11 Valuing 2 5 4 ] 5 - 5 ? 11 0.¢34 2.51%
16 3.8 9.6 1.7 15.4 9.6 1i.5 13.5 21.2
Viiim2l Bohaving 1 3 5 4 5 3 8 9 0.027 - 3.002
14 21.2 5.8 9.6 .7 9.6 5.8 15.4 12.3
viiisil Advocating 8 9 9 6 4 2 2 -1,250 3.130
36 15.4 12.3 12.3 . 1. 2.7 3.8 3.8 3.8
PURNONSC Valid Cases: &2 (1037%) Missing Cascs: 0 (0.0%)
VI11A31 Application 3 1 s ] 7 % 7 s 0,690  1.342
9 .1 2.4 1.9 19.0 16.2 9.% 16.7 1.9 .
o viIsll Valuing 2 5 1 2 4 L) 8 13 1,429 - 2.¢9)
. pAd 4.8 11.9 2.4 4.8 2.5 4.5 1¢.0 31.0
12391 F3 Behsving 12 1 2 7 5 1 4 5 ~0.500 2.831
14 28.6 2.4 4.3 16.7 11.9 2.4 9.5 1.9
V1i1B3l Advocating 1 6 - ? 9 5 b 3 2.416 2,222
36 . 2.4 14.3 - 16.7 21.% il.9 i.d 11.9
OVERALL Valld Caces: 175 (94.62)  M“isetnp Cases:
V111A31 Application 12 19 23 "7 28 21 24 1° 0,263 2,517
9 6.9 10.9 1.1 7.7 11.4 12.0 4.9 2.9
viiisil Valuing 8 18 15 a8 17 . 18 28 35 0.811 2,349
16 4.6 10.3 8.6 14.3 9.7 10.3 14,8 2.0
viiis21 Behaving 32 12 13 2 18 9 22 36 0,229 2.943
14 18.3 6.9 1.4 9.7 10.3 5.1 12.6 20,6 -
V1113l Advocating 22 27 .16 . w 18 'y 9 15 «0.531 2,454
3 12.6  15.4 3.1 77 . l& 103 5.7 5.1 8.6 —

S1MSL clement {duntification

bQ—llnu-mcnl nusber

CHumber of persdna who placed Q-statement ia & perticular envalnpe
tercent, #4justed to exclude missing cascs

CUNVPURSC wnd UNVAPISC combined
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a lesser extent than did the other groups. 1In fact the
UNVPURSC grour: gave Q14 a fairly strong rating. Q36 (advo-
cating) was given a low rating by the UNVPURSC groﬁp and the
PUBSC group. lThe UNVAPPSC and UNVNONSC groups tended to
agree, but the PUBNONSC group did not. The respondents
(OVERALL) valued the behaviors of application, valuing, and
behaving more than they did the advocationlbehavior on the
Interaction of Science, Technology, and Society dinension.

Considering all ten (10) tables together alcng with the
pPreceeding comments about each one, the respondeats (OVERALL)
rated the knowledge, comprehension, and application behav-
iors more highly than the othér behaviors. They were sup-
portive of nearly ail of the Q-statements in the Factcal and
Generalizations components 6f the Organization of Knowledge
dimension; the Intellectual Processes dimension;iuud the In-
teraction of Science, Technology, and Society dimengion.
They played down the importance of the Discipline comp.:iment
of the Organization of-knowledge diwension; the Valu@s a:.d
Ethics dimension; and the Human Endeavor dimension. Thevy
had mixed feelings on each of the other dimensions dependin:g
upon the particular behaviors involved.

Looking at the individual groupé, it is seen that al?
groups tended to place moré value in the knowledge and ccm-
prehension behaviors than the other behaviors. The
iUNVNONSC, pﬁBsc, and PUBNONSC groups tended to rate thé

application behavior more highly than did the UNVPURSC and

130
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UNVAPPSC groups. All groups expressed negative beliefs to-
ward the synthesis behavior, and most were negative toward
the  evaluation behavior. In the affective domain valuing
and behaving were rated negatively by the majority of the
groups. In two instances the UNVAPPSC group rated the ad-
vocating behavior in a strong positive manner. |

Correlational Analysis of
INFORMATION SHEET and SLQ Data

Intercorrelations and correlations of the data were de-
veloped. The data generated by the INFORMATION SHEET were
interccrrelated; the data generated by the SLS”were inter-
corxrelated; and fhe INFORMATION SHEET and SLQ data were‘cor-
related. The SPSS (Nie, et al., 1975) subprogram PEARSON
CORR was used to develop the correlation coefficients.
'Missing data (those coded as No Response) were handled by
pairwise deletion. As a result the number of'persons-per
each correlation varied from 147 to.l76.

To determine if a particular correlation coefficient
was or was not significant, réference was made to a table
which specifies the necessary correlation coefficient size
in order that the coefficient be significaht (Guilford and
Fruchter, 1973, p. 516). This table was chosen because it
accounts for both the number of perséns upon which each co-
efficiént was based and the number of variables which were

correlated.
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The intercorrelations of the INFORMATION SHEET vari-
ables produced few significant correlation coefficients
(df = 156; number of variables = 25; for 2 §.0.05 Exy =
0.450). Of the significant correlations none became thu

basis for new insights (Table 39).

Table 39

Intercorrélations of INFORMATION
SHEET Variables

SCHLEVEL OWNSCHYR MOTSCHYR DIPDEG JHS8 SHPHYS

CWNSCHYR 0.6258 -
FATSCHYR _ 0.6698

DIPDEG 0.6101 0.8810

JHS7 _ 0.6600

SHCHEM : ' 0.4561
CLBIOSCI 0.5285 0.5002

CLPHYSCI '0.4583 0.5388 0.4837

’

The intercorrelatioﬂs of tre Q-sﬁatements are presented
in Appendix G. Of these only one (1) was significant,
IA32(Q19) with IVA31(Q38) at £Xy = 0.4762. From the table
the degreées of freedom value used was 150; the number of
variables used was twenty-five (25); for p < 0.05 the value

of Exy had to be 0.450 or greater. The actual degrees of
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freedom.value was 174 and the actual number of variables
correlated was forty-five (45). Guilford and Fruchter's
table does not go beyond twenty-five (25) variables, so tl.2
more conservative degrees of freedom value was used to
offset the more liberal £xy value forltwenty-five.(25) vgr-
iables.

The correlation coefficients between the INFORMATION
SHEET variables and the SLQ Q-statements were not signifi-
cant. . Tﬁé same table values were used as was used in the
precééaing paragraph. In this case the actual number of
variables which were correlated was si#ty-nine (69).

The values of the STATUS variable (éee page 122 of
Chapter III) were trapsformed into separate variables as
UNVPURSC, UNVAPPSC, UNVﬁONSC, PUBSC, and PUBNONSC. ThLis was.
accomplished with the internal programming capabilities of
the SPSS system. 1In addition the respondents were éccounted
fqr by_the variables in'akdichotomized mannér.' That is,
zero (0) was coded for the person if he did not belong to
a particular group, and one (1) was coded for a person if
he did belong to a particular group. This caused:

(1) UNVPURSC to have 23 cases;

(2) UNVAPPSC to have 22‘cases;.

(3) UNVNONSC to have 46 cases;

(4) PUBéC t> have 52 cases; and

(5) PUBNONSC to have 42 cases.
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These five (5) variakles were correlated with the
forty-five (45) Q-statements to determine what relationships
might exist. Table 40 presents the results of this analysis.
Table 40

Correlation Coefficients between Groups

and Selected Q-statements

five groups

b

TMSL element

identification

cQ-spatementynumber<

Q-state- . .

ments UNVPURSC UNVAPPSC UNVNONSC PUBSC PUBNONSC
1211°  28° -0.0851 .  0.2141 -0.1068  0.021g ~0.0086
IAS52 27 -0.2393 0.0261 0.0240 0.1215 0.0092
IBl2 13 0.0350 -0.0267 0.2766 -0.1331 -0.1390
ias3 25 -0.2104 0.0057 ~0.0813 0.1873 0.0361
ITIAll 12 0.1466 ~0.0619 0.2830 -0.3297 0.0057
IIIAZ2] 32 - 0.2122 0.0163 0.0974 -0.1960 -0.0601
IITBl11l 6 0.2356 -0.1106 0.0063 ~0.0016 -0.1033
"VA41 30 -0.1910 0.0687 0.1523 -0.1267 -0.2109
VB3l 33 0.0541 0.2257 -0.0228 -0.1085 -0.0668
VIAIll 22 0.2319 ~0.0255 0.0621 ~-0.1182 -0.0930
VIIB31l 5 0.1634 0.0415 0.1466 -0.2227 -0.0616
VIIIA3] 9 -0.2077 -0.2130 0.0591 0.1496 0.0945 .
VIIIB31l 36 -0.1857 0.0458 0.0815 ~0.1910 0.2314
aQ-statements with correlation > '0.2] with any one of the

Correlation coefficients for the five (5) groups were pre-

sented if a correlation coefficient on a Q-statement was

|0.2| or greater for one (1) of the groups.

P
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An exaﬁination of Table 40 reveals that the Intellec-
tual Processes dimension and the Process of Inquiry dimen-
sion had no Q-statements which could be included. No groups
reSul;ed in all positive or all negative correlation co-
efficients. The UNVNONSC and PUBSC groups had coefficients
greater than IO.ZI on Q12; the UNVNONSC coefficient was
positive, but the PUBSC cocfficient was negative. The
UNVPURSC and UNVAPPSC groups had negative coefficients
greater than J0.2| on Q9. The UNVPURSC and UNVAPPSC groups
had common signs on only three (3) Q-statements. The
UNVPURSC and PUBSC groups had commen signs on only two {2}
Q-statements, and the UNVAPPSC and PUBSC groups hadvcommon
signs on seven (7} Q-statements. The UNVNONSC and PUBNONSC
groups had common signs on five (5) Q-sta-ements. The mag-
nitudes of the correlation coefficients for each of thé
groups with the Q-statements were not very similar. In most
cases where the magnitudés were somewhat similar the signs
were opposite. | |

No pronounced relationships seemed to exist based upon
this analysis. If anything differences between the groups

were highlighted more than were any commonalities.

A
hovwwd
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Factor Analysis of the Placement

‘of the Q-statements
.

This.section deals with the results of the factor
analysis of the Placement of the Q-statements by the re-
spondents. The factor analysis of the data was made using
the SPSS (Nie, et al., 1975) subprogram FACTOR. Orthogonal,
principal component solutions were developed with the diag-
oﬂal elements of the correlation matrix replaced‘by.R2 es-
tihates of communality. An iterative process was used to
improve the R2 estimates of communality.

Three factor analfses were performed. First, the data
wére factor analyzed with all the respondents grouped to-
gether (OVERALL: 175 persons). Second, the data of the
science oriented respondents (UNVPURSC, UNVAPPSC, and PUBSC:
92 persons) were factor analyzed. Third, the data of the
nonscience oriented respondents (UNVNONSC and PUBNONSC: 83
'persons) were factor analyzad. |

The results of these factor analyses are presented in
Appendix H. After examiring the iterated factor matrix with
forty—five {(45) factors, a seven {7) factor solution was dg-
veloped for each group. The OVERALL seven (7) factor solu-
tion accounted for 3§.7% of the variénce.in the rankings of
the forty-five (45) Q~-statements. The science oriented
seven (7) factor solution accounted for 43.8% of the vari-
ance in the rankings of the forty-five (45) Qéstatementsi

The nonscience oriented seven (7) factor solution accounted
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for 43.6% of the variance in the ranking of the forty-five
(45) Q-statemeats. Factor scores for the OVERALL seveﬁ,(7)
factor solution were punched on cards for each person to be
used in additional analyses.

Tables 41-50 present the. results of the factor analy-
ses. Factors I, III, 1V, V, and VI were common'to each of
the three (3) groups. Factor II was common to the OVERALL
group and the nonscience oriented group. Factor VII existed
only for the OVERALL group. The science oriented group had
two (2) factors unique to it, and the nonscience oriented
group had oné (1) factdr unique to it.

| The arbitrary criterion for using any particular
Q-statement to represent a factor was a factor loading of
.40 or greatef for at least one of the groups on the par-
ticular factor. The criteria used to specify that a Q-
statement in a particular factor loaded significantly.for
all groups were: |

| (1) the minimum factor loading for any one group

could not be less than .30;

(2) the factor loadings for at ieast two groups had

to be .35 or greater; and

(3) the signs of the factor loédings were the same for

all groups.

The eséence of this section is to:

(1) name the inferred dimension;
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(2) describe the inferted dimension of scientific
literacy; and

(3) discuss the highlights of each factor.
The factors which were common to more than one group are
discussed first. This is followed by a discussion of the
factors which were unique to a particular group.
The:Problem Statement for this study was stated in

terms of science and nonscience orientation groups. It was

for this reason that the factbr analyses were performea with
respect to the science_oriented’group and the nonscience
oriented group. Although this study was deveioped on the
basis of science oriented and'nonséience oriented groups,
other peréonal characteristics (sex, age, education, etc.f
may have been as much or more of an influence on the de-
velopment of the factors. The regression analysis produced

some insights into these effects.

Facéor I
The Q-statements specified in Table 41 as common to ail
groups are:
MOST HIGH SCHOOIL GRADUATES SﬁOULD...

IVAS51(Q40) be able to combine some major ideas and
methods of science to gain new ideas.

IVA11(Q37) know sémething about using major ideas

and methods of science together to gain
new ideas.
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' . IA53(Q25) be able to combine some new findings in
' - some fields of science to think of pos-
sible offshoots.

IA51(Q39) be able to combine facts to better under-
stand matter, energy, and life.

Table 41

Factor Loadings of Q-statements
Chosen to Represent Factor I

‘Element Q-state-

Identifi- ment .

cation Number OVERALL(1)® SCIENCE(2) NONSCIENCE (4)
1vA51° 40 .71P .65 .70
IVAl} : 37 .60 .54 .66
IAS53 25 .56 .43 .39
IA51°€ 39 .40 .49 .32
vB21l 35 ~-.26 -.10 -.56
VIIB31 5 -.26 -.55 -.06
VIIB21 .17 -.15 .05 -.43
% of variance 9.1 7.5 6.2

' aIdentifies the factor number for respective factor solu-
tions in Appendix H

bFactor Loadings rounded to nearest hundreth

“Considered common to the groups

The inferred dimension of scientific literacy was named
"Scientific Inquiry." ‘The theme of this factor seemed to be
that of producing new knowledge through a synthesizing type
of activity. The two (2) strong loading Q-statements came

from the TMSL Process of Inquiry dimension. The two (2)
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lesser loading common Q-statements represented two (2) syn-
thesizing behaviors from the TMSL Organization of Knowledge
dimen§ion. The regression analysis showed that the UNVPURSC
group was a negative predictor of this factor. Thus it was
inferred that most of the respondents in the UNVPURSC did
not believe that scientific inquiry was important for all

~ persons.
The factor loadings on the common Q-statements were
‘fairly large and in close agreement. This suggested that
the respective factors.for each of the groups were actually
the same factor. The percents of‘variance suggested that
the factor was about the same in the science oriented group
as in the nonscience oriented group: This factor existed
for the science oriented group, for the noﬁscience oriented
group, and‘for the groups combined. The factor structure

was independént of the groups.

Féctor II
The Q-stafements specified in Table 42 as common to
the two groups are:
MOST HIGH SCHOOL GRADUATES SHOULD...

VIIIBl1l(Qle6) rate highly the need for society to keep
up with science and technology.

IIIA21(Q32) understand how several values guide
scientists in their work.

IITIALl1(Q12) know about several values which guide
: scientists in their work. _
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IB33(Q34) support ways to help people understand
new gains in some fields of science.

Table 42

Factor Loadings of Q-statements
Chosen to Represent Factor II

Element Q-state-

Identifi- ment : E

cation .  Number  OVERALL(2)® SCIENCE NONSCIENCE(5)
VIIIBléc 16 .50P - .54
ITIALL 12 -.42 - -.57
IIIA21 32 -.47 - T -.42
1B33° 34 .39 - .54
VIIB31l 5 .24 - .58
IB231 29 .44 - .17
IIB31 15 .40 - - .21
% of variance 6.8 ' 5.1

qldentifies the factor number for respecfive factor solu-
tions in Appendix H. .

bFactor Loadings rounded to nearest hundreth

Cconsidered common to the groups

This inferred dimension of scientific literacy was
named "Maintaining Curfent Awareness." The theme of this
factor seemed to be the valuing of people keeping in touch
withvand maintaining an understanding of new developments
in sciénce and technology. The positive loading Q-statements
on this factor taken together dealt with science, tech-

nology, and society staying abreast of one another. The
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40 (2) negative loading Q-statements implied that the con-
tn was not so much with values but with "concrete" as-
pects, for example, gained knowledge in science and new in-
ventions in technology.

The results of the regression analysis indicated that
characteristics of individuals were more related than were
science or nonscience orientation to the development of this
factor. The mothers' and respondents' last year of school

completed were the major predictors of this factor.

Factor III

Ti.2 Q-statements specified in Table 43 ‘as common to
all groups are:

MOST HIGH SCHOOL GRADUATES SHOULD. ..

ITIIB11(Q6) rate highly for their own use some
‘ values which guide scientists in their
work.
VIA6;(Q26) be able to judge the worth of some re-

sults from science and from technology
with different guidelines.

The inferred dimension of scientific literacy vag
named "Valuing Methods of Science." The theme of this fac-
tor seemed to be a personal valuing of methods which sci-
entists use in their work. Four (4) of the positive load-
ing Q-statements in this factor were from thé TMSL Intellec-
tual Processes dimension. The strongest loading positive
Q-statement described the values which underlie intellectual

processes of science.
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Table 43

Factor Loadings of Q-statements
Chosen to Represent Factor III

Element Q-state-

Identifi- ment :

cation Number OVERALL (3)® SCIENCE(5) NONSCIENCE (3)
I11IB11C 6. .53P .67 .45

IIB11 2 .49 .28 .53

VIA6l 26 -.42 -.31 -.47

IIB21 8 .41 .53 .26

IIB31 15 .26 .04 .57

IIA4l 7 .19 . 40 .21

$ of variance 5.6 5.4 6.7

'aIdentifies the factor number for respective factor solu-
tions in Appendix H

bFactqr Loadings rounded to nearest hundreth

“Considered common to the groups

The percents of variance weré similar on this factor.
This along with the factor loadings for the Q-statements
suggested strongly that respective factors of each group
were thé same factor. The results of the regression analy-
sis indicated that th2 UNVPURSC group was a major predictor

of this factor.

Factor IV
The Q-statements specified in Table 44 as common to

all groups are:
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MOST HIGH SCHOOL GRADUATES SHOULD...

be able to use major ideas and methods
of science together in their daily
lives.

IVA31 (Q38)

IA32(Q19) be able to use some major ideas about
matter, energy, and life in their
daily lives.

. VIIIA31(Q9) be able to use some new results from
science and technology to think of pos-
sible changes in their lives.

Table 44

Factor Loadings o7 Q-statements
Chosen .to Represent Factor IV

Element . Q-state-
Identifi- ment a
cation Number OVERALL(4) SCIENCE (1) NONSCIENCE (1)
c b
IVA3£ 38 .60 .45 .44
IA32 19 .50 .37 .35
TIA41 c 7 .44 .29 .62
VIIIA3l 9 .36 .43 .63
VIA3l 18 .37 .68 .23
VA4l 30 -.29 -.54 -.33
IIIAll 12 -.22 -.53 -.35
IIIA2] 32 -.24 -.53 -.13
VB1l1l 1 -.48 -.22 -.30
VIAlll 22 -.20 -.44 -.11
IVA214 3 ~-+19 -.44 -.04
% of variance 5.2 10.4 8.7

%dentifies the factor number for respective factor solu-
tions in Appendix H

bFactor Loadings rounded to nearest hundreth

“considered common to the groups
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This inferred dimension of scientific literacy was
named "Personal Application of Science." The theme of this
factor seemed to be application of scientific knowledge and
methods of science in daily living. Four (4) of the Q-
statements involving the application behavior loaded posi-
tively for all groups. Three (3) of thesé were considered
common to the groups.

The respective factor loadings for each group suggested
strongly that the respective factors for each group were the

same factor. The percents of variange f&rm:he two (2) ori-
entation groups werellarge. These factors aétuélly explained
the most variance in each of the respective seven (7) factor
solutions. The results of the regression analysis showed

A\

that agefof the respondents was a major predictor of this

factor as opposed to science or nonscience orientation.

Factor v
The Q-statements specified in Table 45 as common to
.all groups are:
MOST HIGH SCHOOL GRADUATES SHOULD...
VIA41(Q31) be able to detect some of the differ-
- ences in the results of science and

technology.

VIALlll(Q22) know something about how the goals of
science and technology differ.

VIA21(Q43) - understand something of the effects

science and technology have on_each
other.
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) Table 45

Factor Loadings of Q-statements
- - Chosen to Represent Factor V

Element Q-state-
Identifi- ment .
cation Number OVERALL(5)® SCIENCE(6) NONSCIENCE (2)
- viaal®_ 31 .53P .33 .55
VIAll) 22 .52 .41 .51
vIiazl 43 - .47 .59 " .56
IA13 41 .27 -.08 .46
"VB11 | 1 -.17 . -.43 -.16
IA53 25 -.22 -.40 -.19
IA61 21 .19 .40 .11
IA223 44 .04 | .41 -.03

% of variance 4.7 ' 4.4 : 7.8

4 aIdentifies the factor number for respective factor solu-
tions in Appendix H

bFactor Loadings rounded to nearest hundreth

-QConsidered common to the groups

The inferred dimension of scientific literacy was
named "Distinguishing Between Science and Technology." The
theme seemed to be that of distinguishing between science
and technology in terms 6f goals and results. It also_ in-
cluded understanding how science and’ technology affect one
another. All three (3) common loading Q~statements came
from the TMSL Interaction of Science and Technology dimen-

sion,
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Some of the loadings on the Q-statements were small.
The percent of variance for the nonscience oriented group
is apparently greater than that for the‘science oriented
group. Even though the respective factors for each group
were thought to be the same factqr, t..2 -strength of associa-
tion between respectiﬁe factors for.this factor was not as
strong as it was on Factors I, I1I, and IV. The regression
analysis indicated that membership in the PUBSC droup was
-a predictor of this factor more so thar membership in the

other groups.

Factor VI
The Q-statement specified in Tab.e 46 as common to all
groups is: . |
MOST HIGH SCHOOL GRADUATES SHOULD...

IALll (Q28) know several facts about matter, energy,
and life. :

The inferred dimension of scientific‘literacy was named
"Utiliziﬁg Factual Knowledge." fThe theme of this factor
seemed to be knowing and using for varicus pﬁrposeé factual
~knowledge about nature..‘The common loading Q-statement
dealt with knowing facts about nature. However, the next
two (2) strong loading Q-statements also dealt with using
gnd synthesizing this factual knowledge.

The factor loadings were sﬁch that the respective fac-
tors of each group were thought to be the same factor. The

strength of association was not believed to be as strong
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Table 46

Factor Loadings of Q-statements
Chosen to Represent Factor VI -

Element Q-state-~

Identifi-~ ment

cation Number OVERALL(6)® SCIENCE(3) NONSCIENCE (6)
. 1a11°€ 28 .63P .51 ‘.46

IA31 45 .48 .66 . .27

IAS51 39 .41 .26 .48

IAl3 41 .40 .55 .01
'VIA3l 18 .23 .21 .44
VIIA21 4 -.13 -.22 -.44

IIIA21 32 -.14 .02 -.41

$ of variance 4.5 6.2 4.6

%Identifies the factor number for respective factor solu-
tions in Appendix H

Practor Loadings rounded to nearest -hundreth
Cconsidered common to the groups

for these factors as it was for Factors I, III, IV, and V.

Factor VII

The Q-statements specified in Table 47 as representing
Factor VII are: |
MOST HIGH SCHOOL GRADUATES SHOULD...
VIIIB31(Q36) support changing what society rates o
highly as mankind increases control of

the environment.

VIIB31(Q5) support societal conditions which help
science,
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IA61(Q21) be able to judge the worth of some uses
of matter, energy, and life using facts.
8

-

Table 47

Factor Loadings of Q-statements
Chosen to Represent Factor VII

Element = (Q-state-

Identifi- ment a .

cation Number OVERALL(7) SCIENCE NONSCIENCE
VIIIB31 36 .48° - -
VIIB31l 5 .46 - -

Ia6l 21 -.43 - : -

% of variance .3.9

aIdentifies the factor number Zor the respective factor
solution in Appendix H

bFactor Loadings rounded to nearest hundreth

The inferred dimension of scientifié iiteracy was named
"Mutual Involvement of Science and Society."” The theme of
.this factor seemed to be that of society examining its
values as science provides mankind with more capabilities,
Also, society should establish éonditions within which sci-
ence can thrive. . The two (2) positive loading Q-statements
of this factor involved the TMSL advbcating behavior. This
Suggested action beyond the personal level, for instance

political activity.
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There were no factors for the séience Or nonscience
oriented groups which were the same as this OVERALL factor.
Since it was the seventh factor of the OVERALL factor solu-
tion, it had the smallest percent of variance of all the
factors. Because the two (2) orientation groups did not

have this factor in their respective factor solutions, th§ ‘‘‘‘‘
T

v

notion is reinforced that something different than the
classification of science or nonscience orientation may be
operating to cause the factor to be developed in the situa-~
tion where the two (2) groups were combined. The regression
analysis indicatedlthaf the UNVNONSC group was a predictor
6f this factor with educational levels and particular sci-

eénceé courses as the underlying variables.

Factors Unique to a Particular Grgup
The Q-statements presented in Table 48 represent a
factor identified in only the science oriented group's fac-
tor solution; they aré:
MOST HIGH SCHOOL GRADUATES SHOULD...
VIIIB21(Ql4) show that they believe science and tech-
nology cannot cure all of mankind's

problems.

IB33(Q34) support ways to help people understand
new gains in some fields of science.

VB21 (Q35) show that they accept scientists as
people.

The inferred dimension of scientific literacy was named

"Science as a Human Endeavor." The theme of this factor
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Table 48
Factor Loadings of Q-statements

Chosen to Represent a Separate
Science Oriented Factor

Element " Q-state-
- Identifi- ment a
cation Number OVERALL SCIENCE (7) NONSCIENCE
VIIIB21 14 - .69° -
IB33 34 - -.45 -
VB2l 35 - 42 -
% of variance : ' 4.1

qldentifies the factor number for the respective factor
solution in Appendix H ’ :

bFactc_)r Loadings rounded to nearest hundréth

éeemed to be playing down thé "omnipotency" of science,
technology, and scientists. It was reasonable that a fac-
tor of this type would be apropos to the.science oriented
group.

The Q-statements presented in Table 49 represent a

.factor identified in only the nonscience oriented group's

factor solution; they are:

MOST HIGH SCHOOL GRADUATES SHOULD...

IA62(Q23) be able to judge the worth of some uses
of matter, energy, and life using major
ideas. :
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IA61(Q21) " be able to judge the worth of some uses
of matter, energy, and life using facts.

Table 49

Factor Loadings of Q-statements
Chosen to Represent a Separate
Nonscience Oriented Factor

Element Q-state-~

Identifi- ment : a
cation Number OVERALL SCIENCE NONSCIENCE (7)
IA62 - 23 .- - .Glb

IA6l 21 - - ' .56

% of variance . 4.4

Identlfles the factor number for the respective factor
sclution in Appendix H

bFactor Loadings rounded to nearest hundreth

The inferred dimension of scientifié literacy was named
"Using Natural Resources."” The theme of this factor seemed
"to be that of the scientifically literate person using his
knowledge to judge decisions which are made with regard to
the utilization and control of aspects of nature. These
Q-statements, bcth evaluative behaviors of the cognitive
domain, represented the Factual and Generalizations com-
ponents of the TMSL Organization of Knowledge dimension.

Table 50 presents the Q-statements which were chosen

to represent Factor 4 of the science oriented group's factor
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solution. This factor was not interpretable.

Table 50

Factor Loadings of Q-statements Chosen
to Represent a Non-Interpretable .-
Science Oriented Factor

Elemeht Q-state-

Identifi- ment a ‘
cation Number OVERALL SCIENCE (4) NONSCIENCE
IB12 13 - -.47° -

VB1l1l 1 .- .46 -

IB231 29 - .44 -
VIIAael 11 - -.43 -

IAll 28 - .42 -

% of variance 5.7

qIdentifies the factor number for the respective factor

solution in Appendix H -

bFactor Loadings rounded to nearest hundreth

Summary of the Factor Analysis Results

The factor analysis of the data generated by the SILQ
for all of the respondents combined produced seven (7) fac-
tors. From these factors seven (7) inferred dimensions of
scientific literacy were developed and named. They were:

I. Scientific Inquiry |
II. Maintaining Current Awareness
III. Valuing Methods of Science

IV. Personal Application of Science
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V. Distinguishing Between Science and Technology

VI. Utilizing Factual Knowledge

co N

¥

VII. Mutual Involvement of Science and Society

It was determined that the_science'oriented group and
the nonscience oriented groué could be identified with in-
ferred dimensions I, IIi, iV, V, and VI. The nonscience
oriented group, but not the science oriented group, could
be identified with nuﬁber II. The science oriented group
had two (2) unique factors. One was inferred to be a2 dimen-
sion of scientific literacy named "Science as a Human En-
deavor.". The other factor was not interpretable. The non-
science oriented group had one (1) factor unique to it. It
was inferred to be a dimensicn of scieptific literacy named

"Using Natural Resources."

The Test of Null Kypotheses 1 (a) and (b)

* Hypothesis 1 was presented in two (2) parts on pages

24 and 25 of Chapter I as a research hypothesis. For test-
ing purposes it was restated in the null hypothesié form.

Null Hypothesis 1 (a) There are no significant differ-

ences in the factor scores of the science oriented
group of persons and the nonscience oriented group
of persons on each of the inferred dimensions of

scientific literacy.
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Null Hypothesis 1 (b) There afe no significant differ-l
ences in the factor scores of the subgroups of the
two orientation groups of persons on each of the
inferred dimensions of scientific litéracy.' |

Central to the development of the preceeding section

was the idea that Factors I, III, 1V, V; and VI were common
to the OVERALL group, the science oriented gioup,~and the.
nonscience oriented group. Furthermore, Factor II could be
identified in the factor solution of the OVERALL group and
in the factor solution of the nonscience qriented group.
Only the OVERALL Factor VII could not be identified in the
respective factor solutions of the science. oriented group
and the nonscience oriented group. .

It should be recognized that since the OVERALL gfoup
is actually made up of the science oriented group and the
nonscience oriented group, all seven (7) OVERALL factors
should exist to some extent within the factor solutions of
the science oriented group and the nonscience oriented
group. It was upon this basis that the tests of Null

Hypothesis 1 (a) and Null Hypothesis 1 (b) were performed.

It was decided that the factor, scores for a given OVERALL
factor could be treated as values of a variable representing
that factor. These factor scores had been generated by the
SPSS (Nie, et al., 1975) subprogram FACTOR.

To test Null Hypothesis 1 (a) seven (7) analyses of

variance were performed treating each of the seven (7)
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OVERALL factors as a dependent variable and ORIENT (see

page 122 of Chapter III) as the independent variable:- To

'.téSt Null Hypothesis 1 (b) seven (7) Similar analyses of
variance were performed using STATUS (see page 122 of
Chapter III) as the independent variable. When a signifi-
cant F-ratio (p £ 0.05) was encountered Scheffe' posteriori
contrast tests were performed following the analyses of
variance.

This section is presénted in seven (7) segments--one
for.each OVERALL factor. In each segment a table with the
means and standard deviations for the factor is presented.
The total of the group's factor score means on a given fac-
tor was 0.0 since factor scores were standardized. The two
(2} analysis of variance tables aré presented along with a
summary of the Scheffe'® cqntrast tests where they were ap-
Propriate. A conclusirn is made with regard to the rejec-

tion or nonrejection of Null Hypothesis 1 (a) and Null

Hypothesis 1 (b) for,the particular factor. The regression

analysis showed that the rejection of these null hypotheses
- could not always be explained on the basis of group member-

ship alone.
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Factor I: Scientific Inquiry

. Table 51

Means and Standard Deviations of
Scientific Inquiry Factor Scores

Groups Group Size Mean SD
UNVPURSC 21 - .622P .756P
UNVAPPSC g 19 - .079 .853
UNvsc? 40 - .364 .839
UNVNONSC 41 - .008 .925
PUBSC - 52 . .293 .833
PUBNONSC 42 - .008 .844
175 0.000 .884

OVERALL

@UNVPURSC and UNVAPPSC combined

bRounded to nearest thousandth

Table 52

ANOVA for Scientific Inquiry
Factor Scores with ORIENT

Source af SSs MS F P
Between 1 0.010 0.010 0.013 0.590
Within 173 136.021 0.786

174 136.032

Total
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Table 53

ANOVA for Scientific Inquiry
Factor Scores with STATUS

~ Source af ss MS F P
Between 4 12.714 3.179 4.38 0.002
Within 170 123.318 0.725
Total 174 136.032

The results of the Scheffe' a posteriori contrast tests
at p £ 0.1 which followed the ANOVA presented in Table 53

were:

UNVPURSC ° UNVAPPSC PUBNONSC UNVNONSC PUBSC
~=0.622 -0.079 -0.008 -0.008 0.283

Each value above is a mean from Table 51.

Null Hypothesis 1 (a) was not rejected for Factor I

(Table 52). Null Hypothesis 1 (b) was rejected for Factor

I since thé ANOVA between Factor I.and STATUS (Table 53)
showed that significantvdifferences existed between some of
the subgroup means (Table 51). The Scheffe' contrast tests
showed that the difference existed between the UNVPURSC

group and the PUBSC group.
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Factor II: Maintaining Current Awareness

Table 54

Means and Standard Deviations for
Maintaining Current Awareness Factor Scores

Group Group Size Mean SD
UNVPURSC 21 - .281P " .785P
_UNVAPPSC 19 - .003 .944
UNVSC . 40 - .149 .864
UNVNONSC . 41 - .281 .880
PUBSC 52 . .202 .850
PUBNONSC 42 .166 .729
OVERALL 175 0.000 .852

JUNVPURSC and UNVAPPSC combined

bpounded to nearest thousandth

Table 55

ANOVA for Maintaining Current Awareness
Factor Scores with ORIENT

Source af ss MS F P
Between 1 0.472 0.472 0.650 0.427
Within 173 125.698 0.727

Total 174 126.170
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Table 56

ANOVA for Maintéining Current Awareness
' Factor Scores with STATUS

source gf ss us F P
Betwgen 4 8.181 2.045 2.947 0.022
Within' 170 117.990 0.694

Total 174 126.171

Null Hypothesis 1 (a) was not rejected for Factor II

(Table 55). Null Hypothesis 1 (b) was rejected for Factor

II since the ANOVA between Factor II and STATUS (Table 56)
showed that significant differences existed between some of
the subgroup means (Table 54). However, the Scheffe' con-

trast tests at P € 0.1 Gid not discriminate between them.
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Factor III: Valuing Methods of Science . -

Table 57

Means and Standard Deviations for
Valuing Methods of Science Factor Scores™

.

Group Group Size Mean f SD

- o . T - b
UNVPURSC 21 0.572 . 0.940
.UNVAPgSC 19 -0.320C 0.830
UNVSC 40 0.148 0.987
UNVNONSC 41 0.063 0.941
PUBSC 52 =0.135 0.752
PUBNONSC 42 -0.038 0.700
OVERALL 175 0.000

0.846

QUNVPURSC and UNVAPPSC combined

hRounded to nearest thousandth

Table 58

ANOVA for Valuing Methods of Scie \ce
. Factor Scores with ORIZNT

Source at ss us F P
Between 1 0.028 0.028 0.040 0.666
Within 173 124.470 0.720

Total 174 124.500
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Table 59

ANOVA for Valuing Methods of Science
Factor Scores with STATUS

Source af ss . ms F P
Between 4 9.983  2.496  3.705  0.007
Within 170 114.516  0.674 o

Total 174  124.499

The results of the Scheffe' a posteriori contras: tests

at p < 0.1 which followed the ANOVA presented in Table 59

were:
UNVAPPSC ~ PUBSC - PUBNONSC UNVNONSC UNVPURSC
-0.320 ~0.135 -0.035 0.063 0.572

Each value above is a mean from Table 57.

Null Hypothesis 1 (a) was not rejected for Factor III

(Table 58). Null Hypothesis 1 (b) was rejected for Factor .

III since the ANOVA between Factor III and STATUS (Table 59)
showed that significant differences existed between some of
the subgroup means (Table 57). The Scheffe' contrast tests

showed that the UNVAPPSC and PUBSC groués were significantly
L]

different than the UNVPURSC group.
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Factor IV: Personal Application of Science

Table 60

Means and Standard Deviations for
Personal Application of Science Factor Scores

Group Group Size Mean : . SD
b b
UNVPURSC 21 -0.267 0.712
UNVAPgSC 19 -0.442 0.920
UNVSC - 40 -0.350 0.811
UNVNONSC 41 0.045 0.757
PUBSC 52 . 0.167 0.938
., PUBNONSC 42 - .-, 0.083 ' 0.866
OVERALL - 175 " 0.000 0.867

QUNVPURSC and UNVAPPSC combined

bRounded to nearest thousandth

Table 61

ANOVA for Personal Application of Science
Factor Scores with ORIENT

Soufce af Ss MS F P
Between 1 0.655 0.655 0.870 0.355
Within 173 130,268 0.753

Total 174 130.923
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Table 62

ANOVA for Personal Application of Science
Factor Scores with STATUS

Source af 8S MS F <

. Between 4 ©7.029 1.757 2.411 0.050C
Within 170 123.894 0.729

"Total 174 130.923

Null Hypothesis 1 (a) was not rejected for Factor IV

{Table 61). Null Hypothesis 1 (b) was rejected for Factor

IV since the ANOVA between Factor IV and STATUS (Table 62)-
Showed that significant differences existed between some
of the subgroups means (Table 60). However, the Scheffe"

contrast tests at p ¢ 0.1 did not discriminate between them.
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Factor V: Dicstinguishing Between Science and Technology

Table 63

Meanrs and Standard Deviations for Distinguishing
Retween Ecience and Technology Factor Scores

Group Group Size Mean Sb

_ ..b ‘ b
UNVPURSC 21 0.362 0.836
.UNVAPgSC 19 0.078 0.806
UNVSC 40 0.227 0.824
UNVNONSC 41 0.171 0.92¢
PUBSC . 52 . -0.214 0.777
PUBNONSC 42 -=0.117 0.797
OVERALL 175 0.000 0.842

@UNVPURSC and UNVAPPSC combined
bRounded to nearest thousandth
Table 64

‘ ANOVA for Distinguishing Between Science and
Technology Factor Scores with ORIENT

Source af ss us F P
Between 1l 0.100 0.100 0.140 0.673
Within 173 123.267 0.712

Total 174 '123.367 - e
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Table 65

ANOVA for Distinguishing Between Science and
Technology Factor Scores with STATUS

Source af ss Ms F P
Between 4 7.031 1.758 2.569 0.039
- Within 170 116.336 0.684

Total 174 123.367

Null Hypothesis 1 (a) was not rejected for Factor V

(Table 64). Null Hypothesis 1 (b) was rejected for Factor

V since the ANOVA between Factor V and STATUS (Table 65)
showed that significant differences existed between some
of the sﬁbgroup means (Table 63). " However, the Scheffe'

contrast tests at p € 0.1 did not discriminate between them.
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Factor VI: Utilizing Factual Knowledge

Table 66

Means and Standard Deviations for
Utilizing Factual Knowledge Factor Scores

Mean SD

Group Group Size
b b

UNVPURSC 21 -0.073 1.081
UNVAPgSC 19 0.393 0.549
UNVSC 40 0.149 0.891
UNVNONSC 41 -0.209 0.972
PUBSC 52 -0.018 0.884
PUBNONSC 42 0.085 0.590
OVERALL 175 0.000 0.851
aUNVPURSC and UNVAPPSC combined
bRounded to nearest thousandth

Table 67

ANOVA for Utilizing Factual Knowledge
Factor Scores with ORIENT

Source af 58 us F P
Between 1 0.574 0.574 0.792 0.378
Within 173 125.311 0.724
Total . 174 125.885
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Table 68

ANOVA for Utilizing Factual Knowledge
Factor Scores with STATUS

Source af SS MS F P

Between 4 5.170 1.292 1.820 0.126
-Within : 170 - 120.715  0.710
Total 174 125.885

Null Hypothesis 1 (a) was not rejected for Factor VI

(Table 67). Null Hypothesis 1 (b) was not rejected for

Factor VI since significant differences were not found to
exist between the Subgroups when the ANOVA was performed

between Factor VI and STATUS (Table 68) .
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Factor VII: Mutual Involvement of Science and Society

Table 69

Means and Standard Deviations for Mutual
Involvement of Science and Society Factor Scores

-
%
|

Group Group Size Mean ) v
UNVPURSC 21 ~0.104P 0.796
UNVAPgSC 19 -0.078 ' 0.812
UNVSC ' 40 -0.018 0.799
UNVNONSC 41 -0.368 0.754
PUBSC 52 . 0.306 " 0.666
PUBNONSC 42 -0.036 - 0.872
OVERALL 175 0.000 0.802

SUNVPURSC and UNVAPPSC combined

b'Rounded t0 nearest thousandth

Table 70

ANOVA for Mutuai Involvement of Science and
Society Factor Scores with ORIENT

Source af SS MS E P
Between 1 6.342 6.342 10.390 0.002
Within 173 105.601  0.610

Total . 174 111.943
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Table 71

ANOVA for Mutual Involvement of Science and
Society Fector Scores with STATUS

Source ag ss us F P
Between 4 10.840 2.710 4,557 0.002
* Within 170 101.103 0.595

Total 174 111.944

The results of the Scheffe' a posteriori contrast tests
at p £ 0.1 which followed the ANOVA presented in Table 71

were:

UNVNONSC ~ UNVAPPSC PUBNONSC UNVPURSC PUBSC
-0.368 ~=0.078 _ -0.036 0.104 0.306

Each value above is a mean from Table 69.

Null Hypothesis 1 (a) was rejected for Factor VII

(Table 70). The mean for SCIENCE was 0.181, and the mean

for NONSCIENCE was -0.200. Null Hypothesis 1 (b) was re--

jected for Factor VII since the ANOVA begween Factor VII
and STATUS (Table 71) showed that signifiqant differences
'existed between some of the subgroué means (Table 69). The
Scheffe' contrast tests showed that the significant differ-

ences existed between the UNVNONSC group and the PUBSC group.
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Summary of the Test of Null Hypotheses 1 (a) and (b)

>

Table 72 presents a summary of the results of the

analyses of variance which were used to test Null Hypothe-

ses 1 (a) and (b).

Table 72

Summary of the Tests of Null
Hypotheses 1 (a) and (b)

Factor Name . Null Hypoth- Null Hypoth- Scheffe'
esis 1 (a) esis 1 (b) p <0.1
I. Scientific Inquiry not re- rejected UNVPURSC
jected < PUBSC
II. Maintaining not re- rejected nonsep-
Current Awareness jected arable
III. Valﬁing Method not re- rejected UNVAPPSC
of Science jected and
PUBSC £
UNVPURSC
IV. Personal Appli- not re- rejected- nonsep-
cation of jected arable
Science
V. Distinguishing not re- rejected nonsep-
Between Science jected arable
and Technology
VI. Utilizing Fac- not re- not re- nonsep-
tual Knowledge jected jected arable
VII. Mutual Involve- rejected rejected UNVNONSC
ment of Science (science>® < PUBSC

and Society

nonsciernce)
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For Scientific Inquiry the Scheffe' contrast tests
showed that the university pure science group was signifi-
cantly different than the public science group. For Valuing
Methods of Science the university pure science group ‘was
significantly different than both the university applied
science group and the bublic science group. The public
science group was predominately'composed of applied science
persons (see Table 5 of Chapter III). Therefore on these
.two (2) dimensions the differences seemed to exist between-— -
a pure sciencé orientation and an applied science ocrienta-
tion. The public nonséience group did not show up in the
Scheffe' contrast tests although the university nonscience
group did on Mutual Involvement of Science and Society.
This suggested that possibly the public nonscience group was

more diverse than was the university nonscience group.
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The Test of Null Hypothesis 2

Hypothesis 2 was presented on page 25 of Chapter I as
a research hypothesis. For testing purposes it was restated
in the null hypothesis form.

Null Hypothesis 2. fThere are no significant predictors

or combinations of predictors among the variables: (a)
amount of previous education; (b) amount of previous science
education; (c) amount of previous education of parents or
guardians; (d) age; andr(e) sex of the persons in the sci-
. @nce oriented and nonséience oriented groups o0f persons and
the inferred dimensions of scientific literacy.

It was decided that a stepwise regression would be an-

approprlate analy81s to use to test Null Hypothesis 2. The

factor scores which had been produced by the SPSS (Nie,
et-al., 1975) subprogram FACTOR for the OVERALL seven (7)
factor solution were treated as values of the variables
representing the factors. These factor variables were the
‘dependent variables. The independent variables were listed

in general terms in the statement of Null Hypothesis 2.

Specifically the variables which were used were:

variable in general - study variable
amount of previous OWNSCHYR
education
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variable in general study variable
amount of previous ‘ SHGENSCI, SHERTSCI,

science education . - SHBIOL, SHCHEM, SHPHYS,
’ - CLBIOSCI, CLPHYSCI,
CLERTSCI, CLENGSCI
amount of previous MOTSCHYR, FATSCHYR
education of parents
or guardians
age AGE .

sex ' SEX

It has been suggested that perscnal characteristics
might have been as much or more related to the development
of the facfbrs as was being science or nonscience oriented.
To better understand this possibility the regfession analy-
sis was performed twice, once with the indépendént variables
previously listed and once with the values of the variable
STATUS included. These values were not used as such. In-
stead they were converted into dichotomoué variables (see
page 165) such that they represented membership in the
various five (5) groups.’

The regression analyses were performed three times on
the data:

(1) for all respondents grouped together (OVERALL);

(2) fdf the science oriented réspondents (SCIENCE) ;

‘and
(3) for the nonscience oriented respondents

(NONSCIENCE) .

229
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Tables 74-81 present the resultstdf;ﬁﬁe regression
analyses in terms of each factor for whiég?én OVERALL in-
ferred dimension of scientific literacinQS developed. The
criteria used to select variables for entry into thq'tableé
were: "

(1) each variable had a significan£ F-ratio; and

(2) each variable had an 52 change value not less

than approximately $.04.

Table 73 presents the correlation qoéfficients between
all variables selected for entry intq Tables 74-81. In the
regressiqn analysis listwise delétion of data.was used; this

- left data from 134 respondents. As a.resu1t the correlatidns

in Table 73 and those listed in the correlational analysis

section (see pages 163-167) will not be identical.

' . N .
Factor I: Scientific Inquiry

The university pure science grdup.variable (UNVPURSC)
was a negative predictor of this factor for OVERALL and for
SCIENCE (Table 74). When the group membership véfiables
were not included in the regression analysis the last year
of school completed by the respondents [OWNSCHYR) entered
as a negative predictor for SCIENCE jusf as it had been when
the group membership variables were included. This was not
surprising since UNVPURSC and OWNSCHYR were positively cor-

related at 0.363. Null Hypothesis 2 was not rejected for

OVERALL or for NONSCIENCE. It was rejected for SCIENCE.
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Table 74

Stepwise Regression Results for
Scientific Inquiry

R .
Variable F Simple = Multiple R 52 Change

|0

With Groups:

OVERALL

a

UNVPURSC 11.097 -0.278 0.278 0.078 0.078 =0.725

'SCIENCE

UNVPURSC  7.691° -0.409 0.409 0.167 0.167 =-0.726
CLERTSCI  5.050  0.089  0.454 0.206 0.039 0.286

OWNSCHYR 3.933 -0.349 0.500 0.250 0.044 . -0.088

NONSCIENCE NOTHINC

Without Groups:

OVERALL NOTHING

SCIENCE

OWNSCHYR 12.074° -0.349  0.349 0.122  0.122 -0.146
CLERTSCI ~ 3.458  0.089  0.405  0.164 0.042  0.247
NONSCIENCE NOTHING

°F = 3.92; df = 1,132; p < 0.05

PF = 2.75; af = 3,67; p < 0.05

°F = 3.13; af = 2,68; p < 0.05
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- For Scientific Inquiry the groups' factor score means,
the results of the Scheffe' contrast tests, and the nega-
tive prediction by the UNVPURSC group variable indicated
that membership in subgroups was more related to the de-
velopment of this factor than simély being sciénce oriented
Or nonscience oriented. It was inferred from these analyses
that the university pure science respondents with the higher
level of schooling tended to play down the importance of
personal ihvolvement in scientific inquiry for the high
school graduates ;n general. This eﬁfectlwas reduced when
the respondents had college earth science coufses in their

educational backgrounds.

Factor II: Maintaining Current Awareness

Table 75 shows that the last year.of school completed -
by the mothers of the respondents (MOTSCHYR) was a negative
predictor in the OVERALL, SCIENCE, and NONSCIENCE groups.
The last year of school completed by the respondents
,(OWNSCHYR) was a negative predictor of Fac*r_. IT for ;he
OVERALL group. For SCIENCE the public science group member-
ship variable (PUBSC) was a positive predictor. For
NONSCIENCE the public nonscience group mem.ership variable
(fUBNONSC) was a positive predictor as was having had a

senior earth science course (SHERTSCI). Null Hypothesis 2

was rejected for the OVERALL, SCIENCE, and NONSCIENCE

groups.
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Table 75

Stepwise Regression Results for
Maintaining Current Awareness

B

R

Variable F Simple ~ Multiple 52 52 Change B
With Groups:
OVERALL
MOTSCHYR 16.221% -0.330 0.330 0.109 0.109 -0.096
OWNSCHYR  6.803 -=0.220 0.391 0.153 0.044 -0.056
 SCIENCE
MOTSCHYR  8.961P° -0.316 0.316 0.100 0.100 -0.090
PUBSC 5.021 0.226 0.402 0.162 0.062 0.429
WONSCIENCE
MOTSCHYR 10.888° . 0.357 €.357 0.127 0.127 -0.120
PUBNONSC  3.982 0.281 0.442  0.195 0.068 0.380
SHERTSCI  3.943 0.202 0.496 0.246 0.050 0.782
Without Groups:
OVERALL SAME AS ABOVE
SCIENCE
MOTSCHYR  7.652% -0.316 0.316 0.100 0.100  -0.086
NONSCIENCE -
MOTSCHYR  9.635% -0.357 0.357 . 0.127 0.127 -0.124.
SHTRTSCI  4.575 0.202 0.441 0.195 0.068 0.840,.
CLBIOSCI  3.483  --0.283 0.490 0.240 0.045 -0.265
a . .
bg i 3.07; g£ i 2,131; p #£= 0.05
oE = 3.14; df = 2,68; p <= 0.05
aE = 2.76; df = 3,59; p ¢ = 0.05
F =3.98; df = 1,69; p ¢ = 0.05
e-— —— .
F = 2.76; df = = 0.05

3,59: p 4

23%
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The regression analysis démonstrated that individual
characteristics of respondents had more to do witk the sig-
nificant differences which existed between the groups' fac-
tor score means than did group membership. = Table 12 (see
page 132) showed that the PUBSC and PUBNONSC groups had the
lowest mean and the largest standard deviation vélues of all
groups for OWNSCHYR. It appeared that the public science
and nonscience respondents with lower and more diverse edu-
cational levels and whose mothers had completed fewer years
of school tended to support the Méintaining Current Aware-
ness dimension. From this it was inferred thét respondents
who had completed fewer years of school desired to upgrade
their general science knowledge. Also, respondents whose
mothers had completed fewer years of.school were encouraged
to continue to learn.

The regression analysis also indicated that those pub-
lic nonscience respondents who had studied earth science in
high school but who had not studied # biological science in
'college were more concerned about Maintaining Current Aware-
ness. It could have been in fact that these were persons
who had not evén gone to college. An alternative to this
inference was posited. Those public nonscience respondents
with an earth science backéround in high school were more
concerned about currént awafeness than those respondents

with a college biological science background.
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Factor III: Valuing Methods of Science

The university pure science group membership variable
(UNVPURSC) was a positive predictor of Valuing Methods of
Science in the OVERALL and the SCIENCE groups (Table 76).
When the group membership variables were not inciuded the
last year of school completed by fatnersAof the respondents
(FATSCHYR) and . that completed by the respondénts (OWNSCHYR)
were both positive predictors in the SCIENCE group. 21lso,
a high school physics background was a negative predictor.

Null Hypothesis 2 was not rejected for the OVERALL group. '

IF was rejected for the SCIENCE group but not for the
NONSCIENCE group.

The groups' factor score means, the Scheffe' contrast
tests, and thé results of the regression analysis indicated
that univerﬁity pure science fespondents felt most'high
school gréduates should vaiue methods of science. lHowever,
the university applied science and public science resbond-
ents considered this less important for most high school
graduates. This suggested that subgroup membership was more
related to the development of the factor than was science/
nonscience orientation.

In the SCIENCE group it appeared that university pure
science respondents who had higher levels of educétion, and
whose fathers had higher levels of education, tended to

value methods of science. But, it also appeared that uni-

versity pure science respondents who had high school physics

239
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Table 76

Stepwise Regression Results for
Valuing Methods of Science

| R | |
Variable F . Simple = Multiple 52 52 Change

lw .

With Groups;
OVERALL
UNVPURSC 9.742% 0.262 0.262 0'069. 0.069 0.666
SCIENCE

UNVPURSC 10.803b - 0.369 0.365 0.136 '0.136 | 0.722
FATSCHYR 6.153 0.260 0.451 0.204 0.068 0.062 "
SHPHYS 4.263 -0.249 0.501 0.251 0.048 =0.555

NONSCIENCE NOTHING

Withouﬁ'Groups:

‘ OVERALL NOTHING
SCiENCE
FATSCHYR 5.013€ 0.260 0.295 . 0.067 0.067 0.059

SHPHYS 5.514 =0.249 0.362 0.131 0.063 -0.661
OWNSCHYR 3.495 0.212 0.417 0.174 0.043 0.072

NONSCIENCE NOTHING

%F = 3.92; af = 1,132; p ¢ = 0.05
Pr = 2.75; df = 3,67; p ¢ = 0.05
°F = 2.75; 4f = 3,67; p < = 0.05
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in their educational background did not value methods of
science for most high school graduates. The studying of
phyeiCS‘is sometimes construed as in effect becoming more
specialized in science; Therefore, possibly the results of
the analysis:were saying that university pure science re-
spondents with broader science backgrounds (that is, not
~including physics) tended to value methods of science for

most high school graduates. ..

Factor_IV: Personal Application of Science

Personal Application of Science was predicted by an
individual characteristic of the respondents rather than by
group membership. Table 77 shows that the age of the re--
spondents (AGE) was a negatlve predlctor for the OVERALL and
NONSCIENCE groups. The public science group membership vari-~
able was a positive predictor in the SCIENCE group ana1y51s,
but when group membership variables were not included, the
last year of school completed by the respondents (OWNSCHYR)
entered as a negative predictor. For the NONSCIENCE group
senior high chemistry (SHCHEM) and senior high earth science

(SHERTSCI) were positive predictors. Null Hypothesis 2 was

rejected for the OVERALL, SCIENCE, and NONSCIENCE groups.
The regression analysis indicated that an individual

characteristic of the respondents was more related to the

development of the factor than was group membership. Since

age (AGE) was a negative OVERALL predictor, it appeared that
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Table 77

Stepwise Regression Results for
Personal Application of Science

Variable F ‘Simple 2 Miltiple B? “Bz'Chénge B
With Groups:

OVERALL

'AGE 5.985% -0.208  0.208  0.043 0.043 -0.140
SCIENCE |

PUBSC 4.766°  0.254  0.254  0.065 0.065 0748l
NONSCIENCE

SHCHEM 6.982°  0.288  0.288  0.083 0.083  0.521
SHERTSCI ~ 3.687  0.245  0.394  0.155 0.072  0.754
AGE 3.588  -0.265  0.451  0.204 0.048  -0.142
Without Groups:

OVERALL SAME AS ABOVE

SCIENCE

OWNSCHYR  4.727% -0.253  0.253  0.064 0.064 -0.089
NONSCIENCE SAME AS ABOVE

°F = 3.92; 4f = 1,132; p ¢ = 0.05

P = 3.98; df = 1,69; p < = 0.05

°F = 2.76; 4Af = 3,59; p ¢ = 0.05

F = 3.08; af = 1,69; p ¢ = 0.05
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younger respondents tended to value th;s dimension. In par-
ticular, in the NONSCIENCE group it appeared that younger
respondents (more recently educated) with high school

" chemistry and earth science in their educational backgrounas
tended to place higher value on personal application of sqi-
ence. It might be argued that the recent curriculnm develop-
ments in science have had an effect on these younger re-
spondents.

The public sqience respondents with lower educational
levels tended to value Personal Application of Science for
most high school graduates. The converse would be that
their counterparts, the university pure and applied science
respondents, did not value personal appiication of science
as highly for nost high schocl graduates. The summary of
the descriptive statistics for SLQ data (see pagés 162-163)

supported this. ‘ -

Factor V: Distinguishing Between Science and Technology

Thz rngress10n analysis iesults (Table 78) showed that
the public science group membership variable (PUBSC) nega-
tively predicted Factor V for the OVERALL group; whereas,
the university pure science group membership variable
(UNVPURSC) positively predicted for the SCIENCE group. When’
the group membership variables were not included college
level engineering science (CLENGSCI) entered as a negative

predictor and sex (SEX) entered as a positive predictor
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Table 78

Stepwise Regression Results for
Distinguishing Between Science and Technology

Variable F Simple B"F/'h.;ltiple 32 ’ g? Change B
With Groups:

| OVERALL

PUBSC  6.632% -0.219 0.219 0.048  0.048 -0.404
SCIENCE

UNVPURSC  5.641P  ¢.275 0.275 0.076 0.076 0.526
NONSCIENCE )

AGE 7.397°  0.309 0.309 0.095 0.095 0.203
FATSCHYR  8.380 0.288 0.427 . 0.182 0.087 0.072

SEPHYS 5.353 0.232  0.500 0.250 0.068 0.444

Without Groups:

OVERALL NOTHING

SCIENCE

CLENGSCT ~ 5.730% -0.21¢  0.216  0.047 0.047 -0- 197
SEX 3.777  0.144  0.31  0.097 0.050  0.718 .
NONSCIENTE SAME AS ABOVE

°F = 3.92; af = 1,132; p ¢ = 0.05

Pp = 3.98; af = 1,69; p < = 0.05

°F = 2.76; df = 3,5%; p < = 0.05

%F = 3.13; df = 2,68; p ¢ = 0.05
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for the SCIENCE Sroup. For the NONSCIENCE group age (AGE),
the last year qf school completéd by the fathers of the re-
spondents fFATSCHYR), and high school physics in the educa-

tional backgrounds of the respondents (SHPHYS) were all

positive predictors. Null liypothesis 2 was not rejected for
the OVERALL group. It was rejected for the SCIENCE aﬁd
NONSCIENCE groups. .

The results of the regression analysis and the groups'
factor score means sujygested that subgroup membership was
more related to the development of thevfactor than‘was
.'science/nonscience orientation. In the SCIENCE group it was
observed that those respondents who had taken few.éolléée
level engineering courses (the UNVPURSC group) tended to
value most high school graduates being able to distihguish
between science and technology. But, those respondents who
had taken several college level engineering courSés (the
PUBSC group) tended not fovvalue this dimension for most
high school graduates. Since the university applied sciénce
group factor score mean was less than that of the university
pure science grouP factor score mean and since the public
science factor score mean was negative, it was inferred that
pure science respondents were more concérned than were ap-
Plied science resPondents that most high school graduates be
able to distinguish between science and technology. The
positive sex predictor in the SCIENCE group reflected the

fact that this group was predominately composed of males
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(see Table 7 on page 126).

In the NONSCIENCE group the positive predictors indi-
ceted that older respondents who had high school physiecs . in
their educational backgrounds and whose fathers had hlgher
levels of education tended to value distinguishing between
science and technology. It could be said that younger re-

spondents who did not have high school physics in their edu-~
.cational backgrounds and whose fathers had lo&er levels of
.education tended not to see reason for distinguishing be-
tween science and technology. This. latter statement is sup-
ported by the findings of Etzioni and Nunn (1974). They
found that "the overwhelming majority of the public seems
to confuse science and technology and sees science in a
very technological instrumental light." Ssee page 16 of

Chapter 1I.

Factor vI:- Utilizing Factual Knowledge

‘ There were nc predictors of Factor VI for the OVERALL
group (Table 79). fThe university applied science group mem-
bership variable (UNVAPPSC) was a positive predictor for the
ECIENCE group, but when the group membership variables were
not included, ne variables replaced it. In the NONSCIENCE
group the public nonscience group membership variable
(PUBNONSC) was a positive predictor.. When the group member-
ship variables were removed, the last year of school com-

pleted by the respondents (OWNSCHYR; and also that of their
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Table 79

Stepwise Regression Results for
Utilizing Factual Knowledge

224

KR

Variable F Simple ~ Multiple 32 '52 Change B
With Groups:
OVERALL NOTHING
SCIENCE
UNVAPPSC  4.426% 0.245 0.245 0.060  0.060 0.612
NONSCIENCE
MOTSCHYR  2.907° -0.247 0.247 0.061 0.061 -0.065
PUBNONSC 10.816 0.243 0.337 0.114  0.052 0.681
SHPHYS 10.276 0.230 0.495 0.245 0.131 0.664
Without Groups:

" OVERALL - NOTHING
SCIENCE NOTHING
NONSCIENCE

. MOTSCHYR  3.764% -0.247 0.247 0.061 0.061 -0.077
SHERTSCI  2.394 0.181 0.332.  0.110 0.049 0.603
SHPHYS 7.195 0.230 0.393 0.154  0.044 0.552
OWNSCHYR  5.875 -0.206 0.482 0.232  0.078 -0.071
°F = 3.98; df = 1,69; p ¢ = 0.05
Pr = 2.76; ar = 3,59; p £ = 0.05
°F = 2.52; df = 4,58; p < = 0.05
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mothers (MOTSCH¥R) entered as negative predictors. Senior
high earth science (SHERTSCI} and chemistry (SHCHEM) were

positive predictors. Null Hyoothesis 2 was not rejected for

the OVERALL group r for the SCIENCE group. It was rejected
for the NCONSCIENCE ¢ aup.

The positive prediction by the university applied sci-
ence group mem-ers ~p variable of Factor VI, Utilizing Fac-
~tual Knowledge, scemed to add credibility to the name of
.this inferred dimension. That is, application (applied sci-
ence) and utilization (utilizing factual knowledge) are
somewhat synonymous.

In the NONSCIENCE groﬁp public nonscience respondents
who had lower levels of educaﬁion and whose mothers also had
lower levels of education tended to value the dimension Uti-
llZlng Factual Knowledge. Examining the Q-statements whlch
represented this dimension (see pages 179-180) it was ob-
served that knowing facts (028) had the largest factor load-
ing. This tended to complement and to support the infer-
ences which were made on the' ' Maintaining. Current Awafeness
dimension. Thaf is, the respondents with fewer years of
school completed desired to upgrade their factual knowledge.
Also, those respondents whose mothers had completed fewer
years of school were encouraged to continue learning.

‘ In addition, in the NONSCIENCE group it appeared that
those public nonscience respondents who had taken an earth

science and/or a physics course in high school tended to

248



226
value Utilizing Factual Knowledge. Those respondents who
had higher levels of education, whose mothers had hlgher'
levels of education, and who generally did not take high
school earth science and/or physics tended not to value
Utilizing Factual Knowledge.‘ It seemed reasonable that
these descriptors could be generally'applicable to the uni-
versity nonscience respondents. Moreover, since the public
no»science group membership vafiable positively predicted
Factor VI, this left only the university nonscience group
membership variable as tue counterpart in the NONSCIENCE

r

group.

Factor VII: Mutual Involvement of Science and Soceity

Table 80 shows that the university nonscience group
membe.ship variable (UNVNONSC) was a négative predictor of
‘Factor VII for the OVERALL and NONSCIENCE groups. College
level earth science (CLERTSCI) was a negative predictor for
thelSCIENCE group. When the group membership variables were
not included, the last year of school completed by the re-~
spondents (OWNSCHYR) entered as a negative predictor of Fac-
tor VII for the OVERALL group while senior high physics
(SHPHYS) entered as a positive predictor. For the NONSCI-
ENCE group senior high general science (SHGENSCI) was a
positive predictor, while the last year of school completed
by the respondents (OWNSCHYR) and by their mothers -

(MOTSCHYR) was a negative predictor. Null Hypothesis 2
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Table 80

Stepwise Regression Results for Mutual
Involvement of Science and Society

R
Variable F Simple = Multiple 52 32 Change

|t

With Groups:
- OVERALL

UNVNONSC 10.558% -0.272 0.272 0.074 0.074 -0.461
'SC1ENCE
CLERTSCI  6.313P -0.290 0.290 0.084° 0.084 -0.245

NONSCIENCE

SHGENSCI  6.319° 0.325 0.325 0.106 0.106 0.445
UNVNONSC  3.959  -0.250 0.405 0.164 0.059 -0.3)
MOTSCHYR  3.101 -0.256 0.454 0.206 0.042 =0.061

Without Groups:
OVERALL

OWNSCHYR 8.958d -0.185 0.185 0.034 0.034 -0.060

SHPHYS 7.711 0.160 0.297 0.088 0.054 0.378
SCIENCE "SAME AS ABOVE

NONSCIENCE

SHGENSCI  5.497% 0.325 G.325 0.105 0.105 0.420
OWNSCHYR  3.167 -0.253 0.393 0.154 0.049 -0.042
MOTSCHYR 3.062 =-0.256 0.443  0.196 0.042 -0.061

bF = 3.92; df = 1,132; p £ = 0.05
F = 3.98; df = 1,69; £ = 0.05
oF = 2.76; dF = 3,59; p < = 0.05
F=3.07; df = 2,131; p ¢ = 0,05
°F = 2.76; df ='3,59; p <= 0.05
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was rejected for the OVERALL, SCIENCE, and NONSCIENCE
groups.

The Mutuél Involvement of Science and Society dimension
was the only dimension for which the two (2) 6rientation
groups were statistically different. However, the Scheffe'
contrast tests and the results of the regression analysis

. showed that it was more than Just a science/nonscience ori-
entation.

The regression analysis and the groups' factor score
means indicated that the respondents in the university, pure
and applied science groups and in the public nonscience
group valued Mutual Involvement oflScience and Society more
than did the university nonscience respondents. When the
group membership variables were removed, respondents in the
OVERALL group who had higher levels of education and who
generally had not taken high school physics did not value
this factor highly. These characteristics were descriptive
of university nonscience respondents whose group membership
had originally been the OVERALL negative predictor.

For the SCIENCE group it was inferred from the results
of the regression analysis that respondents who had not taken

-hany earth science courses at the college level tended to
value tﬁe dimension. An alternative inference was posited.
Respondents in the SCIENCE group who had not gone to college
ténded to value the dimension. This inference seemed weaker

than the first.
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'In the NONSCIENCE group it was inferred that the public
nonscience respondents valued the dimension more than did
the university nonsciehce respondents.. This was supported
by the groups' factor score means. Frcom ﬁhis perspective
it was seen that the'public nonscience respondents who had
completed fewer years of school and whose mothers héd com-
pleted fewer years of school tended to value the dimension.
This was'additionally supported in that those respondents
who valued the dimension had taken high school courses in
general science. Table 20 on page 137 .confirmed that the
pul» .ic nonscience group had the largest mean value in terms
of those respondents who had studied general science at the

high-school level.

. Summary of the Test of Null Hypothesis 2

Table 81 presents a summary of the results of the re-

gression analyses used to test Null Hypothesis 2.

Table 81 L

Summary of the Test of Null Hypothesis 2

Factor Name OVERALL * SCIENCE NONSCIENCE

I. Scientific . .
Inquiry not rejected rejected not rejected

II. Maintaining

Current ) )
Awareness rejected rejected rejected
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Table 81 (continuedj

Factor Name _ OVERALL SCIENCE NONSCIENCE

III. Valuing
Methods
of Sci-
ence not rejected rejected not rejected

IV. Personal Ap-.
plication of .
Science rejected rejected rejected

V. Distinguishing
Between Sci-
ence and Tech-

nology - not rejected rejected rejected
VI. Utilizing
Factual
Knowledge not rejected not rejected rejected

VII. Mutual In-
volvement of
Science and . :
Society rejected rejected rejected

General Summary of the Data Analyses

"7 The following observations were made with regard to the
sorting of the SLQ by all respondents. In general the ré-
spondents rated knowiedge, comprehension, and‘application
TMSL behaviors mofe highly than the other TMSL behaviors.
They were more supportive of the Factual and Generalizaticns
componénts of‘the Organization of Knowledge dimension; the
Intellectual Processeé dimension; and the Interaction of

Science, Technology, and Society dimension. 1In general they

71

2
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pPlaced less importance -on the Discipline component of the
Organization of Knowledge dimension; the Values and Ethics
dimension; and the Human Endeavor dimension. |

Overall Q-statements representing TMSL elements IAll,
IA3l, IAl3, IIA4], IIBll, and VIIA2]l received the highest
relative ratings. Those which received the lowést relative
. ratings represented elements IBl2, 1AS3, 1IB21, IIIAS1,- .-
VA4l, VB1l1l, VB21l, and VIAG61.

Comparing the names of the OVERALL seven (7) inferred
dimensions to the summary above with regard to the sorting
of the SLQ and the Theoretical Model of Scientific Literacy,
the following observations were made. The Scientific In-
quiry, Maintaining Current Awareness, Valuing Méthods of
Science, Personal Application of Science, and Utilizing
Factual Knowledge infeféed dimensions connoted the thre~
(3) TMSL behaviors which were more highiy valued--namely
knowledge, comprehersion, and application. Likewise, the
Maintaining Current Awareness, Valuing Methods of Science,
Distinéuishing Between Science and Technology, Utilizing
Factual Knowledge, and Mutual Involvement of Science and
Society inferred dimensions connoted fhose TMSL dimensions
which were more highly valued--namely Organization of
Knowledge; Intellectual Processes; Interaction of Science
and Technology; Interaction of Science and Society; and In-"

teraction of Science, Technology, and Society.
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Three  (3) major generalizations were developed from the

results of the data analysis.

I. Membership in subgroups of the science oriented
group or the nonscience oviented group was more
~related to respondeuts' percesptions of scien-
tific literacy than was membership in either the
science oriented yroup or the nonscience ori-
ented group.

In the Descriptive Statistics for SLQ Data section it
was found that the sign of the groups' means on a given
Q-statement was the same on only twenty-four (24) of the
forty-five (45) Q-statements. In addition the magnitudes
of the groups'’ means were often quite different. 1In the
Correlational Analysis of INFORMATION SHEET and SLQ Data
section the summary of Table 40 (see pages 166-167) indi-
cated that differences between the five (5) groups were ﬁore

apparent than were commonalities. The test of Null Hypothe-

sis 1 (b) was rejected on six (6) of the seven (7) OVERALL
inferred dimensions. Twice the significant differences
seemed to be between a pure science orientation and an ap-
plied science orientation. The regression analysis showed
that the OVERALL group factor scores was bredicted by a
group membership variable on five (5) inferred dimensions.
The same was true for the SCIENCE group factor scores on
six (6) inferred dimensions and for the NONSCIENCE group

factor scores on three (3) inferred dimensions.
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II. 1Inrdividual characteristics of respondents were
related to respondents' perceptions of scien-
tific literacy. " :

In the regression analysis-age of the respondents (AGE)
predicted the OVERALL group factor scores on 6ne (1) in-
ferred dimension and the NONSCiENCE group factor scores on
two (2) inferred dimensions. The sex of the respondents
(SEX) predicted the SCIENCE group factor score§ on one (1)

inferred dimension. The last year of school completed by
.the respondents (OWNSCHYR) predicted the OVERALL group fac-
tor scores on two (2) inferred dimensions, the SCIENCE group
factor scofes'on three (3) inferred dimensions, and the
NONSCIENCE group factor scores on two (2) inferred dimen-
sions.

The last year of school completed by the mother of the
respondents (MOTSCHYR) predicted the OVERALL group and the
SCIENCE group factor scofes on one (l) inferred dimension
and the NONSCIENCE group factor scores on three (2) in-
ferred dimensions. The last year of school completed by
the fathers of the respondents (FATSCHYR) predicted the
~ SCIENCE group and NONSCIENCE group factor scores on one (1)

inferred dimension each.

IITI. The science courses which respondents had taken
were related to the respondents' perceptions of
scientific literacy. v

256



234

The SCIENCE group factor scores was predicted by col-
lege level earth science (CLERTSCI) and by college level en-
gineering courses (CLENGSCI) on one (1) inferred dimension
each. The NONSCIENCE group factor scores was predicted by
college level biological sciences (CLBIOSCI) on one (l) in-
ferred dimension.

Senior high earth science (SHERTSCI) predicted the
NONSCIENCE group factor scores on three 13) inferred dimen-
sions. Senior high physics (SHPHYS) predicted the OVERALL
group and the SCIENCE group factor scores on one (1) in-
ferred dimension each. Senior high general science
(SHGENSCI) and senior high chemistry (SHCHEM) predicted
the NONSCIENCE group factor scores on one (1) inferred

dimension each.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
Overview of the Studyf -

The study of science 'is an importé@t‘component in the
school curriculum. It serves at least _three purposes-

l. to prepare future scholairs for the dlfferent

disciplines of 501ence,

2. to help individuals attain the neéesséryuback-
grounds for entry into technological occupations
and professions- and

3; to provide an aspect of the Lnd1v1dual S general
educatlon which w111 promote effectlve citizen-
ship.

This study focused on the last p@rpose which is zften
described by the umbrella term "scientific liﬁéfacy." A
‘review of thevliteratufe related to thé teaching of science
revealed a need to define scientific literacy. |

A theoretical definition of scientific literacy was
developed in order to: |

1. have a valid, comprehensive, aud functional

definition at the present time.
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2. facilitate coﬁmunication in.referénéé £o the:;.~"
educational goal of developing scientifiééily'J'f;
literate citizens. . ;f;

3. provide a basis for developiné'écience education
programs which will enable students to attain
appropfiate levels of scientific literacy.

4. prévide a basis for developing an instrument to
assess student achievement in the identified
-dimensions of scientific literacy.

This theoretical definition was called A Theoretical Model
of Scientific Literacy (TMSL) .

The TMSL provided the theoretical basis for the de-
velopment of the forty-five (45) statemenés whichféﬁéﬁtﬁéily
comprised the Scientific Literacy Q-set (SLQ). A questioqf
naire, the INFORMATION SHEET, was developed to seek infot@é-
tion from persons concerning: - 'Tﬁ.

"1. amount of previous education; S

2. amount of previous science education;

3. amount of previous education of parents or
guardian; |

4. occupation;

5. age; and

6. sex.

After piloting-and~refinihg_the two instruments, they
were used to collect data to satiQFy the problems posited

for the study. These were:
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To infer dimensions of scientific literacy with

regard to a theoretical definition of scien;ific

literacy for each of two groups of perscns, sci-
ence criented and nonscience oriented, and for the
two groups combined.

(a) To compare the strength of asreement of the
science oriented group of persons and the
nonscience oriented group of persons with the.
overall inferred dimensions of scientific
literacy of the two orientation groups com-
bined.

(b) To coupare the strength of agreement of the
subgroubs of the two orientation groups (uni-
versity pure science, university applied sci-
ence, university nonscience, public science,
and public nonscience) with the overall in-
ferred dimensions of scientific literacy of
the two orientation groups combined.

To determine what relationships exist between the

inferred dimensions of scientific literacy with

regard to a theoretical definition of scientific
literacy fér the groups of science oriented and
nonscience oriented persons and £he variables:

(a) amount of previous education; (b) amount of

previous science education; (c) amount of previous

education of parent: or guardians; (d) agé; and’
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(e) sex.

The sample of persons was drawn from assistant, asso-
ciate, and full professors at The Ohio State University and
from persons residing within Franklin County, Ohio. Science
oriented persons were defined as persons whose occupations
required training in a science or science-related field.
Nonscience persons were defined as persons whose occupations
required no such training. Thirty-seven (37) university
pure science, thirf&-eight (38) university applied science,
and one hundred (100) public science persons constituted the
science oriented group. Seventy~-five (75) universitf non-
science and one hundred (100) public nonscience persons con-
stituted the nonscience oriented group. The university per-
sSons were randomly selected from The Ohio State.University

1975-1976 Faculty and Staff Directory. The public persons

were randomly selected from the 1975 R. L. Polk Directory

for ‘the City of Columbus, Ohio.

The SLQ, the INFORMATION SHEET, and ancillary materials
were mailed to the 350 persons on April 4, 1976. On May 14,
1976 the data collection period was concluded; there were
185 respondents. It was determined that forty (40) persons
had not received the materials; therefore, there was a 60%
response. Statistical tests indicated that the responses
from the five (5) groups were representative of each group

as it had been sampled originally.
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A separate sample.of thirty~eight (38) persons was de- _—
veloped which was representative of the study sample. The
SLQ was sorted by these persons in a test-retest situation
with one (1) to eight (8) weeks between sorts. Person's r
was used to calculate correlation coefficients; the average .
coefficient was 0.487. |

The data were computer anialyzed. Descriptive statis-
tics, intercorrelations, and correlations of the data were
generated. Thekresponses to the SLQ were factor analyzed

to satisfy Problem 1. Analysis of variance was used to test

the null hypotheses posited to satisfy Problem 2 (a) and

(b). Regression analysis was used to test the null hypothe-
sis posited to satisfy Problem 3. Factor scores from the
factor solution for all respondents grouped together were

used as the dependent variables in the tests of the null

hypotheses.
Discussion of the Results

The Inferred Dimensions of Scientific Literacy

The factor analysis with all respondents grouped tof
gether produced seven (7) factors. These were developed as
inferred dimensions of scientific literacy and were named.
These follow along with citings from Chapﬁer II of persons
who either posited or investigated simila. dimensions.

I. Scientific Inquiry - Th: theme §f this inferred

dimension seemed to be that of producing new knowledge
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through a synthesizing type of activity.  (NSTA, 1971;
Klopfer, 1969; Pella, 1975; Robinson, 1968; Kimball,
1967-1968; pella, O'Hearn, and Gale;‘1966; Cossman, 1969;
Gallaghe:, 1969; Xcith, 1969)

II. Maintainirg Current Awareness - The theme of this
inferred dimension seemed to be the valuing of people keep-
ing touch with and maintaining an understanding of new de-
velopments in science and technology. (Haney, 1966; NSTA,
1971; Koelsche and Morgan, 1964; Goldberg, 1966; Richardson
and Showalter, 1967; Wood, Pella, and O'Hearn, 1967-1968;
Pella, O'Hearn, and Gale, 1966; Pella, 1975; Gallagher,
1969)

III. Va‘uing‘Meéhods of Science - The theme of this
inferred dimension seemed to be a personal valuing of |
methods which scientists use in their work. (Cafelton,
1963; Haney, 1966; NSTA, 1971; Kimball, 1967-1968 ;
Showalter, 1974; Wood, pella, and O'Hearn, 1967-1968; Pella,
1967; Evans, 1970; Pella, 1975; Leake and Hinerman} 1973;
Jones, 1969; Gallagher, 1969; Korth, 1969; Robinson, 1968)

IV. Personal Application of Science - The theme of
this inferred dimension seemed to be application of scien-
tific knowledge and methods of science in daily 1living.
(Haney, 1966; NSTA, 1971; Showalter, 1974; Evans, 1970-
Pella, 1975; Leake and Hinerman, 1973; Jones, 1969;

Gallagher, 1969; Stauss, 1968; Helgeson, 1968; Carey, 1968)
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V. Distinguishing Between Science and Technology -
The theme of this inferred dimension seemed to be that of
distinguishing between science and technology in terms of
goalS énd results. (NSTA, 1971; Hurd, 1970; Showalter,
£1974; Klopfer, 1969; Wood, Pella, and O'Hearn, 1967-1968;
Pella, O'Hearn, and Gale, 1966; Pella, 1967; Fox, 1969;
Korth, 1969)

VI. Utilizing Factual Knowledge - The theme of.ﬁhis
inferred dimension seemed to be knowing and using for vari-
ous purposes factual knowlédge about nature. (Haney, 1966;
NSTA, 1971; Koelsche and Morgan, 1964; Goldberg, 1966; Wood,
Pella, and O' Hearn, 1967 1968; Pella, 1975; Leake and
Hinerman, 1973; Gallagher, 1969; Showalter, 1974; Jones,
1269; Cossman, 1969; Korth, 1969; Voelker, 1968; Pella and
Zieéler, 1967)

PR

VII. Mutual Involvement df Science and Society - The
theme of this inferred diﬁénsion seemed to be that of so-
ciety examining its valﬁes as science provides mankind with
more capabilities. Also, society should establish condi-
tions within which science can thrive. (NSTA, 1971; Hurd,
1970; Daugs, 1970; Showalter, 1974; Klopfer, 1969; wWood,
Pella, and O'Hearn, 1967-1968; Pella, O'Hearn, and Gale,
1966; Pella, 1967; Tyler, 1973; Cossman, 1969; Fox, 1969;
Gallagher, 1969; Korth, 1969; Boles, 1968)

Inferred dimensions I, III, 1V, V, and VI were iden-

tified in the factor solution using responses from the
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'science oriented group. A noninterpretable factor and an
interpretable factor were also produced. The latter wrz
named "Science as a Human Endeavor."” The theme of this in-
ferred dimension seemed to be playing down the "omnipotency"
"of'science, technology, and scientists. (NSTA, 1971;
‘Rbbinson, 1968; Kimball, 1967-1968; Hurd, 1970; Pslla, 1975;
Cossman, 1969; Daugs, 1870; Gallagher, 1969; Ulhorn, 1970;
Schmidt, 1970) | |
Inferred dimensions I, II, III, IV, V, and VI were

identified in the factor solution using responses from the
nonscience oriented group. Another factor was also pro-
duced. It was named "Using Natural Resources. " The theme
of this.inferréd dimehsion seemed to be one of the scien-
t}fically literate person using his knowledge to judge de-
cisions made with rsgard to aspects of nature. (Klopfer,
1969; pella, 1975) | |

--With regard to ths TMSL the respondents generally rated
knowledge, comprehension, and application behaviors more
highly than other TMSL behaviors. They were msre supportive
of the Factual and Generalizations components of the Organi-
zation of”Knowledge dimension; the Intellectual Processes
dimension; and the Interaction of Science, Technology, and
Society dimension. In general they placed considerably less
importance_on the Discipline componant of the 6rganization
of Knowledge dimension; the Values and Ethics dimension; and

the Human Endeavor dimension.
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An examination of the Theoretical Model of Scientific

K Literacy major classes (behaviors) which were represented'in
the Q-statements common to each group for a particular in-
ferred dimension (see Tables 41-47) revealed that knowledge,
application, synthesis, and advocéting were represented
three (3)'timés each. Comprehension, evaluation, and.
valuing were represented two (2) times each; analysis was
represented once, and behaving was not represented.

The inferred dimensions of scientific literacy Scien-
tific Inquiry, Maintaining Current Awareness, Valuing Meth-
‘ods of Science, Distinguishing Between Science and Tech-
nology, and Mutual Involvement of Science and Society
approximated several Theoretical Model_of Scientific
Literacy dimensions. They were Organization of Knowledge,
Intellectual Processes, Process of Inquiry, Interaction of
Science and Technology, and Interaction of Science and .

Society.

-

Generalizations from the Results of the Tests of Null

Hypotheses 1 (a) and (b) and Null Hypothesis 2

Three (3) major generalizations seemed to be well sup-
ported by the resu}ts of the data analysis (see péges
232-234). By ex;;i;ihg the results of all the data analyses
in Chapter 1V, additional generalizations were made. These
were supportive of the three (3) major generalizations. The

additional, supporting generalizations are presented in this.
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section and are discussed in relationship to other re-

search findings.

I. Membership in subgroups of the science oriented

group or the nonscience oriented group was more

related to respondents' perceptions of scien-
tific literacy than was membership in either

the science oriented group or the nonscience

oriented group.

I.1

I.2

I.3

I.4

University pure science respondents seemed to
value most high school graduates valuing
methods of science and being able to distin-~
guish between science and technology; respond-
ents from more traditional physical science
disciplines (physics, chemistry) seemed to -
value to a lesser extent the personal involve-
ment of most high school graduates with sci-
ence than did respondents from other science
disciplines (earth sciences, 1life sciences).

University applied .science respondents
seemed to value most high school graduates
knowing and using factual scientific knowl-:
edge more so than becoming personally in-
volved with science.

Public science respondents seemed to value
most high school graduates being personally
involved with science in their daily lives
and maintaining a current awareness of new
developments in science and technology more
so than being able to distinguish between
science and technology.

University nonscience respondents seemed to
place less value bhoth on maintaining a cur-
rent awareness of new developments in sci-
ence and technology and mutual involven.nt
of science and societ.y than did other
subgroups.

| R)
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I.5 Public nonscience respondents seemed to
value high school graduates maintaining
-—-& current awareness of new developments

in science and technology and knowing
and using factual scientific knowledge.

t

It appeared that the different emphases on what is
important with régard to science for most high schéol grag-~
uates was at least partially related to the respondents'
study of science. For example, the university pure science
respondents had takenlmore pure science courses than hac! ta2
university applied séience respondents who had taken m:r~
pure science courses than had the public science respond-
ents (see Tables 25, 26, and 27). The same descending re-
lationship existed for the university non§cience and-public
hpnscience respondents. Kimball (1967-1968) found that when
this variable was controlled science teachers were no dif-
ferent in their understanding of the "nature of~science“
than were scientists; The same might be'found with regard

to persons' perceptions of scientific literacy.

II. Individual characteristics of respondert.s: were
related to respondents' perceptions of scien-
tific literacy.

II.1 The age and sex of the respondents pe:x se

were weakly related to the respondents'’
perceptions of scientific literacy.
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In terms of age Stauss (1968) did not find age differ-
enceslwiﬁhin elementary schoo; grade levels to be signifi-
cantly.related to pupils' abilities to achieve mastery of
science concepts. Helgesén (1968) apd Cuacay (1968) found
maturity across elementary school grade Jcve!s to be posi-
tively correlated with pupils' abilities to master science‘
concepts. In these studies it appeared that age was a fac-
tor in the mastery of science concepts only in the sense
that it was a variable along with other variables which
described maturity. Perhaps a similar effect was operating
with regard to the age of the respondents and their percep-
tions of scientific literacy. |

In most research studies significant diffefences are
usually found when sex is used as an independent variable.
Richardson and Showalter (1967) found in their study that-
boys had a greater interest in science than did girls and
thaf.they generally took more science courses in grades
9-12 than did girls. Comber and Keeves (1973) reported on
an international effort to relate factors in.the social,
economic, and pedagogical domains characteristic éf nineteen
(19) countries to output factors of those countries' educa-
tional systems. Sex differences were reported in the great
majority of the countries; boys generally.had better cogni-
tive test scores than did'girls in the area of science.
Ri~hmond (1976) found that in England boys scored signifi-

cant'y higher than did girls on an environmental knowledge
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inventory. He reported that similar rgsults have been found
in the United States and in Australia.

Gallagher (1969) reported that in a study involving
12,800 senior high school seniors girls had more favorable
attitudes toward scientists than did boys, butboys had the
more favorable attitudes when the consideration was "them-
selves as scientists.” Mead and Métraux (1957) cohducted
a study involving nearly three (3) times as many students
drawn from private and public secondary sqhools in diversenhc
settings. They found that boys and girls had positive
images of scientists when they did not see themselves as
being a scientist or being married to one. They also found
considerable personal disinterestedness among both boys and
g?rls in science as a schcol subject.

| In the present study 85% of the respondents were male

(see Table 7 on page 126). The 15% of the respondents who

were female were predominantly in the university and public
:nonscience groups; The preponderance of malés probably
masked the relationship between sex and the respondents'
perceptions of scientific literacy if in fact they existed.

Future research should take this into account.

II.2 An inverse relationship existed between
‘the respondents' general level of education
as indicated by the last year of school
completed and their valuing of the inferred
dimensions of scientific literacy for most
high school graduates.
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Table 15 page 134 showed that 35% of the public sci-
ence respondents had advanced degrees‘bﬁfufhat only one (1)
public nonscience respondent did. Therefore, the possi-
bility existed that the valuing of the inferred dimensions’
for most high school graduates might not have been a func-
tion of educational level of the respondents. It might
have been a function being associated with the university
or not being associated with the university. This inverse
relationship should be investigated through addifional re-

search.

II.3 Public respondents, both science and non-
science, who had completed fewer years of
school and whcse parents had completed
fewer years of school tended to value more
practical aspects of the inferred dimen-
sions of scientific literacy.

‘Hamilton (1965) and Comber and Keeves (1973) reported
positive correlations between parents' educati&nal levels
and student achievement in science. Mead and Metraux (1957)
related the negative image of science and scientists held
by high school students to their parents' attitudes. These
findings along with generalization II.3 highlighted the
sociological influence on persons abilities and attitudes.

It appeared that respondents in this present study were
influenced to value continued learning beyond formal school-

ing when their mothers in particular had lower levels of
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education. This study was not designed to identify relation-
. ships between science achievement or attitudes toward sci-
ence and scientist§ and perceptions of scientific literacy.
Future research could be designe&ﬁtb"iﬁgntify any such re-
lationships in addition to determininéfwhééi;o;e the educa-
tional level of parents plays.

The variables (educational level of pefsons, educa-
tional level bf persons' mothers, and educational level of
persops' fathers) could be uséd-és irdépendent variables in
a blocked design. fThree distinct levels of each variable
(low, medium, and high) should be used. The éffects of each
of these tlhiree Qariables and any possible interactions could
be investigated by performing analysis of variance. The
dependent variables would be factor scores on eacl. of the
igferred dimensions developed with all persons grouped to-

~ gether.

III. The science courses which raspondants had taken
were related to the responderts' pelceptions of
scientific literacy.

III.1 Public nonscience respondents who had
taken high school cours=c in general
science, eartch sciance chemistry, or
physics valued most high school grad-
uates keeping abreast of new develop-
ments in science and technology and
applying scienc= in their daily lives.
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Gallagher (1969) reported that students who haa“étud;ed
chemistry and/or physics as opposed to those who pgqhnot-.} |
were more favorable in their attitudes toward sciehéglahd{:
themselves as scientists. Korth.(1969), reporting onffhe.
same study, stated that those students who had studied
chemistry and/or physics had a better understandiﬁg of the
nature of the scientific enterprise and a more realistic
conception of the characteriétics of séientists.

Jaffarian (1968) found (in a study designed to asséss
students' levels of achievement.in scientific literacy as
measured by knowledge of both subject matter and the nature
of science) that chemistry and vhysics were being stﬁdied
almosﬁ exclusively by college-bound students and that phys-
ics was elected primarily by those students who were plaﬁ-
ning to majpr in a science or science-related field.

In terms of unique programs or instructional techniques
two 'studies were described in Chapter II. RichardsonAana‘
Showalter (1967) studying the effects of a unified science
curriculum found that students' interest in sciencé in-
creased after they graduated from high school. Boles (1968)
reported that teaching biological concepts through instruc-
tion which placed a fair amount of emphasis on the relation=-
éhips of science to society and the social implications of
science vroduced higher gain scores than when taught in a
more traditional way. Students claimed the materials were

more interesting and less difficult than other science
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materials.

The favorable relationships between student attitudes
and science courses studied as reported by Gallagher (1969)
and Korth (1969) and the findingé‘reported in this study
were mutually supportive. Findings similar to Jaffarian's
with regard to college-bound high school students studying
chemistry and physics also seemed to exist in this study.
Figure 9 on page 140 demonstrated that many public nonsci-
ence respondents had not studied chemistry or physics.

It appeared that earth science played a key role in
generalization III.1 since it was more frequently é pre-
dictor of an inferred dimension than were other high school
science courses.' Given the remarks on page 137 and 140 with
regard to the resurgence of earth science in the secondary
séhool curriculum, it appeared that many of the public non-
tcience respondents were probably educated in schools which
had earth science courses. This is additionally supported
by Figure 9 on page 140 in that the percentage of public
nonscience respondents who took earth science appreciably
approached the percentages of science oriented respondents
who ﬁook earth science. Jafférians' findings with regard
to physics and chémistry and'noncollege-bound students sug-
gested an examination of Table 15 on page 134. There it was
found that approximately 60% of the public nonscience re-
spondents did not hold more than a high school diploma.

Therefore, it seemed reasonable that many of the public
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nonscience respondents had not been college-bound and had
vended to elect science courses other than physics or .
-chemistry.

An examination of the regression analysis showed that
for the public nonscience respondents a high school earth
science course was a positive predictor of an inferred
dimensicn three (3) times; high school chemistry was a posi-
tive predictor one (1) time; high school physics was a posi-
tive predictor two (2) times; and high school general sci-
ence was a positive predictor one (1) time. High school
bioclogy was not a predictor since so many of the respondents
in each of the five (5) groups had taken such a course;
that is, it could not’ explain enough variance to be included
i@ any equation predicting any of the given factor vari-
ables.

An examination of Table 8 on page 128 showed that the
great mAjority of the respondents were too old to have had
many, if any, of the National S~ience Foundaéion (NSF) sci-
énce courses. Even though high school science courses were
positive predictors for five (5) of the seven (7) inferred
dimensions for the public nonscience respondents it appeared
reasonable to assume that these were not NSF science
courses. This suggested the posgibility of future research.

Research similar to this present study should be under-
taken with two types of persons. One-half of the sample of

persons should have studied science using the ABC curricular
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materials. The othér half of tha sample of persons should
have studied science using materials that predated the ABC
curricular materials. After inferred dimensions of scien-
tific literacy and predictors of those dimensions have been
established they could be compared to determine what influ-
ence the ABC curricula had on persons' beliefs about what
is most important for most high school graduates. with regard
to science. If differences are found then thé stage is set
for longitudinal research. In this case the intent of the
research would be to determine if the respective opinions of
the two groups of persons remain stable into adulthood. 1If

they do not, what changes occur and what causes the changes?
Conclusions

A theoretical definition of scientific literacy was de-
veloped and used to infer dimensions of scientific literacy
for -two groups of persons, science oriented and nonscience
oriented, and for i{he two groups combined. ﬁith the two
groups combined seven (?) inferred dimensions of scientific
1itéracy were developed.

These inferred dimensions seemed to approximate the
Theoretical Model of Scientific Literacy dimensiqps Organi-
zation of Knowledge (mainly the Factual compoﬁent), Intel-
lectual Processes, Process of Inquiry, Interaction of Sci-
ence and Technology, and Interaction of Science and Society.

The Ger:-ralizations and Discipline components of the
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Organization of Knowledge dimension; the Values and Ethics
dimension; the Human Endeavor dlmen51on, and the Interaction
of Science, Technology, and Society dimension from the Theo-
retical Model of Scientific Literacy were not distinctly
represenﬁed in the inferred dimensions.

The inferred dimensions';f scientific litéracy seemed
to emphasize the Theoretical Model of Scientific Literacy
major classes (behaviors) knowledge, applicafion, synthesis,
and advocating. The others were represented to a lesser
degree.

It was concluded that all TMSL major classes were
viewed as a necessary part of scientific literacy, but
'knowledge, comprehension, and application were most valued.
It was also concluded that the Factual component more so
than the Generalizatioﬁs ;hd Discipline components of Or-
ganization of Knowledge, Intellectual Processes, Process of
Inquiry, Interaction of Science and Technology, and Inter-
action of Science and Society TMSL dimensions were the basic
theoretical dimensions underlyi.y the inferred dimensions.

The implication for many of the definitions of scien-
tific literacy éredited to others persons in Chapter II is
that they had many types of statements which simply did nbt
show up‘in the inferred dimensiohs of scientific literacy.
It would appear that mauny science educators have been oper-
atina from a perspective that is quite different from that

of the "layman's" perspective in terms of what is most
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important with regard to science for most high school grad-
uates.

The layman's perspective appears to be much more prag-

matic than that of the science educator's. In terms of de-

- veloping science curricula this has important ramifications.

Since citizens ultimately decide on the education of the
nation's youth, many of these ramifications might already

be in evidence. Consider the 3R movement in many communi-
ties, the basic education laws passed by many state legis-
latures, and the repeated failure of many school district
tax levies. However, there was good reason to believe the
layman's perspective established in this study was pri-
marily influenced by science courses which preceeded the

ABC curricula courses. The younger generation of adults who

have studied several of these newer science courses might

"'present a different layman's perspective. In which case

their concerns for education'of the nation's youth might be
different than those concerns which are.presently being ex-
pressed.

When a comparison of the strength of agreement on the

inferred dimensions of scientific diteracy was made with re-

gard to science orientation or nonscience orientation, it

was concluded that few differences existed. However, when
this same comparison was made for subgroups of the two ori-
entation gi ups (university pure science, university applied

science, university nonscience, public science, and public
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nonscience), it was concluded that differences existed.
Generallzatlons I.1 through I.5 hlghllghted these differ-
ences.

Generalization I.1 suggested that even within a given
subgroup there were differences in agreement on the infexved
dimensions of scientific literacy. The same was probably
true for the'other subgroups. If persons who werelrepre—
sented by the respondents in these subgroups actually share
in the desire‘to have a scientifically literate citizenry,
then possibly the Theoretical Model of Scientific Literacy
and the results of this study can facilitate the resolution
of these differences.

Ind1V1dua1 charatteristics of respondents (age, sex,
and the last year of school completed by the respondents,
by their mothers, and by their fathers) were related to the
respondehts' perceptions of scientific literacy. Age and
sex -seemed to be weakly related primarily in combination
with other variebles. Firm conclusions could not be made
with regard to sex since the great majority of the respond-
ents were males. |

A syhthesis of the data analysis results indicated that
an inverse relationship existed between respondents' last
Year of school completed and their valuing of the inferred
dimensions. The majority of the public respondents, both
science and nonscience, had completed considerably fewer

Years of school than had the university responderts, both
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science and nonscience. Not until research is conducted in
which balanced stratification of general education is
achieved will this inverse relationship be more fully under-
stood.

A relationship between the number of vears of school
completed by the parents of the respondents and the re-
spondents' perceptions of scientific literacy was most prc-
nounced in the public science and public nonscience =roups

when the respondents themselves had completed fewer yuars

.of school. It appeared that these respondents whose pai. ts

had completed fewer years of school tended to value moxr«:

practical aspects of the inferred‘diméhsions of scientiii.:
literacy. * |

These findings if supported by-additional research
could‘set the stage for out-of-school education. It
appeared that the less educated public nunscience respond-
ents valued maintaining a curreht awareness of science and
technology. 1If valugs are converted into action tis:n per-
sons represented by the respondents of :his group might be
a ready audience for mass media educuvion. Lilewise,
evening courses offered through local school districtsv
junior colleges, or universities might enjoy healthy enroll-
ments if they were pitched toward recent accomplishments in
science and technology as opposed to basic fcience somewhat

typical of the existing secondary curricula. The imagina-

tive teacher could puild in appropriate science concepts.
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Prototypes of this apprcxch already exist.

The data analysis indicaged that high school science
courses which public nonscienée respondents had studied were
positively related to their perceptions of scientific 1lit-
eracy. This finding'iﬁplied that more science courrces shouid
be included in students' studies” instead of less if the edu-
cational goal of a scientifically literate citizenry is
truly valued. This would negate the current trend to re-
quire only one laboratory science course for graduvation from
high school.

The data analysis also indicated that the high school
science courses which the respondents had studied were prob-
ably not the ABC science courses developed through the
National Science Foundation. This suggested the need for
additional research. It could compare inferred dimension :

of scientific literacy and associated predictors for two

oo
-

types of persons. One group of persons should have stud:ed
science courses which predéted fhe ARC science courses, and
the other group should have studied the ABC science courses.
If differences were found between these two groups of per-
son: hen longitudinal research should be undertaken to de-
termine if either of these two groups of persons change in
their opinions of what is most important with regard to sci-

ence for most high school graduates.

-
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Recommendations for Future Research

1. The college science portion of the INFORMATION SHEET
should be modified to include four (4) columns. The
first column should be headed 0 quarter hours ena the
second column should be headed 1-12 quarter houis.

2. The influence of reading level of the SLQ on the de-
velopment of inferred dimensions should be investi-
gated.

3. The influence of TMSL cell representation by the SLQ
should be investigated by: |
(a) ‘developing a Q-set using the forty-five (45)

cells which were not used in this study; or
(b) randomly selecting cells from .the TMSL using
different criteria than were used for this study
And developing an appropriate Q-set.
4. The effect of changing the number of Q-statements in
’ the SLQ should be investigated. A shﬁrtened SLQ would
facilitate its use in cl§ssroom.studies.

5. The relationship bétweeﬁﬁthe sex of the persons and
the development of inferred dimensions should be in-
vestigated in a study which includes nearly equal num-
bers of males and females. '

6. The relationships between thé last year of schocl com-
pPleted by persons an¢ that of their parents and the

development of inferred dimensions should be




10.

11.

12.
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investig&ted in a study which has a balanced stratifi-
cation of general education design. |
The relationship between achievement in science ané the
development of inferred dimensions should be investi-
gatea. 4
The relationship between attitudes toward science and
the development of inferred dimensions should be in-
vestigated.

The relationship between having had ABC curricular
science courses or having had traditional science
courses and the development of inferred dimensions
should be investigated.

The size of the five subgroups used in this study .
should be enlarged such that differences within them
can be investigated in relationship to the development
of inferrec¢ dimensions.

Studies similar to this one should be undertaken using
each of these groups separately and in various com-
binations:

(a) university science educators;

(b) senior high school science teachers;

(¢) Jjunior high school science‘teachers; and

(d) elementary school teachers. |

Research should be undertaken to investigate the use
of the Theoretical Model of Scientific Literacy

(TMSL) as a basis for instrument development to

-
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14.
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assess levels of achievement of the dimensions of
scientific literacy.

Since the R. L. Polk Company, or other companies,
compile directories for other metrcpolitan areas,
this study should be replicated in other areas of the
United States.

This study should be replicated using the same design
and procedures to determine the validity of the

present findings.
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ERIC

Aruitoxt provided by Eic:

Dimensicne of Scientific Literacy

A.1 Knowledgs
Xnowledge is demonstreted by
scientifically literate parsons
through those behaviors which
enphadize rememboring, either by
rocognition or rscall. Knowledge
in the finld of acience cun he in
the form of: (1) specitice: (2)
ways end means of desling with
spe.'tics; and (3) gensrelizations
end abstrections.

- A.2 Crapretension
Comprehenaion iw domonstrated by
scientificelly literats persons
if, when contronted with a communi-
cation, they know what is heing
communicated and are capable of
nkini some use of that which is
contained within the communication.
*Communication® is dstined very
generzlly; it can be in orel,
written, or concrets form.

AN
Application i
sciontiticall
it, when face
stic situatic
appropriates a
e solution.
sxternal prom
abatzactions
apply thea.

1.0 Pactual Component

I.A.1.1 Scientifically literete
pactsons ehould know sevarel fects
about the three, ssparste, snd
i{dentifisble entities in the uni-
verse--matter, snergy, and life.

I1.A.2.1 Scientificeally literats
persons should understand several
relationships betwusn the funda~
mentel entitiecs--mattsr, ensrgy,

and lite.

1.A.3.1 8cis
persons shoul
understanding
sbout neture
or to control

2.0 Genezelisations Component

1. The Orgenisstion of

@ Knowledge Dimension

1.A.1.2 Scientifically litezste
persons should know seversl major
generelisatione io soms of the
prinaipal tields of science.

- parsons

I.A.2.2.1 Sciantificelly literste
persons should understand .several
sajor iencnunuonl in some of
the principal fielda ot science.
1.A.2.2.2 Bcaentifically literite
persone should understand thet the
product of scisnce is 8 body of
knowlcdge about the universs, rang-
ing trom individual obssrvaticuo to
major generelizetions. .
1.A.2.2.3 Sclentiticelly litezele
14 understand thet as
fects eru i q gh r
scientif{ic gensralizations often be-
cowe fewar, clearsr, and sasier to
understand.

1.A.3.2 Bcie
persons shoul
eral sppropri
sligations wh
the environs

3.0 Discipline Component

1.A.1.3 Scientifically literats
persons ahouldl know something sbout
developmants in some ot the prin-
cipal fields of science.

I1.A.2.5 - Scientifically liteczete
persone should understand seversl
news wedia reports of new discover-
ies and advances in soma of the
principal ficlds of science.

1.A.3.3 Sci
pezsons shou.
porte of new
of the pginc
vhile intera
environment.

11. The Intellectual
Processes Dimonsion

11.5.1.1 BScientifically literate,
parsone should knov soma character-
iutice of sevorel procosses of
acionca.

.

11.A.3.1 Scisntificelly literats
persons shoyld underatand hov sov-
eral procowses of scienco are
spplied.

11.A.3.1 S¢
rocsons shou
eral process
problems..
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A. Major Clasaas of the

Cognitive Domain

maion
wnaatrated by
rate persona
with a communi-
hat .is be’ng

s capabla of
that which is

e commuaication.
defined very

a in orsl,

e fora,

<
A.3 Application

Application ia domonstrated by
scicntifically literate persons
if, when faced with a problem-
atic situation, they can aspply
approprista sbstractione to seek
s solution. Thera must be no
external proepting ss to which
abstractions to spply or hov to
apply thea.

) A miylll 3
Analysis ia demonstrated by ,
scientifically litersta persons

c-Af, whon presonted with "materisl,”

they can break it into constituent
parts and can detect the relstion-
ships of the parta or the tay in
which th: parts ars orgenized.

. A5 Syntheais - . ..
thesia ia dcmonstrated by '
sciontifically literats persone
if, when pr d with el
common to some Phenomenon, they
can combina them in~such’'s way &% .
to constituta # pattera or struce
ture not clearly thera bofore.
This could be a crestive behavior;
however,’ it does not have to be .
since the behavior can be performed
within a given franework. T

ally literate
zotand several
ea the fonda-
itter, snergy,

1.A.3.1 Sciantificelly litarats
parsons ahould be abla to usa their
undaratanding of factual knowledgs
about natura to lxpl:in. to predict,
or to 1 ph

I.A.4.1 Scisntifically litsrata
persons should be able to discarn
how factual knowladge devaloped by
the scisntific community is probebla
rather than absolutas.

T.A.5.1 Scisntificelly literats
po! s should be abls to combine
raversl facta sbout matter, energy,
and 1ifs in order to devel .
ganeralitations. .

'ically litsrata
irstand sevaral
ma in some of

Is of sciancs.
lically literats
irstand that the
is a body of

1 universe, rang-
L obsarvations to

308,

Eically literate
sestand that as

1 through research
izations often be-
r, ani sasier to

1.A.3.2 Scientifically litorats
persons should be sbls to use sav-
sral approprists scientific genar-
slizastions whila interscting with
the environment.

1.A.4.2.1 Sclentifically litarasts
persons should be sble to discarn
how scientitic ganaralizations can
havo static and dynamic qualitiass.
I.A.4.2.2 sciontifically litarats
parsons ahould bs abla to discern

fecal

SOMe
and empirics]l generslisations.

' completa phenomonological p-npoc-'

I.A.5.2 Scientifically litarate
s should be abla to combins

sl empirical and theorstical

genaralitations to gein a mors

tiva of naturs.

cally litarats
aratand sevarsl
of new discover-
n somo of the

£ scienca.

I.A.3.3 Scientifically litcrats
parsons should be abla to use re-
ports of ncw devalopments in some
of the principal fialds of sciance
whils interacting with the
environment.

I.A.4.3 Scientif'cally lisrate
persons should be able to discern
shich [ields of science to sasociats
with suvarsl of the new davalopments
reported by the news media.

1.A.5.3 Scisntificelly litarats
persons should be sbla to combine
soma nev developments in 8 few

of the principal ficlds of scisncs
to sacartain potentisl ramificationa.

'icatly litsrats
lerstand hoy eov-
scisnce ars

II.A.3.1 Sciontifically literats
persona should be abls to use sev-
sral proceasca of acienca to solva
problems.. .0

11.A.4.1 Scientifically litcrata

poersons should bo able to discorn

when_and how to apply scveral pro-
cesscs of science for the solution
of a pacticular problcwm.

I1.A.5.1 Scicntifically litcrate
parsons should bo abla to combine
several processes ol scionco to *
translate their oxperionces with
the environmont into knowledgas.

Q

ERIC

Aruitoxt provided by Eic:
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B, Major Classes of the
Affective Domain

LY

A6 Bvaluation
\ Bvalpation is demonstrated by
i sedeititically 1iterats persona

{41, vhen presented vith a deciaion-

- Making situation, they can julge -

 the value of ideas, works, solue
tions, methods, matarisls, or the
1ike, The judgmants may be aither
quantitative or qualitative and may

't be made with criteris wvhich ars

developed internally or extermally
- t0 the persons.

8.1 Valuing
Veluing fe demonstraced by
scientifically litarate pozsons
in their willlngness to attach
worth to, some thing, phanomenon,
or behavior, The act of valuiny
sosathing in particulsr is for the
most part & social or sducations]
product which has been slowly
intarnalized by «he parscns,

=3 Babaving

" pahaving s demcnstrated by

scientifically literats porsons
vhen they
s valued by tham, Their actions
nay extond, may refine, or may
despen their involvement with that
vhich {s velued,

~4f-they wry to convince othezs of
. ‘the worth of s particulsr course -

oct on or use that which--

. B ‘Mvoccﬂng L
Mvocating is demonstrated by
sclentifically literate persons.

of sction. This advocecy may be
vith respect to that which is :
valued or vith respect to a ramifie
cation of that which is velued, -

b 1LA6.1 Sclentifically literata
porsons ehould be able to judge

- the value of the utiligution and

| control of some sspefity of asture
using their understasding 44 factual
" knowledge,

1.0.1.1 Scientificelly 1iterste
peraons should value Mving an
adequate factual knowledgs bass
vith regard to matter, ensrgy,
and life. ‘

15,21 Sclentifically literate
persons should conteibute fimanolal-

1y to sciantifis work vhich etteapte

to enhanse: the factual knowiedge
base sboue matter, snergy, and life,

A3 Sclantitically Meete,
persons should support Congrsssional

b{LLe which provide expenditaces for | .

basie scientific rescatch,

1.0.6.2 Bclentifically 1itarats
peraons should de able to judge the
value of the utilization and control

- | of wome aspects of nature using the

“their understanding of sclentific
. generalizetions,

-r

1.0.1.2 Sclentifically literats
peraons should value ganecalizations
o8 forms of scientific knowledge
which are more powerful than the
discrete obsarvations from vhich
they were developed, '

1.0.2.2 Bclentifically literate
pezsons should defing some necessary
directions that science should pur=
sua baned upon the limitstions of
wpirical and theorstical
generalizations,

" LEa2 Selentifically literate

pezecns should support the usefvle’
ness of acientific generalisations

for um - ddentitying prosteing -1
sans to extend the uv'arstandlng - | .0

of pntml phanonena,

1 LA setentitically Meerats

- persons should be sble to judge the
i velue of ispacts upon their lives
by some pev developments in » fev
. of ‘the principa} flelde of sclence,

1.8.1.) Scientificelly litecate
persons should value allotting time
and expanding snergy to keep their
knowladgs of acience cutrent,

1.8.0,1.1 Sclentifically litorate
persons should allot time and expend

‘energy to keep In touch with a broad

variety of sclontific developments,
1.5,2.3.2 ‘Bclontitically lcerate
persons should allot time and expend
enctgy to keep vp with at least ono
srea of science vhich is of partics
ular interest to them.

1.0.0.3 Selontitically litersts
parsons should support means to
naczov the gap between frontier
resoarch aMd tho gencrel public's
understanding of sclence,

i
N i

1LA6.] Sclentiticelly 1iterste

i

 of soma aspocts of naturs using
hmm ptocesses of scisnce.

;mm shoald be able to judqe the -
7 | value of the utilivation and control

TLALL Scientitically Ltarats
percons should valuo procceses of
scionce.as nodes of inquiry.

11.0.2.1 Scientifically litaiats
porsong should dllpla{.ln everyday
decivion-mking o bellel in scveral
procoases of solence:

iy
1LA.3.1 Gelentitically literaty
Fersund should support knowlndge
that haw buen formglate’ ond tonted
through the wse of science processos;
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I1XI. The valuos and
Ethics Dimcnsion

117.A.3.1 Scicgtifically literato )
poruiin should know somu charactes=
istics of sowral valuea and ethics

witich undorlie scisnce.

130.A.2,1 Sciuntifically litorato

Taons 14 underatand how seve
eral valuus and cthica undorlie
scionce.

111.A.3.1  Sulentifically
persons: should bu. ableté
oral valuus and ethios ot
1ie scioncu while imtors(
the snvironmont.

Iv. The Process of
Inquiry” Dimension

IV.A.1.1 Beclentifically litarate

'should know some ways in
which the genaration of now sclen-
tific generalizations depends upon
the joint use of processas of sci-
anca and sstadlished sclentific
gsneralizatons.

IV.A.2.1.1 Sclantifically licsraca
persona should undsratand that the
scientific sffort stems from a cCom-
pelling desirs of mankind to under~
stand the environment.

IV.A.2.1.2 Sclentifically literats
perscns should undsrstand that a
basle characteristic of the sclen-
tific effort is a fajth in the
susceptibility of nature to human
ordering and understanding.
IV.A.2.1.3 Sclentifically literaty
persons should undsrstand that in
the sesrch for knowlsdge the scisc-
tific sffort 1a a dynaeic, proc
orisnted activiey.

IV.A.2.1.4 Scientifically litsracs
persons should understand that in
the scientific sffort an attempt is
constantly made to simplify and to
increase the comprehensiveness of
lclentu.ic gansralizations.

 with the environzent.

IV.A.3.} Sclentifically

rsons should be ‘able:t
y some processes of. sci
their retanding of 4
goneralizations while .4z

i
. -

V. ‘fbe Numan Endsavor Disenaion

V.A.1.1 Scientifically literate

persons should know soma charactsr-
istice of sclence as it sxists aa &
husan erterprise. .

V.A.2.1 Scientifically licesracs
persons should undorstand scoe as-
pects of tcionce as a man-mads
structure of human origin.

-4

V.A.3.1 Sclentifically
persons should be able|
biographical accounte €
tist's 1ifs to develop
tive of his work. .
i
1
1

Tha Intsraction of Scisnca
and Technology Dimension

vi.

vi.A.1.1.1 Scisntifically litsrats
parsons should know that the primary
goal of scisnce is to understand
tha universe and that eha prisacy
qosl of zechnclogy is to davelop
utilicarian produces.

ViI.A.1.1.2 Sclentiticolly literate
persons should knou something about
the interrelationships batween
scisnce and techiology.

VI.A.2.1 Sclentifically literata
. persons should undarstand some sa-
, pacts of interrslationshi,.s betwesn
' science and technology.

i
!
'

1
VI.A.3.1 Scisncifical!
should ba Able
understandinge of scisi
lsdgs to operats usefu

!

Vii. The Inturaction of Science
and Society Dimension

ViI.A.1.1 Ccientifically litesrats
peraons should know scmathing sbout
interrclocionships between scisncs
and society.

VII.A.2.1 &ciontifically literats
parsons should undoretand sose
pects of interrelat:ionships batwesn
sciencs and society.

. |
VII.A.3.1 Scientifics)
persons should be abls,
socisl, political, and
spectives to underatan
stfores during a glven

VIII. Th Intoraction of Scioncs,
Tochnology, and Socioty
Dimcnuion

VIII.A.1.1 Scientifically literate
porsons should know Somothiag about
intorrclationships botwesn sciencs,
technulogy, ond socicry.

VIII.A.2.1 Scicntifically literste
porsonn should urderstand somo se-

scienco, technology, an\d socioty.

pocts of intetrrlationships butweon |

VITT.A.3.1 6ciantifid
pursons should ba abld
rocent scinntitis and
davelopments to augys.
effects on vocational
sl opportunitias vlth‘

Q
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“115.A.3.1  Sclentifically literate
peraoas should bu ablo t0 s wev-
oral valuus amxt sthics which undor=

. 1ia scionce whils intoracting with
the snvironmont.

17I.A.4.1 Scientifically litorate
porsons should bo wblo to, dincern .
how the universal characteristio of
scicnco 48 pot ffocted bL,""““""
lar relinions, political boliefs,
or geographic localos.

[ £} FY.¥%- 79 fciontifically litorate
. pursons should bo ably to combine
" weworal valuos end athics which .
' underlio scionce with valucs and

sthics from other Sourcwas. .

srats

IV.A.3.1 Scientifically literate
parsons should be able to use joInt-
ly some processes of sclsnce with
tbeir undsrstanding of scientific
generalizetions while intsracting
with the environment. .

1y
1IV.A.4.1 Sclentifically literate
persona should be sble to discern
some of the interdependsnc
twesn processes of science and
derived scientific 9Yeneralize-
tions.

be-

IV.A.5.1 Scisntifically literate
persons should bs able to combine
soma processss of science with
their understanding of scientific
generalizations to develop gen~
eralizations about pature,

(12 ]
» ag~

V.A.3.1 Scientifically litersts
persons should be able to use soss
biographical accounts of & scisa-
tist’s life to develop 8 perapec-
tive of his work.

V.A.8.1 Scientifically literste
persons should ba abla to discern
someathiNg of what causes scientiste
to taks diverse positions on partic-
ular problems which are being
studied.

V.A.5.1 Scientifically litersts
persons should be able to combine
some aspects of scientiste’ work
with some given perspectives of

the time periods in Which they

lived to bettar undsretand their ;
work.

rats
a as-
stvean

VvI.A.3.1 Scientifically litersts
pe: should be sble to use their
understandings of scientific know-
1sdgs to operate useful devices.

vi.A.8.1 Scisntificelly litsrets
porsons should be abla to discern
products of scisnce from product 3
of technology.

VI.A.5.1 Sciwntifically litsrsts
persons should be able to combine
soma sdvancements in science with
some prior ad te in -
, and vice verss, to ses how sach

) depends upon the other. .

VII.A.).1 Sciantificelly litsrats
persons should be able to use sSome

. wocial, political, and aconcmic per-
spectivas to understand scimntific
sfforts curing 8 given time period.

VII.A.4.1 Scisntifically litarvets
persons should be abls to discern
cose benoficial or harmful impacts
that scisnce and sociaty have upon
aach other.

VvII.A.S5.1 Sclentificelly litsrate
peraons should bs sbla to combino
saveral aspects of society with
some scisntific developments withia
that sociasty to- identify a few in-
terrslationships bstween scisncs
snd socisty.

jterats
= a8~
jotweon
jaty.

VII1.A.3.1 Sciantificelly litnrate
pursons » 10 be able to une some
racent scinntitis and tochnoloyicel
divalopmenty to Suggest potuntial
effects on vocutiondl and avocation=
al opportunitics within a sociery.

-
viii.A.4.1 Scientifically litarste
perguns thould bo abla to diycorn
how some innnvations in science and
tochnology can raartenge politicel
rciations 'through vhangos in tho
pownr and economic balancos of the
world.

VIII.A.5.1. Scientifically literats .
persons should be able to combins
sowo rolos played by scicnce, tech~
nology, and sociaty to solve Probe
loms faccd by manking to idontify
some intorrolationships botwoon
sciunce, technology, and socicty.
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‘felontifically fterasy
’.wrm 1d b shls to, Juhky the’
wu of “;mm::.&m a::‘:atnl

000" $ 0 e wve
. iezal: valoos and athicy- nm wadere -
lhnhm. .

| persody, uhwhl valuo fur u.m own
Jivos ‘sowo o the valuos ‘and nuuu
" witioh mmu, nlm. By

..A-A_._ -

"

~ {7 podsible ind Toportei with the

11y 1itesat
RTINS nhuuhl arcepl. ad evidenvo

only. thoue ubisrvat funs which have:’’
becn mado with the gioatest of .car

~ greatost. accuracy feasible,. -
‘1I1.B.2/1.2 : Schuntifically litorats

" porsons’ should: rojoct myths,’ supare

* stitions,"and parsonal opinigns in
“favor of..gscientific ovidence, ' -

“ITL.B.2.1.3 -Sciontifically 1iterats
opch-sinded, crite:

rsons should bo

cal, and 'skeptical to the degree.
ﬂu: thuy question the validity ol
even their own conclusions,

111.B.2.1.,4 Sciontificelly literats’

persons should woigh evidence in
order to accept or roject conclu=
sions in terms of the date that
wpport t.hu.

" IVuA.6.1 Sclentilically litersts

. persons ahin'ld be able to judge the

- degtes of tentativeness of some sci-

- autific genexalizations knowing that

_sclence is not a static accumuletion
. °‘ Momtlm-

!V.l.l 1 Sclu\uﬂuuy literats

- parsons should valus the process
of genersting new scientific gen-
aralizations via sn interpley be-
twesn processes of science end
aatablished scientific generali-
sations.

IV.B.2.1 Sclentifically literate
pernons should display in their
everyday. decision-making a mm
in the interrslated use of
cessen of science and sstad hlnd
solentific geheralizations,

IV.B.3.1 Scientifically literats
persons should support scisnce ss o
meins by which knovledge can be .
genersted and mankind's undezstands
ing of aaturs can be snhanced.

V.A.6.1 Scientifically literate
persons should be sble to judge the
marality of scinntiets' work.

v.n.1.1 Scicnuﬂuuy literatas
persons should valus e scisntist's
work svea though it §s later found
not to fit within the sccepted
netvork of ideas used to uph!.n
natore,

V.B.2.1 BGelentifically literate
persons should accspt sclantists as
peopla, who liks other pecple are
distributed over the vhole spectrum
of human folly and wisdom.

~

v.p.3,1 ‘Sedantifically Hunu
parsons should support efforts Lo
hold scientists responsible for
making their work public.

VI.A.6.1 Scientifically literste
persons shoul” be sbla to judge the

VIi.bl.1 Scientifically literste
persons should value advancewents

V1,B.2.1 Sclentitically litsrats
persons should display in their

VI.0.3.1 Bcientificelly 1literats
persons should support the need for

persons should be abla to judga the

persons should valua vieving the

peraonas should dsvslop intalligont

persons should suppoct socistal cone

th worth of some producte of science in scisnce and technology aseping politicel decision-making a belist ai adoquata supply of scientific
- and some products of tecknology .pace with ons another. in equitable financing of both the and technological manpower.

sach | using spproprieto criterias. * scientific and technological '

* : efforta.

I:.'

te VII.A.6.1 Bcientificelly litarate VII.B.1.1 Scientifically literste VIL.B. 2,1 Scientifically literate VII.D.).1 Sclentificelly literets

wisdom of governmentel decisions

- using their undarstanding of inter-

. rslationships botween science and
society.

scientilic enterprise within the
broad perspectives of scciety.

‘opinions concerning the coclal and
moral ruponubluuu of lchncc.

ditions within which scisnce can
thriva.

YIIL.A.6,] Sclentifically literste
persond shaonld be abla to judge some
| potentiels and limitations of sci-
- ence and technology for hpmlnq

‘rtjli\v

Mlu.um. .

fc

QT

VIII.B.1.1 Scicntifically literats
persons should value socistal inno~
vations keeping pace with seientific
and technological innovationa in
::dn:r to improve tho condition of

1]

VIt1.B.2.1 Sclentifically literste
peceons should guerd against acicnce
and technology being sonn as e cures
sll for sll ol mankind’s problems.
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vIi1.0.3.1 ulenuucllly lltersts
parsons should support the need to
change societsl values as mankind's
ability to roqulste the anvironment
inarsases,

z .
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Appendix B

Sorting Instructions for the

Scientific Literacy Q-set
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INSTRUCTIONS FOR USING TUE,
SMALL CARDS AND SMALL ENV‘HLOI'ES

To use these cards and cnvelopes, you will need a flat area like a desk or a table. First,
spread the envelopes across the flat area with the envelope marked 44 on the far left and with the
entvelope marked -4 on the far right. The other cuvelopes will be spread in the middle. When you are
done, your envclopes should be placed as pictured here:

Flat Arca

a1 @O =

MOST LEAST
IMPORTANT ' IMPORTANT

On cach card is 3 statement. As you follow the instructions, you will bc‘sorting the cards in
terms of how important you think ecach is. The thought to keep in your mind at all times is: "What
should be expected of most hiph school graduates with regard to scicnce?"

Here are some definitions of words used on the cards:

MOST HIGH SCHOOL GRADUATES: nearly all young people who have just graduated from a high gchool
MATTER: -that of which all things are made

L1FE: that which makes an animal or a plant different from matter

ENERGY: that which through some means can affect matter or life

FACTS: the statements that something was done or that something cxists

MAJOR IDEAS: that which is the result of combining facts in order to explain something
SCIENCE: the effort to understand matter, energy, and life

FIELDS OF SCIENCE: examples of these are physics, chemistry, biology, and geology
SCIENTIST: a person trained to understand matter, encrgy, and life

TECHNOLOGY: the use of what is understood about matter, energy, cad life to make things
SOCIETY: a group of people who work together to exist :

MANKIND: all people in the world

ENVIRONMENT: that which i{s around or which has an effect on something

DO NOT READ ALL OF THE INSTRUCTIONS NOW. PLEASE FOLLOW THEM ONE STEP- AT A TIME.
STEP 1. Read quickly through all of the cards to get a feeling for what they say. You do not have
to keep the cards in order.

" STEP 2. Sort the cards into three (3) nearly equal piles so that:

(a) those cards on your left are the cards Jhich you believe are MOST IMPORTANT;

(b) those cards on your right are the cards which you believe are LEAST IMPORTANT; and
(c) those cards in the middle are the cards which you do not feel so strongly about.
Dividing the cards this way mecans only that you like some cards more than you do others.

STEP 3. Spread the cards in the left-hand pile so that you can read them easily. Choose five (5)
cards which you believe are the MOST IMPORTANT of all and place them on the + envelope.

STEP 4. Spread the cards in the right-hand pile so that you can read them easily. Choose five (5)
cards which you believe are the LEAST IMPORTANT of all and place them on the -4 envelope,

STEP 5. Go to the left-hand pile and choose five (5) cards which are the next MOST IMPORTANT,
Place them on the +3 envelope.

STEP 6. Go to the right-hand pile and choose five (5) cards which are the next LEAST IMPORTANT,
Place them on the -3 envelope.

Fote: IF AT ANY TTMD YOU CHANGE YOUR MIND AECUT A CARD YOU WAVE PLACED IN A PILE, FEEL FREE TO
CHANGE IT TO ANOTHER PILE.

STEP 7. Go tn the left-hand pile and choose five (5) cards to place on the +2 envelope. You may
have to take cards from the middle pile in order to have enough.

STEP 8. Go to the right-hand pile and choose five (5) cards to blaéé'on the -2 envelope. You may
have’ to take cards from the middle pile in order to have cnough.

STEP 9. Go to the left-hand pile and choose five (5) cards to place on the +1 envelope. Again it
is alright to take cards from the middle pile.

STEP 10. Go to the right-hand pile and choose five (5) cards to place on the -1 envelope. Aga.a {t
is alright to take cards from the middle pile. .

STEP 11. You should now have five (5) cards left over. Plrce these on the envelope marked 0.
STEP 12. Recad back over each pile, starting on the left-hand side, to make sure that you have placed
the cards where you really wanted them. 1f you change any of the cards around, pleasc make

sure there are five (5) cards in cach pile when you finish.

STEP 13. Please place the cards in their ceavelopes; for example, the five (5) MOST IMPORTANT cards
80 in the +4 envelope. Plcase fold the flaps in to hold the cards in place.

STEP 14. Please place the small envelopes and the INFORMATION SHEET into the stamped, return
envelope and mail it inmediatcly.

TIANK YOU AGAIN FOR YOUR COOPERATION
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Appendix C

The Scientific Literacy Q-set (SLQ)

312




81 - : ' 11

| "BOUITIE JO EPOIdW JO 98N £q
F=27°8 87 Yojya sSpaymouy 3xoddns

***QINORS SALVIAVID T00HIS HOIH ISOW

01 "II1

*jxaoa 17943 uj .wa“u«uuu-

9PENE UITYa SINTEA [wavaas Juyen
© 3371 puw “48a0ua ‘9338w Jo sIen
owos JO yiaoa 013 o3pnf 03 ajqu oq

***TINOHS SIALVAAVYED TOOHIS HOIH ISOW

14 . 1°€°2°11A

*eoudras diay
YoIYyAa SUOTITPUOS Iw3IFTd08 Jxoddns

°° “TINOHS S3LVAAYD 100HIS HOIH ISON

”n ’ 1°2°9°TIIA
*swayqoxd e,pupnuRw

30 11% »and Jouued £Solouyday
puw 9oUPTIe PAIFLOG AI3y) Uyl moys

**°CINOHS SALVAGVID TO00HDS HOIH ISOH

6 T°€°V° IIXA

*92A3T 239y ug s3Juvys arqyssod
30 %NUIYI 03 £3o70uyd23 puz IIuajde
wosy e )3 AIU FWO0E 98N 03 91qE 8q

***CINOHS SALVNAYYD TOOKDS HIIH ISOH

L4 1°T°V'11A
*a3y3o

Yowa uo 3awy £3331308 puw 23UIFIE
9393339 3yl Jo Bujyldwos puvisadpun

°**TINORS SALVNAVYD T00HIS HOIH XSOR

11 el
*93311 puw ‘A3aoua

‘1933w UTP1dX? 03 suvaw 60 #3993
usyd ATysSyy sxom swapy aofew ajea

***@IN0HS SILVNAVY) 100HIS MOII LSOH

8 . 1°2°9° I
*OUPOY

JO BpoyIau 1BIIASS U AIITAQ

A9y eyl suojedap A{Iep Uy Aot

°°@INOIS SALVAAVED (100HDS [irixl ISOH

€ 2°1°T°VAL
*y8noaoyl 9311 puw ‘*£3asua

‘33339 Inoqe cwapy Jofww ayvw

03 £33 #31s73UaTd8 J0ya puviszapun

*°'CINOHS S3LVAAVY) TT00HDS HOINH 1SOR

[44 1°1°V°II1
*yaoa IFIYI up eI8TIUIFOS pInd
YOTYA SINTEA [WIAIS INOQE AOUY

***CINOKS SIIVAAVWD T00HIS HOIH ISOK

.

3 . 1YY IL

*saAyY 4

A1FWp ajeyl UT 35u9Tde Jo spoy3dwr’] -

ewos K1dde 03 moy 39239p 03 aIqe 29 R

***TINCHS SIIVAAVED 100K 'S HOIR 1SOW

F4 1UreeIr

: *s84T4yl Ino puyz 03 shea
s¥ 05Uv}ds Jo spoylow ATydyy Iaea

°°°TINOHS SALVAAVED T00HDS HOTH ISOR

1 1°9°V°IIA
- *291130 YI¥9 323339 A1aydos

pu® ¥5uaF38 moy 3o Sujpuwisaapun
230y3 SUTSR SUOTSTOIP TEIUPUAIIIACS
70 yilom aya o3pnf 03 91qw aq

°**QINOHS SILVAAVYD T00HDS HOIH ISOH

9 ‘1°g 11X
Raom IFIYI

Ul 8387IURTds WPINS YOJym sOniEa
SWOS oSN UAO IFAYI 303 AyIIU 23wz

***@INOHS SILVNGYED T00HIS HOIH 1SOR

T 1°1°6°A

*s394y20 jo a0yl
YIFA ITJ J0U Op GWIPT STY IT LA
$33033® #,3972u3398 v A14y31y e3ex

**CQINORS SALYAAVED I00HIS HOIN ISOH

313

Aruitoxt provided by Eic:

E\.



ot e T9'vA

. *90318usIp sRMYIIDOL FANTIUNTIS
Ayn suoswea swos 35933p N3 eIqe oq

°*°TINOHS SILYNAGYED TOO0HDS HOIH ISOH

ST €' vl
‘*s300ys330 e1qyevod 3o

AUIYI 03 ‘®IU0FIE Jo SpIoY3 wwos uj
s8ujpuyy mou IWOS FujqwEd 03 BYqE g

*°*TINOHS SALYNAVYD TOOHIS HOIH ISOW

oz T1°9°v AL
*20429303 ®ousydE JO spPOyIdW nNuW

swep] 0[®w pPIsn OAwy SISIIUIIOW
3Ivy) sfem Iwos 10332p 01 IIqe aq

°**QTINOKS SALYNAVYD TOOHDS MDIH LSCK

6T 1°€'eet1
*a5uayos

30 ®p1313 [eadaes ujp suivd Acu
YITs yono3 uy daay o3 3790p Moys

**°TINORS SILYAAVED ‘ICOHIS HOIH LSOR

" . 1°6°V*III
¢€92IN08 I9Y30 WOIJ SONTYA YIJA RI0A

23343 uF 9I9F3UITOS 2pInd yojua
S9NTBA [RIIA9S JUJQUOd O3 aYqE aq

S °°TIONS SILYNGVID 100MHDS ROIR LSOH

61 ToTeva
) "#9A11 AT1¥Ep 3104y Uy

9JF1 puw ‘4AR39ud ‘1a3aww inoge

ee9p] Jo{vu swos 23n 031 ayqe aq

°**QINONS SALYAOVYED 1001DS ROIH ISOW

14 : T°1°vi

*9331 pus ‘£A310ud
‘23339 InoQe #30¥3 [RIOAIE AOUR

“**QINORS SILYNAVED T00NDS ROIH LSOH

€T T9°v1
*suap} 1¢fum Buysn

9331 pus ‘A810ua ‘za33vm Jo sasn
twos 30 yizom 9y3 a3pn[ 03 oiqQu aq

¢ *qINONS SILVYNAVD TOOHDS HOIH ISOH

81 1°€°V 1A
°3923A9p

1n39sn e3exodo 03 alpoaynoun
90uUdIOs 13043 °EN 03 QY Iq

°*°INOKS SALVAAVYD T00HOS ROIK ISOH

Vi s vl
*a311 puw

*£333us ‘1313em pue3siapun 39333Q 03
seap} Jofem dmos PUFQWOd 03 Qe 3Q

¢°*@INOUS SILYNAVYED TOOHDS HOIH LSOH

114 T°T°T1°V'IA

39333 A8c1ouyd?a3 pur S2uUIIdS JO
s{eol vyl moy anoqe Bujyjzowos mouxn

¢ **Q1NONS SALYNAVED TOOHOS HOIN ISOH

a 1°2°9°11A

*#2uagds y2noayl Iuop 9q pynoys- 1eys
Inoqe suojujdo aaey £9ya Iey1 noys

°°"TINOHS SALYNAYYD TO0KDS KOIH 1SOK

9 1°9°Y°IA
w-ucuauvuau 3UIIVIIIP YITA ABojouydaz
O3] pu® DUITIS WO $ITN8II

emwos Jo yiion aya o8pnf 03 eqe oq

***CINOHS SILYNAYHD TOOHIS ROIR LSOH

1 £ 1°9°v1
*s3593 Suysn

9331 puw ‘ABx0ua ‘ie3rjew jJo s8N
swos JO y330ma 9yl 9Spnf 03 olqw eq

¢ °*TINOHS SILYNAVID TOOHOS ROIR ISOR

91 1°1°8°1I11A
*£A3o010uy203

puw ®oua3ds Yaja dn doaxy oz
£393208 303 pavu ayl ATydyy @ava

***TINOHS SZLVNAVYD T00HOS HOIH ISOH

314

O

Aruitoxt provided by Eic:

IE



13 _— rer:
“8¥AYT A11wp

21343 ur 8331 pue ‘A¥asue ‘2338w
2047 $32¥} TPI0ABS esn 031 O1q® ®q

***CINOHS SALYNAVED TOOHOS HOIR ISON

oy . 1S VAL
o *3wapy

nsu c«cﬂnou SJUPIDE JO spoyIdw puw
$Tap] x0{%w swOS IUFQMOd 03 ITqe eq

***CINOHS SALVNAVO TOOHOS ROIH 1SOH

1% 1z-8°A

*91doad sw
93873us}os 3desaw Aayy eya moys

°“*CINOHS SILVNAYYD TOOHIS HOIH ISOH

” R Ak Al A §
. - *8J¥1 puw ‘*£A8a13ua

‘9339w 3t.9qw cwopy 2o(ew Ayyiduys
UJ0 930e7 “du JWyl puwisIdpun

°°°TINOHS SZIYNAVD TOOHDS ROIH ISOW

6€ 18Vl

*9331 puv ‘£AB8i3u’ ‘i0330m puelwiapun
193399 01 #3993 FUFQWOD 03 PIqe 8q

°**QINOHS SILVAAYED TOOHOS HOIH ISOH

L3 . ggre 1
*®95UaId>s Jo sPIIT3

swos uj suywd mou puejsaapun
o1doed diay 03 sfea jioddns

“**(INOHS SILVAAYED TTICOHIS HOIH ISOH

13 1°Z V1A
*aoylo

yowa ue aawy LRo07ouydel puw IouIyde
9392733 343 Jo BUIylIdgoe pusisanpun

*°°TINOHS SILVAQYED TOOHOS ROIH ISOW

et 1€V AL
"e9AT] Altep 21943

U} 29y39803 PdOUIEIE JO mpoyidw

puw swapy xoftw asn 03 259w o9

°°*QINCHS SILVNAVYED TOOHIS HOIH 1SOH

£e 1°€'8°A
*s3y10 £q

PXIBY> B8q XI0A ITIYI 127 PInoys
$387IUDTOS IEYI WIPT 9y3 230ddns

***QL0HS SILNAVED TOOHOS KON LSON

14 ] . —.Q.<.u
*aow3 ®

®q 03 PIAIITaq 8T Iwya 9Buwys uwd
YOTYA SUOTITPUOD 312933p 03 9Iqe 2q

°°*TINOHS SILVNAVED TO0HDS HOIH ISOW

LE 1°1°V°AL
*swapy mou uyed 03 xayyaJoz

B5uITOF JO BpoyIIW pus sLIPY
ofem Bursn 3Inoqe u:«:uasow mouyt

**°TINOHS SIIVAAVID TOOHOS HOIH ISOH

147 1°2°v' Il

*%a0A 239YI UF SISFIUITOS
OPIN3 sent{vA (vaIAa® AOY puewisiApun

**TINOHS SILVAAVYED TOOHIS HOIH ISOR

19 €crvi

“90UsIO8 O Sple}j Owos U}
psuaddey sey Iwya Jo Sujylewos amouyn

*°*0INOHS SALVOAVYD TOOHOS HOIH 1SOH

9t T°e'8°111A

*JUIWUOATAUI BY3 3O
1013u02 sIsYIadU} pupsuem se ATysIy
s93wx K397%08 Jwys BurBuwys jaoddns

...qn.bo:m SALVNAVYD TOOHIS IOIE 150H

1€ . 19 v IA
*A3010uys0y puw edudyss

3O LIINSIT Yl UF EISUIIFIIP

oYyl 10 amos 32939p 03 ¥iqr 9q

°°"TINOHS SAIVNAVD TOOHIS HOIH ISOW

315

Aruitoxt provided by Eic:

IE ©



Appendix D

The INFORMATION SHEET

316




O

ERIC

Aruitoxt provided by Eic:

E.

G.

H,

INFORMATION SHEET

Please check: (1) female; (2) male &

Circle the number n front of the choice which includes your age.

(1) 18 - 25 years (3) 36 - 44 years {5) 55 - 65 years
(2) 26 - 35 years (4) 45 - S4 ycars (6) 66 years or older
Are you retired? (1) Cyes; (2) no

Plecase describe your occupation, or what it was when last employed. Please be complete so that

we can determine how much it involves th. usc of science or technical skills.

What i3 the uname of the last school which you attended?

Please circle the last year of school which you compleied, R
Elementary School: 1 2 3 4 5 6 7 8

Secondary School: 9 10 11 12
College: 13 24 15 16

Graduite or Professional School 17 18 13 26 21 22 23 2
What was the last year of school which your mother/guardian completed?
What was the last year of school which your father/guarcian completed?

Please circle the number in front of the highest diploma.or degree which you have:

(1) Junior Migh (2) High School (3) Two Year College (4) Bachelor's (S) Master's
(6) Doctorate (7) Other, please describe:

Please check below all of the science courses which you completcd in school and indicate the
number of guarter hours of scicnee courses which you completed at thc college level. Multiply
semester hours by 1.5 to get quarter hours. :

Junfor High School College: major 3 minor
Do not know Gradnate or Profcssional School:

7th grade science
Cth grade science

major 3 minor,

Number of Quarter Hours
13 - 56 37_or more

hod

-1

~N

th Grade

Do not know
general science
carth science

Biological sciences
Physical sciences
Earth sciences

o
NS

[

LX)

iol — —
z;zngzry Engincering courses
physics Other —_— —_—

Please describe:

LTI

other, please descrite:

THIS INFCRMATION SHEET SHOULD FE PLACED IN THE STAMPED, RETURN ENVELOPE. AFTLR YOU HAVE DONE
THAT, PLEASE GO TO THE INSTRUCTIONS FOR USING THE SMALL CARUS AND THE SMALL ENVELOPES,
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Protocol No. 768 061

THE OHIO STATE UNIVERSITY

RESEARCH INVOLVING HUMAN SUBJECTS
PROPOSED USE OF HUMAN SUBJECTS: ACTION OF THE REVIEW COMMITTEE

The _Behavioral Sciences - Review Committee has taken the

following action:’ ' X 1. Approve
¥ 2. Approve with Conditions

3. Disapprove
with regard to the employment of human subjects in the proposed research

entitled: _The Development of a Model to Petermine Perceptions of

Scientific Literacy .

Arthur L. White/iawrence L. Gabel s listed as the principal

investigator.

The conditions, if any, are attached and are signed by the committee
cha1rperson and by the principal investigator. If Hisapproved the reasons
are attached and are signed by the committee chairperson and b medica

or other consultant, if any.

Signed SIgned

(medical or other consultant) L,/T"ha1rperso
Date March 4, 1976
PA-025
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Research Summary
College of Education
Human Subject Review Committee

1

Title of Proposed Acéivitys The Development of a Model to Determine
. Perceptions of Scientific Literacy

Principal Investigators Llawrence L. Gabel
Facultys Faculty of Science and Mathematics Education
Date.Submitted:s February 23, 1976

1. Brief statement of problem and primary ob] i

The needs for this study have been inferred to bet
1, There is a need to defirie the construct "scientific
literacy" in order to:
; a. have a valid, conprehen51Ve. and functional definition
. at the present time..

b. facilitate communication in reference to an educational’

) goal of developing scientifically literate citizens.

c. provide a basis for developing science education programs
which will enable students to attain appropriate levels
of scientific literacy.

d. provide a basis for developing an.instrument to assess °
student achievement in the identified dimensions of
scientific literacy. : '

2, - There is a need to seek extensive input from individuals
with .varied educational, experiential, and environmental
backgrounds in the process of defining scientific literacy.

3. There is a need to find correlates of the value positions
with regard to scientific literacy for those groups of
individuals which provide value positions.

Persons in two occupational groups will be-identified, science-
oriented and nonscience-oriented, and a sample of persons will be
randomly selected from each group. To these persons a cuestionnaire
(pertinent to Need Statement 2) and a Q-set of statements pertaining
to scientific literacy (pertinent to Need Statement 3) will be :
administered. Each person's data, generated vic these two instruments,
will be used as a part of group data, for example, as a part of the
science-oriented group. The research is short term and is designed
to clarify the construct "scientific literacy."

2. Description of human subject involvement

Tha persons in each of the two occupational groups will b2 randomly
selected from two public directoriess 1) The Ohio State University
Directo:z: Faculty and Staff, 1975-76 and "2) The 1975=76 R. A. Polk
Directory for Franklin County, Chio. One hundred fifty professors
(a551<tdnt, associate, and professor) will be selected from the university
directory, and two hundred persons will be selected from the county
directory. The instruments will be mailed to each person selected for
the study. A lietter will be included: 1) to briefly explain the nature
of the studys 2) to explain that their responses will be with.complete
anonymitys and 3) to identify the investigator and the means by which
further information can be obtained about the study. It should not take
longer than forty (40) minutes for the persons to resond to both instruments..
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3. Perceived risks

Perceived risks to individuals participating in this study

2)
3)

4)

5)

ehould)be minimal cr nonexistent because:
1

the information sought from each Person is not self-incriminating
nor is it self-demeunlnq.

part1c1pat10n by each person is at his or her discretion.

each person is iiformed in the letter accompanylng the

materials that everything is done with anonymlty.

Each individual set of data will be identified numerically

upon receipt by the investigator and will be coded as such

for computer analysis.

All data will be grouped for analyses. None will be treated

as coming from an individual respondent. :

4. Safcequards for subjects

The safeguards for subJects Have been described in pPart 3 as
a justlflcatlon for stating that the perceived risks should be
minimal or nonexistent to the part1c1pants. As a consequence,

‘this investigator is reguesting a vaiver of the requirement to use a

consent form with each person selected for this study. 1If this
request is denied, the following consent. form would be used.
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Frotocol No.

RESEARCH INVOLVING HUMAN SUBJECTS _
CONSENT TO SERVE AS A SUBJECT IN RESEARCH

BEHAVIORAL AND SURVEY RESEARCH FORM'

I consent to serve as a subject in the research investigation entitled:

The Development of a Model tc Determine Perceptions of

Scientific Literacy

The nature and general purpose of the research procedure have been explained
to me. This research is to be performed by or under the direction of Dr. Arthur
White » who is authorized to use the services of others in the'perform-

ance of the research.

I understand that any further inquiries I make concerning this procedure will
be answered. 1 understand my identity will not be revealed in any publication,
docurent, recording, video-tape, photograph, computer data storage, or in any
other way which relates to this research. Finally, I understand that ; am free
to withdraw my consent and discontinue participation.at any time following the

notification of the Project Director.

Signed
(Subject)
Date
- AM.
Time . - P.M.

WNitness - {Auditor)

Lawrence L., Gabel’
Investigator

PA-027
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THE OIIIO STATE UNIVERSITY
April 5, 1976

Each day science plays a big role in our lives, There is a need to
determine what will best prepare high school graduates to face this. At
The Ohio State University we are working on this very important task through
dissertation research. We need your help.

“e are asking that you do two things with the materials in the packet
which you received. You do not have to know about science to work with these
materials. It will take about 20 to 40 minutes of your time.

1, Please complete the INFORMATION SHEET. Do not put your name on it;
we want the information to be confidential, :

2. Follow the step by step INSTRUCTIONS FOR USING THE SMALL CARDS AND
SMALL ENVELOPES, :

When you finish, please return the materials to us by mail. Use the
ctamped, self-addressed envelope. Mail the postcard at the same time. It
will tell us that you have finished and returned the materials, Please send

~your completed materials by April 23, 1976. .If you have any questioms, please
do not hesitate to,call Mr. Gabel at 422-6717 during the day or 891~4454
during the evening hours.

Thank you very much for your help.

Raspectfully yours,

. Lawience L. Gabel
Principal Investigator

Pr. Arthur L. White
Professor of Science Education

College of Education / Faculty of Scicnce and Mathemates Education - 1943 North fhigh Street © Cotumbus, Ohio 41210 © Phone (614) 4224121
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Factor Analysis Results




. 1 | sm—- | . . i . .
PO NNTON SO mNOMANCOX S SO0 MM EEMIA O CMmOE O L 8O

I
» -
IS Ulllllll‘.Ill.lll.lll..llllll.l.lllllllll.....
o A CUCHNG MECMED TS0 AN L C Mg O 08 OmMag NGO BDO O
s - ANNmmqummmmQOOCchhhhhmwxmwwwmoooooooqooooog
] .
[ 8 . ) .
5 l | !
g ol '
- o - ,
B 0 ONI NG N F N DO TN HE OO 01 OV F MM N C O B e GO BMAE
W .....ll.l..lllll.ll.ll......l.ll.ll..ll&.....
6 O T0NNIIOMMMITNNNNNNNNAA e =G 0 0 0 C 00 O OO0
Y .
|
s b5
(]
&
. - {
wld '
i E | i
> S T MONDT NS ONL OO LOOM O O et MO C O (LN .0 i~ O NN
™ -~ CUNINCOCE VMO M C . d LNNMAT O P A T S I O TG (frad O P G OO0
° < DNOT AN OINNT AL CTCME NI P0 e S MIF N T €O NG N N MO N MO OP
> WANTANCAH NI NOUE O UD T mI~ 0 ONC O MO ONO T =T (G0 M=t ON NN
© Z OONMACI VNI FNMmOCO 0 OGN MO0 SN N o < MMM NN N
© W 8080 0000000000000t 2e s 00000 sesspsttretsntte
8 g N NN NNttt ettt =~ C O 0 0 0 000 00 00CDOO0000000000000
] Y ’
a w i l
3
2 ' . .
- ] .
. a | , . _ i .
s & ; i L
g = NS N DO N M TN O 00O N M TN OM OO O et N O D O O i\ (G L
3 2 et et ettt e et et NN NN NN N NG M A N GG P 3
K ) . . . .
= P i . : - |
. '- ! i i

|
O¢P~OQMU\¢M—G¢PCO#FNI‘QCOU\ONOONN—OU\QU\OCNCNPU\M\'OF"‘F‘
S ONNTMON UGN TMWNGCGONOMGSNSC NSO O MmN GO NGO N
QO LOC™C L LWOELOPNN OCNAAM LN P = O ONIA MINO N MINMF OM O F 0
U\Nﬂ‘l\tz)an-"-"-‘m—tcﬂﬁNPPU\C‘I\m’Om6@06“\#(\("4‘#0?‘00#0!‘#0#"\“
¢¢-—-mmcm~~Nm¢~NMN~~mm~~m¢a~r~mNmm.—.:wmmmo-—u—&mmﬁlm
OlloOllo-lllllllll0||l¢0lllll.lalllllalll..0.
OCOGOCOOOCOOOOOOOOOCOOOOOOOOOGOOGOOOOOGOOO_OOO

m~0~0¢N'0~?QQU\NOQ\"F\'MA&OC@QW\'GU\PAMQO\"CO?‘I’“O‘NP’O’O\"OH
NG 0 O VCTRUNOPT T DLONUT O ~NORANMCNMN SO0 MO
NOC U I STLOCSNITHMIINTUMOANONINST G AEVO (N D WU [~ Ul U~ DN D
HAECHROMNOONYC DUMNMLGC O LN OGS M TN DO 1N o a1 G DO O D
tnu':qwr«tm-rmmmm~rmmq;m~tm~r~rm~r~r~r~u’-n\m¢mmm~r~r~1m~tm¢m~rmﬂ2ﬂ: "
. 080 e 0 000 0N * 00 )

5 208V 0 g0t et
OOOOOOGOGOOOOOCOOOOOCOOOOOGOOOpOOOOOOCQOOOQOO

imated and Final Communalities for OVERALL

' sl
rletetetied & - =t bt (N o=t NN
el ale alale NNt T T ettt O O N <M OD

Pt et NN O N M N A0 etV T oL o XD O ) T U)ot b ot b ot (N Y F . Tl ) QD 9ot et g

AN UGN MUY Ot mt WY DN () L X0t bt bt bt ot oL K0S 00 P et (N () @l 02 < S T 1t bt bt 1t Bt ped et pd

R A R L L A L LT T T T P -0 SN A AR S RN DD p v

nhmmmmammuwmnhﬁmumamhmrmmHHH>>>>>>>>>>>>>>P>>
. ] i . '

Est

VARIABLE  EST COMMUNALITY  COMMUNALITY ™ :

5 332
FRIC '

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

Seven Factor Rotated Matrix for OVERALL

FACTOR 5

——t

FACTOR 6. FACTOR 7

4

FACTOR

FACTOR 3

2._.

) § FACTOR

FACTOR

< : i e . . - .

[ ! l ! i ! | [ | 1 '
NNIOONSD M NMNCRDCOOMMSEINLO0 NN D TMOL TINMNGC
PN m OO T ST O C OmANNMMNC CNMNOT T NG CONMMO ~
M VOCLCUONNAMMOC NP m OO (MG MO S NG N C NG G O CE O ™
NN COTNC OIS NGAM LN mMO O ML O NANG G P~ =
HCOOINCCAMrAmmCNNOCHCE NmmC CrmC OO CECmOOmOmrgriCOE
.lll.....l.....l.ll.l.........ol...l

e s 000 000
OOOOOCC‘JCO??‘C??OOCV?O?COCO?O:?O???COCO???.CJ?O?Ql?

1 ) . b :
l ° -' | ! i ! ' I
NmﬂﬁCN\f‘OmO‘O'QNO'O"I“"'CCHG:COC‘.M\meQ)HNNMO-ONmm“\CHN
QOICOILCO 0 C AT NMT et Lot O3 CRLMONENTINNEC MONM

-t
MNT OISO . LChTANnETrCOomelna o o a e OO LT MO O
MOECKNCH MU i MNNGC T DT NG NS C O G NN =G N

(o]

V)
o4
0o
o

CIOTCTICOOMMMCCOOMC ~rMmMm~COCCOONOCONNN—=CO C
© 9 06000005 005 0200006000000 000018000060000000000080

OOOOOCOCO?O?OO?OOCOC‘-OGOOGOCOOOGOOOCO????O?

[

O LOMIMLNTC O NIOLO I mML Ol N0 IO MUADG f O MO et Mt P of
NSO NNG OF QO s NS T LON DML ONTO CONG F OFCM NG O it
DI~ C O 0C- LN OO O Wt MO N =N OO NONUT O UN
o~
o

~0,09698

Cl"‘u-(\‘o’-(‘”.(\:tnmm~O~~CG'.‘O\7‘~CCC‘G‘.}O\"-‘U\NI"‘-F|C02""C\"F‘~C"l’ﬂv-nu\"¢l'\
O ACHHOCONNOC mMOMCmeICOC INONME rmmiM ONT NN mi =i S
SIS N N N A A A A A A YR X

O?OOOC?(i?OGO‘?OO?'O?OCO?O?OC‘J?C?C???COCOCO??OO ?

IR

mo@owhchooo~o~o~¢mm@@mamo~mQCPohcmccNOh@gQ*GM
O QLN C LT NN CNANTONOONYOICITC T T OULHLONTIN OMNG
NSNS SN O =N O G O M S NN =G ENCMC ONO O T O M
OMCINCUINNG CNON MINCHEMINC G O (0 T T U T [ N, Nt O ety TN
O CNmMOMOOCC T AMCNNOC C mrt Cmir NI M)~ O 7t C O i o =t (1) o=l
$ 0005000060 0801040080000 890000008s000000000200

OOOOOCOCOOOOOCOGCGOOQOGOGOOGGOOOOOG0.0?O??O (=1}

«21849__ ___. 0.00394&

~0.04469

-0.12051

0.0

i
f ! [ i '
: 1
|- | | | |
M NONNG =0 SN OB ENONT CMANMHNOMMSINGNMCINNSNOO =l
DI TITNAFNAMNOTTOVONTNL S CTC O CNENINUQQOMN T mimmin Ot
FrCRONTVNOOOFMMITINME COTNMNE T (6L OMTINME L OO M OO0 rd
N T G DN N =~ O 0 AT =0 NN M N = O O U =t P U0 (N 80 (et el O
CrtOmMCANNONC ORI NNHCONOMOC mmmC OO G mJTON~NO ONN

0!-0-0000!0!olulloloolooouolllolo.oolooo.ol...
o??o?c???Ocooooococo?0cocoo?co??o???o???ooo??

' . o . ' . i

TEOWT MO O Pt d (NNEINS DO O MO QM NN NI O S Nt O =it O O 0 O (LN 00 Ot
HOANQTONINHIC T NGO MO OO C AN ICINT C-OmOME N C NS NM® NON
ommoncohhaunmomnﬁcmopo~~ooPmN¢hquO¢mmuc¢m0$m
CCOCOOQOONC MIINMHCIITTAFMCONDOTSMmCO~CNSNOCHNNTNG
® & 0 800 0 50 8 0 00 80P 4o ..l..ﬁ.l.l..ll..l..o’o.

(=}
* 00
???OC’OOCOCOOOOCOOOOCO o
'
'

-0.1

oy
| I A I

CINPENHOOMME -G OOMPONMLON TN T NN ME N T O3~ OMOTO NN
LN OSIT OO OIOM T INOUE et NS $ CONMMCOONC Ot
NOSCNOCNIIICOHND=NLUI~NNSFCOOUE OIS ANMINN OO OND T ON
FOmMONYVOCONNOCRPNANCME~CIKCOILOML OMNOONC M O OO0
QOMT -cc,cmcomu\cm-aomc.-u-u-cmc;\:ora.-usggw.-u\;oc Ot O\~ 0\ (NN

....l.ll.‘l.l..lllll0..0e.'..t'lll.\:......‘!.

OQOO?OOOOOCOOOOOOOCOOOCOOOOOOOOOOOOOOOOCOOOO?
l| i lllil_ll ] | . L [ )¢,

! (4

' Ll Lo e Lo LR vt 4t =4 4 () O )

[12] el omd mt e N U O 0t e et e et = (N D NN NAM

et = NN NN M O OV O 0N Lo of L A ST T U = et 1t md N T -0 6F f 11D ) bt Pt bd 4
O S L NN Ot LU (D) QD 1D ) btbd bt it bt ol <L T S 2d w8 ot (N OO o o €L <L < 1 1ot 1t 1t et 3t e Pt
ALLALL AR I AL DTt ot bt ot 0 bt peg bt et 53 50 50 50 5% ] 230 L5 1t bt 17 2ot 1t i et 0t et et et Dt bt
P e Pt b A A P A S e At et e e et A P A e et A e S S S D S S SO DS DS >

l | I | | | | | '

333



O

ERIC

Aruitoxt provided by Eic:

Estimated and Final Communalities for SCIENCE

Eigenvalues and Percent of Variance for SCIENCE Factors

-

CUM PCT

PCT OF VAR

EIGENVALUE

FACTOR

COMMUNALITY

EST COMMUNALITY

VARTIABLE

R

1 A . 1 . . . S e
OO NSO NS NISNODNNM NGNS MC Mo o ¢ MOC NG
IS ASRATE R N NN N TN TN Y R N T RN Y YY)
CHIONCMMNSAHINE S QR MmN =N SR C NS NG I~ a0 O
nawNmm¢¢mmmoooonhn#rawmwwwwoo@oovooooQooooooa

7?“(\"‘@#"OO‘@\?O‘(D“#mﬂOOwQO@“ﬁ#mNuOO‘O0"!*60!“.?@¢MMNNN'
$ 600008 0408630000000 080000000000808008000e0300808

2homm¢¢¢mmmNNNNNNNN~~ﬂu~~H~~COOOCOOOOOOOCOOOO

MO OLOLOmMEmmrOOMT NG FCXMONNC OO =LCCANDNNNC O NON
NC AP T OO TEITNN VR TNOOCNNIOINNI ST GET MG MNCTO O
VTGN ANEC O L NGO T e P O LN 5 MU M 0T M 0 F 3 QNG MNN
CHCONROOTNME UMMM L O MEENCSMONGCTMOMN VM. OTMN~NO
COONTCELLNDNNNFHC CO SO MNP I OO T NN 000 (1) O (N (N =t ot 7t 1t o 74 = 74
I ARARA RN N N N NN R A N X
QmNNN";F‘"“"F‘HF‘HF"""COOOOOCOOCOOOOOOOC’OOOCOOQOOQO

1
AMONMSNO QOO NMENC QO C MM N OSOROMNM TN GOM RO NN
o PP e P NN N NN N NN M (YO M G M O ) F 8 P

i i :
I
,.

! i .
S ONINNMA S TC et C SNV NN O NN M NS PN OO EON G O NG =0
NMONFOITHAON=NP TN TMCNMNOL LTI RTODIINTO VMO CLMENMP OO
VNN N CONAESM O MO OO OIS TO O ™I S NMNN T O VP ONT ~=NQ N O
OUNCHOECOCITCHNTOCHLOLCACTNINC T O =TI O WLOmONO
T LA N NSNS T IM NN T $ GO MW S ON N TN MO N NN
@ 0 0.0 0 00 0 0 0 8 00 8 80 B0 00BN AN NI RN BBt E PO e
0000CO000OCCO00CO00CCOOOOCOO0O00OCOO000O0000O00

SONSGEMSNOME S ONODTmQ C PN O NN GO OO QS AN $ P F M
DT VNOMM T SO NAS NN CER OSSO TN NE NG ON SN OO
O IMNMMN LT IO NNHCOENNCNSNSSI OGS T 0CMMSC O LM
ACINCTHMLOVCONT O NSNOUSCEOII ~HME LSO SO T LM G QO
OO0 QNN L DD T DG NG O NN SN T I J 1 01NN N O 0 O NGOG O NN
a8 8 8 0 ¢ 00 S 8 0 8 90 000 55 000

. (R EEE RN (K]
OOOOOOOCOOOOOOOOOGOCOCOOOOOOOOOCCOOOOOOOOOOOO

1 Nty
edrdptdmd & ! - et () ey (N}
P ottt NN Ot el et ot | et N ON LA LD

A OO NI O NV EOIF N AL L g o 03 N ) T U ettt et et 4 0 T D o O 0 404
O TGN Dt AN NN QD I0 U rt g e bt o oL oL o L T A0 D ol Sl o L b 1t 0ot gt i o =4
L QU LG LB Q LD ot et g et 4 5 20 3 5 22 Q11 129 Cast P8 1t bt b 1t o bl b et = gt et 9l
Ll L T e e T L L L L T T R e i R - SN >>>>!>>>>>>>

i | ) i | N !

334



~e

Q

ERIC

Aruitoxt provided by Eic:

Seven Factor Rotated Matrix for SCIENCE

S

FACTOR

. FACTOR 4 _.

_-FACTOR 2___ FACTOR 3

1

FACTOR

FACTOR 6 _ FACTOR 7.

| L e ! T
OSAG ONOTNANON O N OLCE $DNMO DM C o O F TUF O P st ot O oD

L0 NG OAMNOC METMET LN CNOCCPROUTONITI I A @G~ C 0 SO

WO ICCLOGANCINOMmLMSEC T M S T LN G C N M~ C e =0
OIS SN NG O CAN A LI NS OO O T i G ML min 040000 (0 0N T
CHCOLOCOMCOUMINTCrMmOCNNINGC ~OCOC mmICOC CmNGCOCNN~LO
.........o'.o'...."o'c;'é°......'.c:.o..o'c.'o.o....coo.c.t;
COOOCCOOCOCOOOOOD OCCCCOCOCCT coC ; [e] Y]
ARAR RS 7°9 TS CTTTITOTS T°°°9

I l ! i ; l [

: ot
FmO0MOVECINMOEMOINMOLOCOALONT SO0 O~ INDT COMNCMOm™
QO T C MINNMTCOC VLN~ OW M i O N N GO DL 3 (NG OO
wr-OPmmmc\'o«.mmoc.-u«c:tm:'c-ncc#mcmmommomoorvhmo-wcor@
NTNT Ot D~ C O W MNNSNNME N O S 0 0L M mC (NN MEC 3 LN
OCOOIICOCCOITOCONCQONOLOC OmMOOOT NGOTNNINNO OO MO~
$ 0 0 0 0000000 0000045000000 0808200004008 _,00s00000e000
OOOOCOOOCCOGOOG?COOOOCOOOOO?OCOGOCOCOOOOO?OO?
[ 1 hllll [} [} i [ S

'

. 1
] X . ' N
I . ‘ I I
MO ONE NG C O NI CINNS TN G O O NCINNC misC siP (. (AN M 0y~ O N
~O~CQPF‘NP~?NU\~?-—‘NOI\FNWC#0PO~QW\OU\~.‘O~F‘.U\QN-—0V\$~?F¢O¢F-
CENFC TUOIMNTNNAMO TAOITCORMT O CNIC M C M el 7 M MMN
COTLOOMOCC I CENTmC (IO CT NN o i, O G minF F O
HC OmNmO OO INNCNOONUCOmOC OCOCHCOMMMO~NOONO~N
® 0 0.0 0 0000 0000000 0080000200000 0000000000000

£
Lend
L]
AN S i e A A S R e

i ‘

T

—=0.09070

CLANSNRMCCOTOTOONMANONCINCOTONON - TL0 0 M IRMD 0N
MOLVOmMeNOX ™G OLMNT NTINTIMEMO O HMNCIC S ~OSNLMmmo-a OO
N INE W T CNG M EOICHC T NF DS C IS I g NG O S mi 8 F i (GO NN M
NO#CmmO¢NPCN¢Cm~~hmwNNNQOP&CmmOQOm&QGOMOOQQom
TOOCOOMCNTMOTOOOMACANMHE RNNOO T mHOOC G TOCONOO
.0l.00000'.00000.0000000.000000050'0.0000.00..
ococo?????oooo?c?o?????c??o?ooooo?cooc?o?oO??
. ; ! [} [}

S O AL T

~age ll\-cOMOOF‘Q)OODMO‘V\OON\T(DOHONFN\TU\O’OO‘\TO-OOOGO*M

$oNO
OI T CNONGIONMN SN CNOSTCOES S OLOONOON 0 DN GINOMON
RO WO O NEONC NP MU SC N G O P UV~ 3 C SO OO O DN
ONMNINMAGS MC IO OOTEMm QO OR OMITLOEMNT TN NS SN O
OOANNOANNOOLUINAONC OmrtO 1 mCCHHCOONACE mNOMNC MO rrdmt
C.l.000.0...00.0.0..000..00000.000000.00.0...
COOLTCOOCOTOO000CO00000OCOOCCCOOCCSCO00SCO0 ???

o~~rNanmm~ommm\nN~c:o~-a¢ocmwm##o'mmwmmcmma~ocw-—-~r~o:~comor~
NNO»'-'J-‘U'\O#‘U.'-olnmﬂ:(-PNﬂ¢~CﬂﬂN~meO*Nmml‘COUJGOQNO)~T~?U\OW\N“\
HHOT MONTOCATANCANMNTNTS ~NANC e CODMMHNO OO0 ~OIN M NON
S 8 0.0 90 05 000000 000000000 000 020 sas es000 00D SDOIBEES
OOOCOOOOOGOOCOOOOOOOCOOOOOCOOOOOOOOOOOGOOOO0.0

[ [ A N Y] [ | i L I Y I O N I

.
] .

i I ! - |
: | i

MOEIONMEFROON I VRRIOCHOINDOSIMOMBDOMCSINOT VO N~INON
QO AT =PI~ NC SN MO TP O CMNC P C MO T OT G Pt NG OO
NP OV T Gt M NN O I DY et I NNt T MV I 1 0 0 1OV ot P VI et €013 o T O o & = O
RVOCC N~ OOONCWGOE O CIMCN ot NG A0 r1 =T 0 O M (N OO NN
OMNANCC MAOmONNCNNONUINE mC O T TN s mt (N Lt O O Ot
(A I I R R I I I I I A R - A A X
O?OQCO??GOO????OOOOOOOOOOOCOOOOOOO?O?O??O??Q?

]
.

! ! =t gt 0o gt
H ' edrdmimd  F ' - E N edmd i (O NN
m o et et e = N St ot ol md 4 4 et N QO L DD

= NN NN M MM T N0 T o < DI O Y T U ot md ot omd o (N 1) o O L L T (0 14 bt PPt
O OGN Ot U N M) < (0 O T it 0t b 2t 34 < < Tl Pl O\ 18] o L L 2L o, 2 ot Pt it et Dt P el
QR QL L L Lot L L e U 1m0 Pt 1ot o et it o4 5t 2 5 53 S 53 03 S UL, LS bt b Pt Bt 1t et Dot e et Pt Pl
annmmﬂmmmnnnnnnnnnnnnmHH~H~>>>>>>>>>>>>>>>>>

P | oo I

' 3356



O

ERIC

Aruitoxt provided by Eic:

Eigenvalues and Percent of Variance for NONSCIENCFE Factors

Estimated and Final Communalities for NOMSCIENCE

—p

EIGENVALUE

FACTOR

COMMUNALITY COMMUNALITY

ES

VIRTABLE

VAR Cum PCT™

1 ' ' : ' 1 .
th¢cmom~co~qo~mhh6¢NmmomohmooammcmHOOnmn¢wao
OOO0.0.0.ln..ll...nl..l.ln...l..'l..l"l.mt.!.
&cmoqomh.-urh--rrnco-mu-.rso--n;elmsmocmwoww-(chhwmc&o«oooo
nmwmmcqmmmcooohhhhhmmmmwmmooowoooooooooooo#g
i ! . i !
i LR
|
i !
[l Tl a1 Lol o] FU\MNGAFQMNOQQ&FOm¢mHHCOO~QmF6mU\¢~t¢MMNNN
....ll.l......l.......I..l’...l.c....l.......
DB O T L OED OUTHN N NN NN A 0 st et it et = ol O O CC C OO O O T O OO OO

| .
omhnhhommcnmoohncccm¢¢¢~p~¢mhmc¢mcm~m~ccmCMo¢
AU TOEOTVL TN TUECC G T 0 DOUNOCIOGCOE F & U LMD 740
NN LCBNNOEGT MO NCINNG G CON COmMSEINMS CEOGE ME & WG IAINN®
OHAD T IT AN CINMNOC MNCHNUNC IR I C T T CUNTNGC E L MmO OO
CUOUMC O GINT T AN COOT I GO T T 3T L VOGN N ot et ot ot S O
0000.‘0.000000.!0..‘!0.!olo.ootn!!oooo.'..lto

mmmNannnﬂnununﬁﬂoocOOOOOCOCOOOOOOOOOCOOOOQOO

NSO O NN NON DS NSNS OO NP OGO
' T ot st et 0t = (NN O N NN NN N 00 00 (R 1 00 05 00 (N 00 8 8 8

i
[
!
|

43~
44
45

4 N I
CHMHtARAMOONCNC RPN WS $ ONNO M =D MOE =M OO MM

SIS NO NG RO NG 1 i~ P NG SN O ONO N LN OO C GC NGO ©

MM NC O P L TN O eSS CONG =10 O MU S T T O N T i 000 NN
OV OSVRNMANAT T OO S OOMNNSC O RINGN CHNOVOOT T OMNG NN
WA 1M NN N N P NN N Nt (A N T O N T =D (O 0N N O 0SS N (0
» 6 o0 0 0

906550040005 00080 6600080000600 00000s0808
OOOOOOOOOOOCOOQOOOOOOOOOOOOOOOPOOOGOOOOOOOOOO

il | T
AERRRRRRER

. : | !
N-«O-OOFFCDQ’QFFOO«~O~OOmf‘ln"‘vcmm#!‘m@m#om@mchOHNf‘mmMH
—-:;ohmo—wcocmoc.—cmmmf\rhm-msimom—crsﬁomcammmo«hromemccm
NCNC OQIPWIAMLWNT U= 3T NN A NS T OO DG U NN TG DL O .
OCJMMr-mO‘ﬂ)u‘N’.vac‘.ﬂ'rNt‘HN@mlanf‘u‘.O‘GNqQCFmOﬂFHNv&ﬁ#QOM
fmotncom-n-oumoommmrso»ooom-ccoom(mhﬁqmmcommmemu\ohhoo
0...o-.....00...0.00000‘o..o..‘.o..‘o..oo.oo.
OCOOQOOOOOOOOCOCOOOCOOOOOCQOOOOCOOOOOCOOOOOOO

! olalelnd
—tptomted  $ ) ~ =t ol et (F) ot DN (TY
0 ot gt (NS L ot ot 1o d ot et ot e e O NM L W R

Aot e = NN NN N N o e (NI M L L UL N F UVt b ot =1 (N ) F D oL < (L T 1t bt bt b

~mJmcmmmcmﬂonqmmmm~~~~q¢<<<¢~wm<<<q<HHnHAAHH

<<Q<<(d<qu<NMHHMH~HHN~>>>>>QdumﬂHHNHMHHNHHﬂH

HmmmNNHHHﬂMHHHMHHH”ﬂHﬂHHHHHH>>P>>>>>>>>>>>>>>
P [ . .

336



Q

ERIC

Aruitoxt provided by Eic:

Seven Factor Rotated Matrix for NONSCIENCE

7

_FACTOR 6  FACTOR

FACTOR 5

3_,_FACTOR 4

___FACTOR

FACTOR 2

1

~ACTOR

R NN K
.CO??C?COC??C??OO?O???C?C???&?????CCCGOO?G????

1 R B o ! o
D‘IoNO\fN@OU‘.\TC‘\U‘.I¢'~PMMO~O~~?CFOFI{\O‘O‘FFNFFMNZO‘MC~O~?NU‘O

MNP EC OO e LM ITINACON TN T L CNMeC U N G CNO

SCUNOILCOAmCAME ~NC I LCLCW.NTNT O O TCNEALCC TN SOMTG
IHENCOUNG T =MI CNT Tt NGC P A SC O C i\ LNt vt o NP
MONEOCNCAMANLYOCCMCONCCONCCCOMC MArSmrmNmC CHhmAC OO0 SO~
rocouoouuuuuouucccoouou.c.uu,!ocu.uu ®

. ! '

1

. ]

| | S
No~c=>o~u~c=-—-t~mc~ﬂ~osc~~ro~o:o¢mr¢o~¢m~rNommmmcc#o-mcco¢
COLLOIOITNLCLCONmOON-CrNTMNGm COm Lot ME UANT OO
M ITACEHLEC AL ITCNNNAIME ~CANCEAMINSSAASCE S S
LA NC T ENC S NLE L LCE O NC Mt tND QT C Ot O (NP 3 O
TN Lt tCONC ~NOCCOONTAC~COONmO~CICITCOTOC N
.!l.!!!.!!!...l!..l!...!!l.!!.l.!...l.l....

[
ocoo OOOCOCOoocooococccooococoooccooo?oooOGO
NN [N | A0 [FURER B R B I

| I ; | ' o i
: . i ,
! ! |

O PP T Ot O NR~ i SOOI & O SO (€ I L 0N A I O O O
COINTCOUTINAFMCITINMNMmNEO0 MO S0 O NEOMNON
R\!‘\"C‘Q COCOAmMIMNONNMIT~ T mNC OO YCNOTDS

@©
Uy
0
TONC Uit S SN T O NO A S SQ O eSO OO N ST et () ()
COOMOMAMNCCONETHINOHMARNCNCmCO=OCC ~—ZInN0 0
6. 6.8 5.6 0 05 0 500 00T 500800908008 4058000400840 00 064000080

MR i e R M A A i S

o n
cx i~
o C
U2k s (=]
CN [

. H . . ' 1
N

! ' ° ' H - :

N L= P OO QTM AT NN AN O~ NNOCCOMOEC G Q@G NOOM MMM
OIS ITOOMNENAMTAO;C TN QLT NESNCCOMONE-C M 0@0 F i)
CUNEOVEI M INE L CUC Cramm N LN ON O N NG T OO ™ e it K C it (N ONO
MHAC et L O NG P NP e O It (AN G P C M PG O NS (G0
CCMNCTONNOMCINNUCOCHLOCC UmMAMISmCNACOOCOONTOO
0-1uu.auuu-ucuuuOUrucuuu!uucuouo.ucuu-u.c
?OOOGOOOOCGC??OC?O?????c?OOCO????OOOOO?????

-0.28

: ! I i b i
i ! . ' H [
IhTVNDACITINAHLCIMO M OO NN NG P (Nt MUNE Dot = NSO () 0
cmowmoomo¢h¢¢~wcmmmhommmmcmcchmmmm~¢COOFomR
0

Nt SN G NG DI OO G L O WM T LD NMOC NN~ NG MO (N0
LN S0 GO OO nS TCU QST INNMT Ot et OO P
HCHCOMMA it~ miSOONDINNCANC TOMmm it C N EAOmN - TONOS O ~ N
l.‘!.."u!!“u!l...ll!..l!"!lu.!!"!‘.l.-. [ B J
oco?o?ococ??o???????oo?c?ccoocoococooocoooooo
i .
! o

| i '
| | i l
SNV INC I SNCANMO NOVOMANTINOE MONTOON T 0D TONCCNM NG
COVXNCmOS ML TONGE AN TimNT N OMSO TN MNT OO~ ON~
NANQC AN et =N OIS TN T NN C O C - TEIOTOOMe MC T~ I MmN
S mC Ny P ONIATRONC NS MO T UM~ TP U N GNP T
NCOC mCmMOMST ~NNOCMCOOMCCOMNNMCSHAMCONANONC GO0 OrN
.u!l!!.ulluu!l.!).!!Q!!!....!!il.u.!lul!.....
oooooc?oo?c?oo?cocc.coo?occocooooco?o?oc?oo O?.

[} [} 1 [ ] e [N} H [ ] .

ot

i

FTrINTOOOQINOTAMOCNUNG DT ONNMOE O M OO~ mt(\ =0
DN At C N CMOCCUNITNTI T O LT ONNS A USUEMENC ST S rdmt 0~ O
NSO et NSO C N MNC N L Ot MO NSNS NN OO I SO0 VNO
MAC VWS~ NECLCMHUNTmOTMNGDEITCIOMP I NN R O 53N =i C 0O
Netrtrt S MO O MU MOCLCONO MmO mMOCICOUMNAN~NCNIODICAMO OO0
uuouuuai-u!utuq‘!uuu!uou!‘u.!uuuulu.nuu..u.Qo
oooPOCOGOOCCOOOOGOOOGOOQOO?ocogoo??oo?c?o?oo?
. Ll

| ] : ot 4
! —eletrtmd 3 | B : o~ gt ot 1 () 4N OD)
® ol gt et o ot (NN O et = gl ot pmd g [l Lo T Lo JAVRNT W 0 B ol oY o0 )

ettt NN NN O MY (7 N M < o <€ 0L N Dt ettt =4 N (08 O oL oL E X 1t gt 4

T UNO NN Lt et N NIN 2L 2 D 00 bt bttt g L o <C g 02 3 PN () oL o D L o 7t gt 2t g Pt g e D

R Lol L Qe aL al Tl ol ol it it et e Pt 23 23 20 D D 0 G000 o 1t ot 1 it Dot 0 e ot ot Pt et et

P A At et ot P ot et P i T A et P P e B 4 U g P b et D D S D DD DD DSBS D> >>.>
' '

! ) i | . ' |

337



