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The study was undertaken to determine if a university-level

preliminary class concentrating upon the formalism and techniques

germane to success in science would serve to improve minority

academic performance, minority here being defined to include cer-

tain Asian Americans, Black Americans, Native Americans, Spanish

surnamed Americans, and those white Americans who do not qualify

for inclusion in the society of the white majority. Three hypotheses

were investigated; namely:

Ho
1

There is no significant difference in academic performance

in a typical university biology class between those societally

liabiled freshmen who are exposed to preclass treatment and

those who are not.

Ho
2

There is no significant difference between the academic

performances exhibited in a typical university biology



class by societally liabiled freshmen and societally liabiled

sophomores who have had identical preclass treatment.

Ho
3

No significant difference in academic performance in a

typical university biology class will be noted between soci-

etally liabiled sophomores who have been exposed to pre-

class treatment and societally liabiled freshmen who have

not.

Though some mortality later developed, a random selection of

64 students--24 freshman experimental, 24 freshman control, 16

sophomore experimental--had administered to them the pretest, Sci-

ence Form 2A of Sequential Tests of Educational Progress-II. The

converted scores were used as a measure of student background

preparation in the sciences and as the covariant for a quantitative

analysis.

Treatment for the experimental groups was provided through

Selected Topics-Science Education 199X. Utilizing a composite cur-

riculum involving concepts and techniques from Science Curriculum

Irrprovement Study, Elementary Science Study, Experiences in

Science, and the more traditional secondary and post-secondary

curricula, the class focused upon seven major areas: Science as a

Way of Knowing; Assumptions upon which Science is Based; Unifica-

tion of the Sciences; Formalization of the Sciences; The Role of

Science in a Technocracy; The Role of Science in One's Private Life;



The Psychology of Science. Treatment was effected for one entire

school term during which the class met three times a week for 11

weeks. Major emphasis in the course was upon the development

and intensification of skills necessary to successful verbalization,

laboratory testing, and hypothesis formation in science. Conducted

in an informal manner, the class utilized exploration and discovery

as incentives for invention, the more cognitive element in the curricu-

lar model.

Following the term of experimental group treatment, all sample

subjects were enrolled in General Science-Biology 102 which served

as the second source of data for the empirical analysis. The curricu-

lar model for the class included traditional lecture sessions, informal

recitation- problem sessions, laboratories, and staggered television

presentations. Because of the routine randomization of students into

general science classes, the sample populations were exposed to

several different lecture instructors, class sections, and laboratories

which afforded contact, in many cases, with instructors other than

those who handled the lecture sessions. Academic evaluation of the

students was based on points obtained from recitations, examinations,

and laboratories. These points were used in the study as data for

analysis.

For a comparative investigation of the effect of the preliminary

class, covariance analysis with the F test as a statistic was employed.



The functional relationship involving adjustment means and variances

in conjunction with the t test as a statistic was the model for a test

of significant differences among groups.

Findings

1. Students who are exposed to a preliminary science language-

technique class exhibit academic performances in a subsequent

typical university-level science class which are superior to

those of students who have not been so exposed. Significant

differences were obtained with each of the four test parameters:

recitations, laboratories, examinations, and the total scores.

2. Freshmen and sophomores who have had identical preclass

treatment do not differ significantly in academic performance

in a subsequent typical university-level science class though

some slight difference was observable in the area of examina-

tions.
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SCIENCE FOR THE SOCIETALLY LIABILED: THE EFFECT OF
A PRELIMINARY LANGUAGE-TECHNIQUE

COURSE UPON ACADEMIC SUCCESS

CHAPTER I

INTRODUCTION

In the early years of this century, John Dewey (1916) asserted:

A society which makes provision for participation in its
good of all its members on equal terms and which secures
flexible readjustment of its institutions through interaction
of the different forms of associated life is in so far demo-
cratic (1966; p. 99).

Building upon this concept, Dewey became one of the major prophets

in the Progressive Education Movement of the 1930's, a movement

that was projected to hold great promise of unexcelled academic and

social achievement for all American youth. But it was obvious by the

1950's that the plan had gone awry. Some observers would postulate

that this resulted from default of or overkill by the proponents; others

would counter that concerted attacks from the opposition doomed the

program to failure. Whatever the cause, Conant (1953; 1959) and

Goodman (1960) were prompted to raise critical questions regarding

philosophical and methodological trends which negated positive learn-

ing experiences for all students; and with the appearance of the

Coleman Report (1966), any claim that democracy in education had

been a reality was laid to rest.
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It is not surprising that in a social system predicated upon a

belief in the inherent superiority of the white majority, Coleman

found that Black students had been exposed to an educational enter-

prise that was, for the most part, not only separate but unequal.

Substantiation for his theory that such a system promulgates a dele-

terious effect upon academic achievement is evident in earlier works

by Davis and Dollard (1940), Becker (1952), Clark (1963), and Katz

(1964) as well as in the later treatises of Kohl (1967), Kozol (1967),

Beez (1968), Rosenthal and Jacobsen (1968), and Rist (1970). In

recognizing that those who are culturally diverse, and therefore soci-

etally liabiled, usually attend schools located in urban areas,

Pettigrew (1974) has observed:

Those who are of minority group and/or low income status
have been exposed to learning experiences in the urban
classroom which lead to the development of social and
cognitive behaviors counterproductive to educational
achievement (p. 72).

Pettigrew's observation leads to a realization that though the

aforementioned studies dealt primarily with Blacks, it is not to be

assumed that cultural diversity is the exclusive property of this

particular group of Americans; for this is a comparative distinction

applicable to any segment of our society. In terms of population and

according to current usage, however, the four most identifiable

culturally diverse groups in this country are Black Americans,

Spanish surnamed Americans, Native Americans, and those whites
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who are financially deprived. 1 That none of these groups has escaped

prejudicial practices within the schools and/or classrooms is a fact

well documented by Harrington (1962), Weller (1965), Durfee (1970),

Hunter (1974), Kalectaca (1974), Laosa (1974), Locke (1974), and

Arciniega and Mazon (1974). Accordingly, Hunter has noted:

Today, there exist wide variations in the extent and
degree to which equal and adequate educational oppor-
tunities are available to children and youth in American
society. Greater disparities and inadequacies attend
educational provisions for the culturally diverse, in
spite of implied constitutional guarantees for equal edu-
cational opportunity (p. iii).

The question arises: If education in general has neglected these

citizens, what can be said of the more specialized areas such as

science? Traditionally, this discipline and the related mathematics

offerings have attracted fewer students than the other disciplines

within the school curriculum. This was a fact which had to be ac-

knowledged by America when, in 1957, it found itself trailing Russia

in space technology. If education's commitment to all American

youth had merely floundered before the launching of Sputnik,

'In general, Asian Americans, as a fifth group, cannot be in-
cluded because of their traditional community-controlled, culture-
based educational structure and because of the unique academic
differences they exhibit in comparison to the four major groups in-
volved in this study. The investigation does include four students,
two of Filipino and two of Hawaiian-Japanese extraction, whose re-
cent entry into this country from financially and educationally de-
prived backgrounds makes them eligible.
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its ultimate capitulation was assured by America's decision to pro-

duce scientists and mathematicians in large numbers and with all

deliberate speed. That the goal was not realized is a fact presented

by Evans (1970):

Now that support for science and mathematics teaching has
been in progress for a number of years, it is becoming
increasingly clear that the American people are still not
scientifically literate--not even the young people who have
just finished one of the new programs or have been taught
by teachers who have had additional science training.
America is still lacking an adequate supply of scientists
and mathematicians (p. 80).

Further, that the stipulated need induced the development of the

talents of those students who represented the average and better-than-

average American populace is a certainty discussed by Bruner (1960),

Ronneberg (1970), and Hurd (1971). In consideration of this and the

subsequent science classes which developed, Ronneberg has observed:

The courses were planned to be intellectually stimulating.
This has been carried to such an extent that the teaching
materials cannot be used by 70% of the students. . . . The
courses were oriented in their presentation of material to
students who may be presumed to become potential science
majors (p. 52).

Ronneberg's assertion gives rise to the hypothesis that this

preferential search for talent represented a preclusion of most of

those who were of the culturally diverse majority; for, in this coun-

try, any allusion to the descriptors "non-average, " "non-motivated, "

and "low-achieving" has come to be an allusion to culturally diverse.

The hypothesis gains credence when note is taken not only of the



5

present dearth of societally liabiled candidates for employment in

science but the apparent tendency of these individuals to avoid the

discipline altogether. From a study dealing with Black undergradu-

ates, Boyd (1973) submits data which reflect the aversion these

students hold toward the sciences. Careful analysis of the data re-

veals that though no branch of science has great appeal, the biological

sciences rank higher than the physical sciences and their related

fields in student choice of major. This preference seems to have

high correlation with two factors: a) the biological sciences are not

as abstract as the physical sciences; and b), the former have great

significance as prerequisites for medical school.

The view that Black students show a predilection for the non-

abstract in science, an expected consequence from lack of exposure

to the language, techniques and tools of the trade, is underscored by

Justus in a National Assessment of Educational Progress Report

(1972):

Blacks performed best on those science exercises largely
dependent upon daily experiences and common knowledge,
and worst on those which involved a detached research
attitude toward the objectives and phenomena of science
(p. 1)

Support for the assertion that those Blacks who select the biolog-

ical sciences as majors do so because of a desire to enter the field

of medicine is given by Watley (1 971). Concentrating upon the career

aspirations of "bright" Black youth, those with high scores on the
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National Merit Qualifying Test and/or high school grade point averages

of B+ A, Watley found that only a small percentage of the students

opted for a career in science; but of those who did, the greater major-

ity showed a preference for the biological sciences and medicine.

Spanish surnamed Americans and Native Americans, shown by

Crossland (1970) and Stent and Brown (1974) to comprise an even

smaller proportion of the total undergraduate population in this coun-

try, give results similar to those of Blacks in their lack of attraction

to the sciences. Avila (1975) has noted:

[From] information concerning the percentage of students
completing a high school biology course. . . it is obvious
that the number of Chicanos and Native Americans com-
pleting a high school course was significantly lower [than.
even that of the other ethnic minorities] . . . when com-
pared to the typical section (p. 9).

The Directory of Spanish Surnamed American College Graduates (1972)

also notes that of 3,302 university graduates, only 282 chose majors

in science; and reports from the National Science Teachers Associa-

tion (1975) further support the assertion that the percentage of Native

American participation in science is even smaller than that of the

other ethnic minority groups. Data regarding the participation of

financially deprived whites are not readily available because of the

traditional, but erroneous, practice of considering them a part of

the white majority.

Hypotheses citing culture-based variables as the factors leading
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to academic failure among the societally liabiled have now become

historical. For example, Hess and Shipman (1965) have related such

failure to verbal codes and the orientation of the family unit; Dent ler

(1966) and Jencks (1968) have attributed it to the effect rendered from

life in the ghetto; and Jensen (1969; 1975) equates it to an inferior

intelligence which results from inferior genes. Clark (1963),

Leacock (1969), and Rist (1970) view this academic failure as the

expected consequence of teacher preconceptions; and Wilson (1967)

affirms the earlier Coleman Report (1966) by considering it the na-

tural result of subjection to an educational enterprise which believed

in separate or together, depending upon the locale, but not equal.

It is not the intention of this investigator to counter or support

the aforementioned hypotheses. The plethora of studies arguing for

or against the cited variables seems to negate the necessity for further

discussion on the topic. It would appear that attention should now be

directed toward devising and instituting programs designed to assure

academic success for the societally liabiled, a success that is com-

parable in scope, level, and timing to that of the white majority.

This looms as one of the major issues with which science educators

should be concerned.

There is no intention to imply herein that programs designed

to facilitate the passage of societally liabiled students through science

classes have not been utilized. Any researcher is only too familiar
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with the many high school courses developed for the low achieving

and/or non-motivated; but careful analysis of these would reveal that

the principles and practices applied within the classrooms have not

been such as to foster future enrollment in science courses of a pro-

fessional genre.

The picture at the university level shows little difference. For

example, Baldwin and Boedeker (1975), Nakamura and Winkler, as

reported at the National Conference of the American Institute for the

Biological Sciences (1975), and Smith, Preer, and Brooks (1975)

have developed programs designed for the culturally diverse and/or

non-science oriented; but in each instance, little or no emphasis is

placed upon preparing the students for possible careers in the sci-

ences. The primary focus of these classes is upon changing student

attitudes and facilitating graduation.

This investigator does not intend to suggest that there is no

need for relevancy and an attitudinal reorientation toward science.

But if the opportunity to compete for science-related jobs is to be-

come a reality for these students, they must have more than a

melange of magic-simulating exercises; they must have the tools,

language, and techniques necessary for this competition. This will

require more than a mere shift in curricular emphasis, however.

It will involve securing statistical analyses that determine the effec-

tiveness or lack of effectiveness of the programs in obtaining the
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stipulated goal. Kuhn (1973), though himself concerned primarily

with attitudinal change toward science, has observed:

Until fairly recently the course for nonscience majors
was characterized by a lack of interest on the part of
scientists. Evidence for this exists in the scarcity
of literature by scientists on the subject until the early
sixties (p. 2).

Dickson (1972), in a survey to determine the number of research

studies done in science between the years 1967-1971, found only 25.

Of these, only five gave evidence of having utilized senior high school

students, none concentrated upon college or university students, and

all dealt with students having IQ's within the range 110 -115. Not-

withstanding the postulation of Clark and Plotkin (1963) and Williams

(1972) that intelligence and ability ratings as listed for minorities

are misleading because of inherent bias in the examinations, it is

apparent, from national reports, that the studies involved in Dickson's

survey dealt primarily with those who were not culturally diverse.

Findings such as Dickson's, a recent National Science Founda-

tion College Science Improvement Program (COSIP) Report (1974),

and the innate sensitivity of minorities to their own plight have led

to an upsurge of interest among some interested individuals and/or

groups in improving minority participation and status in the sciences.

As one example, much of the business of the Annual Conference of

the Society of Ethnic and Special Studies (1975) was devoted to this

topic. Several presenters reported having developed elementary
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and/or high school programs designed to encourage professional

science participation by the culturally diverse; but only one of these

had continuation at the university level. The most serious problem

associated with the courses, however, is the lack of quantitative evi-

dence to support any claim to the effectiveness of the programs in

achieving the desired goal.

Avila (1975) and Berry, Gillet, and Didato (1976) report the

development of a university- and a college-level course intended for

the purpose of alleviating, to some extent, the dearth in available

culturally diverse science talent. In both instances, however, quanti-

tative data are somewhat limited, especially in the case of Avila who

concerned himself solely with an analysis of pre-university prepara-

tion. Berry, Gillet, and Didato have obtained some empirical data

relating to their course; but, they themselves project the view that

there is need for a more detailed analysis.

This investigator agrees that the only way to improve minority,

or culturally diverse, participation in science is through the actualiza-

tion of minority potential. It is not enough, however, to merely

acclimatize students to the unique parameters necessary for aca-

demic success in science; it is necessary to prove quantitatively

that the methods employed are germane to reaching the desired end.

This will be the prime focus of this study. An attempt will be made

to determine if a university-level preliminary course in the language
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and techniques of science will foster academic success for societally

liabiled students in a subsequent, more traditional science curriculum.

In making this investigation, there is no need to become em-

broiled in the controversy stimulated by Dean and Fowler (1 974) in

an attempt to assess the linguistic merits of the dialectical apprecia-

tion theory over the eradication and bidialectical theories. It must

be realized that whether students speak "standard" English or not,

the language of science is unique. Anyone involved in research re-

lated to the culturally diverse must be cognizant of this, a point well

emphasized by Kalectaca (1974), Williams (1974), and Donlan (1975).

The successful incorporation of scientific language into student com-

munication patterns depends upon adherence to the suggestions given

by Williams, to wit:

The instructor must take the attitude that the students come
into the classroom with a viable language which serves to
transmit the ideas and thoughts which have evolved from
their cultural environment. . . . The instructor must
function within the framework that his job is to expand the
student's language usage, not to eradicate his native
language and culture (pp. 330-331).

This investigator will not attempt to acculturate; for to eradicate

diversity would be to deny the truth of our pluralistic society. Pri-

mary emphasis in this study, therefore, will be upon expansion, an

expansion which reflects the philosophy attributed by Armstrong

(1971) to Sitting Bull:
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I am a red man. If the Great Spirit had desired me
to be a white man he would have made me so in the
first place. . . . Each man is good in his sight. It is
not necessary for eagles to be crows.

Statement of the Problem

Many hypotheses with regard to the "why's" of comparative

academic failure by the culturally diverse, or societally liabiled,

have been generated. Of particular, but belated, interest has been

the lack of participation in or high rate of attrition from science

classes as exhibited by those who are members of this segment of

society. But the problem should no longer be "why ?"; it should,

instead, involve a quantitative determination of the factors necessary

to offset such failure. It is the latter entity with which this investi-

gator is concerned. The problem is centered in the following three

questions:

1. Will societally liabiled freshmen who are exposed to a pre-

liminary science language-technique course exhibit significant

differences in academic performance in a typical university

biology class from those who are not so exposed?

2. Can a significant difference in academic performance in a

typical university biology class be detected between culturally

diverse sophomore students who have had a preliminary

language-technique class and culturally diverse freshmen

who have not?
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3. Will a significant difference in academic performance in a

typical university biology class be evidenced between societally

liabiled freshmen and societally liabiled sophomores who have

been exposed to the same preliminary language-technique class?

For statistical consideration, a hypothetical delineation of the

problem would take the form:

Ho
1:

There is no significant difference in academic performance
in a typical university biology class between those societally
liabiled freshmen who are exposed to preclass treatment
and those who are not.

Hot: There is no significant difference between the academic per-
formances exhibited in a typical university biology class by
societally liabiled freshmen and societally liabiled soph-
omores who have had identical preclass treatment.

Ho
3:

No significant difference in academic performance in a
typical university biology class will be noted between soci-
etally liabiled sophomores who have been exposed to preclass
treatment and societally liabiled freshmen who have not.

Basic Assumptions

The following assumptions underlie this investigation:

1. Language is a major factor in the success or failure of students

in science.

2. Familiarity with laboratory techniques is a prerequisite for

success in science.

3. The pretest, Sequential Tests of Educational Progress-II

(STEP II), is a valid and reliable instrument for measurement
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of high school science preparation.

4. All students involved in the study have had equivalent prepara-

tion in the sciences prior to preclass treatment.

5. All students involved in the study have had inadequate prepara-

tion for university-level biology.

Definitions of Terms

1. Asian Americans are those Americans whose ethnic origins

stem from the Eastern Hemisphere; specifically, those individ-

uals who are of Chinese, Filipino, Japanese, Korean, or Viet-

namese ethnicity.

2. The bidialectical theory is that linguistic theory which "states

that a person has a right to speak the dialect of his home but

that the person will also learn standard English since it is

'necessary' in certain situations" (Dean and Fowler, 1974,

p. 303).

3. Culturally diverse is a descriptor that is applicable to the

differences exhibited among any race or nation at any time and

over all time in comparison to any other race or nation; spe-

cifically, the differences exhibited with regard to customs,

arts, conventions, beliefs, etc. In more recent times, and in

this study, it is used in reference to those who exhibit differ-

ences from the basic culture of the white majority in America.
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4. The dialectical appreciation theory is that linguistic theory

which expresses the view that ". . instead of offering standard

English to non-standard speakers, we should not try to change

the speech of non-standard speakers at all. If anything, we

should attack the prejudices against non-standard dialect which

standard speakers have" (Dean and Fowler, 1974, p. 304).

5. The eradication theory in linguistics is that theory which sup-

ports the assertion that "lower-class families . . . have a

deficient way of expressing themselves. Therefore, their

speech must be totally displaced or eradicated and replaced by

standard speech" (Dean and Fowler, 1974, p. 302).

6. An ethnic group represents "any of the basic divisions of man-

kind as distinguished by race, language, and customs" (Cope-

land, 1974, p. 11).

7. An ethnic minority is any member of an American ethnic group

which is either Black, Indian, Spanish surnamed, white and

suffering financial deprivation, or, in certain special cases,

Asian.

8. A ghetto is a community populated primarily by individuals

belonging to the same race; often incorrectly used to denote a

community habitated, in the main, by a given ethnic minority

group.

9. The language of science is that manifestation of verbal codes,
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expressions, and communication patterns unique to the science

discipline and necessary to the development of hypotheses and

the expression of conclusions; the formalism used in science.

10. The term societally liabiled is used to describe those individuals

upon whom the American majority society has imposed liabili-

ties. It is important, therefore, that hyphenation or the spelling

"liabled" never be used; for to do so would be to imply that the

problem lies with the individual and not with society. Unlike

the terms "disadvantaged" and "culturally deprived," the expres-

sion societally liabiled does not suggest a need to talk about

"moving up. " Instead, it implies the need for equitable oppor-

tunities: "It is not the addition of white students to a previously

all Black educational setting that makes the difference; it is the

elimination of many of the negative factors that impede growth

and development" (Scott, 1973; p. 419).

11. Spanish surnamed is the descriptor employed for those who

are of Hispanic descent. The author apologizes to those who

prefer "Chicano" and to those who prefer "Mexican American. "

It is hoped that the matter of which descriptor is used will be

as nil when considered in light of the empathy with which this

study was undertaken.

12. The techniques of science can, in general, be considered the

scientific method ; specifically, they encompass the parameters
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of hypothesizing, testing, compiling and analyzing data, and

drawing conclusions.

Need for the Study

The paucity of research pertaining to science teaching for the

culturally diverse is clearly documented by Citron and Barnes (1970),

Dickson (1972), and Cordova, Jaramillo, and Trujillo (1974). In

consideration of this, Dickson has projected:

This neglect of "general students and future citizens" . .

is not . . . unique. It is merely one manifestation of a
more fundamental problem in science education: an uncon-
scious elitist perspective . . . Researchers in science
education should recognize the forces working to produce an
elitist bias in science education and actively seek to counter-
balance this bias through adding average and below-average
students as subjects in evaluation studies (p. 175).

Despite Dickson's admonition, a search of the literature reveals

no momentous move toward empirical science education research

relating to the societally liabiled. The astounding fact is that of 189

college science improvement programs reported by the National

Science Foundation in 1974, only two were remotely concerned with

minority participation in science; and these two, located at predom-

inantly Black universities, were supplements to courses already in

existence. Copeland (1974) has observed that studies dealing with

subcultures "have been undertaken mostly in the area of anthropology,

to a limited degree in psychology, and have been virtually nonexistent
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in the field of education" (p. 13). This observation, particularly as

it relates to science education, is amplified in a work edited by

Passow (1972). Despite the implication, from its title, that this

work was committed to a delineation of opportunities for the "disad-

vantaged," not one report out of 18 concerned itself with improving

minority participation in science.

The dearth of science education research in this area is appal-

ling, especially in view of the fact that societally liabiled students,

for the most part, continue to experience less than resounding suc-

cess in science classes. The number of end-of-term failures is

exceeded only by the number of early withdrawals.

It is expected that some attempt could be made to equate this

high attrition from science classes with the reported high university

dropout rate of culturally diverse students. Consideration of Locke's

observation (1974) that the attrition rate for Native Americans is an

amazing 74 percent during the first year of university matriculation

would seem to lend credence to such a hypothesis. But a review of

the data on 1974 Spanish surnamed graduates as well as that sub-

mitted by Clark and Plotkin (1963) renders this conjecture fallacious.

In a study concentrating upon Black students at integrated colleges,

Clark and Plotkin noted the attrition rate to be 33. 4 percent, or half

the national average. Proportionately speaking, the national rate for

science attrition among all students, as well as that given solely for
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the culturally diverse, is much higher.

Boffey (1975) has quoted Philip Handler, president of the Na-

tional Academy of Sciences, as foreseeing clouds on the horizon of

science. One cloud may very well be the lack of interest in and,

consequently, the scarcity of science edgcation research related to

minorities. This alone should provide evidence in support of a

postulated need for the present study.

The importance of the laboratory in science education should

need no discussion; for this has had extensive treatment in studies

which are now classical. With regard to the societally liabiled stu-

dent, there is no doubt that the laboratory serves a useful function.

Berry, Gillet, and Didato 41976) have observed: "We consider student

activity a prime technique in securing attention and arousing interest

in students who are alleged to be non-readers'? (p. 178). Cooke

(1975), in further support of utilization of the laboratory as an incen-

tive for minority involvement in science, stated:

There are few disciplines and few areas of learning to
which students are exposed that offer as many success
opportunities as do science classes. . . . in science
courses, students can get experience in verifying
knowledge and facts and in discovering new knowledge
and new information for themselves (p. 19).

The need for consideration of the uniqueness of the science

language is a need exhibited by even those whose daily communication

patterns consist of so-called standard English. For those with
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dialectical differences from this English, the need is made more acute

in classes where respect for these differences is not maintained.

Earlier mention was made of the admonition from Williams (1974)

with regard to Blacks. Garcia (1974) has also expressed concern

for Spanish surnamed students; and a panel of Native American

writers (1974) indicated that teachers must show cognizance of these

differences through seeking to reeducate themselves. Accordingly,

the panel noted: "[Teachers must seek] to develop skills in the

language variances of the learners. . . [and must seek] to demon-

strate a knowledge of the vast linguistic and cultural differences

among the diverse cultures of the United States" (p. 199).

It can further be asserted that the most appropriate place for a

study of this nature to originate is a Western university. Boyd (1974),

in assessing regional desegration patterns, found:

Students in the West. . . are slightly more often bothered
by fair or poor preparation and are second to the North-
east in percentage of special admits . . . . Students in the
West are much more concerned about weaknesses in sci-
ence and slightly more concerned about weaknesses in
math than any other group (p. 38).

At Oregon State University, the most readily identifiable cul-

turally diverse students are enrolled through the Educational Oppor-

tunities Program (hereafter often referred to as EOP). Since its

inception in 1969, this program has serviced 619 students. Of these,

152 attempted matriculation in science classes offered by the
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university. In a first attempt, as indicated by the data delineated in

Appendix A, 45 completed the courses with grades of C or better, 40

received a minimal pass of D, 38 failed at the end of the term, 20

withdrew failing, and nine withdrew before receiving any recorded

evaluation.

Analysis of the foregoing data could lead to the assertion that

the success rate for the students was greater than the failure rate,

an assertion which is tantamount to projecting a D grade as a mark

of success. It is without question that such an assertion is justifiable

if the sole concern is meeting university graduation requirements.

The picture becomes somewhat different, however, when potential

employment is the parameter under consideration. In a country

where academic grades are used to differentiate the higher from the

lower echelons, employers are prone to look with jaundiced eye upon

D grades in any area regardless of the student's major or the stipu-

lated job requirements. Further, it can be stated as fact that in a

society where minorities have learned they must be "the best" in

order to compete with the average member of the white majority, D

grades represent a double yoke. That the students enrolled in the

Educational Opportunities Program at the university during the years

1969-1975 were faced with this double jeopardy is apparent through a

comparative analysis of the grades received by a random sample of

1204 of the "typical" Oregon State University students enrolled in
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science during the same years. The grade delineation for the typical

sections took the form: 180 A's, 459 B's, 408 C's, 103 D's, 39 F's,

and 15 withdrawals. In percentages, the comparison with regard to

grades of C or beter, as an example, would be 29. 6 percent for the

EOP students and 86. 9 percent for the students of the typical section.

Because the latter students were selected from classes in General

Science Biology, it is perhaps more appropriate to make the com-

parison between these students and those EOP students who were en-

rolled in the same classes. In that instance, 74 EOP students at-

tempted matriculation. Of this number, as indicated in Appendix B,

18 received grades of C or beter, 15 received D's, 21 received F's,

16 withdrew failing, and four withdrew with no specific reason stated.

Again using grades of C or better as an example, only 24 percent of

these students received this evaluation as compared to 86. 9 per cent

for the "typical" students.

In an institution where major emphasis is placed upon science

and its related subject matter areas, there should be no question of

the need for an empirical study of some of the parameters necessary

not only for the success of the societally liabiled in university-

required science classes, but for the encouragement of these citizens

toward professional participation in the field.
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Limitations of the Study

1. The study is limited to the sample population of 64 students

enrolled in the Educational Opportunities Program at Oregon

State University.

2. The study is limited to students who are graduates of high

schools located in the states of California, Oregon, and

Washington.

3. The study is limited to societally liabiled students who have had

only one year of high school science: specifically, biology.

4. Limits are placed on the study by the extent to which counselors

in the Educational Opportunities Program schedule students into

the classes.

5. The study is limited by the validity and reliability of the pretest

and by the use of grades as a criterion for measurement of

academic success.

6. The study is limited to a one-term analysis.

Delimitations of the Study

1. The study does not attempt to measure student affectivity.

2. The study does not attempt to evaluate teacher effectivity.

3. No attempt is made to evaluate or to suggest changes in the

existing biology courses.
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Selection of the Students
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From the populations of 69 and 53, respectively, 24 EOP fresh-

men and 24 EOP sophomores were randomly selected for the treat-

ment. From the same population of 69 freshmen, 24 were chosen as

the control group through a simplified randomization process. All

of the four major culturally diverse groups as well as Asian Ameri-

cans were represented in the samples.

The Pretest

All populations, sophomore and freshman, were pretested on

science knowledge through use of Sequential Tests of Educational

Progress-Level II (hereafter referred to as STEP-II). This particu-

lar level was chosen in deference to students whose high school science

experience had been limited to one year of general biology. McKinnon

and Renner (1971) and Ball and Sayre (1972) have observed that though

college science courses are geared to the Piagetian formal level,

most college students are not at this level. Thus, there should be

little or no opposition to the proposition that the testing of societally

liabiled students on material requiring this operational level would

be moot.
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The Treatment

Freshman and sophomore EOP students selected for treatment

were enrolled in Selected Topics-Science Education 199X for an entire

term. The course emphasized laboratory methodology and the devel-

opment and intensification of scientific verbal skills as a basis for

cognitive growth. Class materials and exercises were heavily con-

centrated upon modified versions of Science Curriculum Improvement

Study (SCIS), Elementary Science Study (ESS), Experiences in Science

(EIS), with moderate emphasis being given to traditional models for

instruction.

Students in the control group were not scheduled into any sci-

ence or science-related classes during the term of treatment for the

experimental groups.

The Observation

All students in the three sample populations were enrolled in

General Science-Biology 102 during the term following experimental

group treatment. The focus of curricular emphasis in this section

of the biology sequence was upon genetics.

EOP counselors were charged with the responsibility of sched-

uling students into the course; but actual placement of students into

one of the 45 available sections of Biology 102 was accomplished
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through the traditional randomization technique employed by the

Department of General Science. This departmental randomization

led to student exposure to nine different instructors, 25 different

sections, and 25 different laboratories which afforded contact, in

many cases, with instructors who were not the same as those who

handled the lecture sessions to which specific students were assigned.

All students received quasi-standardized experiences in the

laboratory, during recitations, and through television lectures.

The Acquisition of Data

For a quantitative analysis, data from the STEP examination

were used as the covariant in an analysis of covariance. For corre-

lation purposes, data were obtained from a master chart on file in

the Department of General Science. This latter information consisted

not only of a categorical delineation of points received by each student

for laboratory reports, recitation quizzes, and three major examina-

tions, but also of the summation of points which would be converted to

letter grades.

The Analysis of Data

As a check for random sampling of the population, an analysis

of covariance using the results from STEP-II was employed. This

technique also served for purposes of comparison utilizing data
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acquired during observation, during student exposure to Biology 102.

The F test was used as a statistic after adjustment of the means to

eliminate the effect of the covariant. To check for significance

among the groups, the t test was used as a statistic.

Organization of the Remainder of the Study

Chapter I has given a broad overview of the essential features

of this study. Attention was devoted to: a), the developments in

education in general, and science education in particular, which

fostered the dearth in culturally diverse science potential; and b) a

need to seek means whereby this situation could be alleviated. Hy-

potheses were generated on the basis of definitive assumptions; and

the limitations and delimitations associated with the study were ex-

pressed. Also in this chapter, a brief description of the empirical

model for the investigation was outlined. The remainder of the work

is a more extensive treatment of the features introduced in this chap-

ter.

Chapter II, a review of the literature, is divided into three

major sections. Section one revolves around a historical considera-

tion of the factors which contributed to the inequitable treatment and/

or achievement of the culturally diverse, or societally liabiled, in

science. Section two gives a detailed description of the current

status of these indivieuals not only in the schemata of general
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education but in the specific domain of science education. Section

three is devoted to a hypothetical projection of the future in terms

of participation in science by the culturally diverse.

Chapter III delineates the study design. It consists of all

information germane to the logistics of preparation for the investi-

gation, to the selection of populations and samples, and to the acqui-

sition, quantification, and analysis of data.

Chapter IV outlines the general scheme for compiling the data

and assessing the findings associated with the hypotheses stipulated

for the study.

Chapter V includes a summary of the report and conclusions

reached and recommendations rendered by the investigator.

At the end of each chapter, a summary of the pertinent details

included in that chapter is given. Appendices containing information

pertaining to supporting data, course outline, and logistical material

necessary for the completion of the study are located in the section

following Chapter V.
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CHAPTER II

A REVIEW OF LITERATURE RELATED TO THE STUDY

Chapter II is a review not only of that literature which deline-

ates the social and educational framework which demanded and sus-

tained the paucity of quantitative science education research relating

to the societally liabiled but of that which offers projections of the

future. The chapter is divided into three major sections.

Section one takes a retrospective view of the factors surround-

ing the systematic denial of opportunites to the societally liabiled by

not only the broad field of education in general but the more special-

ized area of science education in particular. This section is further

divided into three subsections.

Section two, also subdivided into three minor sections, is con-

cerned with the current status of the societally liabiled in both educa-

tion in general and science education in particular. It should be noted

that, in an educational sense, the descriptor "current" is often mis-

leading; for, on occasion, the time span to which it has referred has

encompassed 25 years or more. For example, progressive education,

as a proposed methodology, was first conceived of by Dewey near

the beginning of this century. Yet, complete actualization of the

principles and practices of the movement did not materialize until

the early 1930's and then held on tenaciously, if tremulously, for at
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least 20 years hence. It is necessary, therefore, in speaking of a

"current perspective," that the time span involved be noted. For

purposes of the present study, this time span lies in the range of eight

years, specifically 1968-1976.

Section three, the shortest of the major sections, begins with

a question and ends with a question. It concerns itself with the future

of science education as it relates to the societally liabiled.

In Retrospect

Education in General

Education--as a discipline, a process, or a state of being--has

had significant correlation with the philosophy or philosophies para-

digmatic to a given social order. No less true in America than in

the rest of the world, this order, because of its changeling nature,

has fostered and nurtered not only numerous but oftimes contempo-

rary antithetical vacillations in educational ideology. That such an

atmosphere has produced school settings which too often reflected

instability not of the creative genre is more than apparent in a histor-

ical appraisal of the educational enterprise in this country.

It is not the intention to herein suggest that a viable education

can result from stagnation of theorizing or methodology; for, as

Hurd (1971) has noted: "Man's intellectual outlook changes, human
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values take on different meanings, and we become increasingly aware

the world of today is no longer like that of yesterday" (p. 1). The

world does undergo change; and with the changing, man's perceptions

must alter. There is need, therefore, for an inherently flexible edu-

cational system; but this attendant flexibility should be one which

through creativity allows for the development of the potential of

every student. This conjecture is not one for which the present in-

vestigator can take credit. It is as old as the germinating idea for

progressive education; for it was around this premise that thinkers

such as Dewey (1966), James (1967) and others structured the move-

ment. Yet, the dominant society and all its major institutions reject-

ed this entity as the parameter necessary to the development of a

sound educational enterprise. Goodman (1960) observed:

The revolutionary program of progressive education missed
out, or I should not be writing this gloomy book. The most
vocal and superficial objections to it came from the con-
servatives. . . [b]ut the damaging, and indeed fatal, blows
to progressive education have come from those timid within
the movement itself. . . [N]ow the doctrines of progressive
education. . . are not those that pertain to passionately
testing the environment rather than "adjusting" to it. What
would one expect . . . . [t]he dominant class in society sees
to it that it gets likewise the "progressive education" that
suits (p. 86).

No implication that progressive education was or ever could be

the panacea for all the ills of our educational society is intended

herein. Goodman (1960), though acknowledging this lack of faultless-

ness, maintained that the strengths of the program far outweighed
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the weaknesses:

This is not a perfect educational program. . . . But there
cannot be a "perfect" education system, for each system
must meet its social situation. In a period like ours
[however] no lesser program is seriously conservative of
human resources (p. 82).

Careful consideration of Goodman's assertion should result in the

conclusion that regardless of the period of time in which an educa-

tional model is developed, the guiding, principle should be that which

governed progressive education; that is, the most significant function

of education is that which recognizes and promotes the unique talents

possessed by every school student.

Any decision to view Goodman as the sole antagonist in a world

glutted on educational satisfaction would be fallacious. A more

appropriate veiw would be that which realized his contemporary

setting to have been one characterized by conflict and denunciation

of the schools. Conant (1953), though certainly not an advocate of

the whole of Goodman's philosophy, had earlier noted:

As everyone is well aware, there is today an increased
critical discussion of the role of the high schools in our
American democracy. For many decades their aims and
their methods have been subject to constant scrutiny, not
only by professionals, but also by parents and citizens
(p. x).

In light of this observation, Conant suggested:

Today in the larger cities of the United States the separa-
tion of students into different schools depending on their
academic ability and their vocational ambitions is common
practice. I have become increasingly convinced that such
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an arrangement is a mistake, for it fails to provide a basis
for the growth of mutual understanding between different cul-
tural, religious, and occupational groups . . . The con-
cept of education as a social process, combined with a belief
in the American idea of democracy and a concern for na-
tional unity, lead to the conclusion that a first-rate compre-
hensive high school is the ideal (pp. 61 -62).

The general theme of this conjecture, despite Conant's none too subtle

projection that academic ability is a cultural phenomenon, could lead

some to conclude that he was an ardent spokesman for the Progres-

sive Education Movement. That such reasoning would lack justifica-

tion is evidenced through his earlier observation; to wit:

College education in the United States, as the twentieth
century moved on, came to be more and more justified as
a preparation for citizenship. It was more and more
divorced from any connection with professional training
which was the province of a university [emphasis mine]:
law, medicine, theology, and gradually the sciences with
the exception of engineering came to be regarded as post-
graduate subjects (p. 47).

Expanding upon this, Conant proposed:

The assumption that a general education on a full-time
basis is a "good thing" for every youth who can afford
it, when combined with the doctrine ©f "equality of oppor-
tunity, n would appear to leave no alternative to a much
further expansion of college education than has yet taken
place even in the United States. Yet, everyone is vaguely
aware of certain difficulties in this argument . . . . Per-
haps colleges after all were supposed to be concerned
with developing intellectual talent; perhaps there should be
some selection of the more rather than the less talented
(p. 53).

It is somewhat ironic that in a country founded upon the precept

of democracy in education, Conant came to be the byword for almost

every institution which had direct bearing upon schools and their
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associated curricula. Though his intention may not have been to

promote a dichotomous system of education for the privileged versus

education for all, the result from an adoption of practices inferred

from his theses was tantamount to the same. Educational purists em-

braced, in strategy if not in stated principle, the elitist view of a

non-egalitarian society.

An assertion such as the preceding raises the question: Who

were the students who lost in this gamble for prestigiousness, this

subjugation of the nonpowerful by the whims of the forceful? Were

they the societally liabiled in our midst: the Blacks, the Indians,

the Spanish surnamed, the whites relegated to abject poverty? That

these students were indeed hapless victims caught in a vortex of

discriminatory educational manipulations is a truth discussed in the

treatises of Weller (1968), Kerner (1968), Macdonald (1968), Cordova,

Jaramillo, and Trujillo (1974), and a panel of Native American

writers (1974). The panel has projected: "Schools of education have

had ample opportunity in the past to meet the educational needs of

Indian people, but have either refused or neglected to do so" (p. 201 ).

As for at least one segment of the Spanish surnamed, Cordova et al.

have reflected:

Traditionally, the dominant group has viewed the Chicano
as an ahistoric people with a place in history reserved
for them only when they have undergone some meta-
morphosis called "acculturation. " Schooling, as a sub-
system of the larger society, has viewed the Chicano
correspondingly (p. 175).
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The assertions of Kerner with regard to the stultifying practices

employed by educators in dealing with Black students are now clas-

sical. Among his many findings, not only as they related to Blacks

but as they related to all minorities, he observed: if. . . for many

minorities, and particularly for the children of the racial ghetto, the

schools have failed to provide the educational experience which could

help overcome the effects of discrimination and deprivation" (p. 236).

It is interesting to note that though many turn a deaf ear to the

problem, few disagree with the claim that Black Americans, Spanish

surnamed Americans, and Native Americans exhibit the scars

peculiar to those having experienced less than resounding success

in the schools of this country. But a categorical inclusion of certain

white Americans in the ranks of the societally liabiled is not readily

acceptable to the dominant society; for this society, in the main, not

only refuses to see the poverty in its midst but, fatuously, refuses

to equate this poverty with societally-imposed inequities in schooling.

Yet, Durfee (1970) has shown that children bring the scars of their

poverty to school; and Macdonald (1968) has carefully identified

these "invisible poor"; namely:

These invisible people fall mostly into the following cate-
gories, some of them overlapping:

poor farmers who operate 40 percent of the farms
and get 7 percent of the farm cash income;

migratory farm workers;
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unskilled, unorganized workers in offices, hotels,
restaurants, hospitals, laundries, and other service
jobs;

inhabitants of areas where poverty is either endemic
("peculiar to a people or district"), as in the rural
South, or epidemic ("prevalent among a community
at a special time and produced by some special
causes"), as in West Virginia, where the special
cause was the closing of the coal mines and steel
plants;

Negroes and Puerto Ricans, who are a fourth of
the total poor;

the alcoholic derelicts in the big-city skid rows;

the hillbillies from Kentucky, Tennessee, and
Oklahoma who have migrated to Midwestern cities
in search of better jobs;

and, finally, almost half our "senior citizens"
(pp. 11-12).

From the above, it would seem to follow that financially de-

prived whites have a legitimate claim to membership in the ranks of

the culturally diverse. Dollard (1957), in speaking of his hypothetical

but fact-ridden Southerntown, noted:

The existence of the lower-class whites or poor white group
has been one of the continuous features of southern social
organization. One might say of them that they have neither
capital, talent, nor ancestry to give them preferential
claims on income or prestige. . . . If it is said that the
Negroes do not have social equality in the South, it is
equally true that this class of white people does not have
it either (p. 75)

That this exclusion from the dominant society has left its imprint on

the education of this group of Americans is reflected in the commen-

tary from Graff (1962) regarding the inhabitants of Appalachia:
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In 1950, Southern Appalachian residents twenty-five years
of age and older were significantly less well educated than
the same age group in the nation as a whole. . . . The low
level of education in the Region is associated with and
perhaps in part responsible for the low level of the econ-
omy . . . . To close the gap between Region and nation
will demand expansion of school facilities, staff and
program (pp. 188-189).

The basis for Graff's comparative analysis is indicated in Figure 2. 1.

Figure 2.1.

Four or more
years of College

At least four years
of High School

Less than five
years of Schooling

0 10 20 30 40 50 60 70%

Percentage of Population 25 years of age and
over at specified educational levels, Southern
Appalachian Region and the United States, 1950
(Graff, 1962; p. 189).

If this situation existed in 1950, it is certain that by 1959 many of

Graff's Appalachian dwellers comprised the bulk of the lowest paid

white workers who represented one segment of society with which

Orshansky (1968) was concerned. The delineation from Orshansky,

depicted in Table 2.1, also reflects inequities in pay between those

workers who were white and those who were non-white despite equality

in job description.
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Table 2.1. Comparison of earnings between male workers, white
and non-white, in various occupations during the year
1959.

Occupation Group Earnings by
White Males

Earnings by
Non-white Males

Professional and technical
workers $8, 015 $5, 485

Managers, officials, propri-
etors (except farm) 7, 465 4, 655

Sales workers 6, 325 4, 010

Craftsmen and foremen 5, 795 3, 885

Clerical and kindred workers 5, 505 4, 630

Operatives 5, 075 3, 495

Service workers 4, 610 2, 970

Non-farm laborers 4, 095 2, 825

Farmers and farm managers 2, 945 945

Farm laborers 2, 020 975

Source: Orshansky, 1968; p. 104.

Careful analysis of the above should leave no doubt that financi-

ally deprived whites hold no greater status as American citizens than

those minorities of color. If the Southerntown of Dollard (1957) can

be said to be the model for all American cities, concurrence with

the following conjecture from the stated author seems realistic:

Middle-class white people in Southerntown. . . hold that
the main tormentors of the Negro are the lower-class
whites, a statement which the Negroes tend to confute.
Negroes, especially the most vocal of the middle-class
Negroes, say that their real antagonists are not the
whites of the highest or the lowest status; the former
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have too much to be jealous and the latter get from the
upper-class whites the same treatment as the Negroes
(pp. 76-77).

It follows, then, that Weller (1965) has made a succinctly appropriate

appraisal as to who should be termed societally liabiled; to wit: "This

society--it is a kind of folk class--seems to appear whenever people

exist in an environment which has limited or defeated them, whether

it be in Appalachia, rural America, the inner city, or southern Italy"

(p. 5).

It could be hypothesized that society's quest for an elitist educa-

tional enterprise had a deleterious effect upon only those students

who were culturally diverse. Honesty, however, would demand the

revelation of implicit falsity in such thinking. Those who are cultur-

ally diverse would be among the first to support this revelation; for,

if nothing else, discriminatory experiences have taught this group of

Americans one fact of life: Restraint or subjugation of any individual

or group of individuals by another requires some degree of immobility

on the part of the perpetrator. Thus, if in this quest for educational

and scientific superiority, America sought the most talented students,

those whose grade point averages reflected what was deemed "the

best," it is ironic that many of the favored students came to be the

greatest critics of the push for excellence. This rejection of the

system is typified through the projection from McGuire (1968):
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After 16 years of success, playing the grade-point game,
I have come to one overwhelming conclusion: It was not
worthit . . . . the 12 hours a day I spent studying in order
to be a success made it almost impossible for me to develop
any significant human contacts Getting all A's was
the best way for me to distinguish myself as a person in the
university and to prove to myself that I was really doing what
the university expected of me. . . Subconsciously I knew
that I was letting the system dominate me and demolish me
as an individual (pp. 43-45).

Expanding upon this observation, McGuire also noted the blatant defer-

ence paid the favored students, those who were better-than-average

and, in the main, not culturally diverse:

No one would be listening to me now if I were not a special-
ist in playing the college game of high grades. There are
thousands of students all over the country who are tired of
struggling for high grades rather than a liberal education.
Yet few people have listened seriously to such students
because they did not make it to the top of the system . . . .

We only listen to the successful in America (pp. 45-46).

If McGuire can be classified as the typical favored student of

the 1950's and 1960's, the circularity in educational discrimination is

apparent; and it can be hypothesized that no student is left without the

scars from such discrimination. With particular clarity, Goodman

(1960) asserted:

. . . history and bad social planning have conspired to
create. . . huge income and cultural ghettos--it makes
no difference whether low-income or high-income; children
of all classes are equally drprived of the human community.
Whereas mixing sharpens intelligence; any segregated differ-
ences create prejudice and make people stupid (p. 751.
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Science Education in Particular

In the preceding section, reference was made to the relationship

existing between philosophy and education, a relationship which Dewey

(1966) saw as a oneness:

If we are willing to conceive education as the process of
forming fundamental dispositions, intellectual and emo-
tional, toward nature and fellow men, philosophy may. . .

be defined as the general theory of education (p. 328).

It is interesting to note that during the years of prominence for

progressive education with which Dewey was aligned, the dominant

philosophy was logical positivism, a philosophy which saw its initiation

by the Vienna Circle shortly after the close of World War I. The

issue of major concern to the scholars within the circle was the ap-

parent alienation of science and philosophy, an alienation which

had its roots in the lack of differentiation between areas of focus

for the two disciplines. The solution applied to this problem is evi-

dent in the works of Carnap (1955) and others who, whether they lab-

eled themselves positivists or the newer and somewhat less mathe-

matical empiricists, came to view science as the sole means by

which knowledge of the world could be attained. This science con-

sisted of two elements: observation language, the empirical element;

and mathematical, or symbolic, language, which was the logical

element. The scientific method was deemed to be one which involved
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only those direct experiences which could be correlated to absolute

knowledge through use of a rigid, symbolic truth table. For these

philosophers, any divergence from this world view was best relegated

to the emotive realm, that realm which was projected by Ayer (1946)

as the repository for all affective expressions and practices. It

seems safe to conclude, therefore, that the positivists, or empir-

icists, incorporated experience and testing as vital components in

their rogicai approach to the acquisition of wisdom, but only to the

extent that the experience and testing could be considered elements

of an objective cognitive domain. Though conceded possible existence,

the affective domain was judged meaningless for the science arena.

To speak of affectivity was to introduce humanistic, nonmechanized

interpretations of nature; and science, according to these thinkers,

had no connection with such metaphysical concerns.

Like the logical positivists, Dewey (1966) viewed experience

and testing as fundamental parameters for science, a view which is

explicit in his defintion for the discipline:

By science is meant that . . . knowledge which is the
outcome of methods of observation, reflection, and
testing. . . It is an outcome of activity. . . Science
represents the fruition of the cognitive factors in ex-
perience (pp. 219-230).

Unlike the positivists, however, the above cited author did not adopt

direct experience and symbolic testing as exclusive parameters nor

did he negate affectivity as a necessary prerequisite for positive
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learning in science. This assertion with regard to experience and

testing is supported through the following observation:

Contact with things and laboratory exercises. . . . do
not of themselves suffice to meet the need [to produce
successful students of science] . . . Experimental
science means the possibility of using past experiences
as the servant, not the master, of mind. It means that
reason operates within experience, not beyond it (pp. 222-
225).

In another treatise, Dewey (1965) expanded upon this topic:

. . . the new philosophy of education is committed to some
kind of empirical and experimental philosophy. But experi-
ence and experiment are not self-explanatory ideas. Rather,
their meaning is part of the problem to be explored. . . .

Experience and education cannot be directly equated to each
other (p. 226).

After analysis of the above passages, any lingering doubt that the

empiricism of Dewey, particularly as it related to education, differed

from that utilizing the restrictive symbolic logic of the positivists

should be dispelled through consideration of his further projection:

"From the standpoint of the learner scientific form is an ideal to be

achieved, not a starting point from which to set out. It is, neverthe-

less, a frequent practice. . . [to isolate] science from significant

experience (1966, p. 220). Continuing in this vein, Dewey (1966) also

noted:

There is a strong temptation to assume that presenting
subject matter in its perfected form provides a royal
road to learning . . . . The outcome is written large in
the history of education. . . . The pupils learn a "science"
instead of learning the scientific way of treating the famil-
iar material of ordinary experience (p. 220).
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Rather than the logical method in teaching science, the cited author

suggested use of the psychological method; to wit:

The chronological method which begins with the experi-
ence of the learner and develops from that the proper
modes of scientific treatment is . . . the "psychological"
method. . . . What the pupil learns he at least understands.
Moreover . . . he gains independent power to deal with ma-
terial within his range, and avoids the mental confusion and
intellectual distaste attendant upon studying matter whose
meaning is only symbolic (1966; p. 220).

As stated earlier in this study, Dewey also differed from the

logical positivists in his recognition of affectivity as a necessary

element in science education, an element which, in transcending

total objectivity, brings to the discipline the quality of humanism.

In consideration of this, Dewey noted:

The something for which a man must be good is capacity
to live as a social member so that what he gets from
living with others balances with what he contributes. What
he gets and gives as a human being, a being with desires,
emotions, and ideas, is not external possessions, but a
widening and deepening of conscious life-- a more intense,
disciplined, and expanding realization of meanings (1966,
p. 359).

In an extension of this philosophy, he had earlier observed:

Knowledge is humanistic in quality not because it is about
human products in the past, but because of what it does
in liberating human intelligence and human sympathy.
Any subject matter which accomplishes this result is
humane, and any subject matter which does not accom-
plish it is not even educational (p. 2301.

There is no intention to suggest, through extensive reference

to the thoughts of Dewey, that he stood alone in his support of a
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humanistic approach in education. Many years prior to publica-

tion of the expositions which have been cited, Titchener (1909),

in recognizing that students bring different ways of perceiving and

responding to the classroom, stressed the need for learning experi-

ences which reflected the principles of humanitarianism. With refer-

ence to science and the projected belief by some educators that this

field and the related college-oriented mathematics offerings were

too hard for most students, Goodman (1960) observed:

Is it that geometry is too hard, or is it that the aim of
teaching is not bona fide, being rapid technical know-how
rather than humane understanding? Is it that the method
is irrelevant to the aptitude and ineptitude that the children
have come with . . . The question cannot be whether to
teach science or to whom, for what is man without science?
but how to teach it in various circumstances (p. 84).

Goodman further noted, in response to the assertion from Conant

(1953) that education structured around individuals negated science

achievement: "What an extraordinary thought, that there could be a

conflict between the unfolding individuality and the achievement of

habits of science" (p. 84)

Assertions such as those attributed to Goodman can only lead

to the conclusion that the dominant theme for most of science educa-

tion was that expounded by the logical positivists rather than that

which emphasized the dignity and worth of all men by centering upon

their individual interests and values. Support for this conclusion is

gleaned from Goodman; to wit:
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With the dominance of science and applied science in our
times, the result has been a specialist class of scientists
and technicians, the increasing ineptitude of the average
person, a disastrous dichotomy of "neutral" facts versus
"arbitrary" values, and a superstition of scientism that
has put people out of touch with nature, and also has
aroused a growing hostility to science (p. 223).

It can be conjectured that in an age when science and the prod-

ucts of science were tantamount to the strength of a nation, the only

reasonable consequence to expect from such hostility was a pall not

only upon the discipline itself but upon the continued status of this

nation as an invincible world power.

An American Revolution: Science in the '60's

The dearth in American scientific expertise and the aversion

held by large numbers of people toward science education became

more than mere hypothetical musings when, in 1957, this country

found itself bested by Russia in the "race to space." For a nation

that had prided itself upon being first in scientific daring, this repre-

sented not only a damaging blow to self-esteem but a signal for the

rapid and massive production of scientists and mathematicians. This

latter need had been forecast by Conant (1953) through an analysis of

administrative and teaching methodologies prevalent in science, an

analysis which led to the conclusion that student success in the disci-

pline was appallingly low. With regard to this, he noted:
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It is generally assumed that the United States needs a con-
tinuing supply of physicists, chemists, and engineers in
large numbers. Yet the number of students failing in scien-
tific courses in colleges, universities, and engineering
schools each year is high, the attrition is heavy (p. 67).

Despite the foregoing projection and despite what must be

called a Sputnik-provoked desire for scientific manpower, there was

apparently no immediate move to reorient scientific emphasis

toward a humanistic quality which would attract and insure the de-

velopment of the inherent potential in large numbers of American

youth. In recognizing this, Goodman (1960) questioned national

concern over the lack of available scientific talent:

If one is concerned about conserving human resources,
this would seem to be the obvious first approach: to find
why most [students] are so inept and to invent techniques
to unblock them, to increase the pool of the ',academically
talented" . . . . If these are the important kinds of issues-
motivation, unblocking ability, deep-rootedness of learning-
a little more attention to the individuality of the child, and
some more progressive education, might suit the national
need. It might even speed up the invention of rockets (p. 85).

By the end of 1959, it had become increasingly apparent that

the problems in science education demanded a frontal attack. For this

reason, some 35 scientists met at Cape Cod for what came to be

called the Woods Hole Conference, a meeting which had as its pri-

mary focus a determination of methods whereby elementary and

secondary school science education in this country could be improved.

Bruner (1960), perhaps the leading spokesman for the Woods Hole

group, asserted:
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The ten-day meeting had been called by the National Acad-
emy of Sciences, which . . . had been examining for sev-
eral years the long-range problem of improving the dis-
semination of scientific knowledge in America. . . . what
had prompted the meeting was a conviction that we were
at the beginning of a period of new progress in, and concern
for, creating curricula and ways of teaching science, and
that a general appraisal of this progress and concern was
in order, so as to better guide developments in the future
(p. vii).

Elaborating upon what he deemed to be, or not to be, the aims of the

Woods Hole Committee, Bruner also contended:

The intention was not to institute a crash program, but
rather to examine the fundamental processes involved
in imparting to young students a sense of the substance
and method of science. Nor was the objective to recruit
able young Americans to scientific careers . . . (p. vii).

There is no intention to imply that a reconstruction of science

education was without justification; for, despite the necessary "hands-

on" experiences dictated by the progressive educators, a "read-the-

book, answer-the questions- at-the-end-of-the-chapter" methodology

had prevailed in science. That change was long overdue should be

without question. The very nature of the discipline required it; for

what is science without experimentation, an experimentation which

opens the door to exploration, invention and discovery? But to initi-

ate change with the implied, if not stated, requirement that one

group of students advance at the expense of another is counterpro-

ductive to the true function of science education; namely: the emanci-

pation of the creativity and the intellectuality of all students. It is
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interesting to note the acknowledgement from Bruner (1960):

There will be a strong tendency to move the able student
ahead faster and particularly to move him ahead if he
shows early promise in technical or scientific fields.
Planned carefully, such acceleration can be good for
the student and for the nation (p. 77).

Further, that prime attention for the proposed science curriculum

would focus upon the so-called better-than-average student is evident

in another of his conjectures: "The top quarter of public school stu-

dents, from which we must draw intellectual leadership in the next

generation, is perhaps the group most neglected by our schools in

the recent past" (p. 10).

There is no need to take issue herein with Bruner's contention

that the "better-than-average" student had endured past neglect from

the American educational enterprise; for this assertion has received

not only empirically-determined disputation through the works of

Dollard (1957), Clark and Plotkin (1963), Hurd (1970), Garcia (1974),

and Kalectaca (1974), but from Bruner's own subjective, and some-

what contradictory, admission: "Improvements in the teaching of

science and mathematics may very well accentuate the gaps already

observable between talented, average, and slow students in these

subjects" (p. 10). That he also foresaw systematic educational

neglect for those students who were not "better-than-average," and

probably culturally diverse, is evidenced through a cautionary con -

clus ion:
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Questions about the enrichment and handling of gifted
students will doubtless persuade the more enlightened
and wealthier schools to modify current practices. But
we can certainly ill afford as a nation to allow inade-
quacies to inhibit the development of children born into
relatively poor towns or regions (p. 11).

In further consideration of the consequences to be expected from

any nationally bestowed favoritism upon one group of citizens, Bruner

(1960) noted:

A meritocracy . . . implies a system of competition in
which students are moved ahead and given further oppor-
tunities on the basis of their achievement, with position
in later life increasingly and irreversibly determined by
earlier school records. . . . The late bloomer, the early
rebel, the child from an educationally indifferent home-
all of them in a full-scale meritocracy, become victims
of an often senseless irreversibility of decision (p. 77).

Earlier reference has been made, in Chapter I, to the postula-

tions of Evans (1970), Ronneberg (1970), and Hurd (1971),postulations

which clearly support a conjecture that the concern expressed by

Bruner did not receive preeminent consideration from his cohorts

in the initiation and maintenance of the new science curricula of the

1960's. Hurd, in projecting the basic premise upon which the courses

were developed, quoted from the 1958 Rockefeller Report on Educa-

tion, The Pursuit of Excellence:

The immediate implications for education may be briefly
stated. We need an ample supply of high calibre scien-
tists, mathematicians and engineers. Quantitative argu-
ments over the shortages in these fields are beside the
point. We need quality and we need it in considerable
quantity! Whatever the existing needs, it is in the nature
of a revolution that its continuing impetus derives from
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the unknown needs, the new opportunities and vistas which
are the hallmark of creativity. We must develop guidance
efforts designed to reach all able youngsters, and we must
engage in a major expansion of the facilities for science
teaching (Hurd, p. 41.

Though the cited author concurred with Bruner in believing that aca-

demically talented youth had been neglected by the public schools,

validation for the conjecture that he was congizant of the problems

necessarily attendant to any reorientation of science teaching which

stipulated disregard of one group in favor of another is given by the

following:

The appeal for a better science education for the talented
student was dramatic. . . It took only a short period of
time before the battle cry became: what is good for the
gifted student is good for most students. Courses should
be made more rigorous, frills reduced, and the school
day and year lengthened. What the students got, however,
were more courses, longer assignments, and more home-
work. Needless to say, these developments contributed
very little toward improving the student's education in
science (p. 5).

Hurd's conclusion is not surprising if reconsideration is paid

the findings of Goodman (1960), Graff (1962), Clark and Plotkin (19631,

and Kalectaca (1974), findings which left little doubt that education

in general, and science education in particular, had chosen to make

of culturally diverse students second-class citizens in the elementary

and secondary schools of this nation. That the prevailing mood in

the colleges and universities differed little from that of the pre-post-

secondary schools is a hypothesis readily inferred from Goodman's
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stance with regard to the apparent exclusion of these Americans

from those science classes, those institutions, and those other oppor-

tunities which would provide for them an equitable niche in the affairs

garnering prime national focus. With particular reference to the

emphasis upon space travel which was initiated in this country during

the late 1950's, he noted:

Certainly the most thrilling and romantic happening of these
years is the adventure in space, surpassing in promise the
voyages of the fifteenth and sixteenth centuries . . . . And
now we have chosen seven astronauts for special training.
But the nemesis of the organized system haunts us. All
prove to be white, Protestant, in their early or middle
thirties. . . in brief, models of salesmen or junior execu-
tives for International Business Machines (pp. 104-105).

Such consternation as that expressed by Goodman reflected sub-

jective affectivity; and in a country governed by objective rationality,

emotive appeals had no place. Revolution had again come to America,

but this was not 1776; and the differences between these two revolu-

tions were marked. Whereas that of 1776 was a revolt against a

controlling power , that of the twentieth century was a revolt initiated

by controlling powers; and whereas that of 1776 made a pretense of

seeking freedom and liberty for all, that of the twentieth century saw

no need for such pretense. This latter revolt, this sweeping and

dramatic change in science education, deliberately and systematically

established a hierarchal order headed by those students who were

categorized as "better-than-average." New curricula, new textbooks,
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and new materials were introduced and tested in the "best schools,

by the best teachers, under the best conditions. " Expressed another

way, abject discrimination was rampant; for best, in America, did

not mean societally liabiled.

The Call for Equal Educational Opportunity

History has shown that social change is usually predicated upon

revolution; and revolution results, in the main, when an oppressed

people tire of the yoke placed upon them by ruling powers. In the

preceding section, it was indicated that the 1960's American scientific

revolution in education differed from traditional revolutions in that

it was a revolt staged by the controlling powers, a revolt which

furthered the cause of better-than-average students while systematic-

ally neglecting those who were deemed not to be so endowed. But

concomitant to this revolt was another which, in the long run, would

determine the final course of action taken in education during this

decade; for this was a counterrevolution, an uprising staged not

only by those who were culturally diverse but by those youth upon

whom America had bestowed preferential treatment.

The desire for cataclysmic change as expresed by the societally

liabiled, particularly those who were Black and Southern, should

have held no surprise for the dominant society. Its seeds were

planted in the early history of this country; it had been watered and



54

nourished in a sequential process where rights were taken and rights

were given only to be snatched away again; and it came to fruition in

the midst of a frustration culminating years of futile adjusting, plead-

ing, resisting, and negotiating. That the majority, so-called conserv-

ative, American element did react with a mixture of surprise, abhor-

rence, and fear was but a reflection of its insensitivity to the plight

of a large segment of its population. That this insensitivity existed

was but the consequence of an attitudinal orientation to power and

supremacy, an orientation which refused to heed the timeless call

for national humanitarianism; and that this push for humanitarianism

did not stem from a concept born in the 1960's is evidenced in the quote

attributed by Lewis (1964) to Justice Harlan, lone dissenter in the

Plessy v. Ferguson case:

We boast of the freedom enjoyed by our people above
all other peoples. But it is difficult to reconcile that
boast with a state of the law which, practically, puts
the brand of servitude and degradation upon a large
class of our fellow citizens (p. 15).

The irony in this quote is that it came some thirty-odd years after

ratification of the Fourteenth Amendment, an amendment which pur-

ported to insure the full rights of citizenship for persons of color.

That these rights became a matter of vacillating opinions and actions

from the dominant society is historically clear. Lewis (1964) has

observed:
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The Fourteenth Amendment began by declaring that all
persons born or naturalized.in the United States were
citizens. This overruled the Supreme Court's decision
in 1857 in the Dred Scott case, holding that Negroes
could not be citizens. . . . The classic exposition of the
Fourteenth Amendment by judges who had lived through
its birth came in 1880. West Viriginia law excluded Negroes
from serving on juries. The Supreme Court, with only two
dissents, held the law unconstitutional. Justice William
Strong, for the majority, said the Fourteenth Amendment
had been "designed to assure to the colored race the enjoy-
ment of all the civil rights that under the law are enjoyed
by white persons" (p. 17).

As Lewis noted, however, a reversal in opinion was imminent:

But that was the end of an era. By that time northern
politicians had lost interest in the cause of justice for
the Negro. The Republican party was dedicated not to
human egalitarianism but to laissez-faire economics and
the growth of industrial empires that dominated the last
part of the nineteenth century. The disputed Hayes-Tilden
election of 1876 marked the political watershed. The award
of the Presidency to Hayes was a bargain that historians
have summarized as giving the Republicans control of the
national government and economy while letting the whites of
the South do as they would with the Negro (p. 18).

There is no need to take issue herein with Lewis (1964) on the matter

of de jure versus de facto segregation; his cognizance of the co-

existing evils is reflected in the following:

The white man of the North was suddenly made aware,
toward the end of the decade, of the misery and frustra-
tion of the Negroes in his own community. He became
aware of the great migration of Negroes from the rural
South to the urban North. He was also brought face to
face with his own prejudice. For when a man with black
skin sought more than legal rights--when he sought
acceptance as another human being--it turned out that
there were racial instincts in the North, too. And
heartlessness (p. 245).
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The issue of importance, however, is not which type of discrim-

inatory scheme was followed. It is, instead, recognition of the fact

that segregation in America was receiving blatant support, support

such as that rendered in the Plessy v. Ferguson case, reference to

which was made by Lewis:

As for the meaning of the Fourteenth Amendment to Negroes,
that was redefined in Plessy vs. Ferguson in 1896. Louisi-
ana had enacted a Jim Crow transportation law in 1890.
When Homer Adolph Plessy, who was one-eighth Negro,
entered a railroad car reserved for whites, he was arrested.
He challenged the constitutionality of the statute. The
Supreme Court, by a vote of seven to one, found it valid
(p. 19).

Any remaining question regarding the prevailing American mood dur-

ing the late 1800's should be readily answered through the observation

which Lewis (1964) attributed to Justice Brown, speaking for the

majority in Plessy v. Ferguson:

The underlying fallacy of Plessy's argument. . . was
its assumption that the enforced separation of the two
races stamps the colored race with a badge of inferiority.
If this be so, it is not by reason of anything found in the
act but solely because the colored race chooses to put that
construction upon it (p. 19).

That this general societal mood dissipated little as the years passed

is without question. The point to ponder becomes: If education was

deemed the royal road to success, what effect did decisions as those

rendered in Plessy v. Ferguson have upon the thousands of Black

students attending the segregated schools in this country? Lewis, in

a capsulized review of educational inequities practiced by certain
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Southeastern states from the early twentieth century to the time of the

1954 Brown v. Board of Education decision, noted:

As a prophet Justice Harlan prevailed. Plessy v. Ferguson
did help to stimulate the proliferation of segregation laws
in every corner of life, from cradle to grave. . . . Nor was
there any real pretense of equality in the decades following
the Plessy decision. In 1915 South Carolina spent $23.76
on the average white child in public school, $2. 91 on the
average Negro child. As late as 1931 six southeastern
states (Alabama, Arkansas, Florida, Georgia, North and
South Carolina) spent less than a third as much per Negro
public-school pupil as per white child. Ten years later
spending for the Negro had risen only to forty-four percent
of the white figure. At the time of the 1954 decision the
South as a whole was spending $165 a year for the average
white pupil, $115 for the Negro (p. 20).

This exposure of differentiated financing between white and

Black schools was not the revelation of a practice new to education;

nor should it be believed that the differentiation represented a simple

dichotomy of white versus Black. It is safe to conjecture that all

societally liabiled students were victims of this scaled financing.

Conant (1965) had earlier observed:

The contrast in the money spent per pupil in wealthy
suburban schools and in slum schools of the large cities
challenges the concept of equality of opportunity in Amer-
ican public education. More money is needed in slum
schools (p. 145).

There is, therefore, little doubt that Plessy set the tone for the

methods to be used in transmitting knowledge to the culturally diverse

school youth in America, a tone which did not see legal capitulation

until the previously mentioned 1954 Brown v. Board of Education
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decision which ruled that segregation in the public schools of this

country was unconstitutional. The effects from this decision were

far-reaching. Not only was the South faced with having to reconsider

its position on the race question, but the North was forced to witness

exposure of its own inequitable treatment of those who were culturally

different. James Baldwin, as quoted by Lewis (1964), remarked:

Usually, for example, those white people who are in favor
of integration prove to be in favor of it later, in some
other city, some other town, some other building, some
other school. The rationalizations with which they attempt
to disguise their panic cannot be respected.

Northerners proffer their indignation about the South as a
kind of badge, as proof of good intentions; they never sus-
pect that they thus increase, in the heart of the Negro they
address, a kind of helpless pain and rage--and pity (pp. 241

242).

Continuing in this vein, Baldwin further noted:

Negroes know how little most white people are prepared
to implement their words with deeds, how little, when
the chips are down, they are prepared to risk. And
this long history of moral evasion has had an unhealthy
effect on the total life of the country. . . . (p. 242).

That the influence of Brown was far-reaching is also evidenced

through a commentary from the Commission on Civil Rights (1975)

on the anniversary of the landmark decision:

On the 20th anniversary of Brown v. Board of Education,
then, it seems appropriate for the U. S. Commission
on Civil Rights to commemorate the Supreme Court's
decision with an examination of civil rights progress be-
tween 1954 and 1974. The Commission wishes to honor
Brown by showing that it is a decision which continually
affects one of the most vital areas in the life of our Nation.
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The Commission wishes to call to mind clearly the meaning
and promise of Brown as intrinsic elements in the fulfill-
ment of American ideals. The Commission wishes to com-
memorate Brown by relating the Supreme Court's judicial
pronouncement to the lives of human beings (p. viii).

The point of concern here, however, must be the Commission's

emphasis upon the "promise" of Brown, an emphasis which should

leave little doubt that though the decision represented a legal victory

for Blacks, it did not serve to reorient the intrinsic nature of

America.

The Law of the Land had declared school segregation to be a

blight upon the face of this country; and America was charged with

the responsibility of removing this blight with all deliberate speed.

What was expected from law-abiding citizens was immediate accep-

tance and implementation of the charge; what was received was

resistance and shameless defiance of the law. Any disputation of

this assertion is readily refuted through consideration of the fact that

some 12 years later, Coleman (1966) was to report not only that

segregation was a continuing reality but that the "separate-but-equal"

doctrine was a farce. The refinement of the Coleman data by Wilson

(1967) left in doubt only those who refused to believe that which was

indisputable. Dyer (1970), in an assessment of the Coleman Report

as it dealt with the "separate-but-equal" scheme, noted:

It was assumed, on the basis of intuition uninhibited by
data, that if the schools in a given district were spending as
much per pupil for Negroes as for whites, the quality of
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education for both groups must be equal. . . A major
contribution of the Coleman et al. (1966) survey--pos-
sibly the major contribution is its massive challenge
to the simplistic notion that counting educational dollars,
or the things dollars buy, is not a sufficient measure of
the equality of educational opportunity (p. 200).

Though admitting that the Report had flaws, Dyer found:

. . the effect of the Report is to bring us closer to a
true national assessment of educational opportunity than
we have ever been before. It looks across school district
lines and concerns itself with the educational development
of minority group children whoever and wherever they
may be. In broad terms, it says that the quality of educa-
tion a school offers is to be measured by reference to
those characteristics of a school that bear a known, empir-
ically determined relationship to what pupils learn presum-
ably as a consequence of having gone to school (pp. 200-201).

It seems reasonable to hypothesize that whatever defects existed in

the Report, the significant message from it and the more refined

Wilson study (1967) was explicit: School segregation and its attendant

debilitating effects have a marked influence upon the achievement and

expressed future plans of minority youth,

The suggested solution to the problem was one which could

have had germination in an earlier Coleman treatise:

In effect. . . . what our society has done is to set apart,
in an institution of their own, adolescents for whom home
is little more than a dormitory and whose world is made up
of activities peculiar to their fellows. They have been
given as well many of the instruments which can make them
a functioning community. . . . Yet the fact that such a sub-
system has sprung up in society has not been systematically
recognized in the organization of secondary education. . . .

The premise. . . is that . . . a fundamentally different
approach to secondary education is necessary. . . . The
fundamental change which must occur is to shift the focus:
to mold social communities as communities, so that the
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norms of the communities themselves reinforce educa-
tional goals rather than inhibit them (Coleman, 1970; pp.
270-271).

It can be conjectured that if this subculture not only existed but had

the influence projected by Coleman, the stultifying results associated

with segregation could be overcome through total integration of

schools and their attendant facilities, a procedure which would bring

together students from all races and cultures. Miles and Charters

(1970) reflected:

Coleman's study challenged prevailing thought. It had
been well known for nearly twenty years that a student's
academic performance in high school (and all other levels
of schooling) was intimately associated with the standing of
the student's family in the social class structure. The
establishment of this fact was the sociologists' most impor-
tant contribution to educat ion Coleman, however, pro-
posed with evidence to support him that social class differ-
ences can be overriden by the levelling effect of the adoles-
cent peer culture in the high school (p. 269).

That Coleman stressed the importance of human contact rather than

the importance of buildings and equipment is evidenced through refer-

ence to Dent ler (1970), a reference which not only refutes the belief

that the effects from segregation were phenomena exclusive to the

South, but also supports the conjecture that Blacks were not the only

societally liabiled students to suffer the inequities associated with

segregation; to wit:

Of all the characteristics which distinguish the education
being provided the average white and Negro students, it
is the environment provided by the fellow students where
the differences are most dramatic.
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The basic findings of the Coleman Report in this regard
are these: in the metropolitan North, Negro and Puerto
Rican pupils, as compared to white pupils, attend school
in older, larger, more crowded buildings. They have
access to fewer laboratories and library books, auditor-
iums and gymnasiums . . . Even their cafeterias and
athletic playing fields are in shorter supply. . . . Acceler-
ated programs for rapid learners are typically more avail-
able to white than to Negro or Puerto Rican pupils, as are
course opportunities for 1 2th graders to obtain advanced
placement or college credit (p. 1 90).

The social climate which had spawned the Black protest, subse-

quent civil rights measures, and studies such as that of Coleman

was also the climate which spawned a reconsideration of poverty in

America. In consideration of this, Weller (1965) noted:

For many years the Appalachian mountain region has
been regarded as the "backwoods" area of our nation. . . .

Now, more than 300 years after it was first settled, this
great land area. . . is being rediscovered. Behind the
stereotype of "mountaineer," America is finding real
people of flesh and blood: genuine and often naive people
who have been caught for generations behind the wall of
hills; people with brave hearts and uncomplaining tongues;
people whose ancestry goes back to the very early settlers
of our nation, who have yet to experience what it means to
be living in a land of opportunity and abundance.. . (pp. 23-
24).

That the years of poverty and societal neglect had had their effect

upon the academic lives of the students in this region is a fact further

explored by Weller:

Motivation for learning is often lacking among both boys
and girls. For one thing, educational achievement requires
the ability to handle concepts and ideas, to concentrate on
the study at hand to the exclusion of other concerns. The
mountain child's training at home and in reference group
has not schooled him to do this well (p. 110).
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Little more could be expected from students whose educational exper-

iences were a reflection of their societally-imposed class positions,

positions which, according to Davis and Dollard (1 940), categorized

them into a kinship of the societally liabiled:

We know. . . that there is a high degree of equivalence
between the behavior of parallel classes in the white and
colored societies. This similarity in class training accounts
for the fact that any of our Negro adolescents seems in
most respects to act and feel "just like a white child" who
has a similar type of personality and has been trained in
a parallel class position (p. 279).

It could be hypothesized that the neglect of these white citizens

was even more demoralizing than the neglect of the minorities of

color; for the former constituted a neglect of one group of citizens

by others of its own basic ethnicity. The effect, in general, was a

demonstrable aversion to the educational institution. Graff (1962)

observed:

The low educational level of the community is related
to the lack of holding power of the schools. . . . Between
1953 and 1959. . . these systems were still losing pupils
at the rate of 10 to 20 percent between the sixth and
ninth grades and from 44 to 63 percent before high school
graduation. . . (p. 189).

It is safe to conclude that most of these students found little in

the schools to keep them. If it can be said that Conant's suggestion

of a comprehensive high school, one which had something for every

student, was the answer, Appalachian youth were still left without a

hope; for, according to Graff: "In 1958. . . it was rare. . . to find a
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high school in the Region sufficiently comprehensive to meet,

Dr. Conant's criterion of accommodating the pupils' entire spectrum of

abilities" (p. 193). To offset this dearth in human talent and educa-

tional opportunity, Graff suggested:

The educational program must be improved to compare
favorably with the rest of the country. This will require
at least doubling expenditures for educational purposes. . .

Whether they leave or remain in the Region, the Southern
Appalachian people must be adequately prepared for produc-
tive roles in an industrial society. If this is to happen,
higher education in the region must expand. . . (p. 200).

It is ironic that four years later Harrington (1962) would

prophesy:

It seems likely that the Appalachians will continue
going down, that its lovely mountains and hills will
house a culture of poverty and despair, and that it
will become a reservation for the old, the apathetic,
and the misfits (p. 43).

But this prophecy preceded the Kennedy administration's relook at

poverty as well as the Coleman Report; and Harrington (1968), in

an America reconsidering its minority citizens as well as its future,

later suggested:

. . . the concept of education must be brought more and
more under the heading of productive work. I would
argue that we should have a GI bill in the war against
poverty and pay people to go to school, pay for their
tuition, their books, and give them an additional living
allowance if they have a family. The GI bill was one of
the most successful social experiments this society has
ever had. Why does it require a shooting war for us to
be so smart? Why can't we in the war on poverty say
that the most productive thing a young person between
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the ages of 16 and 21 can do is go to school, and that this
is an investment in the great society ? (p. xii).

Equal educational opportunity was again the challenge to Amer-

ica. The Coleman Report served as the catalyst for many successive

treatises, treatises which ran the gamut from outright denunciation

to adulatory adoption. Whatever the opinion, the combined onslaught

of Coleman, Brown v. Board of Education, civil unrest, and federal

government intervention left Southern Americans, rabid segregation-

ists or not, little recourse but to desegregate schools, and to do it

with an impact that would later be repeated in the North.

That the road to desegregation was not smooth is evidenced

in a Report from the Commission on Civil Rights. Title VI of the

1964 Civil Rights Act had provided a freedom-of-choice plan for

school desegregation, a plan which gave students the right to choose,

under certain general regulztions, those schools in which they would

comprise the minority population. In its report the Commission

(1967) noted:

During the early part of the school year 1965-66. . . [t]he
Commission found that the slow pace of integration in
[Southern and border states] was attributable in large
measure to the fact that n[f]reedom of choice plans ac-
cepted by the Office of Education. . . [had] not disestab-
lished the dual and racially segregated school systems"
(I). 12).

That this cognizance of failure in the freedom-of-choice plans had

little effect upon subsequent and immediate "new" guidelines is
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evidenced in a further acknowledgement from the Commission:

While the 1966 guidelines contain more detailed procedures
for the abolition of dual school systems, the basic provi-
sions do not differ in principle from the 1965 guidelines,
except in one respect. The guidelines lay down certain
"Requirements for Effectiveness of Free Choice Plans". . .

(p. 13).

It is now a matter of historical record that these and similar choice-

type plans failed. It can also be asserted that the switch in federal

regulations from an emphasis upon "choice" to an emphasis upon

"force" resulted in little more than a transfer of human bodies. De-

segregation is not equatable to integration; and Kerner (1968) showed

that though legal "integration" among schools had occurred, intrinsic

bigotry and the resultant intraschool segregation were alive and well.

Any decision to view insidious segregation as a parameter ex-

clusive to the province of elementary and secondary schools would

be fallacious. Some six years after the institution of equal educational

opportunities programs on university campuses throughout this nation,

Kerr et al. in 3. Report from the Carnegie Commission on Higher

Education (1973), noted:

The United States of America began with the high aspiration
that in this then new nation each person should have an
equal opportunity to participate. . . as a citizen, as a pro-
ductive worker, and as an individual seeking a high quality
of life. This high aspiration has never been realized.
Slavery was once the greatest barrier to its fulfillment,
but continuing discrimination against members of regional,
ethnic, and racial groups and lack of adequate opportunities
for still others has also long stood in its way. We are
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now approaching 1976 with the great dream of 1776
still awaiting fulfillment. . (p. 35).

In an analysis of desegregation in the late 1960's, one fact

becomes abundantly clear: Any observable wane in overt practices

of discrimination normally associated with the South did not mean

that racism was dead. Overt had merely been replaced, in the main,

by subtle; and the more insulting dehumanizing Northern-type segrega-

tion to which Baldwin (page 58) referred became the national paradigm.

It can be projected that Lewis' earlier observation (1964) regarding

the North was now applicable to the nation as a whole; to wit:

The most notable new protest technique of 1964 was the
school boycott. On February 3rd, in the largest civil-
rights demonstration to date, four hundred and sixty-four
thousand pupils stayed out of New York City's public schools
in a peaceful one-day boycott. That was nearly forty-five
percent of the enrollment. In numbers it was impressive,
but in concrete results it was less so. For no protest
could solve the real problems of education in New York. . . .

Every attempt to deal with the racial problem in the
school showed how intractable it was. . . . One thing shown
by its experience--and similar problems in other northern
cities--was the inability of law as such to deal with the
North's racial discrimination. . . . The rescuing of the
Negro child from the cycle of the deprived family and the
slum school was a job not for the Constitution but for
social policy (pp. 260-261).

Consideration of the discussion undertaken thus far in this sec-

tion of the present study could lead to the conclusion that the call for

equal educational opportunity as made in the 1960's was but a re-

dundancy. A more careful analysis, however, would reveal one

major difference: The unrest of the decade had touched more than
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just the societally liabiled; it had reached into the very heart of

America, into the midst of those who felt themselves to be the sym-

bols of supremacy. White youth, those from the upper-middle and

highest economic and socially stratified classes were protesting.

McGuire (1970), himself a member of this group, reflected:

The truth, unfortunately, is that most middle-class stu-
dents attend colleges today because they are under
parental or internal pressure to prepare themselves
for a well-defined career. . . . These parents, and
sometimes their children, have equated happiness with
the earning power that a college education promises to
bring.

But last summer parents all over America found out that
their children had stopped believing in this equation. The
brightest, most sensitive adolescents from the most well-
heeled families began to drop out of society. Thousands
of parents began to wonder about the way they had brought
up their children. The cute little kids of the early 1950's
were suddenly challenging the very homes, education, and
society that had so coddled them (p. 44).

Education in general was in turmoil; and if education in general

reflected the unrest consuming society, it is safe to assume that

science education, as a specialized branch of this area of human

endeavor, was not left unscarred. Earlier reference was made in

Chapter I, as well as in this chapter, to America's mid-twentieth

century quest for educational superiority, a quest which laid para-

digmatic emphasis upon science education. It was also earlier

projected that this quest was designed around a system which neces-

sitated the subjugation of one group of Americans, the societally
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liabiled, to methodologies developed for the express purpose of

advancing the preferred students, those who, largely because of

societal favoring, had become better-than-average. The theses of

Evans (1970), Ronneberg (1 970), and Hurd (1 971) could again serve

as proof that the resultant effect was not one of lasting utopianism.

Reliance upon the assertion from McGuire (1970), as a first-hand

account, seems more significant, however; to wit:

In America we have become a society of anticipation and
anxiety. We are losing meaning, values, and purposes. .
we have tried to replace belief in values with belief in
the so-called scientific method. . . . We still think that
those with vast knowledge in a given field, especially one
of the sciences, somehow hold the solutions to our personal
and social crises. Scientists as scientists cannot be moral-
ists or philosophers or theologians (p. 45).

It would seem, then, that the call for equal educational oppor-

tunity had again been made and again gone basically unheeded. The

double tragedy in this was that this time America had lost not only

the societally liabiled but those in whom it had staked its hope for

the future, the youth of the white majority. This loss looms signifi-

cant when viewed in light of the attendant growth in an aversion to

science, an aversion which would prove counterproductive to a

viable society if, indeed, the stipulation from Dewey (1966) proved

accurate:

The function which science has to perform in the curricu-
lum is that which it has performed for the race: emanci-
pation from local and temporary incidents of experience,
and the opening of intellectual vistas unobscured by the



accidents of personal habit and predilection. The logical
traits of abstraction, generalization, and definite formula-
tion are all associated with this function. In emancipating
an idea from the particular context in which it originated
and giving it a wider reference the results of the experi-
ence of any individual are put at the disposal of all men.
Thus ultimately and philosophically science is the organ of
general social progress (p. 230).

The Current Perspective

Education in General

70

America, battered and scarred following the turmoil of the

1960's, faced the next decade as it had faced many preceding decades:

with renewed vigor in its determination to retain status as a world

power. International success held greater interest than did domestic

success; and, with maliferous indifference, the dominant society in

this country placed the factors which had led to the turbulent '60's in

the subconscious realm of its mind. There was complacency because

the favored youth, those of the white majority, had returned in large

numbers to the fold of middle- and upper-class America's social

bosom. As for the minorities, they had been neatly handled: "Gifts"

including school integration, access to most public establishments,

and the institution of equal educational opportunity programs which

made university entrance a reality had been bestowed upon them.

Yet, "those ungrateful people" had often responded with riots, burn-

ings, and other calamitous forms of rejection. It could not be
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expected that the dominant society would recall, with understanding,

the wisdom of Martin Luther King (1970) who, despite his own predi-

lection toward peaceful demonstration, was able to put riots and other

forms of violence in proper perspective; namely:

Ultimately a great nation is a compassionate nation. There
are snares in our society that cause misguided action and
riots in many instances. . . . It is time to tell the nation
who is really causing the riots. Riots are caused by nice,
gentle, timid white moderns who are more concerned about
order than justice, who can always say the Negro is pushing
things too fast--wait for a more convenient season, who
has a kind of paternalistic notion that he can set the time-
tables for the Negroes. Riots are caused by every labor
union who will keep the Negro locked out, by many white
clergymen who in the midst of social injustice prefer to
remain silent behind the safe security of stained glass
windows. Riots are caused by every state legislature that
refuses to pass a fair housing bill (p. 32).

Nor was the Great Society inclined toward accepting the further asser-

tion from King (1970):

There is nothing more dangerous than to build a society
with a large segment of that society feeling that they have
no status. A destructive minority can poison the wellspring
from which the majority must drink. It is time for every-
body to see this. America can solve the problem. . . . If
our nation can spend 35 billion a year to fight a war in
Vietnam and 20 billion a year to put a man on the moon,
it can spend billions to put God's own children on their own
two feet right here on earth (p. 32).

It is not surprising, in a society smug on a renewed sense of

self-importance, that the usual retort took the following form: "What

more do these people want after all we have given them? We have

even given them access to our schools; and everyone knows that
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education is the stepping stone to success in this country." But it

must be countered that the definition for access, despite any lexio-

graphical presentation, is often dependent upon who uses the term.

For many minority students, "access to" did not insure "receiving

of, " a point with which Pettigrew (1 974) showed later concern; to wit:

It is inadequate merely to provide equal educational oppor-
tunities for urban minority and low-income pupils and ex-
pect them to manifest sudden breakthroughs in academic
achievement. It cannot be reasonably assumed that all
pupils equally possess the specific, prior learned responses
necessary to take advantage of such opportunities. Such
an assumption fails to consider that environmental experi-
ence may influence pupil behavior (p. 74).

In view of this, Pettigrew (1974) has suggested:

To obviate this kind of assumption, teachers need to
design a learning environment carefully planned to build
systematically upon existing competencies and accom-
plishments of each pupil. Such an environment is charac-
terized by stability derived from a program design explicitly
structured and sequenced by the teacher to promote the
acquisition and maintenance of cognitive skills and behaviors
(p. 74).

In order for educators to develop the design suggested by Pettigrew,

it would be necessary for them to become cognizant of her further

projection:

The earliest and most fundamental lesson ethnic minority
pupils in America learn is that they are second-class
citizens, the "inevitable" failures in the social and in-
tellectual domains of American life. They are something
less than their white, middle- or upper-income counter-
parts. . . . These are the unquestioned and dangerous
assumptions held by many educators. . . assumptions
which they take with them into the classroom. It is not
difficult to perceive why many ethnic minority pupils
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learn to become rebellious, or even apathetic, to the
educational system (p. 72).

A thorough appraisal of the latter-day philosophy of Pettigrew

would reveal it to be but the echo of that philosophy which had earlier

been expressed by such thinkers as ,Clark (1963) and Dewey (1966).

Clark had noted:

It is an educational axiom that democracy cannot be taught
effectively in an undemocratic setting. . . . White and Negro
children who must attend segregated schools are being. . .

taught that democracy is... an abstraction that need not
influence the individual in daily life... Both white and Negro
children soon learn that the white school is considered
superior, and that the Negro children are sent to separate
schools because the society in general considers them un-
worthy of association with other children. Before the
schools of America can play an effective role in improving
the level of our democracy before they can prepare children
for life in terms broader than mere academic subject matter-
the system of segregated schools must be eliminated (pp. 86-
87).

Clark then offered an admonition:

Educators must face not only the immediate problems of
an effective transition from segregated to nonsegregated
schools but also the equally important -- though less dra-
matic-- problems of subtle discrimination in nonsegregated
schools. . . . If teachers and administrators see children
as human beings with the ability to learn--rather than as
Negro children or white children, who will necessarily pre-
sent certain racial and educational problems -then there
should be little difficulty in meeting their educational needs.
The basic principles of fair play and justice, important in
any group of children, are even more important in a class-
room where there are children of different races, religions,
and nationalities (pp. 88-93).

Such an admonition fell upon deaf ears, however; the dominant

society of the late 1960's and early 1970's saw only unruly children
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whose overt hostility and rejection represented abominable acts of

ingratitude. In retaliation, majority America reacted with typical

dogmatic paternalism. Launching an effective backlash in a moment

of what can only be termed blind decision-making, they reelected

Richard M. Nixon as President of these United States. That this

backlash acted as a boomerang is a fact well documented through the

scandal attached to Watergate, a scandal which, true to the nature of

America, was linked inexorably to the educational enterprise in this

country: Where had the schools failed; how could a system built

upon the principles of democracy have produced an evil such as

Watergate and the men who were the actors in this real-life drama?

It is not surprising that the aftermath of this indignation was a con-

certed drive toward revamping of the educational system; for educa-

tion has traditionally been viewed as the cure for the ills of society.

It did not matter that society suffered from a cancer, the real cure

for which had never been found; blind faith persisted and the schools

were expected to produce. That this assertion has substance, particu-

larly as it relates to secondary schools, is evidenced through refer-

ence to a Report of the National Commission on the Reform of

Secondary Education (1973): "The wave of criticism against the

high schools has reached the point of overkill. . . . The larger prob-

lems of American society are reflected in the high schools" (p. 3).

Speaking for not only the colleges and universities but for all levels
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of education, Kerr et al. , in a Final Report of the Carnegie Commis-

sion on Higher Education (1973), noted:

. . . education in the United States--primary, secondary
and higher education--is in grave trouble. Higher educa-
tion, after a period of 20 years following World War II
when it attained its greatest glory through notable achieve-
ments in scientific research and through expansion to serve
huge additional numbers of students, now faces several
intense crises suddenly and almost at once (p. 3).

That one of these crises was the lack of a feasible operating budget,

a lack imposed by the senseless vetoes of a President whose lust for

power took precedence over concern for the future of the youth in

America, is evidenced in the observation from Wasserman et al.

(1974); namely:

While it is very difficult to unravel and compare President
Nixon's simultaneous revised fiscal year 1973 and fiscal
1 974 education budget requests. . . one thing is very clear:
the hatchet job on education funds portends bitter battle
between the President, Congress, and the educational
lobbyists (p. 230).

The effect that these cuts had upon the societally liabiled, as well as

other former recipients, is a point further explored in Wasserman.

Through [recission and budget amendments], the President
has asked for a $1 26 million dollar decrease in his original
1973 budget proposal which would reduce programs in
Indian education, higher education, education professions
development (career education), Title I ESEA for education-
ally deprived children, vocational education curriculum
development (p. 231).

There can be no question but that the backlash for which Amer-

ica had voted was in full operation. Not only is this assertion
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supported through consideration of the aforementioned cuts in financ-

ing but through a realization that the cuts were made despite a much

earlier plea from Catherine Barrett, president of the National Educa-

tion Association. In an analysis of data resulting from a national

survey, she noted:

. . nearly half of the children enrolled in 20 reporting
states were in school districts where "financial conditions
are slowing, arresting, or reversing normal progress
toward improved school programs and staffing". . . . The
fact that only a relatively few communities- -the more
affluent ones--have the money to take advantage of these
new opportunities underscores the inequality of education
today. The NEA believes the major road to substantial
improvement of all schools is a much greater financial
contribution by the federal government (Wasserman, 1974;
pp. 233-234).

The irony in this situation is that the backlash was indeed a

boomerang. No dispute should be expected of an assertion that in--

adequate financing of programs necessary to offset years of inequi-

table education portended good news for neither majority white nor

culturally diverse. This was made blatantly clear through the

reverse-type discrimination exhibited by the President in his bud-

get proposal., a point which was noted by Wasserman:

While cutting both 1973 and 1974 funds predominantly for
public education as part of a program to hold down the
budget, the President on the other hand has proposed
another program which is guaranteed to anger public
school educators: tax credits for parents of private
and parochial school youngsters (p. 2.32).

Thus education at all levels found itself beleagured and on many
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fronts: by parents and a general citizenry angry with a President

upon whom they had overwhelmingly bestowed favor; by this same

President and his administrative staff whose insatiable greed for

international prestige and domestic dictatorial control precluded lack

of concern not only for minority people but, in truth, for the masses

who had given them the power; and the societally liabiled who, angered

and frustrated, resisted any effort to "turn back the clock. " The

revolution of the 1960's had been loud in its defiance; the revolution

of the 1970's held promise of being the quieter but more deadly type.

It was indeed time to take a relook at education; for, with no intention

to imply that this institution represents the panacea for all the ills

of a nation, it must be realized that changes in society are signals

for changes in the structure of education. Whether the results reflect

true change is a matter demanding a comparative analysis of several

significant reorganizations in the field, reorganizations which were

founded upon certain basic objectives.

The efforts of educational committees formed in 1898 and 1910

culminated in the issuance of the Seven Cardinal Principles of Educa-

tion by the Committee on Reorganization of Secondary Education

(1918); to wit:

1. Good health

2. Command of fundamental processes

3. Worthy home membership



78

4. Vocational efficiency

5. Civic efficiency

6. Worthy use of leisure

7. Ethical character (pp. 11 -1 5).

During the days of prominence for the. Progressive Education

Movement, the Educational Policies Commission issued a report

entitled "The Purposes of Education in American Democracy" and

outlined four major areas of concern; namely:

1. Self- realization: an inquiring mind; a command of
fundamental processes, such as speech, reading, writ-
ing, arithmetic; sight and hearing; health knowledge and
habits; interest in public health; recreation; intellectual
and esthetic interests; formation of character.

2. Human relationships: Respect for humanity; friendship;
cooperation; courtesy; appreciation of the home; con-
servation of the home; homemaking; democracy in the
home.

3. Economic efficiency: The importance of good workman-
ship; occupational efficiency; occupational adjustment;
occupational appreciation; personal economics; consumer
judgment; efficiency in buying; consumer protection.

4. Civic responsibility: The need for social justice;
social activity; social understanding; critical judgment;
tolerance; social application of science; world citizen-
ship; understanding of principles of conservation as
related to the national resources; devotion to democracy
(Mayer, 1960; p. 9).

In 1955, the White House Conference on Education, composed

of lay persons and educators from all parts of the country, enumer-

ated 14 goals for American public education; to wit:
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1. The fundamental skills of communication: reading,
writing, spelling as well as other forms of effective
oral and written expression; the arithmetical and math-
ematical skills including problem solving; while schools
are doing the best job in their history in teaching these
skills, continuous improvement is desirable and neces-
sary.

2. Appreciation for our democratic heritage.

3. Civic rights and responsibilities and knowledge of
American institutions.

4. Respect and appreciation for human values; and for the
belief of others.

5. Ability to think and evaluate constructively and crea-
tively.

6. Effective work habits and self-discipline.

7. Social competency as a contributing member of his
family community.

8. Ethical behavior based on a sense of moral and spiri-
tual values.

9. Intellectual curiosity and eagerness for life-long
learning.

10. Esthetic appreciation and self-expression in the arts.

11. Physical and mental health.

12. Wise use of time, including consructive leisure pursuits.

13. Understanding of the physical world and man's relation
to it as represented through basic knowledge of the
sciences.

14. An awareness of our relationships with the world com-
munity (Callahan, 1974; p. 289).

And finally, in our current perspective, the National Commis-

sion on the Reform of Secondary Education (1973) listed the
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following goals:

Content Goals

Achievement of Communication Skills

Achievement of Computation Skills

Attainment of Proficiency in Critical and
Objective Thinking

Acquisition of Occupational Competence

Clear Perception of Nature and Environment

Development of Economic Understanding

Acceptance of Responsibility for Citizenship

Process Goals

Knowledge of Self

Appreciation of Others

Ability to Adjust to Change

Respect for Law and Authority

Clarification of Values

Appreciation of the Achievements of Man (pp. 33-34).

A detailed appraisal covering some 55 years would reveal that

the basic goals of education have not changed, a point to which the

Commission (1973) gave credence while, at the same time, noting

disparities; to wit:

The Cardinal Principles of the Commission on the Reorgan-
ization of Secondary Education were laid down at a time of
great expansion of secondary education and of belief in
what it could accomplish. The national goals here pro-
posed by the Commission on the Reform of Secondary
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Education are written at a time when the nation must
expect a reduction in the size of its secondary system
and feels diminished beliefs in its capabilities. Both
commissions concur on the importance of basic skills in
the areas of communication and computation. They both
call for an understanding of citizenship responsibilities. . .

The need for occupational competence is expressed by both
commissions. The worthy use of leisure time was seen
as an enduring need by the Commission of 1918. The
Commission of the 1970's. . ..takes the position that re-
warding use of leisure time would be a natural outcome if
all other goals were successfully met. Health is a goal of
both commissions; but while the earlier one stressed
physical fitness, today's commission is also concerned
with a student's mental and emotional needs. . . (pp. 34-35).

The tabular representation of these similarities and disparities as

given by the 1973 Commission is presented here in Table 2.2. A

cursory inspection of the data could lead to support for the assertion

from the 1973 Commission that inherent differences are reflected in

the two sets of goals; but a more thorough examination should lead

to the speculation that the differences are but a matter of semantics.

For example, a realization that the philosophy of Locke, as well

as that of Rousseau et al. had some influence upon the 1918 goals

should indicate that little difference exists between Goal One for

1918 and Goal One for 1973. Locke's maxim was "a sound mind in

a sound body"; and each of the sets of goals referred to in the present

study reflects an implied, if not stated, adherence to this maxim.

Further, it can be projected that the emphasis placed upon diet and

exercise during the decade of the 1970's bears strong allegiance to

a belief that physical fitness correlates an alert mentality.
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Table 2. 2. National goals in historical perspective,

Cardinal Principles of 1918 National Goals of 1973

Health (Physical Fitness) Adjustment to Change (Mental
Health)

Command of Fundamental Communication Skills
Processes Computation Skills

Vocation Occupational Competence

Civic Education Responsibility for Citizenship
Respect for Law and Authority
Appreciation of Others

Worthy Home Membership Knowledge of Self
Critical Thinking
Clarification of Values
Economic Understanding
The Achievements of Man
Nature and Environment

----interrelated goals
unrelated goals

Source: The National Commission on the Reform of Secondary
Education, 1973; p. 188.

Of more importance to the present study, however, is the satis-

faction expressed by the 1973 Commission because of its inclusion

of the subgoal "appreciation of others" as a necessary parameter in

a sound educational structure: "Other concerns of the seventies

which were not issues in 1918 are expre ssed in the Secondary Reform

Commission's goals on economic understanding, nature and environ-

ment, and the appreciation of others" (p. 35). Such explicit self-

praise demands an examination of the delineation of this subgoal as
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given by the Commission; to wit:

Appreciation of Others, The secondary school must
help each student develop an understanding of the differ-
ences and similarities and of the common humanity of
members of different ethnic and religious groups (p. 34).

This delineation promotes a lexiographical search for the word

"appreciation. " According to the World Book Encyclopedia Dictionary

(1963), four defintiions are suitable, namely:

1. to think highly of; recognize the worth or quality of;
enjoy; value.

2. to have an opinion of the value, worth, or quality of.

3. to be aware of; be sensitive to; discern.

4. to raise in value: New buildings usually appreciate
the price of land.

A reappraisal of the delineation by the Commission (1973) and the

four definitions as given above must lead to the conclusion that re-

gardless of which definition was intended--and it could only have

been definition two or three--an appreciation of others does not, with

all due respect to definition one, assure total acceptance and utiliza-

tion of the inherent potential of these individuals. Further, the use

of vague terminology by the Commission (1973) leaves some doubt as

to the basic intention of the goal, a doubt that does not necessarily

arise from an inspection of certain of the recommendations tendered

by The Carnegie Commission on Higher Education (1974) in its final

report:
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Admissions policies should be examined to assure that they
serve both the cause of diversity within higher education
and also the possibilities for diversity at the high school
level.

Admissions standards should be relaxed for members of
disadvantaged groups, provided that the chances are good
that such students can meet graduation requirements in full.

Colleges should closely examine their admissions policies
with respect to sex, race, and age. They should then be
certain that their admissions practices implement those
policies that relate to social justice in higher education
(p. 314).

To help offset years of inequities in education, as suffered by the

societally liabiled, the Commission further recommended:

Experimental programs for the early development of
verbal skills should be established. . . with active par-
ticipation from. . . programs for remedying verbal skill
deficiencies at the secondary and higher levels of educa-
tion.

Colleges enrolling large numbers of disadvantaged or
minority students should review their institutional pro-
grams to determine if they are designed to meet the
educational needs of the students involved (pp. 327-328).

Continuing in this vein, the Commission also noted:

The first priority in the nation's commitment to equal
educational opportunity should be placed upon the in-
creased effectiveness of our pre-elementary, elementary,
and secondary school programs.

All institutions should accept responsibility to serve the
disadvantaged minorities at each of the levels at which they
provide training [emphasis mine] (p. 340).

In consideration of the above stipulations and in review of the

goals as presented by other commissions, the question arises in our
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analysis of the current status of education as it affects the culturally

diverse: After the establishment of goals, what? Have those who are

societally liabiled at last been afforded full citizenship in the Ameri-

can educational enterprise? The answer does not demand extensive

verification through numerous quotes. It is sufficient to note: the

revelation by Jensen (1975) that he, indeed, did consider Blacks

as genetically and, therefore, intellectually inferior; the senseless

Boston reaction to school busing; the fact that in a Presidential cam-

paign year, there is obvious indifference to the societally liabiled

vote; and, finally, that there exists the need for the present study.

Science Education in Particular

If education in general has continued to neglect the societally

liabiled, it can be hypothesized that science education, as a special-

ized area of the field, has shown little difference in its behavior. The

works of several writers offer justification for this hypothesis and

for the attendant hypothesis that this neglect is evidenced not only in

the lack of background preparation in science and the dearth in em-

ployable scientific potential existing among this group of Americans

but in the failure of science education to conduct quantitative re-

research in an effort to offset the neglect.

Citron and Barnes (1970) and Dickson (1972) were particularly

concerned about the paucity of empirical research relating to students
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who were less than better-than-average. In America, where social

bias has necessitated academic bias against those who are culturally

diverse, it can only be conjectured that the "less than better-than-

average" students were, in general, those who lay claim to member-

ship in this segment of society. Dickson (1972) has noted:

It appears that researchers take advantage of the easier
access to surburban schools or university-related schools
and thus bias their data. .. . [and] curriculums are devel-
oped by highly intelligent people who fail to appreciate the
backgrounds, interests, and abilities of average and below-
average students. Often the teachers involved in curricu-
lum development and evaluation have been working with
above-average students.. . . Science educators must
develop curriculums designed to develop scientific liter-
acy in the general population. As a step in this direction
researchers in science education should recognize the
forces working to produce an elitist bias in science educa-
tion and actively seek to counterbalance this bias through
adding average and below-average students as subjects in
evaluation studies (p. 175).

That the bias of which Dickson spoke has resulted in a dearth

in minority science potential is an assertion which finds support from

Bryant (1968), Crossland (1968), and presenters at the National Con-

ference of the Society of Ethnic and Special Studies (1975). Crossland,

limiting his study to Black Americans in graduate schools, observed:

If the number of black American graduate students [was]
multiplied sevenfold, it would only match the ratio of
Blacks to the total American population. The annual
number of new black Ph.D.'s would have to be multiplied
by fifteen to achieve the total population ratio (p. 2).

In a delineation of the data upon which he based his conclusion,
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Crossland noted:

The following three figures summarize the situation and
indicate the scope of the problem:

. . . 11. 5 percent. . . . this is the proportion of the
total American population which is black

. . . 1. 72 percent. . . . this is the proportion of the
total enrollment in America's graduate schools of
arts and sciences which is bLack American

. . . 0. 78 percent. . . . this is the proportion of all
Ph. D. 's awarded between 1964 and 1968 which went
to black Americans (p. 2).

In a related study, Bryant (1968) submitted tabulated data,

shown here in Table 2. 3, which confirmed the findings of Crossland

(1968).

Table 2. 3. Fields in which Blacks received Ph. D. 's --( 1964-1968 ).

Field
Male Female Total

Number Percent Number Percent Number Percent

Education 228 26.4 85 36. 3 313 28.6

Social Sciences 242 28.0 46 19. 7 288 26. 3

Biological Sciences 120 14.0 22 9. 4 142 12. 9

Humanities 90 10.4 46 19.7 136 12.4

Physical Sciences 116 13.4 13 5. 5 129 11. 8

Other* 66 7.8 22 9.4 88 8.0

Total 862 100.0 234 100. 0 1096 100. 0

*Includes Agriculture, Business, Engineering, Home Economics, and Religion

Source: Bryant, 1968; p. 6.
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In consideration of the picture presented by his findings as well

as the data from Bryant, Crossland (1968) offered a projection of

future expectations; to wit:

All the current black recruitment programs will not bring
off [increases that will achieve Black Ph. D's in representa-
tive numbers]. . . Nothing less than massive, concerted,
and sustained efforts by the universities--together with
greatly increased student financial aid resources and vastly
improved primary, elementary, and undergraduate educa-
tion--will bring about graduate enrollment "parity" for
black Americans within a decade (p. 2).

That this suggestion from Crossland had little apparent effect upon

the course of science education as it relates to the societally liabiled,

particularly at the post-secondary level, is evident in the observation

from Avila (1975):

Minorities, especially Blacks and Spanish surnamed,
remain significantly underrepresented in American
colleges and universities. . . Not only are minorities
earning fewer bachelor degrees but their numbers of
earned Ph. D. 's is very dismal, especially in the sci-
ences (p. 8).

Further, a search of the literature reveals little effort to implement

the suggestion earlier noted from Dickson (1972) that science educa-

tion should expand its research horizon to include studies involving

average and below-average students.

The intention herein is not to suggest that no effort has been

made to conduct science education studies dealing, in the main, with

the culturally diverse. That such a suggestion would lack veracity is

evidenced through the treatises of Levine (1974), Riley and Maurer
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(1974), Tilford and Allen (1974), Avila (1975, Baldwin and Boedeker

(1975), Smith, Preer, and Brooks (1975), and Berry, Gillet, and

Didato.. (1976). That the paucity in science education research in this

area still exists, however, is also evidenced through these studies;

they comprise 61. 5% of the investigations which have been related to

students who were not already committed to a major in science, in-

vestigations which dealt, in the main, with developmental classes in

the discipline. A discussion of certain of these investigations seems

germane to the intent of the present study.

Primary emphasis in the works of Baldwin and Boedeker and

Smith, Preer, and Brooks was upon those parameters usually associ-

ated with the few studies relating to the societally liabiled which have

been undertaken in science education: the development of courses de-

signed to change student attitudes and/or to assist students in satis-

fying university graduation requirements but not to appreciably in-

crease minority employment in the discipline. In an almost exclusive

concern with attitude, particularly that directed toward physics,

Baldwin and Boed'eker (1975) noted:

In the last few years, a number of writers have lamented
the problem of a growing anti-science attitude by students
and the public. . We became interested in determining
what student attitudes toward science actually were and in
evaluating student reaction to the two introductory physical
science courses being offered (p. 179).

The investigators outlined their intent to cover:

1. The general attitude of our sample of students toward
science.

2. Student opinions as to why more of them do not take
physics as an elective, and
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3. Student attitudes toward two physical science courses
for nonscience majors, Conceptual Physics (CP) and
PSNS--An Approach to Physical Science (PSNS) (p.179).

At the conclusion of their investigation, Baldwin and Boedeker re-

ported the following findings, outcomes, and suggestions:

The results indicate that a high percentage of students en-
joyed both courses.. . . The favorable results achieved
here for both types of courses led us to the creation of two
separate physical science courses for students who want
more options in their general education curriculum. . . .

that the view expressed here can easily be translated to
mean that there are excellent opportunities for physicists
to better educate and inform the American public as to the
benefits of science and physics to society (p. 182).

Smith, Preer, and Brooks (1975), working at a community col-

lege, not only concerned themselves with attitude but with relevancy

as a means of increasing student cognition in science. Recognizing

that the lack of scientific academic expertise normally exhibited by

the societally liabiled is usually the result of a lack of experience

within the discipline, these investigators observed:

The term "open admissions" usually has a negative aura,
and is taken to indicate a student body which is education-
ally disadvantaged. What we are finding, however, is that
open admissions can mean something quite positive; it can
mean that the student body is "world wise". . . . What they
lack is knowledge of what the current scientific problems
are, knowledge of the tools needed to solve these problems,
and faith in their own intelligence (p. 313).

Concentrating upon these needs, Smith, Preer, and Brooks (1975)

developed a new department, Interdisciplinary Science, in which

courses geared to the general student were offered. With reference

to the courses, the investigators reported:

In the new department we offer courses developed for the
general student. Since he or she is usually a city dweller,
we have centered on the urban life style, with emphasis on
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key elements in the life-support system: food, shelter,
energy, environment, and health care. . . . We also have
a range of interdisciplinary science courses which all
students can take to fulfill their natural science require-
ment (p. 313).

To dispel any criticism that "real science" was not taught, they

further projected:

A serious treatment of these subjects requires an under-
standing of such basic scientific concepts as atomic struc-
ture, cell structure, levels of cellular organization, the
metric system, temperature scales, the nature of a chem-
ical reaction, human physiology, the nature of electricity,
and fluid dynamics. The basic concepts are taught as the
need arises (p. 313).

It is not surprising that results from the courses have been

positive. According to Smith, Preer, and Brooks:

Student response to our course has been very enthusiastic.
We serve over 500 students each quarter out of a total popu-
lation of 6, 000, and many of our classes are consistently
over-subscribed. The courses receive high ratings in the
student evaluation process, as do our faculty (p. 314).

Though the investigators seem to have been more impressed

with faculty response than with that given by students, as witnessed

in the following observation, it is to their credit that this appeared

to reflect some attitudinal orientation toward a concern for student

affectivity; namely:

While student response has been gratifying, what seems
most remarkable to us is teacher response. We have found
that these new courses have put life back into the teaching
styles of our faculty. We are convinced that what makes our
courses really good is that we transmit this excitement to
our students (p. 314).

As has been mentioned, the most glaring omission in the trea-

tises of Baldwin and Boedeker (1975) and Smith, Preer, and Brooks

(1975) was empirical evidence to support their conclusions. In
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consideration of the former, however, though attitude analyses cannot

truly be validated because of the very nature of the entity under inves-

tigation, it seems appropriate in the present study to reporduce the

data submitted by the indicated investigators. This reproduction is

given in Table 2. 4. The importance of the data to the present study

should be without question if full consideration is given the predilec-

tion of some individuals toward consistent classification of the soci-

etally liabiled as the "noninterested" student in science. It would

appear from the investigation conducted by Baldwin and Boedeker, how-

ever, that it is not lack of student interest in science which creates

problems for them in the discipline; the interest is there. Rather, the

problems result from a lack of familiarity with the tools and tech-

niques of science, from the failure of much science course work to

show relevancy to the student's world, and, primarily, from a lack of

teacher concern.

Table 2. 4. Attitudes of nonscience students towards science.

Physical Science Earth Science
Comment True False True False

Science has been overemphasized in
our society 144(19%) 629( 81%) 80(30%) 185(70%)

Scientists have a greater moral responsi-
bility than nonscientists in relation to
technology-caused problems 413(55%) 343(45%) 154(60%) 103(40%)

Some science courses should be re-
quired of all college students 578(75%) 194(25%) 161(61%) 101(39%)

There is currently a youth revolution
against science 120( 16% ) 625( 84%) 59(23%) 200(77%)

Science is justifiably being blamed for
many of society's ills 279( 37 %) 473( 63%) 94(36%) 166(64%)

Source: Baldwin and Boedeker, 1975; p. 180.
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Tilford and Allen (1974), concentrating upon predominantly

Black colleges, reported the purpose of their study to be as follows:

It was to assess the unique experience of the Negro in
American society, and the relationship of this experience
to the development of scientific talent, that this compar-
ison of science and non-science majors in three pre-
dominantly black colleges was undertaken (p. 119).

The investigation was primarily a survey of 1006 students character

ized as being pure science majors, applied science majors, and non-

science majors, with the delineation of these majors as:

Pure Science- -
A student whose major field of study is chemistry, biology,
mathematics, premedicine, precientistry, or engineering.

Applied Science-
A student whose major field of study is business, home
economics, animal science, medical technology, or whose
minor field of study is mathematics, chemistry, or biology,
exclusive of pure science majors.

Non- Science
A student whose major field of study does not require the
taking of a course in biology, physics, chemistry, or math-
ematics beyond the introductory level (Tilford and Allen,
1974; p. 120).

Of the ten questions with which Tilford and Allen were con-

cerned, four were deemed germane to the present investigation;

namely:

[I] Are there characteristics of the high school attended
which would tend to affect the choice of a science or
non-science major?

[2] What influence within the family, in high school, and
in college is pertinent to the choice of a science or non-
science major?



[3] Is there a difference in the attitude toward science
of science and non-science majors of comparable aca-
demic standing as determined by grade point ratios?

[4] What is the the relationship of the student's ability,
family background variables, high school factors,
and college factors to the attitude toward science?
(p. 1 20)

Combining the results from several of these questions, Tilford and

Allen (1974) reported the following conclusions:

Because of violations of the assumption of normality as
indicated by measures of skewness and kurtosis, there was
no adequate basis to conclude that high school science activ-
ity affected the choice of a science or non-science major
among black college students.

Science and non-science majors do not differ in degree of
influence persons and activities in high school and in col-
lege have had on their choice of major field.

The students perceived their high school teachers as an
important influence on their choice of major field. This
influence was somewhat subject-matter oriented.

Non-science majors were influenced by family members
in their choice of major field to a greater degree than
science majors.

Science and non-science majors with comparable academic
achievement as determined by cumulative grade point aver-
ages, differed in their "attitude toward science," the atti-
tude of science majors being more favorable (pp. 1 25-1 26).

The recommendations from Tilford and Allen have particular

significance for the present study; to wit:

[1] That high school teachers of science and mathematics
be made aware of their potential influence in the en-
couragement of black youth in the pursuit of science
careers. This is particularly important as more
schools become racially integrated.

94
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[2] That efforts be made to seek and identify those black
youth with the aptitude for success in science.

[3] That efforts be made at the elementary and secondary
school levels, specifically, to develop favorable atti-
tudes toward science among Negro youth.

[4] That further investigations of the characteristics of
potential Negro scientists be undertaken, and that a
focal point be the pure science majors (p. 126).

Recognizing that the needs stipulated by Tilford and Allen (1974)

pertain not only to Black students at the elementary and secondary

levels of education but to all societally liabiled students at all levels

of education, and having cognizance of the dearth in culturally diverse

science talent, Avila (1975) observed:

. . . one could hypothesize that the primary reason for
[the] gross underrepresentation and lack of interest in
majoring in science among minorities might be due to in-
adequate science preparatory education prior to entering
the university (p. 8).

According to Avila, his study was done to "investigate the above

hypotheses and provide a preliminary discussion of the scientific

background of minority students enrolled in a special General Biology

Course for Minority Students at San Diego State University" (p. 8).

To assess the educational backgrounds of the students, Avila

utilized an educational background questionnaire; for purposes of

assessing the degree of background preparation, a 60-question pre-

test was used. The former was also employed in a class of "typical"

students in order that a comparative analysis could be made. Avila
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reported the following findings:

. . . the number of Chicanos and Native Americans com-
pleting a high school course [in biology] was significantly
lower. . . when compared to the typical section. . . . [T]he
students who indicated they had taken a biology course were
asked if that course had an organized laboratory, Again,
the students in the typical section had the advantage of the
laboratory experience.

Questions were also asked concerning the length of their
high school biology course and in every case the course
was two semesters in duration. . . . The general trend of
minorities being educationally disadvantaged continues, but
of interest is that 21.7% or five Black students had com-
pleted an advanced high school biology course (pp. 9-10).

Avila also concerned himself with the background preparation of the

students in chemistry, physics, and mathematics and reported the

following:

Significantly fewer. . . . of the minority students, with the
exception of the Filipino students, had completed a high
school chemistry or physics course. . . . The difference
in mathematics preparation becomes increasingly appar-
ent as one looks at the lower percentage of minority stu-
dents who have completed 3 or 4 years of mathematics
when compared to the typical section (p. 1 0).

From his findings, Avila (1 97 5) concluded:.

[It] is clear that minority students have comparatively poor
or deficient preparation in math and sciences. . . It. . .

indicates that special general biology courses developed by
instructors sensitive to the needs and educational problems
of these students must be implemented into the curriculum
if we are going to solve the problems of the gross under-
representation of the minorities in the sciences. . . It is
primarily through the development of science courses that
overcome hampering societal pressures from influencing
minorities in selecting science as a career and rectify the
poor educational background typical of most minority stu-
dents that equal opportunities in science will be provided
for all (p. 11).
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Despite a lack of empirical evidence to support the effectiveness

of Avila's own university-level course in meeting the stipulation ex-

pressed in his conclusion, concurrence with this stipulation and appre-

ciation for the fact that he dared to investigate a near-nascent area

in science education are musts.

Berry, Gillet, and Didato (1976) have reported limited quantita-

tive data from a course given at a two-year college and designed to

increase student competence in conceptual or process thinking, That

this course involved primarily those students who hold membership

in the ranks of the societally liabiled is not only evidenced through

knowledge of the location of its parent institution but through a projec-

tion from the investigators; to wit:

Biology 100 [Remedial Biology] at Wright College is a
course for urban students who fail traditional college en-
trance exams. . . . Students at our college are not "cultur-
ally deprived"--at least not economically--but many of
them may be said to be culturally limited. That is. . . they
differ from traditional four-year college students. For
example. . . many of their parents have never attended col-
lege and some may discourage their children from doing so.
In most families, both parents work, often in blue collar or
service jobs. Many of the students work at part- or even
full-time jobs (up to 40 hours per week) (p. 179).

In a description of the course which had been in operation for

four years, Berry, Gillet, and Didato (1976) have noted:

Remedial Biology at Wright College is a non-traditional
college course in terms of its topics, techniques, and
philosophy. . . . Topics in the remedial course are some-
what untraditional. . . the content of Biology 100 has concep-
tual or process focus with less emphasis on vocabulary.
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The remedial course does, however, deal with general
biological themes (p. 177).

Through utilization of an experiential approach patterned after

the BSCS Patterns and Processes , the investigators were able to

assure new-found science success for the students who have been

involved in the course, a point to which Berry, Gillet, and Didato

have spoken: "Students have been helped by it to graduate from four-

year colleges; some have made the Dean's List; and one former

'remediated student' is now finishing medical school" (p. 177).

That any effort to denigrate the course, its intent, or its re-

sults would be senseless is a fact readily supported through the follow-

ing observations from Berry, Gillet, and Didato:

In evaluating remedial students we set high percentage
performance criteria: 90+ = A; 80+ = B; 70+ = C. We give
short and frequent quizzes. . . We also ask for five-sentence
paragraph answers to lab and concept-related essay ques-
tions. Hour-long tests that include essay questions are
given at the end of each module. . . . For the 584 students
in all Biology 100 classes, there was a retention rate of
87.7 percent; 84.1 percent passed one or more classes be-
yond Biology 100 with a grade point average of 2.15 (where
2= C); and 64. 8 percent have now graduated, or are in the
process of graduating. Many of these students get C or
better grades and are continuing their college studies (pp.
178-179).

To dispel any further doubt regarding the depth of content and the

effectiveness of the course, the investigators observed:

[The] cultural limitation coupled with low American College
Test (ACT) scores (14 down to 03 for Biology 100 admission)
would normally lead to predictions of low academic success
and high dropout and failure rates. This does not prove to
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be the case with Biology 100 students. . . In our study of
Biology 100, one of us (Berry) matched remedial students
with a regular college-level biology control group (a lec-
ture class). Both groups took the POST or Patterns of
Science Test. . . The Biology 100 students scored mean
values of 20. 5 and 25. 8, respectively, before and after
their remedial course. The control group, taught by tra-
ditional lecture methods (by the same teacher) scored 24. 5
and 25. 0, respectively, in spite of their higher entry level
ACT scores of 15-27 (p. 179).

It can also be asserted that the remediated students not only de-

veloped skills necessary to success in a subsequent biology class but

that their performance was bettter than that of students who had not

been so remediated because of their higher ACT entry scores. Sup-

port for this assertion is garnered through tabulated data from Berry,

Gillet, and Didato (1976), data which is reproduced in Table 2.5 of

the present study.

Table 2.5. A comparison of remediated students versus regular students.

Percent of Percent of ACT Range
Students Passing Students Passing of

Biology 100 Biology 101 Students

Remedial Students 88 65 0-14

Regulat Students 62 15-30

Source: Berry, Gillet, and Didato, 1973; p. 179.

Though no empirical investigations have been made by certain

participants at the National Conference of the Society of Ethnic and

Special Studies (1975), these individuals reported having developed

science courses with the express purpose to increase minority
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involvement in the sciences and engineering. Gaonkar, Douglas,

and Dusenbery of Southern Illinois University, Pierson of Oakland

University, and Atencio of the University of New Mexico were among

those who discussed the design of special university-sponsored classes

for the societally liabiled, classes all of which were conducted at the

elementary and/or secondary level. Only two presenters, Meredith

of Morehouse and Spriggs of Clark College in Atlanta, reported having

concentrated upon work at the university level. Their focus was solely

upon engineering, however, and the major intent was not to encourage

student interest in the discipline but to increase the employment possi-

bilities for students already committed to the field.

A reconsideration of the treatises and/or courses which have

been discussed in this section of this chapter should leave little doubt

that the status of the culturally diverse in science remains low. This

assertion should in no way detract from the efforts of Avila (1975), the

concerned educators in the Society of Ethnic and Special Studies (1975),

or Berry, Gillet, and Didato (1976). If for nothing else, they should

be commended for the effort which they have made in an almost virgin

area, one which focuses attention gpon educational research in science

as it relates to the societally liabiled. Further, their stipulated intent

to increase minority professional science potential is also deserving

of accolade. The criticism against these workers arises, therefore,

not because they lack the interest but because of their failure to secure
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firm empirical evidence for the effectiveness of their studies and/or

projects. If, indeed, the goal toward which they work is to be at-

tained, quantitative investigations to determine the parameters neces-

sary for such attainment must be made. Because this has not been

done , science education for the societally liabiled, in current perspec-

tive, is as a ruby cast in stone.

1976 and Beyond

Historically, the American educational institution has not dealt

kindly with the societally liabiled. That this statement possesses

validity is a fact well documented through an indepth review of evi-

dence offered in the present study. It can further be asserted that

the specialized area of science education has been more than success-

ful in emulating its parent institution in this predilection; for there is

no question but that the indifferent attitude which this area of learning

has exhibited toward the contributions and potential contributions of

those who are culturally diverse is without equal. The attitudinal

orientation presented within the discipline seems to suggest not only

acceptance of Spencer's2 conclusion that the knowledge of most worth

is that which comes through science but a fatuous extension of this

maxim to mean that the people of most worth are those who claim

2Herbert Spencer, Synthetic Philosophy, 1860.
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the title "scientist." For the culturally diverse, already belea-

guered by a social system in which they are dubbed second-class,

meeting the entrance requirements for this elitist club is tantamount

to breaking the Hermetic Code. The inanity in any attempt to dispute

this projection should be obvious. The paucity of science education

research dealing with the culturally diverse, the aversion exhibited

by'the majority of this group of Americans toward matriculation in

the sciences, the near negation of the few who have broken through

the barriers, and the dearth in employable societally liabiled candi-

dates is substantial evidence for any assertion which projects the

belief that science education has not responded favorably to the call

for equal educational opportunity.

If, indeed, this systematic negation of the minority segment

of the American society by science education bears overtones of an

entrenched tradition, the question in 1976 becomes: What future can

the societally liabiled expect from the discipline? The implication

here is not that man can know the future as an absolute but that he can

at least plan for the type of future which he desires. Stated in differ-

ent terms, then, the question for 1976 becomes: Will concern for

the participation of the culturally diverse in science, at all levels and

in all areas, be an essential determinant in suggestions for future-

planning from those most likely to set the trends? The search for

an answer necessitates an examination of some of these suggestions.
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In view of the negative attitude apparently held by the culturally

diverse toward the sciences, it could be hypothesized that not only an

examination of the suggestions but any concern for the science future

of this group of Americans is meaningless. Aversion, however, is

often a response to negation and indifference rather than a reflection

of intrinsic predilection. The validity of this statement is apparent

not only in the expressed interest of the Society of Ethnic and Special

Studies [SESS], a group whose predominant membership, though soci-

etally liabiled, has managed to break the Hermetic Code, but in the

attitudinal orientation of Appalachian residents toward science. With

regard to the latter, Graff (1962) had observed: "[An] attitude survey

indicated that. . . ninety-two percent of the citizens in the Region

thought that more than the three R's should be taught. . . Science was

given top ranking for importance. . . " (p. 196). In consideration of

this and with concern for the future role which minorities will play

in the field, the Society of Ethnic and Special Studies (1975) noted:

The first topic [for the 1975 national conference], "Minori-
ties in the Sciences", was selected to address a situation
known to all of us: the disproportionately low number of
minority persons engaged in science and science-related
professions and careers. In this case, we know the prob-
lem--the Conference objective will be to find a way to sur-
mount it (p. 4).

That the Society has continued concern with this issue is re-

flected in its recent SESS communique (106); to wit:
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Because the conference participants were highly enthusi-
astic about the 1975 conference theme, the 1976 conference
will again feature symposiums on: "Minorities in the Sci-
ences". . In view of the paucity of minority scientists and
professionals--and of students preparing for such careers- -
the attendance and evidence[d] interest [at the 1975] confer-
ence were indeed noteworthy (p. 2).

The expressed intent of the SESS to develop minority student

potential to the extent that the future world of science will reflect

maximum cultural diversity could be deemed an impossibility if cre-

dence is granted those assertions which decry the ability of the soci-

etally liabiled to not only develop the basic skills of reading, writing,

and mathematical computation but to orient themselves toward a

predilection for abstract reasoning. Jencks (1972), in considering

these basic skills as they related to Black students in New York,

rendered a theory which had eventual impact upon every societally

liabiled student in the nation; to wit:

The public school system of New York City is on the brink
of collapse. . . . The origin of the crisis is simple. The
public schools have not been able to teach most black chil-
dren to read and write or to add and subtract completely.
This is not the children's fault. They are the victims of
social pathology far beyond their control. Nor is it the
school's fault; for schools as now organized cannot possibly
offset the malignant effects of growing up in the ghetto (p. 168).

The inanity in this biased opinion has certainly been evidenced not

only through the national drop in SAT and ACT scores but in the

realization by many universities, including the one at which the pres-

ent study is being conducted, that all school students reflect poor
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preparation in these basic skills. In an Associated Press Release

(November 1975), it was noted:

Reading and writing, once the basics of a grammar school
education, now are being taught in college. . "Students
are coming to us with the most miserable training imagi-
nable, " said [University of Puget Sound] English Professor,
Dr. Esther Wagner. . . "From their papers you would guess
some of our smartest students were halfwits," she added. 3

Further that improvement in writing for science should be an attendant

concern with that expressed regarding the development of cognitive

skills is a fact evidenced through an observation from Donlan (1976):

Science teachers should help students to understand what
is being asked, how to organize their ideas, how to com-
pose and not copy. . . . All science teachers make writing
assignments, but how to write for science is not taught.
There is a need if one is to go by the reports being done
(pp. 19 - 20).

The fallaciousness in any conjecture which decries the ability

of the culturally diverse to deal with abstractions is evidenced in an

observation from Quinn (1972); namely:

Most science educators, as well as practicing scientists,
consider the formulation of a hypothesis an important step
in the solution of a scientific problem. But some believe
that the skill is purely intuitive and cannot be taught, Evi-
dence from my recent empirical investigation refutes that
belief and supports the idea that children can be taught to
generate ideas, to hypothesize. . . Twelve film sessions
and six discussions with children from both urban and sub-
urban schools produced a statistically significant improve-
ment in ability to hypothesize. In addition, the children

3 "Writing Basics Needed in College," The Corvallis, Oregon
Gazette Times (November 29, 1975), p. 10.
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from the poor, disorderly urban school improved as
much as did the children in the orderly suburban school
[emphasis mine]. Moreover, the technique was successful
with classes of 50 children; these large classes were in the
urban school (pp. 30-31).

Further, that this necessary reasoning ability and the attendant sci-

ence interest are not foreign elements to at least one segment of the

societally liabiled society is a conclusion reached from a national

science survey conducted by Justus (1972). Among his findings, he

noted that: a) at age 13, Blacks are more curious and questioning

about the world around them than are their white counterparts; and

b), Black students in the inner city and those whose parents have

little formal education tend to catch up with national performance as

they increase in age (p. 1). Though some investigators such as

Havighurst4 tried to negate the findings, Ralph Tyler noted:

. . . ghetto youngsters maintain a steady interest in science
and technology as they grow older "because they can under-
stand machines and make them go." On the other hand. . .

science interest drops off among suburbaniai s children as
the parents push them more toward. . . the careers in
business, law and other professions that they are expected
to pursue (Justus, 1972; p. 3).

Observations such as those from Quinn (1972), Justus (1972),

and others of the dominant society could lead to unexcelled optimism

regarding the future of the societally liabiled in science; but caution

advises that, in numbers, these representatives of that society could

4 Havighurst, R. In: Social Forces Influencing American
Education, 1961.
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be as one isolated voice speaking in the wilderness. The point of

concern herein must be whether or not their projections and the

aforementioned goal of the Society of Ethnic and Special Studies are

equatable to the beliefs and plans expressed by the majority of those

within the dominant group. The solution to the problem should be

given through an assessment of the views of those who have been

accorded honor as authoritative spokesmen in science and science

education.

Hurd (1971), in consideration of what science educators must

do to prepare the future, noted:

Young people should be educated for the world in which
they will be living and the purposes for teaching science
need to be defined in these terms. . . . The task in science
teaching is to provide young people with the kind of educa-
tion which will not only provide an understanding of today's
problems but help to recognize and interpret signals for
the future (pp. 9-10).

Continuing in this vein, Hurd observed:

. . . there is need for new perspectives throughout educa-
tion. The 'new' we require is a newness of purposes for
the teaching of science. . . . We have a choice to make in
education: 1) to be buffeted by the forces of modern soci-
ety as they emerge, or 2) to develop educational institutions
concerned with the designing, molding, and management of
the society we desire (p. 103).

However, in a consideration of this latter desired objective, and

despite having expressed earlier dismay over the predilection of the

1950's-60's science curricula toward the so-called better-than-

average student, Hurd (1971) did not suggest as a subgoal the
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institution of methods whereby minority science potential could be

developed. This suggests the need to look to other authorities.

In The Report of the Panel on Youth of the President's Science

Advisory Committee (1974), less than two full pages out of a total of

193 were devoted to a consideration of "Segregation by Culture and

Race." With regard to this topic, Coleman and others of the com-

mittee observed:

The most bitter aspect of American educational institu-
tions in the years since World War II has been the enlarge-
ment of educational inequality in metropolitan areas. The
practices of the housing market together with the personal
choices of the advantaged social groups have increased
rather than decreased the residential separation of social
classes and races. . . . With the public comprehensive
school zoned by neighborhood and town, the increased
segregation in housing has brought increased segregation
in the schools. Along lines of social class and ethnic-
group culture as well as of race, the comprehensive
schools have become more racially selective and more
unequal in the climate of achievement that is set largely
by the social mix of the student body (p. 83).

The Committee further noted:

The impact of residential segregation on school segrega-
tion was long not absorbed into official and public con-
sciousness. . . . There has been a natural ideological
resistance to the realization that comprehensiveness has
become transformed into segregation along social lines,
since the concept of the common school has been central
to desires to educate for democracy. But reality has gone
the other way: educational inequality, always with us in
history, has become more structurally fixed in the institu-
tions of public schooling (pp. 83-84).

Yet, in considering the features of schools which affected the young,

the Science Advisory Committee (1974) asserted an intention not to
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concern itself with the effects of segregation; to wit:

We have noted three effects of current institutions in
public education: a separation of the life experiences
of the school from the community; a separation of age
groups from one another within the school; and a separa-
tion of the young from one another along the lines of social
class, ethnic, and racial clustering--"cultural segrega-
tion. " Later in the report, we focus further on the first
two effects. . . Thus our focus is not on cultural differ-
ences among the young, nor specifically on the inner-
city school (p. 84).

To the credit of the Committee, they did indicate: "If in concentrating

on youth and youth culture we make little explicit reference to the

situation of the poor and the black, the general problems of educa-

tional structure that we discuss bear heavily on them" (p. 84). But

if, in a report geared for national significance, this pervasive socie-

tal ill was relegated to an implicit or even inferential realm, it be-

hooved those deeply concerned with the topic to look to other authori-

ties for consideration.

In a journal published by the largest organization of science

educators in this country, Fritsch (1976) noted interest in the future:

What I would like to do here is to gaze into a crystal
ball, and tell you what I see in the world of the late
1980's, provided the interests of the general public,
as opposed to those of powerful special-interest groups,
prevail (p. 26).

Despite the cited author's use of the modifier "powerful," his obser-

vations regarding five areas of concern--resource conservation, a

simplified life-style, physical environment, education and the media,
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and professional. and labor relations--leave little doubt that one

"special-interest group" to which he had reference was that corn-

prised by the societally liabiled. After what can only be termed a

complete ignoration of these Americans, Fritsch concluded:

We do not know what the future will bring, but we do know
we can affect it. A community of shared goals is impera-
tive, the product of citizen participation in scientific develop-
ment. . . . People and especially students are restless. . .

They are looking for a freshness, an excitement about the
good possibilities in the future. Still, a cautious decade
of sensible development may be far more promising to
young people than the daring (and often foolhardy) course
of other ages. We are wiser. Our future must reflect
that wisdom if we are to survive. The path ahead calls
for a different kind of daring (p. 28).

There is no intention here to denigrate Fritsch's call for caution; the

experiences of the post-Sputnik era are enough to support his asser-

tion. But his failure to specify the need for increased minority par-

ticipation in science-- in an age when explicit specification must be

made--is tantamount to excluding the culturally diverse from the

citizen participation to which he referred.

Any suggestion that the thesis of Fritsch should be dismissed as

but an isolated phenomenon finds rebuttal through other treatises pub-

lished by the organization of science educators previously mentioned.

For example, Elliot (1976) delineated the concern held by many re-

garding the future:

What is our image of the future? What implications can be
drawn from this image for education in general and science
education in particular. . . . A team of educators, engineers,
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mathematicians, and scientists--aided by a 24-member
National Review Committee. . . looked at five major as-
pects of the future: technology, population, careers, life
styles, and schooling (pp. 25-26).

It is evident from the conclusion reached by the Committee that in-

creased minority involvement in science, as projected by the domi-

nant society, is a near-futile hope; to wit:

The basic sciences will furnish the cornerstone of the post-
industrial age. In spite of this. . . society will require only
a small cadre of highly specialized scientists. . . few stu-
dents will study much science, resulting in a low level of
scientific literacy and exacerbating the "two culture"
split. (p. 26).

A projection such as the above, emanating from representatives

of varied and influential segments of our society, can lead to but one

conclusion. The dominant society, in the main, continues in its

predilection toward abject ignoration of the science potential inher-

ent in the societally liabiled. Thus, despite the optimism projected

by those who are culturally diverse, and despite the support rendered

this optimism by a small minority within the dominant society, the

question for 1976 must become: What future is there in science and

science education for the societally liabiled?

Summary

Chapter II, a review of the literature deemed germane to this

study, has been devoted to: a retrospective analysis of the factors

surrounding the systematic denial of opportunities in education in
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general and science education in particular to those who are cultur-

ally diverse; a consideration of the current perspective as it relates

to the science involvement of this group of Americans; and a question

regarding this same involvement in a futuristic society. The review

has shown that the denial remains a present-day entity having the

characteristics of an entrenched tradition. It will remain so unless,

and until, those who are most influential in setting the trends in edu-

cation, science education, and professional science commit them-

selves to its complete obliteration.
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CHAPTER III

DESIGN OF THE STUDY

Chapter III is a delineation of the logistical details necessary to

completion of the present study. The chapter is divided into four

major divisions, the arrangement of which is a near-parallel to the

sequential development and completion of the said study; to wit:

An Assessment of the Problem

Preparation for the Study

The Treatment or Lack of Treatment

The Acquisition, Compilation, and Analysis of Data

An Assessment of the Problem

In General

Association with several secondary schools throughout the

Southeast and Midwest led to the observation that though these schools

boasted total racial integration, the extent of societally liabiled par-

ticipation in science classes was minimal. Any thought that this was

a phenomenon exclusive td these two regions of the country was

proved fallacious through later observations at Oregon State Univer-

sity, particularly those made through association with the Educational

Opportunities Program on the campus. A subjective analysis
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revealed not only general student aversion to the sciences but a less

than successful experience for those who had braved matriculation

in the area.

That the situation depicted above should exist was no surprise,

especially when consideration was given the fact that the involved

students were products of the schools of the 1960's. Reference was

made in Chapters I and II to the observations of Bruner (1960),

Ronneberg (1970), and Hurd (1 971), observations which led to the

realization that the immediate post-Sputnik era had been one charac-

terized by the exclusion, for the most part, of the culturally diverse

from classes designed specifically for those students who had been

deemed potential scientists. Concomitant with these observations

must be the conjecture that the excluded students became the majority

clientele in courses developed for the "non-motivated," the "non-

average, " and/or the "non-college bound. If There should be little

oppostion, therefore, to the assertion that societally liabiled students

had little or no exposure to the necessary prerequisites for potential

careers or even for university success in science. Bennett (1975),

in a study relating college achievement in science to high school

courses in the same discipline, observed that those students who

had college-oriented biology with its attendant laboratory achieved

greater success in post-secondary biology than did those students

who had not had such pre-university exposure. Bennett's findings
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with regard to the relationship between university science achieve-

ment and high school science exposure may be delineated as follows:

High School Biology

BSCS Green Version

BSCS Yellow Version

Other University-
Oriented Biology

Achievement in College Science

Lower

Greatest

Those who had had high school chemistry in addition to
biology did better than those who did not (pp. 242-244).

That this effect continued into the university is a fact reflected through

the cited author's observation that students enrolled in the laboratory

for biology majors did better than those enrolled in the laboratory for

non-biology majors.

The point of concern herein must be: If this variability in

university science achievement existed among the favored youth of

the 1960's and the early 1970's, what could be said of the university

achievement of those who were societally liabiled? It seems safe to

conjecture that their negation of participation in the discipline is an

indicator of the degree to which they would achieve, given their

preparatory backgrounds from high school. Avila (1975), as quoted

earlier in Chapter II, noted: "One could hypothesize that the primary

reason for [the] gross underrepresentation and apparent lack of inter-

est in majoring in science among minorities, might be due to
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inadequate science preparation prior to entering the university" (p. 8).

If, indeed, societally liabiled students have not had adequate prepara-

tion in science prior to entering college, the hypothesis that a univer-

sity-level preliminary language-technique course is needed should

be without question. The problem becomes one of critical assessment;

e. , would a course of this nature make a significant difference in

the academic achievement of societally liabiled students in a univer-

sity-level science class ? Further, would timing play a significant

role; i. e. , would the course better serve entering freshmen rather

than sophomores who may have already become inundated with univer-

sity apathy? These are the problems which demanded consideration

by this investigator.

At Oregon State University

The questions posed in the preceding section become highly

significant at a university where major emphasis is placed upon sci-

ence and its related disciplines and where student success in the area

is of paramount importance. That this success had eluded the soci-

etally liabiled students at Oregon State University, students enrolled

primarily through the Educational Opportunities Program, was a

conjecture receiving full support from data delineated in Appendix A.

Since its inception in 1969, the program had enrolled 619 students,

152 of whom had attempted matriculation in science. Of this latter
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group, 29. 6% could be said to have achieved success with grades of

C or better. The 70. 4% non-success rate was a composite of 26. 3%

D grades, 25% F grades, 13. 2% withdrawals because of failure, and

5. 9% withdrawals for various other reasons. There is no need to

belabor the point that a D grade is not a mark of success; the fallaci-

ousness in any argument projecting the opposite view has been fully

established in Chapter I.

Consideration of the aforementioned data led to a review of

transcripts denoting the high school science experience of the students

under discussion, a review which revealed that this experience had

been limited to one year of general biology. That there would be little

difference in the experience of incoming freshmen for 1975-1976 was a

fact soon made apparent through study of their high school transcripts,

a fact which led to an analysis of the transcripts of sophomores en-

rolled in the program. This latter analysis revealed that not only

had these students had no direct exposure to university science but

their experience in high school had been as limited as that of the

freshmen.

The need for a preliminary language-technique course in science

at Oregon State University seemed to be without question. The deci-

sion then centered around: a course aimed toward what and for

whom? With regard to the former, it seemed important that the

intent of the course should be to strengthen the skills of the societally
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liabiled students in the languages and techniques of science, a

strengthening which would result not only in mere facilitation of

these students through a university-level science class but in encour-

aging them toward consideration of possible careers in the field. For

this to occur, the need extended beyond mere subjective institution

of such a class; there was need for an empirical investigation to

determine if, indeed, intensification of the stipulated skills would

prove significant in improving student achievement.

An empirical investigation demanded establishment of means

whereby student achievement after treatment in the preliminary class

could be measured. Because of the traditional aversion exhibited by

the culturally diverse toward science and because of the historical

and interaction effects discussed by Campbell and Stanley (1963), it

was decided that this measurement not be effected through the treat-

ment class. It was felt that even a posttest given within the class

might prejudice the results. Therefore, because a large number of

students must have General Science Biology for completion of a

major, as a prerequisite for certain required courses, or in order

to fulfill university graduation requirements, it was decided that the

effect of the preliminary class could best be analyzed through quanti-

tative investigation of student evaluations received in either Biology

101, 102, or 103. It was further decided that both freshman and

sophomore students would be involved as experimental subjects and
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that a comparative analysis be made not only between these two

groups but through use of a third group, composed of freshmen, as

the control.

Preparation for the Study

Development of a Course Syllabus

In order to reduce investigator bias, it was decided during the

early stages of preparation for the study that the preliminary class

would be taught by a neutral party, a member of the staff of the De-

partment of Science Education at Oregon State University. To this

individual fell the task of finalization of the course syllabus. Before

this was accomplished, however, initial agreement was reached be-

tween the instructor and the investigator as to the basic schemata

for the course. It was felt that a modified incorporation of materials

and techniques from Science Curriculum Improvement Study (SCIS),

Elementary Science Study (ESS), and Experiences in Science (EIS)

with traditional concepts and techniques would serve to capture and

hold student attention as well as to develop verbal, laboratory, and

cognitive skills. The fact that SCIS, ESS, and EIS had originally been

devised for use in elementary school classes posed no problem; their

inherent flexibility allows fdr adaptation of the materials and techniques

for use in more advanced classes, even in those designed for
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elementary and secondary school teacher s.

In order to evaluate the proposed syllabus, a test class consist-

ing of ten students was conducted during the summer of 1975. The

students for the test class were randomly selected from the parent

population remaining after students for the empirical investigation

had been chosen. No attempt was made to analyze the effectiveness

of this summer run in improving student achievement in a subsequent

biology class. The primary goal was to subjectively assess student

affectivity and to determine what modifications in the overall curricu-

lum plan needed to be made. This analysis was accomplished

through evaluations from the students and through instructor-investi-

gator assessment of logistical parameters.

When all modifications had been made, a finalized syllabus,

as shown in Appendix C, was prepared by the instructor.

Solicitation of Cooperation from University Officials

Prior to the summer trial run, the chairman of the Department

of Science Education, the proposed instructor, and this investigator

met with the Dean of the School of Education who gave full support

for the project. Release time was granted the instructor in order

that he could undertake the necessary duties associated with the

class.

Approval for use of Biology 102 as the observation class was
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then given by the Dean of the College of Science; and the use of univer-

sity facilities and records in the Educational Opportunities Program

received sanction from both the President of Oregon State University

and the Dean of Undergraduate Studies.

Because the summer trial class did not involve an actual study

of student behavior, it was undertaken prior to any contact with the

Committee on Human Subjects at the university. Before initiation of

the empirical study, however, the chairman of the committee was

contacted. It was decided that the investigation would have no dele-

terious effect upon the subjects for several reasons; namely:

a. Anonymity with regard to student subjects would be main-

tained at all times.

b. All students in the two populations could either use General

Science Biology as an elective or need it to fulfill some

requirement.

c. General Science Biology, though sequential in number, is

not sequential in nature; that is, the students would not be

placed at a disadvantage by not having Biology 101 before

Biology 102.

d. As a normal consequence of her job-related duties with the

Educational Opportunities Program, the investigator re-

ceives, catalogues, and analyzes letter grades from all

classes for all students enrolled in the program.
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Selection of the Student Samples

Using simple randomization, 24 subjects from a population of

69 freshmen whose sole high school science experience had been a

general biology course were chosen for treatment and 24 were chosen

to serve as the control group. Utilization of the same technique upon

a population of 53 sophomores showing the same high school experi-

ence resulted in the selection of 24 students to serve as the second

experimental group.

Because this selection process was undertaken several weeks

before the opening of school, the class schedules submitted to coun-

selors in the Educational Opportunities Program were of neces-

sity tentative in nature. It was conjectured that some students

would fail to complete registration, a conjecture which later proved

true. By opening day, the sample counts showed that the freshman

groups had remained constant but that the sophomore group had been

reduced to a total of 16. Though more mortality would later develop,

the ethnic breakdown at the time of registration and at the time of

pretest exposure was four Asian Americans, 25 Black Americans, 16

Spanish surnamed Americans, six Native Americans, 12 white Amer-

icans, and one student of mixed Spanish surnamed-Native American

heritage. This division was consistent not only with the ethnic ratios

present in the program but, excluding the white and Asian American

populations, with the findings of Crossland (1971) and Stent and Brown
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(1974) who concerned themselves with the underrepresentation of

minorities in undergraduate post-secondary education in 1970. A

combination of the data from the two studies shows the following:

Minority Undergraduate Representation

Black Americans 6. 9%

Spanish surnamed Americans 2.1%

Native Americans 0. 345%

Though data for Asian Americans and for financially deprived whites

was not readily available, it seemed safe to assume that, for the

latter at least, they did not form a large proportion of the 92.1%

white majority reported by Stent and Brown to have received bachelor

degrees in 1970.

As a further subjective check for randomness in student selec-

tion, this investigator decided to compile ACT and SAT scores, where

available, as well as high school biology grades and grade point aver-

ages, a compilation which is depicted in Appendices D, E, and F.

For the five students who had received Graduate Equivalency Diplomas

(GED' s), the GED equivalency was used in lieu of a high school cumu-

lative grade point. Because the students in question had completed

biology prior to withdrawing from high school, these data were avail-

able for tabulation.

One final point should be made regarding the sample selections.
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In choosing the students for treatment or for control, the problem of

reactive arrangements as discussed by Campbell and Stanley (1963)

did not arise; that is, student awareness of the study was nonexistent

because counseling of students enrolled in the Educational Opportuni-

ties Program with regard to class selection is a normal routine in-

volving the students, their counselors, and the academic coordinator

of the program.

The Selection and Administration of the Pretest

The pretest, Science Form 2A of Sequential Tests of Educational

Progress-Series II (STEP-II), was utilized not only as a means of

assessing student preparation in science prior to university matricu-

lation but in the later comparative analysis necessary for the deter-

mination of the results of the study.

The STEP series is a battery of tests designed to measure

those skills and understanding felt to be necessary to viable partici-

pation in society by every citizen. The science tests are designed to

measure the extent to which students have developed knowledge and

understanding of the basic concepts and processes of science, the

extent to which students can comprehend and apply this knowledge,

and the extent to which the mastery of these skills has been developed.

Major emphasis for the science tests is upon biology, with physics

and chemistry receiving moderate emphasis. Least emphasis is
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placed upon the earth sciences. Concern is centered in whether stu-

dents know how to use their knowledge, not whether they have it.

The tests have undergone extensive examinations for validity

and reliability and have standardized norms resulting from their

administration to a nationwide sample of approximately 1400 freshman

students in 1969 and to a nationwide sample of about 106, 000 students

in grades three through 12 and at the college sophomore level in 1970.

Rather than Forms lA or 1B, the projected college freshman

and sophomore levels of STEP, Form 2A, designed for grades 10-12,

was chosen because it was felt that the high school science prepara-

tion of the students under study would limit them to knowledge below

the lA and 1B levels. As indicated earlier, this investigator had

compiled data reflecting the high school science achievement of the

students, the high school cumulative grade points (or GED' s), and

ACT or SAT scores where available. Consideration of the tabulated

data revealed that though the high school grade point averages and the

high school recorded science achievement for those students having

ACT or SAT scores ranged from 1. 59 to 3.79 and from A to D, re-

spectively, no overall correlation between these parameters and the

composite ACT or SAT scores could be found. This finding was of

particular interest because of the assertion from Ball and Sayre

(1972) with regard to the relation between Piagetian tasks and stu-

dent achievement; to wit:
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Students defined as formal operational received higher
grades in science than nonformal students. Piagetian
cognitive development, a physiological as well as a
psychological process, appears to be a major factor in
determining grades received by science students (p. 1 58).

Koloidy (1975), on the other hand, found no correlation between

Piagetian tasks and college grades. He observed: "College grades

are significantly correlated to verbal scores. Therefore, it seems

that college grades are related to the ability to verbalize and not to

the cognitive process" (p. 22).

The use of ACT and SAT scores as one of the determinants in

the selection of the pretest in no way detracts from this investigator's

concurrence with Clark and Plotkin (1963) and Williams (1975) who

projected the view that inherent examination bias resulted in inaccur-

ate evaluations of the societally liabiled. McKinnon and Renner (1971),

Ball and Sayre (1972), and Koloidy (1975) found that though college

science instruction is conducted at the formal level of intellectual

development, most college freshmen and many college sophomores

are not at this level. If, indeed, this assessment proved true, it

could be hypothesized that not only societally liabiled freshmen and

sophomores but almost all students at the stipulated educational

levels would reflect high school science preparation consistent with

the material in STEP-II, Form 2A rather than that in Forms lA and

1B of the same measuring instrument.
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The Treatment or Lack of Treatment

During Fall Term of 1975, freshman and sophomore students

selected as the experimental groups were enrolled in Selected Topics-

Science Education 199X (SEd 199X). As mentioned earlier in this

chapter, the point of emphasis for the course was the development

of student ability in the use of the formalism and the techniques,

equatable to the scientific method, associated with potential success

in science. Koloidy's projection (1975) of the importance of verbaliza-

tion in achieving academic success seemed particularly significant

for culturally diverse students whose experience in formal classroom

communication had been limited by the behaviors, both verbal and

nonverbal, of teachers, a point which had been clearly documented

by, among others, Copeland (1974) and Pettigrew (1974). The impor-

tance of the laboratory was a matter of historical record which had

been fully amplified by Cooke (1975). Further, the firm stipulation

from Quinn (1972) that the ability to hypothesize was not a phenome-

non exclusive to the white majority gave support to the decision that

the test class should incorporate those concepts and techniques

necessary to the development of skill in scientific verbalization,

hypothesis formation, and laboratory testing.

The format for the course was informal in nature with more

emphasis placed upon student application of knowledge within the
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classroom than upon their exhibition of knowledge through examina-

tions. The method of instruction closely paralleled the findings of

Citron and Barnes (1970) who had compared the effect of indirect (I)

and direct (D) teaching upon the academic achievement of students.

These investigators had noted:

High I/D early in a course followed by a lower I/D later
in the course increases achievement in problem solving
and in total performance provided problem solving plays
a major role in total performance. A constant intermedi-
ate I/D ratio throughout the course leads to higher concept
formation than does a change in I/D in either direction
(pp. 9-18).

Though Citron and Barnes had worked with so-called "slow learners,

it was assumed that the indirect teaching method proposed by these

investigators would be the preferred method of instruction in Science

Education 199X. The logic in this assumption was verified through

analysis of the work of Cangemi (1972) who had used an ethnic and

academically-skilled cross section of 973 students in her study

dealing with verbal interaction, student achievement, and student

attitude in general chemistry classes. Among several findings, she

noted:

Students exposed to the more indirect teaching encountered
in tutorials have greater success in the general chemistry
course. . . . The attitude toward the course is generally
more favorable in the higher I/D groups (Dissertation Ab-
stracts, 1972; pp. 628A-629A).

As previously mentioned, the curriculum for the class repre-

sented a composite of curricular emphases from SCIS, ESS, EIS,

It
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and the more traditional classroom approaches utilized in secondary

science classrooms. The general scheme for the class revolved

around the following concepts:

Science as a Way of Knowing: limitations; strengths

Assumptions upon which Science is Based

Unification of the Sciences: physical, biological

Formalization of the Sciences: personal experiences,

quantification

The Role of Science in a Technocracy

The Role of Science in One's Private Life

The Psychology of Science

A more detailed syllabus outlining specific features of the class is

given in Appendix C.

In general, instruction in the class was mediated by one staff

member from the Department of Science Education. However, on

occasion, other faculty from the department presented material for

student exploration, discovery, and invention. In addition to giving

students the benefit of different views and instructional techniques,

this change in class mediation helped to reduce the possibility of

investigation bias stemming from teacher effect.

Students in the class were also exposed to various readings

designed to develop an appreciation for abstract reasoning; and

evaluation of student progress was based primarily upon their
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performance in classroom discussions and in the laboratory and upon

the development of skills evidenced through written exercises of a

research expository nature.

During the term of treatment for the experimental groups,

the freshman control group was not enrolled in any science or

science-related classes. The schedules for these students con-,

sisted, of electives or of courses required in their majors,

so long as these were not of a scientific nature. Typically, this

schedule included classes in English, writing, the social sciences,

and in mathematics.

The Acquisition, Compilation, and Analysis of Data

The Acquisition and Compilation of Data

All students involved in the study, experimental and control,

were enrolled in General Science Biology 102 during the term immed-

iately succeeding the term of treatment for the experimental groups.

General Science Biology 102 covers the genetics phase of the general

science biology sequence.

Because of traditional randomization techniques employed by

the Department of General Science, the observation class exposed

the students to nine different recitation-lecture teachers, 25 different

class sections, and 25 different laboratories; and though they had the
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same television lecture, it was offered at varying times. Because

all individuals involved in the instruction of the students met weekly

for a conference designed to "standardize" recitation, laboratory,

and television presentations, the negative factors projected by Camp-

bell and Stanley (1963) to affect internal and external validity were

significantly reduced. The design for the study was further controlled

because the examinations for the class were given as group evalua-

tive measures; that is, all students took all examinations at the

same time and in the same setting.

In addition to the converted score received through the pretest,

data for the study were acquired at the end of the term and consisted

of the evaluations from recitations, laboratories, examinations and

the total score. These entities were graded on a point system with

the maximum number of points for each being

recitation 45 points

laboratory 80 points

examinations 225 points

total possible 350 points

As a usual practice, four recitations and nine laboratories are given,

and the lowest score for each is then eliminated. The letter grades

for the students are obtained through use of a scaled percentage of

the maximum possible total score. The normal delineation follows

the pattern:
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A = 90% or better of the total score

B = 80-89% of the total score

C = 70-79% of the total score

D = 60-69% of the total score

F <60% of the total score

Variation in class means, however, renders this delineation open to

change, an observation supported through consideration of the data

presented in Tables 4. 1, 4. 2, and 4. 3.

Detailed end-of-term reports indicating the points received by

each student for each evaluation parameter are prepared by the

instructors of Biology 102 and placed on file in the office of the De-

partment of General Science. These data were compiled and are

shown in Tables 4.1, 4. 2, and 4. 3. Consideration of the data re-

vealed that mortality, particularly in the sophomore class, had

occurred. Because of the analysis technique employed and because

the study involved human subjects, this mortality was not deemed

disastrous to an empirical investigation.

The Analysis of Data

The data for a quantitative analysis were obtained from the con-

verted score of the pretest and the points achieved by each student in

Biology 102 for recitations, laboratories, examinations, and as a

total score. The analysis was directed toward the questions upon



133

which the study was predicated; to wit:

1. Will societally liabiled freshmen who are exposed to a

preliminary science language-technique course exhibit

significant differences in academic performance in a

typical university biology class from those who are not

so exposed?

2. Can a significant difference in academic performance in

a typical university biology class be detected between cul-

turally diverse sophomore students who have had a prelimi-

nary language-technique class and culturally diverse fre sh-

men who have not?

3. Will a significant difference in academic performance in a

typical university biology class be evidenced between soci-

etally liabiled freshmen and societally liabiled sophomore s

who have been exposed to the same preliminary language-

technique class ?-

In order to test for overall significance, an analysis of covari-

ance for unequal sample sizes, with the F test as a statistic, was

employed. This examination revolved around determining whether

a significant difference existed between the compiled converted scores

for the three groups and the compiled data for all groups from each

of the test parameters--the recitations, the laboratories, the exami-

nations, and the overall total. The general model for the analysis was
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pyii= + T. + +£.. j = 1 , . . . ,t
tj LJ j= 1,. . . , n.

requiring the acceptance of certain basic assumptions; namely:

a completely randomized design

4, the true mean effect, is constant

c, the residual effect, is normally distributed
t

1
T = 0; that is, only the treatment in the study

is of concern

13, the regression coefficient, is nonzero
(Ostle, 1963; pp. 281 and 437).

Any detectable significance from the F test applied to the com-

bined groups suggested the need for an analysis upon individual groups

after adjustment of the treatment means to eliminate the effect of

the pretest. With adjustment, the equation for analysis took the

form:

where

-X) iadj Y = Y - b ()T ;

i1L

=. 1 . . . t

Y. = the mean of each test parameter for the
individual groups

X. = the mean of the converted score for each group

X = the mean of the combined converted scores

b = the regression coefficient

To test for significant differences among the groups, the t test

was used as a statistic in the following model:
Adj 14 -AdjYj

t
-adj517.. 7.]1
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Summary

Chapter III presented the scheme for the development and com-

pletion of the present study. Particular emphasis was placed upon

the selection of the student samples, the development and utilization

of the treatment class, the organization of the observation class,

and the compilation and handling of the data received through the

pretest and from the observation class. The analysis of this data

followed the design associated with the covariant analysis technique

utilizing the F test as a statistic. The t test was used as a statistic

to test for significance among groups after adjustment of the treat-

ment means.
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CHAPTER IV

RESULTS OF THE STUDY

This chapter, divided into five sections, presents the findings

from the study. The first section reviews the purpose for which the

study was intended as well as the logistical steps undertaken toward

completion of the investigation. Section Two redefines the hypotheses

upon which the work was predicated; and Section Three sketches the

methods utilized in compiling and handling the data and reports the

difficulties encountered in the acquisition of the same. Section Four

reports the findings directly related to the study. Section Five gives

specific details regarding the hypotheses for the study.

Introduction

The intent of the present study was to determine if a prelimi-

nary course concentrating upon the formalism and the techniques of

science would serve to improve the academic achievement of cultur-

ally diverse students in a biology class taken subsequent to the treat-

ment class. A secondary area of concern projected for the study

involved the question: Will societally liabiled, or culturally diverse,

freshmen benefit more from such a class than societally liabiled

sophomores ?

The investigation was initially designed to involve a randomly
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selected total of 72 subjects: 24 freshmen and 24 sophomores for the

two experimental groups and 24 freshmen for the control.

After all groups were given the pretest, STEP-II, the experi-

mental subjects received treatment through Selected Topics--Science

Education 199X, the preliminary class, while students in the control

group were not scheduled into any science or science-related classes.

Following the term of treatment in the experimental class, all sub-

jects, control and experimental, were enrolled in Biology 102 which

served as the source of data for an empirical investigation, the other

data having come from the converted score of the pretest.

Statement of the Hypotheses

The investigation was predicated upon the following hypotheses:

Ho l:
1

There is no significant difference in academic per-
formance in a typical university biology class between
those societally liabiled freshmen who are exposed
to preclass treatment and those who are not,

Ho
2:

There is no significant difference between the aca-
demic performances exhibited in a typical university
biology class by societally liabiled freshmen and
societally liabiled sophomores who have had identical
preclass treatment.

Ho
3:

No significant difference in academic performance in
a typical university biology class will be noted be-
tween societally liabiled sophomores who have been
exposed to preclass treatment and societally liabiled
freshmen who have not.
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The Compilation of Data

Data for the present study consisted of the converted score from

the STEP pretest as a covariant and of the points received by the stu-

dents for each of four evaluation parameters in Biology 102; namely:

recitations, laboratories, examinations, and the total score. These

data, collected from the master forms on file in the office of the De-

partment of General Science, are delineated in Tables 4.1, 4. 2, and

4.3 and reflect: one A, three B's, five Os, and four D's for the

freshman experimental group; one B, five C's, six D's, and four F's

for the freshman control group; one A and three s for the sophomore

experimental group.

As evidenced from the tabulated data, mortality proved to be an

issue in completing the investigation. Earlier mention has been made

of the loss of eight sophomore experimental students prior to initia-

tion of the actual study. Subsequent to administration of the pretest,

11 additional students were lost through school withdrawal provoked

by financial aid problems. Of these 11, four were from the freshman

experimental group, four from the sophomore experimental group,

and three from the freshman control group. Further, one previ-

ously stipulated limitation to the study dealt with the extent to

which counselors in the Educational Opportunities Program would

follow the normal routine for student registration into or withdrawal

from classes. The guidelines for the office indicate that all student

requests for registration into or withdrawal from classes must be

presented to the academic coordinator for examination and, if deemed

feasible, approval. That this routine was not followed is evidenced



Table 4. 1. General biology achievement, winter 1976, freshman experimental group.

No.
Recitation Laboratory Exams Final

Grade1 2 3 1 2 3 4 5 6 7 8 1 2 3

la NR
2a 13.4 4 15 8 9 8.5 24 13.5 WD

3a WDS

4a 12 12 12 8 9 9 9 10 9 10 10 43.5 48.5 63 B

5a 14 15 10 9.5 10 9. 5 10 10 10 10 9 30 22.5 48 D

6a 14.5 15 10 9.5 10 10 9 10 9.5 10 10 57 45 55. 5 B

7a 3 15 15 8.5 9.5 10 9.5 45 48 WDS

8a 6 15 10 8 8 8 10 36 31.5 WD

9a 13.5 14 9 10 8.5 45 51 WD

10a 12 15 25.5 22.5 WD

1 la Chem 104
12a WDS-NR
13a 15 15 15 10 8.5 9 9 8 9 10 9.5 48 24 60 C

14a 13.5 7 15 9 10 8.5 8. 5 8. 5 10 10 9 31.5 25.5 34. S D

15a 7 15 4 8 10 10 9 9 10 10 9 45 39 57 C

16a 5.5 5 12.5 9 9 10 9 10 8.5 8.5 9 36 36 52. 5 D

17a 14 13 13 9 8 10 9 9.5 9.5 10 10 25.5 30 37.5 D

18a 7 8 35 WDS

19a NR
20a 14 15 15 8.5 9 9 9 10 9.5 9.5 9.5 43 48 50 C

21a 14 15 15 9.5 9.5 8.5 9.5 10 10 9 10 63 64.5 69 A

22a 14 14 15 9 9 9 9 10 10 9 9.5 58.5 58.5 61.5 B

23a 14 15 10 9.5 10 9 9 10 10 9.5 10 42 39 49.5 C

24a 15 15 11 9.5 9 10 10 10 9.5 10 10 39 51 55.5 C

NR - Non-registered; WD - Withdrawn; WDS - Withdrawn from school



Table 4. 2. General biology achievement, winter 1976, freshman control group.

No.
Recitation Laboratory Exams Final

Grade1 2 3 1 2 3 4 5 6 7 8 1 2 3

lb NR
2b 15 15 7 8.5 10 10 9 10 10 10 10 42 49.5 61.5 C
3b 15 15 11 9.5 8 9 9.5 9.5 10 10 9.5 40.5 36 37.5 D
4b WDS
5b WDS
6b 3 9 -- -- -- -- 36 21 34.5 F
7b 14 12 15 8.5 8.5 10 9 8 10 9.5 8 27 30 30 D
8b 8 14.5 8 -- 10 8.5 8.5 8.5 10 10 9 31.5 46.5 52.5 D
9b 7 8.5 -- -- -- -- -- -- 21 -- -- F

10b 12 12 12 9 8.5 8.5 10 8 10 10 10 55.5 63 52.5 B

1 lb 10.8 13 11.2 0 8.5 10 9 10 10 10 9.5 33 40.5 43.5 D
12b 10 8.5 9.5 9 9.5 10 9.5 10 10 54 45 E

13b 12.5 14 12.5 10 9.5 9.5 9.5 9 10 10 10 52.5 61.5 54 C
14b 15 10 11 9 10 9 9 10 8.5 9.5 9 :5 30 24 22.5 F
15b 4.5 8 8.5 22.5 24 WD
16b 9 3 8 8.5 21 27 WD
17b 13.5 15 6 8.5 10 10 9 10 10 10 10 24 24 51 D
18b 12.5 3 8 21 F

19b 5 8 18 WD
20b 13.5 15 5 9 10 8.5 8.5 10 10 10 10 51 51 33.5 C
21b 15 15 15 9 9 8.5 9 9 10 9 8.5 49.5 55.5 48 C
22b 12 12 12 9.5 9 8.5 10 10 9 10 9.5 42 27 34.5 D
23b 12 12 11 9.5 9 9.5 10 10 10 10 9.5 52.5 39 51 C
24b 0 0 8.5 21 WD

NR - Non-registered; WD - Withdrawn; WDS - Withdrawn from school



Table 4. 3. General biology achievement, winter 1976, sophomore experimental group.

Recitation Laboratory Exams Final
No. 1 2 3 1 2 3 4 S 6 7 8 1 2 3 Grade

lc NR-WDS

2c 10 15 8.5 9 9 8.5 9 45 48 WDS

3c 6 15 15 9 9 9. 5 8.5 18 34. 5 E

4c NR

5c NR

6c WDS

7c WDS

8c WDS

9c 11 15 15 9 9 10 9. 5 9.5 9 9 9 43.5 42.5 45 C

10c 10 15 15 10 10 9.5 10 9 9 10 10 43 39 52 C

11c 7 14 9.5 9 43.5 27 WD

12c NR

13c 15 15 13 9 9.5 9 9.5 10 9 9. 5 10 43.5 43.5 55, 5 C

14c 6 10 9 39 WD

15c 11 10 11 9.5 10 8. 5 9, 5 10 10 10 10 61.5 63 64.5 A

16c WDS

NR - Non-registered; WD - Withdrawn; WDS - Withdrawn from school
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through the non-registration of four freshman and four sophomore

experimental students into Biology 102 and the improper withdrawal

of three freshman experimental, three sophomore experimental, and

four freshman control students from. the same class. In addition,

two students, one sophomore experimental and one freshman control,

failed to take the final examination and received no end-of-term grade.

Therefore, though partial scores were available for many of the stu-

dents originally selected for participation in the study, it was decided

to limit the analysis to data in which a final grade was reflected.

It was without question that this narrowing of data limits would

not only result in a reduction in sample sizes but that it would have

some influence upon an attempt to determine if statistical differences

existed among the groups; and it was understood that this influence

would still be evidenced despite minimization through an inherent

capability of the analysis models. It was decided that this issue was

of minor importance to the study, however; for no narrow definitive

limit for determining statistically significant differences had been

included in the original design. It was felt, instead, that should any

difference, however small, be noted among the groups, the findings

could serve as a catalyst for future, more refined investigations.

It was also projected that a follow-up to the present study could

include a timed and sequential analysis of the data; that is, an analy-

sis of the student academic achievement at specific time periods
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during the term. This would, of course, increase sample sizes and

give a better picture of the overall results from the study. The data

for such an analysis are included among that delineated in Tables 4. 1,

4. 2, and 4. 3.

Findings from the Study

The empirical investigation first utilized the analysis of co-

variance with the F test as a statistic. The converted score from

the pretest, STEP-II, served as the covariant and the general model

for the analysis was

= µ + T + C..
-13

i = 1,... ,t
j= 1, , ni

where 7.. = the converted pretest score
13

y.. = the test scores
13

, the true mean effect, is constant

e.., the residual effect, is normally distributed

ET = 0
1=1 13

3, the regression coefficient, is nonzero

The Test of Significance for p

Utilization of the analysis of covariance technique allowed for

a determination of the extent of correlation between the converted

score of the pretest and the academic performances, Tr.., exhibited
1.3
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in Biology 102. In essence, the analysis was designed to measure

whether or not skills possessed by the students prior to treatment

or lack of treatment had any effect upon these academic performances.

Initially, this involved testing the hypotheses Ho:p = 0 and Ha:p # 0.

Results which demanded acceptance of the null hypothesis p = 0 would

indicate that the academic performances had no relation to the skills

possessed prior to treatment or lack of treatment. Acceptance of

the alternate hypothesis rests upon a more realistic expectation that

some effect from the covariant would be indicated in the responses.

In the case of the latter situation, the problem would then revolve

around use of the F test for significance. The results from the

present study are shown in Table 4. 4.

Table 4.4. Analysis of covariance for testing slope significance.

Source of
Variation df Mean Square F p*

Recitation 29 .4505 81.24 2.76 <. 112

Laboratory 29 - .8747 352.39 2.40 <. 148

Examinations 29 2.3373 1236.43 4.89 < . 0371

Total 29 2.9369 3209.95 2.97 < . 0965

*p =CY = probability of making a Type I error

Consideration of the tabulated data reveals some degree of

linearity between the covariant and each of the test parameters.

Rejection of values of p > 0.10 could have resulted if the paradigm
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for the study had reflected the normal predilection of researchers

toward setting statistical limits for the acceptance of significance at

the 90-95 percentile levels. In addition to recognition of the effect

of mortality upon the results, it must be realized that because of

many unmeasurable variables at work in a study involving human

subjects, it is often deemed statistically feasible to have a > 0. 25;

that is, the probability of rejecting the hypothesis when it is true

may be quite large (Ost le, 1963; p. 108). For the present study,

therefore, it seemed appropriate to accept significance between the

covariant and the test parameters and to reject the hypothesis that

13 was equal to zero.

Interpretation of Significance of Slope Data

As mentioned above, examination of the data presented in

Table 4.4 reveals some degree of linearity between the covariant

and each of the test parameters. The problem then becomes one of

comparison and interpretation.

It is readily seen that the highest degree of significance exists

between the covariant and the examination scores. Simply inter-

preted, this means that those students who scored highest on the

pretest had a tendency to score highest on the examinations given

in Biology 102. Conversely, those students who scored lowest on

the pretest also scored lowest, in general, on the examinations.
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Recitation scores, with p <0. 112, also reflect a direct propor-

tionality with the covariant. This is an expected consequence in view

of the relationship existing between the examinations and the covari-

ant. Recitations may be considered mini-examinations, differing

from the major tests only in length and amount of material to be

covered; the technique for performance is identical in each situation.

Of particular interest are the results obtained from the covari-

ance analysis involving the laboratory scores in which not only an

inverse linear relationship was established but in which the highest

probability of a Type I error was manifested. In essence, this indi-

cates that those who perform best on STEP-II are those who, in

general, do poorest in the laboratory.

Analysis after Adjustment of Treatment Means

The significance in correlation between the covariant and the

test parameters necessitated an adjustment in treatment means to

eliminate the effect of the covariant. Such an adjustment facilitated

the determination of whether or not the academic performances in

Biology 102 resulted solely from knowledge held prior to treatment

or lack of treatment. In making the adjustment, the following

hypotheses were tested:
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Ho: No difference exists among the true effects of the t
treatments on the Y variable after adjusting for the
effect of the X variable (where Y represents the test
scores and X represents the converted score).

Ha: A difference does exist.

The F test was again used as a statistic, and the results of the analy-

sis are indicated in Table 4. 5.

Table 4.5. Analysis after elimination of covariant effect.

Source of
Variation df Mean Square F p*

Recitation 2 . 4505 84.34 1.04 < . 3883

Laboratory 2 - .8747 1035.29 2.94 <.0729

Examinations 2 2.3373 1743.14 1.41 < . 2635

Total 2 2.9369 5353.11 1.67 < . 2183

*p = a= the probability of a Type I error

It must again be noted that despite the high level of mortality

which resulted in extremely small sample sizes, particularly in the

sophomore group, and because of the wide berth given in analyses

involving human subjects, statistical rejection of the null hypothesis

was in order. The range in probabilities, however, necessitated a

comparison of the data among the test parameters.

Interpretation of the tabulated data requires initial understand-

ing that they represent an analysis of learning which took place

subsequent to the administration of the pretest. Thus, it is apparent

that laboratory performance was more positively affected than
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examinations and/or recitations by these post-STEP learning experi-

ences. Further, that recitations were affected to a lesser degree

than examinations is an observation which, when coupled with inter-

pretation of the results from covariant analysis before adjustment,

seemed to indicate that the students had had more experience with

short quizzes than with major examinations prior to the observation

class.

Accepting the values of p = a as significant precluded an analysis

to determine which group or groups among the three sample popula-

tions had the greatest influence upon the generation of this signifi-

cance.

Findings Directly Related to the Hypotheses

In order to determine if the level of significance indicated in

Table 4. 5 was attributable more to the freshman experimental group

a, the freshman control group b, or the sophomore experimental

group c, an analysis for significance among groups was made using

the t test as a statistic in the model

adj Yi - adj Y.

t V(adj Ti - adj Y.

i=1 , . . , t

j=1,..., t

The results from the analysis are depicted in Table 4.6 and suggest

consideration of the specific details surrounding each hypothesis as

well as a comparative analysis of the associated data.



Table 4. 6. Analysis for significance among sample groups.

Test Parameter and
Comparison Subjects a

Adj Y.

b b

Adj Y.
J

c t p

Recitation:

a vs. b 37.2816 33.7742 .97 <.3422

a vs. c 37. 28 6 40. 6753 - . 66 <. 50

b vs. c 33. 7742 40. 6753 -1.34 <. 1926

Laboratory:

a vs. b 77. 0626 60. 1409 2.24 <. 039

a vs. c 77. 0626 77.8587 - . 07 .<. 50

b vs. c 60. 1409 77. 8587 -1.65 <. 1126

Examinations:

a vs. b 131.6545 114.8129 1. 19 <. 2472

a vs. c 131.6545 145. 4949 - .69 <.496

b vs. c 114.8129 145. 4949 -1. 53 <. 1436

Total:

a vs. b 243. 3814 211. 2957 1.41 <. 1744

a vs. c 243. 3814 262. 5637 - .59 <.50

b vs. c 211. 2957 262. 5637 -1.58 <. 1307
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Hypothesis 1

Ho
1

There is no significant difference in academic perform-

ance in a typical university biology class between those

societally liabiled freshmen who are exposed to preclass

treatment and those who are not.

As a final step following covariant analysis with the F test as

a statistic, the t statistic was employed as a check for significant

differences among groups. The mathematical model for such a test

exhibits a functional relationship between the t, the difference in

adjustment means for two subject groups, and the variances associ-

ated with these means. With regard to hypothesis 1, a plot of these

adjustment means, as shown in Figure 4.1, reveals that they were

consistently higher for the a group than for the b group. The statis-

tical significance in these differences as they apply to each of the

test parameters is reflected through Figure 4. 2. Both graphs clearly

indicate that the performance of the freshman experimental group in

Biology 102 was better than that of the freshman control group.

With regard to specific statistically significant differences, the

greatest differentiation in performance between the two groups was

manifested in the laboratory at the 96 percentile level; the lowest

was exhibited in recitation at the 66 percentile level. Significant

differences in the examination and total scores were registered at

percentile levels of 75 and 83, respectively. Acceptance of these
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levels with statistical certainty supports rejection of hypothesis 1.

Hypothesis 2

Ho
2

There is no significant difference between the academic

performances exhibited in a typical university biology

class by societally liabiled freshmen and societally

liabiled sophomores who have had identical preclass

treatment.

The results from the test for correlation between these two

groups are given in Table 4. 6 under the t values for a vs. c, where

a represents the freshman experimental and c the sophomore experi-

mental group. The negative values recorded in association with each

test parameter indicate that a slight difference, skewed somewhat

toward c, might exist. The comparative graph of the adjustment

means for the groups, as depicted in Figure 4. 3, provides for better

assessment of the data; Figure 4. 4 is a graphical representation of

the significance levels.

The plateau generated in Figure 4. 4 reveals that no truly dis-

tinct difference in performance among the test parameters existed

between the two groups, a and c. Further, the almost constant

p = a = 0. 50 projects no more than a 50 percent chance for research

confidence in rejecting hypothesis 2. Because these represent poor

odds, even when credence is given the projection that studies
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involving human subjects may utilize values of a, > 0. 25 as indicators

of significance, hypothesis 2 is not rejected. It must be noted, how-

ever, that the slight difference between the performances of groups a

and c on examinations is of some statistical significance.

Hypothesis 3

Ho
3

No significant difference in academic performance in a

typical university biology class will be noted between

societally liabiled sophomores who have been exposed

to preclass treatment and societally liabiled freshmen

who have not.

The t values generated in an analysis involving group b vs.

group c indicates a difference skewed favorably toward group c.

Graphing of the adjustment mean values for these two groups gives

the result shown through Figure 4. 5. That a difference in academic

performance existed between the two groups is an observation which

should be without question. Further proof for this assertion is

garnered through Figure 4. 6, a graphical interpretation of the sig-

nificance in the differences among each of the test parameters as

exhibited between group b and group c.

The near-zero slope, varying primarily through recitations,

indicates an almost constant level for difference in academic per-

formance between the groups, a level which averages out at a
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percentile of 87. That this level is only three points below the level

normally chosen as representing statistical significance is an observa-

tion which should give support to the assertion that group c exhibited

much better academic performance than did group b. Even the lowest

significant parameter, recitation, is but nine points below the 90

percentile level. Thus, in view of these observations, hypothesis 3

is rejected.

Combinatorial Findings Regarding the Hypotheses

In order to fully assess the comparative academic perform-

ances among the three sample groups, Figures 4.7 and 4. 8 were

developed. It becomes obvious from Figure 4.7 that in every instance

the experiment groups, a and c, exhibited academic performances

which were superior to that of the freshman control group b. In a

comparison of a to c, though some difference is noted primarily in

the area of examinations, the total difference must be considered

minimal. Between b and c, however, the differences are striking.

Consideration of significant differences between group pairs,

as shown in Figure 4.8, makes obvious the fact that the experimental

groups outranked the freshman control group on each of the test

parameters. It is of particular interest that greatest significant

difference between the experimental and control groups was mani-

fested through the laboratory, with minimal and moderate differences
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being reflected through recitations and examinations, respectively.

It is also of note that the only area in which the significant difference

between the freshman experimental and control groups was higher

than that between the sophomore experimental and freshman control

groups was the area of laboratory performance.
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70.
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Zz:41
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b control vs. c experimental

a experimental vs. c experimental

Rec Lab Exam Tot
Test Parameters

Figure 4.8. Graph of significant differences among groups a, b, and c for recitations, laboratories,
examinations, and the total scores.

A review of the analyses undertaken in the present study would

seem to indicate that the prime contributory factor in the overall

significance noted through covariance analysis was the performance

on laboratory exercises. It may also be projected that, in essence,

the groups to which this overall significance could be attribtued

were the experimental groups; and, in a comparison between these
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two groups, though the composite differences were almost nil, it

must be asserted that the sophomore experimental group exhibited

superior performance to that of the freshman experimental group on

recitations and examinations. It seems safe to conjecture that the

latter situation reflects experiential influence; sophomore students,

having spent at least one year in a university setting, are more

familiar with the modus operandi essential to the taking of examina-

tions.

Summary

In Chapter IV, emphasis has been placed upon the techniques of

analysis employed to determine the results of the study. The analysis

of covariance using the F test as a statistic, followed by an

adjustment of means to eliminate the effect of the covariant, served

as the model for the determination of overall significance. To

establish the identity of the actual source or sources of significant

differences, the t test, dependent upon the adjustment means and the

variances, was used as a statistic.

On the basis of the analyses, hypotheses 1 and 3 were rejected;

but because an almost constant 50 percent probability of statistical

error was exhibited with hypothesis 2, this thesis was not rejected.

Succinctly put, the findings from the study are that the experimental

groups performed at levels superior to that of the control group; but



160

very little difference was manifested between the performances

exhibited by the two experimental groups, with the minimum differ-

ence which did exist being the result primarily of examinations on

which sophomore students attained the higher scores. In a comparison

of student performances as they related to specific test parameters,

academic achievement in the laboratory was much higher than that

on either recitations or examinations.
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CHAPTER V

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This chapter is divided into three sections. Section One pre-

sents a summary of the overall design for the study; section Two

projects the conclusions reached after statistical analyses involving

the data achieved during the investigation; and Section Three offers

suggestions for the development of future treatises in the area with

which the present study was concerned.

Summary

The paucity of quantitative science education research dealing

with the sqcietally liabiled and the dearth in employable science poten-

tial manifest among these citizens linked with their observable lack

of participation in or high attrition from university science classes

were enough to form a composite catalytic agent for the present study.

Based upon a conjecture that the underrepresentation of the culturally

diverse in the stipulated area, particularly at the post-secondary

level, is a direct consequence of nonfamiliarity with the formalism

and techniques of science, the investigation revolved around an

empirical determination of the extent to which the situation could be

remedied through a preliminary course which concentrated upon an

intensification of the designated skills.
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Initially, 24 freshmen and 24 sophomores comprised the experi-

mental groups, and 24 freshmen were involved as the control.. Mor-

tality proved to be a factor in the investigation, however, and the

final sample counts were 13 freshman experimental, 16 freshman

control, and four sophomore experimental, with ethnic representa-

tion including: two Asian Americans, 14 Black Americans, nine

Spanish surnamed Americans, three Native Americans, and five

white Americans whose financial and social situations demand their

preclusion from the society of the white majority.

After administration of the pretest, STEP-II, to the three popu-

lations, the experimental groups were subjected to treatment through

Selected Topics-Science Education 199X; students in the control group

were scheduled into classes having no basic relation to science. To

test the effectiveness of this preliminary class, all sample subjects

were enrolled in General Science-Biology 102 which served as one

source of data.

For a comparative quantitative investigation employing covari-

ance analysis, the data from the converted score of the pretest

served as a covariant to the academic evaluations from Biology 102.

Overall significance involving the covariant was determined using the

F test as a statistic. After adjustment of the means to eliminate

the effect of the covariant, significance obtained through the F test

suggested the need to search for significance in differences among
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groups through use of the t test as a statistic.

Conclusions

Initial covariant analysis indicated overall significance and

prompted an adjustment to determine if significant learning had oc-

curred subsequent to the taking of the pretest. Though the results

from the F test after adjustment indicated comparably lower levels

of significance than those normally sought in research, it was

deemed appropriate to accept them because of the intrinsic, unmeas-

urable variables associated with studies involving human subjects and

because of statistical allowance for large probabilities of error in

rejecting hypotheses when they are true (Ost le, 1963, p. 108). There-

fore, overall significance was established at a percentile of 79.

Results from the t test also gave significance lower than the

normally acceptable 90-95 percentile levels. For the reasons stated

above, the 83 and 87 significance levels which were registered for

hypotheses 1 and 3, respectively, served as sufficient basis for the

rejection of the hypotheses. Because, however, the analysis involv-

ing hypothesis 2 gave a significance of only 0.50, acceptance of this

hypothesis was deemed logical. Summarily, the conclusions from

the study can be delineated in the following manner: a) societally

liabiled students who are exposed to a preliminary language-technique

science class exhibit academic performances which are superior
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to those of societally liabiled students who have not been so exposed;

and b) though societally liabiled sophomore students exhibited some

slight superiority over societally liabiled freshman students in the

area of examinations, the overall difference in performance between

these two groups is almost nil. These facts render tenable the sugges-

tion that if, indeed, science educators are concerned not only with

minority participation and performance in typical university-level

science classes but with increasing minority potential for employment

in the area, the most viable route to the goal may be the institution

and maintenance of courses simulating the one utilized in this study.

Recommendations

Improvement in science participation among the societally

liabiled should be deemed not only a national desire but a national

necessity, and, as such, demands the projection of recommendations

for future educational investigative efforts.

I. The scarcity not only of science education research but of litera-

ture dealing with the discipline as it relates to the societally

liabiled lends novelty to the present investigation. It is there-

fore recommended that replication of the work be undertaken,

not only at Oregon State University but at other post-secondary

schools, with the initial stipulation that controls be instituted to

reduce mortality.
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2. Because of the relatively poor showing by students on examina-

tions and recitations when compared to the performances in the

laboratory, it is recommended not only that the development of

skills in examination and test taking be included as one of the

areas of concern upon which the preliminary class should focus

but that a separate study be conducted to assess the extent to

which intensification of these skills would affect academic per-

formance in typical university science classes. Concomitant

to this recommendation, however, is the need to retain the

informal, nonstressful atmosphere of the preliminary class;

it should be clearly understood by the students that examinations

are considered tools for learning.

3. As a means of further improving the laboratory expertise of

the students, it is suggested that they be exposed to more exten-

sive utilization of the equipment and techniques with which they

will be working in the subsequent, more traditional class.

Again, this recommendation is not intended as a suggestion

that there should be any change in the humanistic format which

was fundamental to the success of the preliminary class.

4. Though all effort was made to erase teacher effect in the present

study, it is suggested that the development of two or more con-

current classes utilizing the services of two or more instructors

would better provide for assessment of the effectiveness of the
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class in improving student academic performance in science.

5. In the present work, the exclusive source for quantitative

assessment of academic performance was General Science-

Biology 102. It is recommended that future studies be extended

not only to include General Science-Biology 1 01 and 1 03, or

their equivalents, but other science areas as well; for example,

physical science, general chemistry, general physics, etc.

6. The analysis for this treatise was limited to one term. It is

felt, however, that extension to two or more terms would serve

to refine the results and enhance the possibilities for improve-

ment of science education for students, particularly those who

are culturally diverse. This extension would also allow not

only for a determination of the effect of the preclass upon

academic performance in an observation class immediately

subsequent to the treatment but would provide the basis for an

empirical investigation of retention skills.

7. Attendant with suggestion six is the recommendation that an

investigation be undertaken to determine if a term of interrup-

tion between preclass treatment and matriculation in an observa-

tion class would have an effect upon the exhibited academic per-

formances in the latter.

8. The present investigation has been limited to those students

who are readily identifiable as societally liabiled. It can be
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conjectured, however, that many students who are thought to

be among the favored youth of America have suffered from the

lack of adequate preparation for matriculation in a university-

level science class. It is suggested, therefore, that these

students, specifically those who were limited to one year of

high school science, be included with societally liabiled students

in a future study and that a comparative measure be made of

the performances exhibited by these two segments of the

American society.

9. The present study was limited to an analysis of learning cen-

tered in the cognitive, and perhaps psychomotor, domains.

Because of the established importance of the affective domain

in learning, a study giving prime consideration to this parame-

ter should be undertaken.

It is not the intention to herein suggest that the proposed recom-

mendations exhaust the possibilities for future science education re-

search in the area with which this study has been concerned. It is

hoped, instead, that they will serve to catalyze the fruition of many

new ideas and many investigations designed to assure maximized

societally liabiled participation in a futuristic world of science.
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APPENDIX A

EOP Student Achievement in Science*

1969-1975

Year > C C D F WDF+
WD-

No Grade
Total

1969-70 2 5 6 6 3 22

1970-71 2 4 5 9 3 23

1971-72 1 5 11 9 6 3 35

1972-73 3 11 10 10 2 1 37

1973-74 2 3 5 3 3 5 21

1974-75 7 3 1 3 74

Total 10 35 40 38 20 9 152

*Specifically, the biological and physical sciences

WDF - Withdrew failing

APPENDIX B

EOP Student Achievement in Biology

1969-1974

Year > C wpF+ WD-
No Grade

Total

1969-70 2 2 4 2 10

1970-71 2 2 5 1 10

1971-72 1 3 3 4 5 1 17

1972-73 3 1 2 5 2 13

1973-74 2 3 2 3 3 13

1974-75 2 2 3 1 3 11

Total 6 12 15 21 16 4 74

WDF - Withdrew failing
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APPENDIX C

COURSE SYLLABUS
for

SELECTED TOPICS -- SCIENCE EDUCATION 199X

Instructor: Karl J. Nice, Ph. D. Oregon State University

This course will cover the nature and direction of Western

scientific thought in an effort to establish a set of referents which will

correlate the general experiences of the students with the more re-

strictive, formalized scientific models. The basic assumption

underlying the curricular scheme is that the difficulties which these

students experienced in their association with science have stemmed

from a lack of constructs which could bridge the gap beween their

"real world" and the scientific models which have been developed to

interpret that world.

The general objectives of the course will be

1. To show the relation between personal experience
and formal science; e. g. , the correlation between
F = ma and the speed at which a pitched baseball
travels.

2. To develop and expand the students scientific vo-
cabulary and to clarify the differences in mean-
ing which arise when certain commonly-used
words are employed in science; e. g. , the use of
the word "steady" in the phrase "steady state".

3. To develop student skill and self-confidence in
their proper manipulation of laboratory equip-
ment and materials.

4. To develop the self-confidence of the students to
an extent that the art of hypothesis formation will
become a natural part of their daily existence.
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In order to achieve the stipulated objectives, the course will

emphasize "hands-on" experiences so that the constructs between the

"real world" and the scientific models for interpretation of that world

will be improved, so that laboratory technique skills will be improved,

and so that the specialized vocabulary of science will be incorporated

into the daily language patterns of the students. The accomplishment

of these objectives will result only if student affectivity is positive and

only if the course plan is adaptable to dynamic change designed to

accommodate student background preparation in the sciences, to ful-

fill student needs, and to satisfy student desires. This inherent

flexibility demands that no rigid outline of specific course topics be

developed. In general, however, the major emphasis will incorporate

ideas from SCIS, ESS, EIS, and the "traditional" secondary and post-

secondary science programs. To cite some examples:

From SCIS:
"Environments" Shows the effect of the environ-

ment upon living matter.

From ESS:
Attribute Games Allows students free range in

the manipulation of objects and
in the process of developmental
thinking.

Special:
"The Mouse Trap Game" Introduces the concept of

entropy, etc.

The "Traditional":
Melting Points and the
Eutectic Point Develops the concepts dealing
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with energy transfer, impuri-
ties and their effect upon
physical properties, etc.
Supplementary examples: The
role of antifreeze in an auto-
mobile; the making of ice cream.

Photography Chemical reactions, energy
effects, etc.

The basic format for instruction will center upon laboratory

experiences with attendant, but limited, lecture sessions. Some team

teaching will be employed in order to expose the students to those

individuals who have expertise in specific areas of scientific concern.

In order to help students to develop cognitive and laboratory

skills, readings, considered essential, will be assigned; for example,

The Operating Manual -- Space Ship Earth by Fuller and The Immense

Journey by Is ley. The material covered in these works will be utilized

in the laboratory and lecture sessions as well as in written student

feedback.

Because the students toward whom the course is directed have

a historical aversion to courses in which the major emphasis is

placed upon examinations, this type of evaluation will be at a mini-

mum. Therefore, student performance will be assessed on the basis

of laboratory participation and developed expertise and the fruition of

cognitive skills evidenced through classroom interaction and special

written assignments.



Appendix D. A Comparison of High School Science, High School GPA's, SAT and ACT Scores, STEP Results and Biology 102 Achievement for
Freshman Experimental Students.

Ethnic
Group No.

High School
Science
(Biology)

High School
Grade Point

Average SAT Scores ACT Scores STEP Results
Biology
GS 102

Grade GPA Verbal Math Raw Score Converted Score Grade

C la D GED 42 13 412 NR
NA 2a C 2.69 6 416 WD
NA 3a C GED 42 16 416 WDS
B 4a D 1.94 -- 23 427 B

B 5a C 2.39 35 33 17 418 D
AA 6a B 2.1 17 418 B

AA 7a C 2.13 23 427 WDS
W 8a B GED 58 -- -- 16 416 WD
C 9a D 2.15 20 31 12 410 WD
B 10a C 3.22 29 31 22 425 WD
C 1 la C 2.87 36 39 5 404 Chem 104
W 12a C 2.66 -- -- 11 17 418 WDS-NR
C 13a B 3.32 52 38 23 427 C
B 14a D 3.14 35 39 16 416 D

NA 15a D+ 1.75 18 15 415 C
Na 16a C 2.95 -- -- 20 17 418 D

B 17a C 3.11 24 32 16 416 D

C 18a C 1.5 -- -- 13 412 WDS
B 19a B 2.17 37 35 17 418 NR
B 20a C 2.72 19 24 428 C
C-B 21a C 2.68 23 427 A

C 22a C 3.02 -- -- 18 419 B

B 23a C 2.57 36 37 17 418 C

C 24a C 2.98 16 416 C

NR - Non registered; WD - Withdrawn; WDS - Withdrawn from School



Appendix E. A Comparison of High School Science, High School GPA's, SAT and ACT Scores, STEP Results and Biology 102 Achievement for
Freshman Control Students.

Ethnic
Group No.

High School
Science

High School
Grade Point

Average SAT Scores ACT Scores STEP Results
Biology
GS 102

Grade GPA Verbal Math Raw Score Converted Score Grade

SS lb C 1.39 7 404 NR
W 2b B 3.19 -- 15 16 416 C
NA 3b D 2.76 27 31 17 418 D
W 4b C 2.83 17 13 412 WDS
C 5b D 2.5 13 412 WDS
C-NA 6b C GED 54 -- 24 428 F
B 7b D 2.06 20 24 20 422 D
AA 8b B 3.70 35 58 16 416 D
B 9b D 1.78 -- -- 5 404 F
W 10b B 3.43 35 31 23 427 B

B llb B 2.88 39 33 13 412 D

C 12b C+ 3.02 18 419 E

C 13b B 3.08 15 415 C
B 14b D 1.59 22 23 13 412 F

NA 15b C 2.87 -- -- 21 20 422 WD
B 16b C 3.47 42 44 15 415 WD

C 17b C 1.83 -- 4 404 D

B 18b C 2.13 22 13 412 F

B 19b B 3.21 -- -- 12 410 WD

W 20b A 3.01 46 54 17 418 C

C 21b B 3.39 -- -- 19 12 410 C

B 22b C 1.86 35 35 15 415 D

B 23b C 2.68 34 36 15 415 C
W 24b D 2.31 16 416 WD

NR - Nonregistered; WD - Withdrawn; WDS - Withdrawn from School



Appendix F. A Comparison of High School Science, High School GPA's, SAT and ACT Scores, STEP Results and Biology 102 Achievement for
Sophomore Experimental Students.

Ethnic
Group No.

High School
Science

( Biology )
Grade

High School
Grade Point

Average
GPA

SAT Scores ACT Scores STEP Results
Biology
GS 102

Verbal Math Raw Score Converted Score Grade

AA is B 3. 5 23 427 NR-WDS

W 2c C GED 55 -- -- 24 428 WDS

B 3c C 2. 38 24 39 15 415 E

C 4c ID 2.06 -- -- 7 404 NR

B 5c B 3. 19 25 59 13 412 NR

W 6c D 2.88 -- 13 412 WDS

B 7c C 2.72 28 25 16 416 WDS

B 8c B 3. 5 -- 17 418 WDS

B 9c B 3.26 30 28 13 412 C

W 10t B 3.79 50 55 24 428 C

B 11c C 3.15 - 15 415 WD

B 12c D 2.72 18 419 NR

B 13c C 2.4 17 418 C

B 14c C 2.01 15 415 WD

W 15c C 3.95 18 419 A

B 16c D 1.66 11 409 WDS

NR - Nonregistered; WD - Withdrawn; WDS - Withdrawn from School


