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‘Preface

\

Research Reviews are being issued’toanalyze and synthesize research related to the
teaching and learning of science completed during a oZe -year period of time. These re-
views are developed in cooperation with the National Associatiorf for Research in Science
Teachmg Appointed NARST committees- work with staff of thé ERIC Science,
Mathematics, and Environmental Education Information Analysis Center to evaluate,
review, analyze, and report research results. It is hoped that these reviews will provide
research information for development personnel, ideas for future research, and an indi-

+ N . . . .
cation of trends in research in science education.

Your comments and suggestions for this series are invited. ‘
s .
STANLEY L. HELGESON
PATRICIA E.‘BLQSSER
ERIC/S;MEAC
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> . Foreword

{

s+ -When viewing the research done in scienceleducation in a year, one

is first nearly overwhelmed with its diversity, If one has agreéd to
prepare a cogent review of that research, its diversity immediately
becomes the first problem to be solved, Briefly étated, that problem

is: Hoﬁ can ﬁﬁp important work being reviewed be organized into a useful,

‘meaningfuil pattern? *

Y

coherent,

To answer the foregoing question we employed a techﬂique not unlike
that used by Mendelyeev when He developed. the first periodic table of'
the elemgnts. In other words we read abstracts and sorted them into
groups that had common subject matter. When the aﬁst}act left any doubt
regaéding the subject matter of an item, the original source was consulted
before a decision was made. The™grganization of this report, therefore,

is purely empirical. ' )

N

. L]
Those persons who did the research fashioned this report's organization

.

into seven categories:

1. Learniné and Development

2. Teaching Methods and Procedures

3. The Education of Teachers . )

4. Evaluation in Science Education ’ p

5. The Use of Media'in Science Education g )

6. The Concepts, Processes and Content of Science )
7. College Level Research ~

While each of the foregoing categories constitutes a chapter in this

volume, each chapter has an internal organization based upon that chapter's

-

content. ‘

‘ -

Qur intent in preparing this report was to provide a general over— °

vfew of the research in science education done-in 197Q and to state
conclusions and questions arising from the research'which might lead
othcr researchers to continue and expand what has been done, A second
intcntioﬂ of this report's authors was to include a review of those
studies that could genuinely be called fcsearch. There are, howﬁvcr,

. other types of activity in science education which will be of intarest

-
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to science education researchers and which' have been published in some

form. A rather complete bibliography of th@ activities taking’place\

in science education in 1976 follows the narrative of .this report, That

bibiiography’céntains‘many entries other than the.researgh reviewed in
ontains many, $ .

the narrative of the report.

—

¢
Y v

.

The authors express théir thanks to 6r..étanley Helgeson and his

staff of Ohio State University for their assistance and patience in

searéhing:for and locating the dafa‘upon which this report is based.

Our théngs are also extended to Donna Abraham who typed the reporths

manuscript.
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~DON G. STAFFORD- ‘ .
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Learnmg and Developmertt o .

The rescarch done in the catcgory of "Learning and Development"
during 1976 focused upon the theggYes of David.Ausubel and Jean Piaget.
One study was desigﬁeq to compare_ﬁhe theories of Piaget, Vygotsky, /
and‘Ausubel, four studies considered the work of Ausubel and a total

an 21 stuéiés examined the paradigm proposed by Piaget. The four i ’
studies considering the Au?ubelian theo;y‘tested the efficacy of the

advance organizer coricept. The work ‘focusing on the Piagetian theory

considered the measurement of levels of intellectual development or
Q . r

the influence of the theory upon curriculum,

Research With the Ausubelian Theory

) B g

The four studies reported which considered the advance grganizet
technique were made at three different educationdl levels. These levels ’
are the ninth and twelfth grades, college level physicél sclence for

non-sclience majors, and college juniors in.a teacher education program.

~

Murchison (203) egglorcd the usefulnebs of the advance’ organlzer
concept in t®ching science to ninth graucrs. Four groups of students
were formed and each exposed to a different organizer: a pretest, a
concrete organizer, an abstract organiécr, and a control. The groups.
‘were broughf togcuher.iﬁhediatclyafterpxpcricncingtheorgéniécr, given
a legcture on sound waves and then administercd a two-part test. The student

groups were matched on IQ, sex, and teachier-determined motivation ranking.




4

2 - ( . ST

&he pretest was the saﬁe as the test (ort- sound*'waves) given after the
1ecture, and the concrete and abstract organlzers 1nvolved generalized
waze theory., " One part of the test involved rote materlal and all
questions which had been answdred in the lecture. The second part of
the ‘test redquired abstract and/or problem solving ability, Murchison
a pretest is thev

A_n ~

found that, when abstract material is to be 1earned
best organizer for high IQ toys and for high motivation students.

apstract organizer is best for high\ﬁotivation boys and a concrete
organizer is preferable for high IQ girls and for low ﬁotivation students,
When rote material is to be learned, a pretest is the best for low IQ
girls, Murchison concluded that multiple advance(orgapizers are important

aides to learning. 'L //
-

West-and Fensham.(307) tested some predictions arising directly from
Ausubel's theory concerning the shbsuming role of advance organizers,
Specifically, the basic question studied was ‘regarding whether the learner's
existing knowledge plays a subsuming ox organizing role in subsequent
learning. The selected topic of Pr1n01ples of Equ111br1um was taught -
in twelfth grade chemlstry, a period of one week (160) minutes was used
to teach the topics A total of 374 subjects Was involved. The researchers
stated explicitly that they were not interested in whether or not an
external organiaer led to more effective learning. Rather, they were
interested in whether the role played by an external organizer was
gquivalent to the role played by the learner's prie; knowle&ge. The*
results of the study did not show that the role played‘by the learner's
prior knowiedge was an organizing or subsumiﬁg role. In other words,

the results did mot show that the role played by the learmer's prior

" knowledge and the role pagyed by the advance organizers were the same,

According to these researcherd this research did show that, at

least fPr the topic taught, "there is an apparent equivalence in terms
of learning outcome between whatever role is. played by the learner's
relevant prior knowledge and the advance organizers.f The conclusion was
drawn that the research sggportcd Aus ubclfs proposition that pridr-

knowledge structure plays a subsuminw or organizing role in new learning.

14
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Bsylis (21) utilized two classes of advance'cognitiveyorganizers
(éxpositsry angAcomparat%ve)_toistudy their éffects on learner ability
to conceptualize and modify cognitive structure as a rea&inqss procéss .
prior to'interacting with science contenf. ' The data wsre collected _ .
through a pretest-posttest multiple treatment design and the. use of the
"Word Association'" instrument and a "Curriculum Embedded Questionnaire."
~ The former measured the conceptualization of cogﬁitivq structure (defined -
as "meaningfulness of individual ‘concepts and reldtedness among cdncepls")

>

and-the latter measured the perception of the process (defined as con~

¢

ceptualization and valuing of the instructional process), This researcher

concluded thqa);he two subsets of advance cognltlve organizers can provide
a theoretical base® for deslgnlng readiness instruction. The processes
f2d
- , used were shown to facilitate both conceptualization and modification of d

"a cognitive structure relevant to a specific science content area.

Finally, the investigator believes the data- showed that the learners

-

itself was learned. , .
° ‘ ) - . . i *
" A laboratory inquiry-oriented course in college physical science

|

| . |

both conceptualized and valued the process; in other wofﬂs, the process ‘
|

for non-science majors was selectsd by Tavares {29]1) to use in eva%yating‘A

the effects using advance organizerg. Tavares' sample was. d%jlded into

eighh groups: high and low academlq ability, high and low degree of

previous knowledge, existence and noh—g§;stence of advance organlksrs

before studylng the content.' The null hypothesis tested was: The P -,

EreatmentAdoes not introduce any statistically significant difference

for any of the groups. The quantitative data necessary to test that

hypothésfs were obtained from t (1) Test on Understanding Science,

(2) Wisconsin Inventory of Sci Processes, (3) an investigator-con-~

étructed content achlevement test, and (4) an investigator—constructed

student attitude 1nventoz¥ The null hypothesis was accepted for any ’
. of the variables with all of the groups.

N
.

‘-
y - .

- The research reported here neither confirms nor denieg the value

and/or.efficacy of Ausubel's advance organizer concept. There appears

to be a need to approach the problem in a more systematic manner than was
evident in the research reported here. Those persons conducfing resdarch
N :

in this area should, we bclicvq,‘agree on a’set of priorities and procedures

Aruitoxt provided by Eic:
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to use in rcsearchlng th s question, Perhaps one or more bositioﬁ papers

could be used to focus the researcher's attention on how the Ausubelian ,
_paradigm possibly coulﬁ influence science teaching and possibly from those
. positlons a series of research studies could be charted, ) Our feeling

is that this particular paradlgm needs an organizing structure from whlch

research could be EOnductea.'

Research With the Pfagctian Paradigm — Phase I:  Measurement

\ Most assu:cdig the intellect&3I7§evelopment model of Jean Piaget

has‘beenhrecognieed as researchable by science education.’ The research
+  reported during 1976 centered around (1) the measurement of intellectual

ability as described by Piaget and (é) the value of the Piagetian model

to thergeneral area of science curriculum,

LN

In establishing his now famous four stages of cognitive development,
Piaget utilized various tasks to determine a persen's thinking patterns.
Each of these tasks is individuglly administered and a.substantial amount
of time is requiredoto admidister tasks to determine a learner's réasoning
pattcrns.l For several years researchers have been interested in
developing procedures and materials which will allow the reasoning levels
of an entire class or "group {to be determined at oné time, Such an’
undertaking suggests the use of some type of paper—and ‘pencil evaluation
tool as a possible proce8ure. There remains, however, much work st111
being done with the clinical-interview technique designed by Piaget; that

N

technique preserves 'the one~to-one task administration. .

Hooper, Brainerd, and Sipple (128) cowducted a four—ycer longitudinal
analysis of concept development and, as part of that study, designea a
sexies ofoiogidal concept tasks based upon Piagetian theory. These tasks

were individually administered to students five years of age and ol&er.,

The tasks were focused upon studying groupings associated with concrete

operatignal reasoning. A sample of 180 children in kindergarten and grades

N

. three and six was used; equal numbers of males and females were included.
.These rescarchers congluded that their 'concept task series" provided

a generally reliable"assess%ﬁet'of logical reasoning for this age group. -

s/

ERIC | TS 5 e |
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/Z Using six Piagetian-styled tasks that correspond to the six major
E loglcal groupings of copcrete pperational th‘;ght, Camp (43) asked

- .
whether or not the scoreg on those six tasks formed @ unidimensional

scale. He used 102 chilfiren equally divided among gfades one, two and
and three, and stud1ed dlerrences in performances for the tﬁree grade
levels, relatlonships between performance on each o€ the six tasks and 1Q,
and differences in performances of males and females.’ Camp found: (1)
the tasks did form a unidimensional scale, (2) tifere was a &ignlflcant
increase in difficulty between grade levels on four of the' s1x tasks,

3) a signlficant degree of association existed between IQ and only one -
ot th; sixé?as-s and (4) there was no significant differénda between

performancds o{/males and females on the six tasks. Based upon the data,

Camp made several recommendations, among which was the recommendation ‘
that early curricila should focus upon experlences with q‘iects rather

than relying on verbal transmlssions about objects.

’

~

Working in Thailand, Pungah (237) studied the developmental saquensa
of‘thc conservations of number, mass, Weight, and volume with 80 boys
and 80 girls ranging in age from 4 to 11.3 years, The.results of thiszf‘
. studyfsupport Piaget's findings that cohservation reaspning with these

ifour tasks occurs in the sequence: number, mass, weight, and volume.

—‘\

ai children conserve namber between 6 g8 7 years, mass between 7 and .

8 years, and vp after 11 years. The conclusion was also drawn that
v < LY

"unlikelyAto be contributing variables"

sex and sociveconfhic level were

’

in the development of conservation reasoning by Thai children. -7

. T !
o N A . . 4
Michael Shayer, working at Cé;TBga, England, (265)‘3tudied development ‘P

in thinking‘of middle school and early‘sepondaryfschool students.. He

used children between, the ages of 9 to 14 years, Each participating child
(the exast numbe{ Shayer used was not available, ne did say tnat there'
was a need "to test about 2,000 childfen in each year of age" for his
purposes) complcted a spatial concepts task, a volume and heav1ness task,

and the pendulum task. He concluded that the major development fn carly

3
“t

adolcsccnce is concrete operatioqal readoning, and believes this is the’

type of reasoning that science programs for-this age level "should both

o " ~r
3

R @)

3
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build on and- promote: Shayer also found ®ifferences between the general
population of this age group and the population found.in the "above—average
comprehenlee schools."” .

”
»

Yoa total of 96 seventh grade science students ranging in age from 11.7

v to 1l4.4 years (a ‘mean age of 12.6 years) was adm1n1stered eight conserva-
tion tasks to 1nvest1gate if successful completion of those ‘tasks was '
- dependent only upon one type of reasonlno or if there were three components )
(early concrete, middle concrete, and early formal thought) required to
sugcessfully conplete all the tasks. When Lawson and Nordland (162)
subjected their data to a principal components analysis, sthey fourid one
factor which could be identified as early coﬁgrete—operational reasoning,
another that idertified "sdmething intermediate between early concrete
thought and early formal thought,” and a third factor that seemed to indl—
cate early formal thought: These researchers state that their results
Msupport Piaget's distinction between concrete and foérmal thinkldg and
' the tasks' .

+ability to measure these thinking abilities. They further state

that the results do not necessarily support the Piagetian theory in general

- nor the notion that formal reasoning constitutes a

"unified,stage of

development."

-

.

. ’ Benefield and Capie (23) used ten‘of tHe 16 binary operations which

Piaget describes as heing acquired during the formal thought period to

L . P. -
_ construct a test using four content types: true content,@iﬁﬁe.content,
[N

neither false nor true content,,and randomly related content.

(It is tbe

16 binary operatlons, where acquiréd,

that represent the whole system of

integrated operations at the formal level.)

Six operations were eliminated

because of logical equivalence to other operations. '

Each of the ten opera-

LA -
tions used was defingd by a set of four truth’conditions.

Using the 16

binary operations, each of the set of truth conditions could be judged

true or .false when dealing-'with two variables. ELach test item contained

a substitution instance of proppsitlonél operation correspond;ng to al/
Piagetian binary operation.

The subjects were asked to check "Yes, this

could be true" or "No, the statement could not be.true."

Four 10-item

tests were constructed;

40—itcn test.

One hundred fifty-five students in grades 4 through 12

the items were assigned randomly to complete a

/

b
<o
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constituted éhe population for the 5tud§ and completed tne test. The'range
of'sco;es was 0-34, with amean of 14.9.. SignificanE differences were found #
among operations involving each of the four content types as well as Ehe
composite.

i ’

Janovsk{§(134) investigated the development of the quqntifiéation of
1

speed in children and adp}escénts. The population used consisted of 69

seventh gr;ders, 66 ninth graders, and 47 eleventh graders; all participants
were currently enrolled in mathematics. Four levels for qualifying s$peed
nere dqfined and "two sublevels were established for each level. Six test
items were preparéd for each, sublevel; the measyrement 1nstrument, there— a
fore, consisted of 48 items. Fofty—ninc subjects were also interviewed 'tox
. check the accuracy of the results obtained from the 48-item test. The ques-
tions asked the students to compa%e speeds and predict distances. A teston
using the operations involved in Lractlons was also administered. The inves-
tigator found that the four 1evelsandthe sublevels formed scales that could
be used to assess the development of quantification of speedin children and
adolescents. Several correlations with readimng ahd mathematics and the devel-
oped instrumént were also included. THe investigator concluded that\the
results demonstrate the need for additinnal instruction aimed at developing an
increased understanding of the equivalence of ratios within the context of speed.
Data from other research supporp'this toncluslon but at a more general
level; those data--some developed by Piaget—--demonstrate that students do *
not’ develop understanding of thc ratio concept until earlwy in the formal

reasoning period. *

A group of 105 third grade children was administered a screcening test

to determine if they exhibited concrete-operational reasoning with respect

to the ability to make spccdycowparisons and perform simple division. From

that grouijoulanger (34) found that 74Thad met the criteria; those were '
. , included in his study to dotcr;ine the effects of training in the propor-

" . tional reasoning asisciated with the concept of speed. From the 74

children, 51 were randomly eelected and assigned to three equally 51zed

treatment groups. The mean age of the 51 children was 8 years, 10 months.

One treatment (T & C) consis ted of training the children:ulthc proportional

reasoning associated with conv;rting distance and elapsed time into a
f .

bt
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statement of speed. The children were ncxt'exppsed to speed cpmparison
problems. The second treatment csnsisted ot'using csmparisons of distances
traveled and elapsed, time only (CO); né training was given on proportional

) ' H teasoning A control group was also used. The T & C treatment was pro-
vided during two 25—m1nute and one 10-minute session on three successive
days. The CO treatment’consisted of one 30-minute and one;lS—mlnute

session on two consecutive dayk. Those receiving the T & C treatment

scored significantly higher on measures of immediate retention than did ,
the control group but that significance disappeared when long-term retention
was checked. Both groups performed significant;y better than the control
group on problems different in context but similar in format. The T & C
group could perform this transfer immediately while the CO'group achieved

-

" significant success on transfer problems only after a delay of three weeks.

. In total transfer there were no significant differences between the groups.
The investigator says: "It is tempting to conclude that the conflict
experienccd by the latter (CO) group in not being given a method of solution

had a stronger residual effect than the directly trained group.”

» 4
o

Lawson .and Blake (160) addressed themselves to the criticism that

some Piaget—designed‘tasks "such as the pendulum task and the balance-

beam task...appear to requirezknowledge of specific physics content and
therefore do not measure.the gnderlying cognigive operation which they
purport to assess:” These authors used three.Piagetian tasks (the pendulum,
‘bending rods, and the balange bkam) designed to measure fdrmal thought, '

a 13-item pencil:snd—sapsr biclogy examination designed by the investigators,
and a non-science content examination designed by Longeot, The studengt
sample consisted of 32 males and 36 females from the same high school who
were,éhr01led in a second semester high school biglogy course, The age
range of the students was 14 years,a7 months to 17 years, 10 months with

a mcan age of 15 years, 5 months. Lawson and Blake concluded that since

the students "did not perform more formally on the non-science content
%examination and ott the biology content examination than on the Piggetian
tasks, the claim thht_studcnts pérform poorly on the Piagetian tasks because
£hey thuitc knowledge of specific physics content, has not been supported.”
Lawson and Blake also concluded that "The Piagetian tasks are relatively
content free and can serve as realistic indicators of concrete and formal

J ‘ thinking abilities."




placed in four separate response categories. Woll
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In 1970 Robert Karplus, University of Californiaf Berkeley, pnblished
an article which included a puzzle whieh he called "The Islands' Puzzle "
He suggested that the puzzle might perhaps be useful in assessing the nre—
sence of formal reasoning. Blake, Lawson, and Nordland (29) administered
“The IsI;st Puzzle" (as designed by Karplus) to 126 secondary school
students and then interviewed those students with three Piagetian tasks.
Fifty-eight pharmacy majors at Purdue .took the Karplus-de81gned ver51on of
“The Islands' Euzzle" (Form A). A rewritten form, Form B, was admlnlstered
to 52 pharmacy najors and 50 cempleted a second rewritten form, Form C, .
A random sample of 24 of the 5§ students who completed Form A were inter-
viewed with the same three Piagetian tasks. The investigators concluded
that "The Islands' Puzzle" may measure deductive logic but is not measuring
the~same abilities as the three Piagetian tasks used, These researchers .
do not recommend using "The Islands' Puzzle' to assess operational levels
as defined by Piaget or to characterize a person's cognitive level.

Between 197d;and the present, the group working at the Lawrence Hall

of SEience, University of California, Berkeley, has published five.studies

: which reveal their findings of "Intellectural Development Beyond Elementary

School." THe sixth of these studies is authored by Wollman (317) and is
concerned with the abllity of persons to control variables. Pilot studies
had confirmed that, starting as early as the third grade, children are
aware of the role of variables in certain gontexts, A total of 1555 students
in grades 4, 6-10, and 12 partlcipated in the research The students
responded to written questions follow1ng an oral 1ntroduction during which
an example was modeled. Most students finished the question in 1ess than
10 minutes. Two scorers read and evaluated each’ paper and an 87 per cent
agreement was achieved. The data revealed that al} responses could be .
jan concluded that the
concept of the controlled experiment probably begfns near the beginning
of the conerete operational stage., The root of the mature concept is
probably in the child's concepts‘of evenness and fadrness. Absent at the
concrete level, however, is a clear idea of what to do in general when
asked to judge a multigle- ~caused. event. Even when variables are.specifically
isolated for the learners at the concrete stage they do not systematically

determine each variable's role by varying it and holding all others the

-
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same, Ihinking that there is a single formal concept of centrolling
variables and that it belongs only to the formal stage rather than
developing throughout the concretetand formal stages is probably not

useful. v ' . .

Karplus et at., (144) administered a pr0portional reasoning task and
a c0ntrol of variables task to 3600 studcn&s between 13 and 15 years of
age in Denmark, Sweden, Italy, United States, Austria, Germany and Great
Britain. They collected the data in order to make a determination of the
distribution of*concreté»and formal thought at these age levels. The
results of .the research show that 25 per cent of the sample were rated at
the formal level, 32.per cent in a transition stage, 15 per cent of the \
the students_attempted to solve the problems by addition (Karplus calls
this the additive level)-and 28 per cent “of the safgple operated at an

intuitive level.

v

Two paper-and-pencil tasks were added to the placement tests a{yin-
istered to 885 students ‘enrolled in general chemistry at the University
of Nebraska, Lincoln, in the fall, 1974 (5). The purpose of the research
was to improve the placement advice given by the admission officers and
)to test the idea that scores on written Piagetian tasks would be partic-~ -
ularly effective as grade predictors, The results show that the Piagetianc
tasks score accounted for very little variance in course performance. The
specifically designed Piagetian tasks did not account for additional
variance over and aboveé that accounted for other measurement devices ' .
already used in the placement procedure.

Not infrequently, scores on Piagetian tasks are found not to cor- .
\telate highly w1th grades received in college science courses.- We hypothe-r ‘
size that the teaching techniqucs (lectures, demonstrations, show-and-tell). L
used in many college courses do not demand the use of formal thought,

?urthermore, students are tested upon what they can memorize. ﬁany con—~
crete operational students can memorize enough information to receive

a respectable grade and, consequently, thc‘corrclation between course
performance and operational level as determined by tasks ‘is reduced.

) * ’»
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Aruitoxt provided by Eic:

Dunlop and Fazio (82) used 466 students enrolléd??n”general college

chemistry or college physical science to test the.assgmption'that the

level of reasoning used by students when solving problems ls'substantially
below their capacity,

abstract preferences of science students,1n 18 problem-solv1ng tasks ard
the relationshlp between those preferences and level of cognltlve develop—

ment. When studying the abstract ab111ty (level of cognitive development)

Spec1f1ca11y, these researchers investigated

and abstract preference scores for science students in” five different

grade 1eve1s'(eighth, ninth, twelfth, college freshmen, and college

seniors) the finding was that the abstract preference scores did not

- significantly differ from grade to grade even though abstract ability

did increase‘significantly as grade level increases.

was no significant difference between college freshmen science and non-~

group did exist between the abstract preference scores for the science and

non-science groups.

Furthermore’,

Ll . - . . . .
science majors but a significant difference in favor of the science

¥

Lawson and Wollman (161) designed and carried out a study=to find

‘answers to four questions:

1.

v

To secure data to answer those questions, Lawson and Wollman worked with
.32'fifth grade students and 32 seventh grade students.
sample was composed of 1% males and 18 females, had an age range of from

9.5 years to 12.1 years, and a gean age of 10.5 years.

13

Can instructional procedures be designed and employed to
successfully affect transition from concrete to formal

cognitive functioning in fifth and seventh grade students

with regard to one aspect of formal thought, 1i. e., the

ability to isolate and control variables?

If training can enable concrete students to perform at
a formal level on tasks which were used in the training,
will that training transfer to tasks- also involving the
control of variables but using novel materials? °

If training can enable contcreté students to-perform at a
formal level on tasks requiring the control of variables,
will that training transfer to tasks involving different
concepts but ones which also involve formal thought?

What is the relationship between a student's level of
intellectual development and h1s/her ‘ability to prof1t

from the training?

.

« 7

The fifth grade

No IQ data were

.

_there

Al
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available. The seventh grade sample was divided equally betwecen males
and females, had an age range from 11.9 years to 13.6 years,hand a mean
age of 12,6 yeérs. The IQ range was 100-115 with a mean of 109.
. -

The experimental design used was pretest/posttest control group
model. The studénts in the experimental groups received four sessions of
individual training on cause~and-effect relétionships. The control groups
attended their regular classes. Posttesting followed the training sessions
and consisted of individual interviews conducted by two examiners who did °
not know to which group the students belonged. A female examiner conducted
the testing with the females and a male examiner worked with the males.
The Piagetian tasks used in the pretesting enabled the students to demon-
strate early concepts (IIA), late concrete (IIB), post concrete, and early
formal (IIIA) levels of thought. -The tasks used in the posttesting allowed
late formal (IIIB) thougﬂf to be demonstrated. In the posttesting,'the
bcﬁding rcds task measured whether or not the training was effective in
facilitating the ability to céﬁtrol variables with materials identical
to those used in the training. The pendulum task was used to determiné ’
whether or not the training was generalizable to a problem also involQing
controlling variables but using.nerl materials. The balance beam task
was also used to measure the gxtent to which the training led to formal
thinking. Paper~g%ﬁfpencii tests and oral responses were also used. Q%e‘
seventh grade sample also responded to a shortened version Longeot exami- °

nation. . © . P . .

*

<

These two researchers anéwe}ed the first two questions stated éar}iér
affirmatively. Students ¢an be trained to isolate and c;ngrol variables.
These authors answer question three like this: "Althdugh the training was
‘effective in promoting formal thought with‘fegard to one aspect of~formal
reasoning, it was limited in extent.” in other works,klhese régearchers'
data do not support answering question three affirmatiyély; training for
general formal bpc%ational ability is not productive. ‘The data collected
generally.show——fﬁ answe; to question four--that the more formal students

were more receptive to training than were the more concrete students.
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Aruitoxt provided by Eric
.

The review of the foregoing research was more extensive than the

others reviewed Here. because the Lawson-Wollman. research article received

the NARST award as being the most.outstanding research publication in 1976.

~

‘ . < ,
As the Studies involving. the measurement within thee Piagetian %aradigm
> Were.reviewed one ‘constant fac&or seemed to consistently trouble us.
"That factor is time~—duration of the experiment. If one subscrlbes to
‘the Piaoetian paradlgm he/she understands that the endpoint is the con-~
Astruction and/or reconstruction of mental schema and/or structure. That
:proceSSJdoes not, we Hel&eye, happen rapidly; time is required, In. addition,
in 211 probabllllty except for the experiment's activities, the remainder
of the léarner's ‘educational experience is at the show-and-tell level., 1In
other words, the,flagetlan—de51oned activities of the experiment must
overcome the rest. of the activities the child is having and produce eesnlts
that will demonstrate that the Piagetian paradigm is superior (1f it is).
To accompllsh.this in a brief period of a week or two-—-or an e1ght day
perioq as used by the follow1ng study--is expecting a great deal. We
woold urge researchers to use greater timé& periods,which will allow

thorough testing of Piaget's mental structure paradigml

‘

A study designed to test how the theories of Piaget, Vygotsky, and
Ausubel relate to concept acquisition by young - children was carried out
Billings (28), Thirty-one second gradc classes were used by Bllllngs in
this research; The concepts used were. "interaction" and ' Tevidence of

interaction"” from Interaction and Systems (Science Curriculum Improvement

.

Study). Ten classes received verbal instruction and concrete experiences,

eleven classes received "

only concrete experiences", and ten classes—-the
control group--received no prescribed tyeatment. An investigator—designed
and validated test, the Concept Acquisition‘Test (CAT), was osed as a.
pretest and posttest., The expeﬁiment was done over an eight—day perioo.

A post- posttest was also administered a week following the experiment.

The group who had concrete experiences with the concept scored higher on the
post and postepost administration of the CAT than did the group receiving ‘
verbal instruction and concrete experiences, but not significanti& so.
Billings states that the findings contradict "Ausubel's theories rcg&rding/’/
concept presentation to young children” but "do not give total support to

the theories of either.Piaget or Vygotsky." This investigator also reports

°
-
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°that the group.who received only cdncrete experiences with concepts Mused
- their own labels to ‘describe: 1nteraction and 'evidenge of interaction’.
| Billings conJectures that perhaps the{r 1nvention of labels for the concept *
aceounted for the higher scores of the concrete experience group, and;
if so, support is added to Piaget’s position that when teaching new concep®s

- te children their own wocabulary should be used.,
- ) r . )

-

' Research With thc Plagetlan Paradigm — Phase I Curriculum . B

-

v Fifty—six female and 46 male subJects furnished Enwieme (85) the

data to evaluate the incidence of formal reasonlng among dducation students

»

in eight specific content areas. Thé students were completing certifi~

cation in bu51ness, English, mathematlcs, music, modern language,' science,
social studies, and speech. Enwieme wished to know whether or mot,
differences in the incidence of formal thought occurred among,education

. .students in those content areas &5 well as whether or not : relationship
existcd between formal reasonlng and sex, socloeconomlc lével, parsntal

O v education, and/or grade—p 1nt average. A specially designed test .

\ measured the achlevement of formal thought., Thefe were 51gn1f§can

.

=
differences found _among | formal reasoning abll&tles for students\from
Al

the eight content areas. No significant d1fferences were found -between

formal reasonin atterns and sex, socioeconomic level arental educa-
v 3 r L
- -
K tion, and grade-point average. & .
. . T, ’ - S

g Chiappetta (53) made an exhaustive literature sea§Ch to determine
what research” had found relative to thegpercentage of seconﬁary school
students who had moved into -the staée of formal reasonlng Chr%ppetta
- concludcd that "most adolescents and young ‘adults do not appear to have °

attained the formal. operational stage of cognitlve development. This

“a

researcher also related research on cognitive development to’ sc1ence RN
7 achicvcmcnt and found thab’intellectual functionlng below level 1s the
rule rather than the exception, Chiappetta states that courses such
{'. as PSSC, CBA, CHhW Study, and BSCS are too abstract for most studcnts.
He also bclieves that® curricula such as ISCS and IAC are "bctter ‘suited
he concern

to the majority of the students." The conclusion reached ;Q&;hat“

science education will profit from the research done only 1f:

of teachers reaches the point '"where it focuses on student Jearning." -~ »
- , . | + ) ;
o . . | 7 . . .
I~ 4 ; R ] - RPN o
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Perhaps the most important conc’usion of this studK states that "Science
teachers whe are chiefly concerned about themselves in relation to .
their_teaching role or about their adequacy as teachers will be unable

.\ A s
to focus on’ the intellectual capabilities of their students..."

o . . °
. . ' N
. . 2

Using the Science-—A Process Approach (SAPA) durriculum, Johnson

(138) investigated whéther or not children who had/reached the concrete
} | [}

- operational .stage of intellectual development weré more, likely to succeed .

on SAPA exercises which require multi—clas51f1cation ab111ty than we o
v children 1dent1f1ed as pre~operationa1. The. matched pairs design was

empléyed us1ng one child from.ead1‘hwelopmental stage; the nember&of

each pair had mental ages within approximately one standard error 6f

each ﬁther. The students were taught nine sequentially arranged classifi-

cation exercises as prescribed by SAPA..'The concrete group pe;formed

significantly better than dld“the pre operational group in three exegcises

. requiring exhaustive sorting. "

Griffiths (111) used 66 physics, chemistrp,dand developmental science
college students to study. the relationship between the cognitive 1eve1 -
of students and their approaches and 1anguage nsed in solv1ng an inclined

! plane prbblem. This researcher found that f0ur types of _responses were - .
found to the problem. Twe of the\groups actively sought a generale
relationship among the variables and. wefe not content until they had .
.satisfied themselves about a relationship. These groups did show’ a
difference in the 1anguage thcy used to explain the problem; Gtiffiths™
rated both’groups as "formal." A third group was willing to quit at

. any time and further experimentation seemed to confuse~them. A.fourth
‘group was passivé and resorted to -the question: "What else do you ?

, " ’ .’want me to do?" This research showed that the§paradigmsnof science’

exhibit the characteristics of Piaget's formal reasoning stage, One

] group (12 students) exhibited (haracteriStics that showed readiness

for the formal reasoning paradigm of science. Six students (the second

\k ) group) could be raised quickly to the necessary level and audio—visuai
- . " matertals, programmed instruction and other sugh'prodidures were useiul
- with this student type. The last two groups, 70 per cent of the sample;
- P v ~
A ;“‘ 'C'z N LS
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"presenr a totally diffcrent problem," with the last group "Qiscriminated

against the most." Much of the educational technology of the” last few
years has.been aimed at this group with possible counrerproductive
"the efforte to meet the demands of the student}

results. In general,

may be detrimcntal " Griffiths believes that the products'of formal
operational science cannot be indefinitely superlmposed upon a nonformal
cognitive structure. Nhen this was repeatedly done studentsf“FeJected
physicail 1nputs and‘retreatcd,to their vocabulary. words oét fully
understood." This type of situation can stop fintellectual growth. So
fog'abOUt 70 per fcent of Griffiths' sample, scientific paradigms which
""exhibit the dynamic characterlstics of Piaget's formal stage' are

probably harmful. This 1ed Griffiths to conclude that

"the focus of

higher education must be shifted from 1iﬁcracy to cognition." . . *

e
>

A project to prepare 43 high sc%ool students from the inner city
for engineering led McKiﬁnon (188) to design and teach a two-hour per
day laboratory experience in the 1ogic of science. The students also
All of the

43 studeats were well mot1vated toward an engineering career and came

experienced remedial reading, Engllsh and mathematics,

from the upper third of their high school graduating classes, Twenty—}
elght of_the 43 students reasoned with concrete operati!ns and only '
seven ‘had reached the highest level of formal thought. Forty per

' of those students woo were concrete operational moved into higher lévels
of thought,

(Comment: A remarkable accomplishment in a six-week

period.) The logic-of-science laboratory was successful 4n proﬁoting
formal reasoning among the sample-of inner city students. .
Karplus (145) and his colleagues have been etudying the relation of
Piaget's developmental.lcvcls concept to stience teaching. A system
" which describes intellectual behavior which can be observed and woich
occurs duting the concrete and formal reasoning ézages has been deoeloped
and 1is explaincd here.. The findingd¢ of this group -of researchers have
led to proccdures which can be used to identify concrete and formal
content concepts. 1f, for example, temperature is thought of as a
reading on a thermogeter or as warm or cold sensations, it is.a concrete

concept. If, however, temperature is defined as averagé molecular

,41
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kinetic energy, it is a formal cor{cept. This report explains how

equilibrium, or self regulation, fits the intellectual development

model and how reasoning patterns are encouraged by the use of the_

learning cycle: explo‘ration,‘:oncept introduction, and concept appli-

cation. \ oo
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.~ Teachitg Methods and Procedures

) There is probably no researéh.area in education that evokes as

l_ . much cfiticism as does the area generally referred to és "methodology".

Some‘;ritics state, for example, that genuine research in this area is

mpossible because the ""teacher~xariable" cannot: be controlled. If

differént teachers are used for two or more teaching methods, the
~ crities takéothe position that the, "teacher variableh~is uncontrolled.
If ‘the same person teaches different groups of students using a different
technique.with each grodp, those critical of this research area use as
criticism the observation thatino one person can perform in an unbiased
manner with more than one teaching method; surel& the teacher will have
a "favorite" meEhod which wi}l bias the resulfg of the reséarch,
. . - -
Regafdless of the controversies surrounding research into/the
efficacy of the different procedures used to teach science to learners
from kindergarten through ‘twelfth grade, research in that areé continues -
year after year, and_the effort made in 1976 ‘was no exception., When the
‘resﬁlis of those efforts are studied, one is struck by thei; diversity.
Beyond the classical experimental group-cont¥ol group design, the
profession of science education does not sgqem to subscribe to a reasonahly
Hefinéd paradig& or set o{ paradigms to use in conductihg or evaluating
research in the general area of science téaching procgdures. The fore-
.o going remarks are made neither as evidence of strength of the profession
nor as a negative criticism, but as an observationr, .

- !

Research in the Methods and Procedures of Teaching Elementary School Science

Much'of the research effort in 1976 was a%ped at studying.the ’
~ effectiveness of using the inquiry teaching method. . Wali\(BOQ) studileb
the effepts that three different teacher edueation exéeriences in inquiry.
teaching had on the teacher's perception of the procgés of science and
the ability of the upper elementary grade studegts of those teachers
to ugse science inquiry skills, The teachers had been in: (1) an NSF- —
épdnsored, four and one-half weeks, Science Leadership Program: (2) .

an inserwice program conducted by those in (1); or (3) teachers enrolled

in a.graduate elementary science methods course, A control group

. -~




was also involved, Teacher understanding of science prqQcesses was

assessed by the Science Process Inventaory (SPI).” The ability of the

student to use science inquiry skills was measured with the Test of
.-\——‘*-—-

Science Inquiry Skills (TSIS) The students of summer workshOp teachers

did not score significantly better on the TSIS than did the students

of the control group teachers. On the SPX, summer workshop teachers
scored sjignificantly better than did the methods course and control
teachers, but not signific¢antly better than the inservice part1c1pants.

R'
Other comparisons made were 1nconclus1ve. L

)

. <
~ . ,

Working in Anne Arundel County, Maryland, Fertitta‘tQZ) developed

a plan for the infusion 3{ science processes into an ex1st1ng unified

science program. One of Fertitta's goals was to develop a plan flexible
enough to be adapded to other science programs. The plan was composed
ot three distinct parts, Rart One led teachers to find that there were

_ seven areas where science processes could be utilized in their existing

* science program. Part Two represented points of contact among concepts,
sub-concépts and content objectives and component process skills. Part
Three represented at least one, sample activity for each of the 113
sub~concepts within the program. A tatal of 150 students from the
program were evaluated and 54,7 percent’ of them showed a 20 nercent gain
dn the ability to use science process skills, 6 % percent gained 15

pegcent or more in ability; 76 percent ga1ned 10 percent or more and 86

pgrecent gained 5 percent or more. Guides titled Component Skills and

Sample Activities Were prepared, TFertitta concluded that the procedures
designed and used were effextive in infuslng the teaching of process

-

skills into an existing Unified Sc1ence Program.
B -

4 Is single language instruction in science any more effective than

bilingual lnstruction when working with bilingual students? Working in

New Mexico under the auspices of the University of Washington, Juarez N

(141) gathered data from 104 fifth grade children from four different

schools. Those schools had used b4ilingual education for at least four

Years prior to the study. The students were randomly assigned to one

of four treatment groups at each of the four schools and the teachers

were trained in’the use of the materials to be taught. The students!

achievement was first measured during the initial science instruction

- - ~
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ahd again on the final ‘set of science activities. In addition, student

1anguage‘prcferenCe (Spanish) and attitude toward science were also

measu ed.6 The major finding of- the study is that bilingual children
instructed in Spanish learned science content and process 'skills as ,
well as ‘bilingual children Instructcd in English. = But neither group
1earned cahtent and process skills as well as students instructed 5’;
bilingually in science activities presented in a subordinafe and super—

ordinate order. In addition bilingual children preferred “instruction . .

.An the(two‘languages.

® . -
The relatiOnship between curiosity and attitude and mode Of
instruction (inquiry and non- inquiry) was investigated by Metz (193). ‘
He used 200 third founth, and fifth grade children in his study . .o

AL
The Classroom Ochrvational Record (COR) was used to assist in the data

D

. collection after’ pilot observation had been used to place teachers in

-

\grade studcnts 4nvolved. Data were collected from three teaching

inquiry and non—inquiry categories. Metz assessed childrens' attitudes /’~N\\\\
towards stience by asing the non-verbal measure called Faces which is (\\:;
a part of the eValuation package of the Science Curriculum Improvement

Study ~The éuriosity of a child was determined by the number of non-
repetitive mﬁnipulations made and the’ number of meaningful qu\stiQ~J

asked. Thgwresults of ‘this* study, although not statistitally signifi-
}3 A
cant, show a trend that suggests that children experiencing non—inquiry

sclence become less and less satisfied with the discipline. The results .

showing that a ch1{d~s ourfos1ty is a 'function of the teaching method

used wére highly significant; students of teachers using 1nquiry were < *
>~ { .
found to be‘much moie curious than were studerts of ponrinquiry teachers.

»

+
'

- .
. -

Roger 'T. Johnson (136) also focused his-research on inqu1ry because
he bekieved thexe is a strong relationship between inquiry learning
andva?cooperatiyg learnlng structure. His, study was designed to deter-
mine 1f Studcnts involved‘in an inquiry—based science program perceived

it as\a cooperative or competitive goal structure: There were 108 sixth-

.

itu%iions (l) a free inqéiry sctting usinp the Batteries and Bulbs
unit of the Efementary Science Study. (L), (2). the "Electrons in Action
unit from ‘Concepts in,§cicnce ‘and accompanying materials (TM), and (3)

-
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and again on the final set of science activities. 'In addition, student
language preferenee (Spanish) and attitude toward science were also
measured, The major finding of the study is that bilingual &hildren
instructed in Spanish learned science content and process skills as T
well as bilingual children instructed)in English. But-neither group
learned content and process skills as well.as students instructed
bilingual children instruqted in English. But neither group learned
content and process skills as well as students instructed bilingually
in science activities presented in a subordinate and superordlnate order.

¢

-
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¢ The relationship between curiosity and attitude and modé of |
instruction '(inquiry and non-inquiry) was investigated by Metz (193).
He used 200 third, fourth, and fifth grade children in his study. The

Classroom Observational Record (COR) was used to assist in the data

/ collection'after pilot observation had been used to place teachers in
. inquiry and.non-inquiry categories. Metz assessed childrens' attitudes
tonards science by using the non-verbal measure-called Faces which is
a part of the evaluation package of’the'Science Curriculum Improvement
Study, The curlosity of a child was determined by the number of nons
repetitive manipulations made and the number of meaningful questions
asked. The'results of this study, although not statietically significant,
show a trend‘that suggests that children “eiperiencing non-inquiry *
stience beeome less and less satisfied with the discipline. The results
h showing that a child's curiosity is a function of the teaching method
used weré‘highly signlflcant, students’ of teachers using inquiry were

“ found to be much more curious than were students of non—inquiry teachers.

-

~
Roger T.. Johnson (136) also focused his research on inquiry because
he believed there is a '"strong relationship between inquiry learning

" His study was designed to

and a cooperative leerning structure,

determine if students involved in an inquiry-based science .program per-

ceived it as a cooperative or competitive goal structhre. There were
/.lO&msixth-grade-students involved,. Pata were collected fromkfhree teaching

situations: (1) a free inquiry setting using th® Batteries and Bulbs

unit of the Elementary' Science Study (L), (2)-the "Electrons in Action"
“unit from Concepts in Science and accompanying materials (T™), and (3)

Q . . ‘ [ )
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In addition, bilingual children preferred instruction in the two languages. ' <
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the "Electrons in Action" unit without the materials (T). The same’

teacher taught all groups. A six-week instructional period was used
during which the classes met for 50 minutes daily. During the last '
week of the experiment, l4 students per treatment group (a total of 42
students) were randomly selected for individual-interviews. The

studeqti were shown four pairs of photographs depicting an aspect

of cooperative or competitive classroom structure and two or three
sentences describing each of the pictured situations. The photographs
dealt with a general'school atmosphere as well as with a science class.
The intent was to focus attcntion on'the cooperativeness:or competitive~
ness of each pietire and to compare that decision to his/her own classroom.
There were no differences in the manner in which the general school |
atmosphere was perceived. Less than one-fourth (24 peréent) percei;ed
the school as cooperative and only 14 percent perceived division of labor
as part of the school:. One hundred percent of the students in the
inquiry group (L) perceived a cooperative goal structure, 86 percent of
the TM group perceived a cooperative structure, and 50 percent of the
T—group perceived a cooperative .goal structure. The differences were
significant. One hundred percent of the L~group perceived themselves '
as-working with materials and 100 percent of them-preferred it. In )
the T-group, 93 percent indicated a preference for working with materials
and many recognized that they were not, In the TM«group,‘QB percent
recognized they were working with materials and 100 percent preferred ‘.
it that way.  One hundred percent of the L and ™ gLoup and 93 percent

of the T-group preferred Cooperation to competition, Johnson concluded

that the data supported the hypothesis that "inquiry-oriented science -

classes were perceived by students to be more cooperative than the text~‘

What relationships are there befween the average ability level (as
measured by the IQ score) and class size and the teaching strategies a
teacher employs? Yeany’ (325) used videotape and collected data from a
random sample of 64 student teachers in grades three through six. The
videotapes were analyzed for level of teaching strategy by '"two trained
raters' who were using the Teaching Strategies Observational Differential

(TSOD) . The Elementary Science Activities Checklist (ESAC) was used to

.
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book classes." Furthermore, all three groups preferred cooperation. )
|
|
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Aruitoxt provided by Eic:

" randomly assigned to the SSLS or the TSLS treatment, sex and race were

" - predictable set of behaviors than in the TSLS classroom. Perhap’s

P
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collect data on how the students in those elementary science classrooms

perceived the teaching strategies being.used. Yeéany's results were not
statistically significant, but the "trend seems to be toward more direct \
teaching as class size increases...'" The results involving class ability

were also nonsignificant. .

~ -
+

>

Using the Instructional Practiees Questionnaire kIPQ); Pafterson
(221) classified 17 fifth-grade teachers as high-individualized or
low-individualized instructors. The'stndehts of-those teachers completed
the Bristol Study Skills instrument (wnicn Patferson called "a science
cognitive instrument" and questionnaire which was designed to "validate
teacher responses on the IPQ." The Bristol instrument contains five
subtests: propertles; structures, processes, explanations,.and inter-
pretdtions. Patterson 1nvestigated how a classroom rated as high or
low individualized by the IPQ was related to the achievement of science=

related ccgnitive skills by the children. He found that those class-
rooms rated as high in the individualized instructionaﬂ?situation produced

students who ranked highest .in science-related cognitive skills. . : l
Teacher behavior patterns in the elementary science classroom was

the focus of research done.by Penicﬁ Shymansky, Matthews, and Good (225).

These researchers defined two contrastlng teaching strategles, which were

labeled "teacher-structured learning in gcience" (TSLS) and "student- :

structured learnﬁng in science' (SSLS). The difference in ‘the two strategies

rested in the amount of directiveness used by the tpacher in anwactivitz—

centered science classroom. 1In other words, the research centered upon .

how student classroom behavior was influenced by teacher behav1or. e

population was composed of 250 students and elght teachers——two teachers

and classes in grades one through three and one class and ene teacher ‘ '

for grades four and five. Fifty students from each grade level were

equalizing restrictions, The "Teacher Behdvlor and "Student Behavior" .

sections of the Science Curriculum Assessment System (SCAS) Classroom

Interaction Cateporics were used to collect student and teacher data.

The SSLS classroom produced fewer patterns containing non-lesson-related

behavior and greater clustering patterns which resulted in a more

KY
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providing directions and other restrictive behaviors .provided the less-

* than-conforming student with a more relaxed and less anxiety-ridden
frame of mind. These researchers concluded "materials, activities, and
curricula, in general, cannot be made “teacher ?roofﬂ" Teachers need .
to be aware that thgir behavior patterns greatly influence the educational

outcomes of a classroomn.

« ’

|
\
Pertick (224) extended the study of the SSLS and TSLS ¢lassroom ‘ ‘
strategies to growth in~crea§ivity and used the Torrance Tests of Creative }
Thinking (TTCT) to measure that attribute, Thé population used was 51 l
fifth grade student§. He found that there were no differences in the

verbal creativity data from students who eXperienced~the two teéching

strategies but that the figural composite score on the TTCT demonstrated

that the SSLS gtoup scored significantly higher than did the TSLS

classes.

-
»

Few teachers would believe that teacher behaviors convey the saﬁe
message to all children in that class. There is evidence that dyadic
interactions are useful in the classroom. Shymansky (268) studied the
relationship between certain aspects of one-to~one interaction between
a teacher and a student in an activity-centered classroom and_ that student's *

t/ behavior du;ing the remainder of the lesson. The time of the interaction -
and whether it was verbal or non-verbal and the studenﬁ's classroon . -
behavior were the'specific variables studied. During a five-week .
* period, 78 student observations were made in fifth érade science using

t 4
the "Student Behaviors' portion of the Science Curriculum Assessment

System (SCAS) Classroom Interaction Categories. The data collected

suggest that lengthy dyadic iﬁteract;on between student and teacher may
reduce productivity and learning effectiveness . and be thought of as
interference by the student. Some teacher-student interaction 1is

"needed but the teacher dnd the materials combine .to provide the learning

environment.

Using the evaluation matendals prepared by the Science Curriculum

Improvement Study (SCIS)~--with some modification--to measure achievement

. in twenty third grade classes, Norris (211) compared the effects of
individualizing the Interactions and Systems unit of the SCIS. The SICS

.
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material had been éﬁgﬂied for the individualized learning system and was

entitled Science Curriculum for Individualized Learning (SCIL). Norris .

useé the pretest, posttest, post-post-test design. There were no
differences in achievement between the SCIS and the SCIL groups on the
post-test but the SCIL group scored significantly higher on the post- '
post-test. Norris also studied the students' attitudes toward science
and science class using a survey imstrument entitled hHow I Feel About
School and Science"; that instrument'has five different scale factors.
The'results between the SCI§ and the SCIL groups were miged; one grcup

excelling on some scales and the other group excelling on other scales.

[

Sixth grade students in Winona, Minnesota, were the population Fick
(93) used to study the acquisition of non-verbal cognitive abilities
and productive thinking skills when experiencing the ESS units Tangrams
and Geo Blocks. An exper1menta1 and control group design which utilized

a post-test was employed. The 1nstruments used were the Verbal Form A :

and Figural Form A of the Torrance Test of Creative Thinking and the -«
Thorndike-Hagen Nonverbal Cognitive Abilities Test. The experimental

group scored significantly better than did the control group at the 0.02
level on non-verbal cognitive abilities: beyond the 0.01 level on

verbal fluency, at the 0.02 level on verbal flexibility, at the 0.20

level on vérbal originality, and at the‘0.601 level on figural flexibility,
figural or%gindlity,_and on the composite scores of all divergent thinking®

tests, .
Nelson and Abraham (210) believe that the post~ 1aboratory discussion
is being overlooked by many teachers of eLé;entary school science.
Furthermore, these researchers believe .that the accommodation of mental
structures——accordlng to.the Piaget model~-can result from an effective
post—laboratory experlence. The teacher can, accord.pg to these inyesti-
gators, use the laboratory experjences to move the students toward the
symbolic mode of thought using what is called a probing strategy. A
probing strategy 1s opposed to a teaching procedure which asks for student
observations and then accepts or reJects thoge data on some notion of
correctness. Nelson and Abraham studidd the effect of the two strategies
on student‘incrcase in observation, inference, verification, and cldssifi—

cation. The sixth grade population of an inner city and a suburb were

-~
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used a total of 116 students.,- The Classroom Observational Record (COR)

and the Inquiry*Skills Measure (ISM) were used to gather data. The IsM
. was used in a.pretest,"posttest mannet, The investigators issne several
precautions regarding the generalizabillity of their "findings but cau- ‘
tiously conclude that to increase the uantity and quality of inferences,
the probing strategy is better than a on—probing strategy. Furthermore,r’

a probing strategy 1ncreases the quantity of observation made in an

urban school but the non—problng strategy is better in an urban school.

\
- i ‘

Rescarch in the Methods and Procedures of Teaching Secondary School Science.
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’Mosley and Bell (201) report a study underteken to examine the
influence of objective statement spécificity on student learning resulting.
from the independcnt laboratory-based thsical Science Investigation
Program. The study involved -three teachers ;nd 138 eighth grade Regents
students from six intact classes. Each teacher taught one section using
specific behavioral objectives and one using non-specific objectives.

In both treatments, objective statements were presented prior to the
instruction of the given pnit. A non-randomized ¢ontrol group, pre-
posttest design was used, Pretest scores showed no significant differences
between classes. Two-way analyses of variance of the posttest generated
F-;alues that were not significant for the, teacher and interactlon ’
source of variance. The treatment effects were significant (p <u05l.
Higher means were obtained by the grouos provided with the specific
behavior objectives.{ A post-hoc questionnaire indicated student perception
of the use of behavi ral-objectives.as being helpful generally, helpful

in achieving higher grades, and helpful in providing guidance through

the unit. '

How do the forms of questigning techniques teachers use influence
student cognitive achievement and retention in junigr high sehool science?
Guthrie (112) idcnflfied two distinct questioning strategies: Type I
questions were those formed prinarily in the third person and therefore
treated the student as an outsider and solver of the problem posed.

. /
Type II questions were those which were designed to place the student

right at the focus of the problem and to convincevthe student he/she, .
{ . R ’
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should assume the responsibility of responding to the question from ag\

e -

“quasi-experience base," Guthrie utilized an experimental group’

control groyp design. Using Type I questions, howéver, did not signifi-
student achievement or retention of subject matter,
increase the percentage student talk versus teacher-talk (when compared
to earlier studies of FlanQers and otherS),nor did Type I questions . .
significantly increase the length of. student responses. )
.. {
) 3
Carlson, (48) evaluated an individualized contract-directed high
school chemistry course and;compared that evaluation with a group-
instructed, teacher-directed course. He found no significant differences
between scores on cognitive measures or affective measuraés_of course
preference, attitudes toward science or toward a specific clgss, or self
actualization. After one academic year, a statistically significant
treatment difference favoring students in the group-imstructed, teacher-
directed classes were found on an investigator-designed, summative, .
'criterlon~inferenced examination. After the same perjiod middle academic
ability students from the individualized treatment praduced higher scores

on the Tennessee Self—Concept Scale. °

~

t E]

Teacher-~directed instructlon where the students progressed together

through a prescribed sequence of concepts with access to a set of behavioral -
objectives was compared to the technique of letting the st t,progress
through the same set of concepts in his own time (self-paced) with access

to the same set of behavioral objectives by Ritter (249). The materials
used in instriction were BSCS Biology: Molecules to Man, Ritter found

no significant differences between the groups in short-term, mid-term,
or long-term achievement not did he find any significant differences

between the groups in long-term process gkill improvement.

'

1

Monaco and Szabo (197) evaluated the team approach for teaching biology.
A sample of 147 sophoﬁorc students was divided into six sections, each
section was, randomly assigned as control or treatment, The team consisted
of three instructors. Each mcmber taught, a control group for an cntire
year, After an introductory session of nine weeks, team members began
teaching their specialty (botany, genetics, or microbiology). Students

in the treatment groups worked with a different team instructor each,



Lo

\ | . . i
for nine weeks. | The criteria used in this stydy. consisted of T-scores.
from five separate objective tests. The experimental design v\d:.as a
2x3x5 factorial analysis of varidnce with intact class sectiffis \randomly

assigned to experimental or control groups. Variables 1nclud two

grtfups, three instmctors, and five content areas. Among the conclusi:ﬂ

were that acadenic biology students acquired more biology subJect matt
knowledge when they were instructed by .2 team rather than by an individual
instructor and that #\ere were significant differences among each of the

instructors relative to student achievement in biolo T

3.
Riban (246) distinguishes a field study from a field trip. A.ccording
to Riban, a field .expedition is gf at l'east a few days in duragion whereas
a field trip is one or tnor,e periods on the same*day. Sixteen junior
high schdoLstudents participated in a multi-~day field study in the
Grand Canyon in Arizona. A total of 85 items with geologic emphasis ‘
were selected from the preliminary tests of the Earth Sckence Curriculum
Project and completed by the field study. Later the test was administered
to..".a group of advanced stud,ents of science from the same school who had
hot participated in the field‘work " Neither the field :studieswroup
nor the comp‘arison group had completed courses in the earth sciences.
Riban states that the leaming displayed by the field study group i
"excelled any reaionable e’xpectations S The achievement of the field
study group was "completely superior to that of the comparison group of’

l

‘Some statistical data are offered that sub—

-

science-prone stfents.
stantiate Rib%claim. ‘

I . “

|
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Mayfield (185) studied-the factors which affect rationality in a
group solution to a problem# Sixty 11th and 12th graders were divided
into groups of five and given the NASA 'moon survival" problem. After
participating in the group situation, each group met'nb‘er complete;d Bales'

Interpersonal Rating Form A-(revised). Mayfield cautions about-, the

generalizability of his findings, but several are worth noting in relation
to outcomes from group work. Most indiyiduals' SOlt{tions’ vere not as l
correct as later decisions made by ti entire group, and an individual's
asecond/solution. tended toward the gr,ou‘;x\ solution. At some point in the
session after some useful- and some useless items hadibeen idt‘tified

the group devalued the problem and the remaining decisions were seen as

.ﬂ . ) . . . '
3
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unimportant. Mayfield found that there,were four primary factors which

contributed to non-rational decisions.being made. Those factors were

L4

concession, force, rules—of—€humh, and emotion.
. . ) . Qt

One hundred and six chemistry students from eight classes, and
involving four teachers, were the subjects Abraham (2). -used to study
grouping as an instructional methodology. Spec1f1ca11y Abraham stud1ed .
whether or not grouping by divergent thinking potential influences the
amount and kind of student verbal 1nteraction dur1ng a science inquiry
Divergent th1nk1ng poteutial was operationally determ ned by each ‘student' s
compositeé scgre on the verbal portion of the Torrance Tests of Creative

Thinking (TTCTQ ThHose scores were then used to form homageneous and

'heterogeneous groups. Science inquiry was used to stimulate the formula-

tion of hypotheses and the design of experiments. The students were
told they were in an experiment to see how they went about’ splv1ng science
problems. A film was then shown to the Students and they were g1ven

two gUestions to discuss. Abraham summaY¥ized the results of th1s study
as ‘meaning that there was an interaction between grouping and divergentl

thinking potential; and that interaction showéd a trend which favored

~ .
medium djvergent-thinking persons in homogeneous groups and high divérgent-:~

thinking persons in heterogeneous groups When the mean number of
statements made by persons in both homogeneous and heterogeneous groups
who have high, medium and high divergent- thinking potential i$ con~
sidered, homogeneous grouping is‘ag effective waf of encouraging'greater
amounts -of verbal interaction.

. ® . : .

Bates and Watson (19) investigated ?hether the interagtion of teacher,
student, and classroom characteristics had a significant effect on ) ‘
classroom climate. Linear regression techniques were ‘used to predict ‘
selected scales of "Anderson's Learning Environment Inventory" (LEI) >
from sets of orthogonal variables which were representative character1st1cs
of the teacher; student group, and class structure. Eight scales
accounted for 21 percent, to 63 percent of the Variance for the model
group of 72 classes. Data for the-studyrwere'drawn from the Harvard
Project Physics Summative Evaluation Data Bank which- reprefents a true
national random samﬁ&a of 54 physics teachers with 3085 students in 103

classes. One of the observations of these, invcstigators relates to the

-’

(S Mg N . -
L‘{J

-




P
intimate and cdntained less friction and apathy.

nt R -

disttibution of the sexes within classes. Classes with a relatively

high proportion of females and a climate that was more democratic and

The students in those
classes were evaluated as being more satisfied than in classes where the
proportion of females dropped. These investigators ask whether or not
women are attracted to, or produce; that type of environment. A

7
.

Which combination of lecture, discussion or, direct-indirect teaching
produces optimum student growth? Markelltahd Mayer (177) used 19
teachers, all of vhom were participating iq an NSF-supported College
Schgol Cooperative Science Earth Science Prog?ag, and 18 classes to
gather data to answer that question. _Actually this sEudy involved the
search for statistically significantilinear and curvilinear (optimal)
relationships between asseseed student perceptions about classroom
instructional procedures and pre-posttest chadées in‘students' under-
standing of science concepts, attitudes toward seience, and development
of interests in science. The 19 teashers and 38 scierce classes. involved
in the study also participated in a-researeﬁ plan that included the "
administration of several instruments in a pre-posttest design during
the academlc year.

Data were collected using: (1) concept-process

. tests, (2) the Science Classroom Checklist (SCACL), (3) the Silance and

¢
* Remmers Interest Scale, and (4), an instrument to measure student atti-

tudes toward s;ignce and scientists (BATSS). For this study, the

Instructional tivities Instrument was developed, ﬁilotedy and
administered neaf the end of the year. A Qirect/indirect score on this
instrument was compared to corresponding pee—posttest change scores

as measured by the other four instruments. A linear relationship was
found between student atgitude toward scieﬁce as a subject andﬁﬁeacher
d;rect:indirectness. Certain instructionay ?ethods were found to lose

favor with students if frequently used.

A learner's attitude toward what- is being studied qnd His/her
anxiety about the course, teacher, peers and/or examinations are

certainly factors in influencing thf amount, ang\kinds of learning which
W

o studies reported during f976

will be accomplished in any class.
addressed themsolves to the general areas of attitudes ard anxieties

%fociated with different teaching methods in secondary school biology.

. '\/,:‘ - ez
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Clay (57) investigated attitudes toward education, critical thinking
ability and specific affective behavior. She compared students who
had studied the BSCS environmental module "Investigating Your Environment"
(IYE), those students using one of the BSCS Biological Sciences version
and those studying Modern Bioclogy. The sample of.students came from 3?
high school classes throughout the United States. Sixteen classes were
involved with the IYE and sixteen classes receiued the otherltwo instruc=
tional methods. The IYE treatment enroiled 355 students, and 375
students received the other two treatments. Instrumentation consisted

of the Attitude Toward Education Survey; Cornell Critical Thinking Test,

Level X; and the Biology Students Behavioral Inventory, Form C. Clay

found that the abllity of students who had experlenced BSCS Biological
Science was significantly increased but no other differences were found

among the students on any of the other variables.

/

. i

The design and formative evaluation of a two-weeks minicourse
dealing with the.biochemical, physiological, and psychological aspects
of emotional stress was completed by Betkouski (26). A total of 431
secondary biology students from four different schools (six different
teachers) were the subjects for the experiment and were randomly divided
among three treatments--A, B, and Control. Treatment A consisted of the

two-week minicourse followed by a four-day session on coping with test

anxiety (a modified ver51on of Coping With Test/Aﬂilety. A Guide, was
used). Treatment B consisted of the coping-with-test-anxiety component
only. The two treatment' groups and the control took a series of pre-
tests consisting of the A-State scale of the State—Trait'Anxiety
Inventory (STAI-Form X) and the Test Anxiety.Scale (TAS) prior to a

teacher-constructed test administered before the treatments began.

= An achievement test covering the material in the minicourse was also
givén as a pretest. The posttests, consisting of the same instruments,
was administered at the conclusion of the treatments; and the STAI and
TAS were given prior to a teacher-constructed test six to nine weeks

)

after the treatments concluded. The research sought differences in
R the anxiety levels and knowledge levels among the groups. No significant
\ differences in anxiety levels were detected. Significant differences in

knowledge levels measured by mecans of the achievement test were found:

-
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Group A scores were significantly higher than both Group B and Control

M -

scores;. Group B scores were significantly higher thin the Control scores.,
‘ \ . .
During the last few years the type of methodoldgical procedures

) usable with the mengally handicapped‘has, in general, received universal
attentioh. Whét methode?8gical procedures in science are effdctive with
this particular groub of learners is also receiving cohsideration.
Bacohgle) used the BSCS curriculum Me Now to study the achievement and
retention when that material -was taught by "a deductive method and a
discovery method." Bacon used the BSCS objective test acéompanying the”

d

Me Now units, monitored teacher behavior with the Science Curriculum

Assessment System, studied the reading abilities of the students, and

tested the interaction effect of reading ability and treatment, He

found no significant differences.

Teaching methodology to use Qith the educationally disadvantaged
student also has received special attention recently. Kahle, Nordland,
and Douglass (142) studied four teacﬁing procedures~-timed audio-tutored,
self-paced-audio~tutored, a tra@itional classroom procedure with study
guides, and a t;@ditional classroom approach with visual aids as teaching . \\ )
procedures. The first-year biology students of these teachers in an
urban high school constituted the 160-member sample which was divided
into six treatment groups. The age range of the sample was 14 years to

‘/18+ years: The treatments were copducted over a six-week period. .The N
groups were judged as equivalent at the start of the experiment. Self-
;;aded, miltiple-choice, formative tests were used throughout the study.
A pretest with an equivalent form of posttest was also used. A sifnifi-
cant differenc? in achievement ‘was found in favor of the self-paced

audio-tutored group. .

Kahle, ﬁouglass and Nordland (143) also analyzed learner efficiency‘
when individualized and.group—instructigpal teaching procedures were
utilized with disadvantaged students. '"Learning efficiency" was defined
as achievement point gain per classroom.minute.' The subjects, procedures,
and treatments described in the previous study were used in this study. T}
The conclusion was drawn that learning efficiency "as éesgribed by net
gain mean/total time mean, is increased by ah'individualized instructional

0~ system."
BJ!; y ’ ~ . 9 ‘L
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- The separation of the teaching methodology employed in a classroouh-—/’\“””//.
and the materials used is often artificial. Most certainiy'meterialg
can be designed around specific teaching procedures which Gilioiead to
the achievement of specific goals. Coleman<éfl) designed a non-simulation
game technique, Genetico, to assist students’'in the study of gepetics?
After testing and evaluating Genetico, Coleman concluded that significant
cogné;ive learning resulted from its use, and that'race and scholastio
achievement "predicted cognitive achievement for the study population."
Genetico did not, however, influence attendance and punctuality. Johnson
(137) undertook the development of materialégahich*would promote and
permit investlgation of problem.#ecognition and subsequent ‘research
qucstionxhg abillty among students. A system named Learning to Ask
Research Questions (LARQ) went through four developmental phasesf‘ The
experimental population was tenth grade iolog& students.‘ Johnsoﬁf

. . concluded that LARQ is a useful tool for developing and investigating

" research questioning skills in 'students, taxonomic questioning is easier o
for students than cause-effect infuiry, rei7t{onshios Petueen pairs of

skills is hierarchial in nature, and the sfudents developed a questiéning s

.strategy in the course of several lessons, . ’ '
Vi . . . . - . ' .

Askham (12) designed and carried out a study to find out if nine-
to-twelve—year;old children classify plants growing in a seminatural -
environment the same way they group non-natural oBjects in g Classroom .
setting. He found that this age group used more varied and complex
strategies to classify the plants than to cla551fy the'non—natural
objects. In fact, says Askham, children using more and more comp(ex
classification categories suggests that there are ''many 1atent classifi~
cation schemes as yet unassessed." Since this increase in classification
and its complexity was motivated by using natural objects (plants) in
a seminatural environment, "further research should be moved out of the
classroon or lakpratory and into a more natu?él setting;" and non-natural

objects should be replaced with natural objects.

v .

o .
When reviewing- the thirty research studies included in this section,

one is struck with the many problems inherent in studying teaching

e
methodology, Somc of those problcms are bcyond the control of the science-
educatioﬂ researcher and he/shc can, at best, only attempt to control

\)4 ‘ ‘
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such variables énd, at leasg, recognize ‘that they exist. There is,
Howéver, one variable that is evaluated so differently in methodological
research studies that comparison of those studies or atfempting apply
éi; research results in a éetting different from that of the ofiginal
researcher is.difficult, if not impossible. The variabLg being referred
Qq, © to 1is ;tudent achievement with respect to content. In the research

Just Qeviewed that variable was defineéd as éverything from the,appli-
: Eation of methods of stating a research question'to how many achievement -

points a student gaiged°per minute. ' : .

Y Q . .
There are those who believe that an entire spectrum of meanings of .

such a variable as achievement is acceptable and healthy for a research

.

s area. Possibly thak position is true.’ But the faet that there is such

great variability in the meaning of achievement in the prbfession reflects,

we gelieve; the lack of a common theory base for the‘practice of and v
researqh in the profession of science education. We recognize that the
establishment of .one or more theory bases for science education is an
undertaking of monumentad propqyﬁ%ons and will fequire a great deal of

time. Ve believe however, that if science education is to continue

.

.as a viable research area, that undertaking must be started, In the f

-

. s . d
interim, each researcher can make a significant contribution to the ‘

. s . Q
- profession if he/she will carefully define how student achievement with ~
%
i respect to content is being viewed. . < , .
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. The Educatnon of Teachers

N -

Perhaps no topic in the field of education evokes more divergent
Opinion than the general aféf’bi teacher education. The laws governing
teacher certification range from absolute prescription of Specific
Courseg in some states to a general statement in other states of the
number of hours of college credit required. ﬂThe types of educatlonal
experiences a kindergarten teacher must have are generally prescribed
by law but the law is silent about what types of educational experiences
the persons teaching future kindergarten teachers will have, had, '

Has research been helpful in resolving the problems inherent in the
area of teacher education? In general, the answer to that question is
probably "no," but research in the past has certainly been helpful in
<a isolating specific problems in need of solution, providing data for

particular questions involved in the general teacher-education picture,

and suggesting improved ways of accomplishing specific objectives in the
field. A summary of the research published in the area of science teache%
education duffﬁ% 1976 is reviewed in this chapter. The review is divided *
into four general categories: elementary school teacher education,

secondary school teacher education, research concerning teacher education
from kindergarten throughi rgde twelve, and research into inservice

™~/

‘. RN
education. ) L~

¥ . L4
¢ Rl

+ Research in Elementary School Science Teacher Education

< . —~ ¢

The profession of education has generallyAagreed that both preservice
and inservice education are necessary in teacher educqtion,' Which of
those experiences is more effective? Does one stage in ‘a teacher's
career make that person more amenable to change than another? Stephans-_
(278) compared the influence of a natural science course on preservice
and inservice elementary teachers and on inservice primary and 1nter~
mediate teachers with respect to their agreement with the philosophy
to teaching science,of the Elementary Sdience Study (ESS). He used
29 preservice and 42 inservice teacherg. The eight—weekktreatmeht——two
hours and fifteen minutes each week--consisted of activities from ESS
materials preSented as the developers intended them to be"used with

children. The subjects were evaluated by responding to a seriles of
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multiple-choice, behavioral items, each pnesenting a teaching situation.
Stephans found that the instruction did not produdce any significant
differences in agreement with the ESS philosophy between preservice and
inse}vice teachers. He did find, however, tha; wlth the inservice gnoup\

. the treatment had a greater influence on the intermediate teachers than ™~

on the primary teachers.

Cotten and Evans (68) used an experimental group of 70 elementaty
teachers and a control group of 32 to study whether having teachers N
perform inqulry—investlgatLNe activities with a written model would
lead to greater facility with process skills than ceuld be expected from
elementary school teachers who did not perform the inquiry-investigative
activities. The treatment required a minimum of seven weehs. The
process skills considered were observing, measuring, communieating,‘
classifying, prediction, infefring identifying variables, and controlling
variables.. A 17-question, 75-item process skill instrument was developed"
. and used in a pretest, posttest design.. The investigators concluded
) ; thae "the two groups can be considered equivalenﬁ‘pfior to the experimental
treatment." The experimental group showed statistically significant
perfbrmances in obse€¥fving, classifying, predicting, identifying variables

. anip;gn;iblllng variables.. In addition, the experimental g{cup slgnlfi—

cangly outgained the control group in inferrlng. These tesearchers

4

used a subsample of slxteeq_from the experimental group, and, using the

Instrument for the Analy31s of Science Teachlnc, Version 2, found that

the ratio of closed teacher questions to open teacher questions was
siénificantlyircauced. The percentage of continuous teacher lecture
was also significantly reduced. Students of these teachers .exhibited
a significantly more positive attitude toward science instruction, and
engaged in s}gnificantly mpre nonverbal aétivities and peer interactions.
Three procedures designed to encourage and educate preservice /{
elementary teachers in the use of inductive/indigect strategies in
teaching science were evaluated. by Yeany (524). Procedure One, Strategy
Analysis Level, consisted of educating futufe teachers in science teaching
\\' strategy analysis using the Teaching Strategies Observation Differcntial
(TSOD). 1In the second procedure, Modeling Level, the subjects viewed
video—tapes of model science lessons which déed inductive/indirece

2
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teaching strategies. ‘A third treatment group received a combination of
‘the first two treatments and a control group viewed films neutral to
the treatments. The TSOD and the Elééentary Science Activities Attitude
Sort were used to collect data. Thea;ombination group adopted'a more -
1nductive/iﬂhirect teaching style than did the control group. Evidence
is supplied which shows that activities that Qill "signifjcantly. and -
positiVely affect the éciencehteachidg style and attitude of pre-service
elemenfary teachers can be designed." - . e !
R §

Yeany (323) also designed a stud§ to assess the effects of three
treatment levels involving microteaching with videotape playback and
strategy analyses on the teaching strategies selected by secondary
'science-teacﬂing methods students. Three groups of ten students each
were randomly assigned to three treatment levels. All subjects taught . -
a pretreatment and a posttréétmenq peg; group lesson; both were videé—
tabed. Each student viewed his own prelesson, and before the taping of
the péstlesson, the following instructions were given: group 1 - no
inétruction (control); group 2 - instruction in how to use the Teaching
Strategies Observation Differential (TSOD) to assess the prelesson;
group 3 - same as.group 2 plus'the requirement that a tape-viewing .
session with the instructor of the course be carried out, Trained
‘raters used the TSOD to analyze thé'postlessons for the degree of direct-
ness/indirectness exhibited by each subjeét in their teaching style
after treatment. Using ANCOVA, significant differences were found
between group 3 and group 1 and between group 2 and group 3, indicatang
a cunulative effecg of the tre;tment procedures. Yeany suggests that
perhaps this research shows that wﬁilé there may be certain advantages
to individuglizeﬁ.or self paced teacher education programs, opportunities,

for the student to interact with the professor are important.

The elementary school science "methods course' is usually a college
experience ha@ by preservicéﬂteachefs. A great deal is exgected of the
Mmethods course." The instructor is expected to combine the students'
prior courses in educational philosoppy, pedagog? and science~-not
infrequently very traditional "show-and-tell" science courses--and lead

them to develop a thorough understénding of how to teach science’and a

&
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procedure for doing so. The number of semester hours devoted to this.
undertaking is not infrequently less than three, Seldom is so much
output expected from so little input, Perhaps for the foregoing reasons
the elementary school service methods course has attracted researchers

in science education for some time. The research published in 1976

3

was no exception.

Barufaldi, Huntsberger and Lazarowitz (18) designed and earried
out a study Uto investigate changes in attitude of pre-service, elementary
education majors toward inquiry teaching strategies," The "methods
course" furnished the g&bjects for the study; 146 students were involved,
The subjects, however, had elected to study the "methods course." The
subject matter of the course was the "content, methodology, and processes
of science that are employed in the teaching of a modern course iﬁ ele-
mentary school science.”" A modified form of the Inquiry Science
Teacbiné Strategies (ISTS) was uséd to measure each subject's attitude

toward-inquiry teaching. The students were pretested\(the first day of

class) and posttested (the last day of class). The redults demonstrated =

that a significant.change in attitude toward inquiry teaching took
‘place betweeﬂ the two administrations of.the ISTS. .

A total of 246 students was used by Shrigley (265) to establish
the reliability of an instrument to measurg the effectiveness of the .
instructor of the "ggthods course," The coefficient alppa index of" .. '
reliability was 0.83. Shrigley then surveyed 286 third-year elementary
education students enrolled in science Qsthods courses aﬁ four midwestern
teacher-education institutions. The data demopstrated that if a science
methods course instructor is to have high cfedibility with college stu-
dents he/she: (1) referred to practical teaching activities in class,
(2) had taught.science to children, (3) assumed responsibility for
teaching science content, (4) modéied teaching modes similar to those

proposed for children, (5) assisted science professors in designing N

',science content courses, (6) counseled student teachers, and (7) .

assisted inservice teachers. Authoring science textbooks or science
methods textbooks and being involved in fesearcg did not add to the
instructor's credibility with college. students,
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Eighty-two elementary educatlon maaors constituted the group
Strawitz (280) used to assess an undergraduate science methods‘course,
The subjects involved in the study were 82 elementary education majors
. at Louisiana State University. Students not in the course rved as
a comparisdn group. The treatment group participgted in sciehce activities
selected from ESS, SCIS, 3nd SAPA materials. Students were: encouraged
““qudevelop individual teaching styles, consider feedback from the
instructors and peers, and formulateﬁtheir own concepts about teaching

strategies and roles appropriate for the teaching of elementary school

~

science, The control group discussed topics such as planning f%r

effective teaching, individualizing instruction, and evaluati Scores \\ ’
on an attitude inventory were used as a Premeasure as well as a post= e e
measure. Scores on Form E of the Rokeach Dogmatism Scale were used as p

a measure of the belief systems of the students. The dependent variable
o was teacher attitude; the 1ndependent variables were method of instruction
and teacher dogmatism., Findings suggested that the instructional method
was very effective in changing the attitudes about teaching science.
It was noted that these changes due to the treatment were for the most

part unrelated to the bdlief systems of the students.

Utiiizing a "methods course" which had a strong }ield component,

- Piper (229) studied the changes in attitudes of the students and the
cooperating teachers., Thirty-six students enrolled in an elementary
science methods course were randomly selected and given an instrument

. using OSi?od's semftic diffeaential approach the first week of class,
the 'sixth week on campus prior to field experiences and the thirteenth -
. wweek following field experiences. The elementary teachers who had
observed the university students teaching in their classrooms were
given the semantic differential prior to the students' teaching and
following the students' teachiﬁg in their ciassrooms. Five factors

M
. 'were used to test the change in attitude5° (1) Science in High School;

(2) Science as Remembefed in Elementgty School; (3) Science Methods
Course; (4) Stience in the News; and (5) Teaching Science to Children.
At the end of five weeks of on-campus activities, the university

students changed their attitudes in a negative direction toward (1)

. and (2), But in a positive direction toward (3) and ). Folldwing the
. : ¥ ) ' ’




réality experiences with chi fg;fzﬁ_zhe field; attitudes toward (3)

and (5) were even more posiéije tMan ‘prior to fieldlexperiénées. The
attitudes of classroom teachers who had university studentslfeach 4
sciénce activities in their elassrooms also changed in a negative direction

toward (1) and in a positive direction toward (5).

The elementary school science "methods course” is used for many

‘ things.” Bluhm and Hungerford (33) found that using the "methods course"
as their instructional vehicle could ;ake a statistically significant
improvement in stu%ents' ability to define environmental gducation’and
in thei£ acquisition of concepts concerning ecology. The research was
conducted using a pretest-posttest design. The investigators developed
their own evaluation instruments. These researchers believe that the
instructional model used appeared to influence significantly under-

. graduates' perception§'éongerniqgithe definition of environmental

education. el

0
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The Teacher Cérps was designed to provide persons who held a college
degree 'with "a repertoire of basic skills for teaching various school
subjecgs, including science.'" Wilson, Koran and Koran (312) claim that
"few if any sdmmative evaluation reports describing the effecgiveness

"of Teacher Corps Programs exist." , These researchers worked with a
ﬁulti—racial';roup all of whom had degrees'aﬁd whose Graﬁ&ate Record '
Examination (GRE) scores were betweev/ﬁﬁo and 1400 (a2 mean score of 850).
The students received a M.A.T. deg?ee if they successfully completed

the two year program. These students experienced a lea%ning‘prochure
that can best‘be described as modeling, p§§ffice, feedgack, reiﬁforce—'

ment using the Science -~ A Process Approall elementary scienee program. \\

The data used in the evaluation were collected by evaluating the students

at entrance to and exit from the program on nipe "target behaviors."
Those . target behaviors zere: (1) assessiné behavior, (2) evéluating
instruction, (3) probing, (4) giving instructions,\(5) vocabulary
development, (6) establishing set,.CJ) reinforcement, (8) eiiciting
observation an& classifigation, and (9) establisﬁing models, Siénificant
behavior change was fownd among the students in behaviors (1), (2), (3), .,

(7),/5;d (9). The investigators concluded that the methods of training

ugsed were stccessful even with students who had low GRE scores, They

4 . ’
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contend that the major advantage of the training model used is its.flexibilitz;‘
and that the model would be advantageous with many inservice and preservice
teacher programs where local personnel are used as master teachers who

may not know the nature of some of the basic skills and desired outcomes of

‘the teacher tra1ning program. Most of the concerns of the Teacher Corps

.

are also the concerns of the preservice and inservice teacher education
. ~ -
programs., The inference is that those programs should-look at the Teacher

4

Corps operation. R

’ T ’

Tomera, Hungerford, and Walding 2295) conducted a survey of professional
sclentists, science teachers, and preserv1ce ‘elementary education majors.
They were sent a questionnaire consisting of the Perceptions of Science and
the Scientist Inventory (POSSI) instrument. The instrument comprised six
short- answer questions deallng with* . (1) a—definition of science, (2) the
differences between science and technology, (3) the greatest contribution of
science to man s culture, (4) the most important intellectual process to the
scientist, (5) the paramount ethical responsibility of the scientist, and
(6) ‘the value of science education to human beings. Included in this’ report
are analyses of the various types of answers given to'these quesgions and the
percentage of each sample group that responded with each answer-type. In -
general, the results of the study‘showed that scientists and science\educators
had:similar perceptions of science but that the pre-service elementary educa-

tion majors often had no response to questions or held views contrary to

those of scientists and science educators.

Research in Secondary School Science Teacher Education’

How can specific¢ teaching beh Tiors be taught to preservice teachers?
Rezba and Andersen (244) asked wtﬁr or not using a system which involved
a model teacher laboratery behavior and a microteaching environment would )
cause preseryice teachers to change their interaction with students in such
a way as to complement inquiry-centered teaching. Randomly assigned groups
from a sample of 56 participants were. presented a printefl model of labbratory
teacher behavior and a perceptual model employing those/behaviors--a video-
tape of a teacher performing the behaviors found in the printed model. The
gtudents then engaged in peer g™pup microteaching. All content for micro-

teacbing was taken from the work of the Intormodiate Science Curriculum Study

(ISCS) and all teacher behavior models were based upon materials from the ISES.
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Following the instructiomal treatment, the participants demonstrated signiti>
cant increases in the use'of accepting feelings; praise or egpcouragement;
modifying students ideas;: accepting or using students‘ ideasy all -types of
questions; and all indirect Vverbal behavior The treatment also, significantly
decreased the use of lecture. Ihe treatment did nothhow a significant impact
upon acknowledging, applying, or,summarizing students' ideas nor was the use
of cognitive-memory questions, giving directions, or critizing andbjustifying
authorit§ significantly influehced by the treatment. 5 . t\
The ISCS program‘was also %sed as a reselrch vehicle by Knight (149) \\\
who investigated the value, to preservice teachers, of'ciassroom experience .

with the ISCS program. A total of 31 preservice teachers wds given 18

"hours of preparatory instruction on simple teaching skills and science con-

tent. They then had 20 hours of experience as a teacher Would‘have in an

ISCS classroom, The Nature of Science Scale, a Word Asseciation Scale, and

a Teacher Trofession Questionnaire were used-in eyg&uation. Measures were
also taken to establish that the preservice teachers understood the philo-
sophy of the ISCS classrdom and that they demonstrated they knew the philosopb
while working in the classroom. After the ISCS experfence, the preserv1ce

teachers expressed interest in a broader science background, an increased

aw'

preference for junior high schdol teaching, student reading“problems,
individualizcd instruction and the evaluation of student progress. A ’
decréased interest in the use of bl\?kbdards, teacher aides in the classrooh,

and writing relevant obJectives for studentsmuas measuféd. >

. There is no doubt that the exact competencies needed“by's%cond&rymlw«—~~uukum~~w~
school science teachers are not known. Qureshi (239) designed and conducted

a study to identify a set of validated competencies that could be used in -

" educational programs for that group. Interviews with 21 randomly—selected

high school teachers led to the identification of twelvc competencies.
Those competencies were: (1) A teacher must know his subject and keep
striving to update his knowledge?\zg;\A teachér must-have a good rapport
with his students; (3) A teacher must recognize the individual academic
abilities of his studcnts and try to help and cncouragc each of these stu-
dents; (4) A teacher must make his lessons intercsting without wasting
time; (5) A teacher must be able to control discipline problems tb protect

the learning experiences of his students; (6) A teacher must plan lessons

13 S
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‘in advance with the idea of presenting the scientifig}concepts and ideas .
in an organized and clear manner; (7Y A tcadher must foster unbiased
independent and critical thinking in his students; (8) A teacher, especially
the one who is teaching low and average ability students, must relate the
scientific concepts and ideas he is teaching to the daily life experiences
and needs of the ‘students; (9) A ‘teacher must evaluate, in a traditional or
any other practical sense, the academic progress of his studentsand make
the results available to them as soom as possible, (10) A teacher must,
appropriately, respond to sudden diversions of student thoughts, (ll)
A teacher tust make appropriate actions to instruct the students about
laboratory safety practices; and (12) A teacher must fulfill his proressional
responsibilitids, Validation of the competencies was accomplished by uSing
the paﬁel—of~judges technique. Through the use of inter-judge reliabilities,
inter-teacher reliabilities, and the Chi-sqilare statistic, the conclusion

was drawn that only competencies 1, 2, 4, 5 and 6 were validated.

®

[

When a person engaged in the education of science teachers looks at a
class in.which they\are enrolled, the question regarding who will finally~
achieve certification is intriguing. What criteria could be used to predict
success? Research has not yet produceda definite answer, but Neff (209)
has demonstrated that the Scholastic Aptitude Test of .the College Entrance
Examination Board (SAT) is not capable of making that determination, All
students at Ball State University seeking provisional certification to teach
biology between 1965 and 1974 comprised the_ sample, which was divided into

two groups for the study. Group one‘inéluded all persons who achieved

__i_i__.ilaﬁmcertification~(33lAStudenes}~ané—group~§wo~was—ma?e—upwof~thosestudent3'who - -

did not receive certification €244 stggentsg. "When the discrimfnant
analysis technique was used with the SAT verbal scores and mathematics
scores, no significant difference?/were found betweeﬁ the two groups.~*
The conclusion was drawn that SAT scores were not reliable predictors of
"provisional certification of biology teachérs at Ball State University X
during the period between September of l9§5 andﬁJunerf 1974."
Do the actual experiences which®a student has in college rcally influ-
ence the attitudes of a future teacher? %ry (226) designed and carried
out a study to test whether or not a learning module which prescntcd a
laboratory—orientcd{ studcntjccntcrcd inquiry method of science teaching,
’ . H )
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presented in'a posiitive way, could affect preservice secondary science
teachers' attitydes toward the teaching nlodulg, This researcher ¥lso

studied what other factors might affect the Change, in attitude toward the

module. Perry used 50 perservice secondary science teachers enrolled in

" a "scilence methods" course, The instrumentation used in the research 1ncluded

4

o,

the Semantic Differentlal Test of Teacher Attitudes (SDTTA), the Sixteen

Personality Factor Questionnaire (16PF), and the Ames Philosophical Belief
Inventory (APBI). The 50 students were divided into two groups on the basis

of_performanceﬁbn the SDTTA. The sample was ranked from greatest postive

attitude toward student-directed learning to greatest negative attitude
toward student-directed learning; in other words the better group was oriented
toward teacher—directed‘learning. The sample was divided at the median.
The Study's results demonstrated that a significant improvement of attitudes
toward positively viewing student-centered, inquiry science teaching
occurred during the completion of.the learning module. The two groups
differed significantly on four personality factors. The student directed
oup was more enthusiastic, forthright, apprehensive, and tense. No
differences were found based upon sex, philosophy or the number of education
credits earned. The major predictors of positive change ingattitnde, in
order of importance, were the personality factors of ‘tenseness, maturity,
stability, forthrightness, intelligence, and laxity (carelessness of social.
rules) .

¢
' +

Results of a stud;\leported by Stronck (281) involved lessons taught

in biology by 58 student teac s which were evaluated by other student
eachers and by the students Zz:ng taught. The data were gathered by using
an_evaluation instrument which had nine categories: (1) knowledge of subject

atter, (2)‘%ttitude toward subject, (3) explanation, (4) speaking ability,
(5) attitude toward students, (6) personality, (7 evidence of vlanning in
procedures and materials, (8) students’ atténtion, and (9) obJectives. A
_total of 2,399 questionnaires was completed by the students (an average of
\bproximately 41 per lesson) and a total of 314 questionnaires was completed
by other student teachers (an average of more than five evaluations per
lesson). The students gave the student teachers significantly lower ratings
on eight of the hine categories than did the other student teachers (peers).

The- exception was category 2; no significant differences were found for that .

category. The suggestion is made that preservice teachers should not

S~
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bec;me overconfident when studyigg pecer evaluation from miéroteaching.
Secondary school students will_prob%ply be significantly more critical.

When teachersgtaught at two ;eparate times ana were evaluated by the students,
there were no significant differences between the evaluations'of the first

and second lessons. ’( N

.
T

¥ ' R
Farrell, Farmer and Clark (90) began with previous research they had
done to identify teacﬁing'competencieé used in competency-based teacher

education. They had identified 74 such competencies. There  were seyen

@

competencies identified which "would not*likely be discarded in a loﬁger
term study". In this research a dystems analysis model was*developed ﬁsing
.the competencies as a conceptual framework for a program for teacher educa-
tion in science and mathematics. The researchers sought to determine the
interrelation;hips among the competencies comprising the model and to

test the theoretical.links between the model and the instrument designed

" for testing. Data were collected on 122 student teachers over a period

of five semesters. Seven factors emerging from the amalysis accounted for

. 46 percent of the total variance. Six of those factors loaded on the same

‘ general criterion which can best be described as dealing with the affective
domain./(Those six factors are: nature of tbe content, to be learned,
gtudent intellectual development, objectives specified,]how humans learn

various categories of content, instructional strategy degign, and feedback -

resulting from the implementation of plans.,
Many different positions in ‘the educational heiraéhy from both the
college and precolleééx{fvel have an impact upon the profession of secondary
/8thoeI'science teach%ng. Do all persons in those positions view the tasks
[
to be accomplished from the same frame of reference? Conner (65) compared

the views of science teachers with each other and the views ofrscigﬁce*

teachers with those of "methods course” instructors on selected theories
and practices in_science education, The questioé;aire technique was iUsed
‘;A and 42 methods course instructors from 35 Ohio teacher education institu-
tions and 216 Ohio secondary school science teachers participated. A total
of 100 items, 50°on theory and 50 on prgctices in"secondary-school science, J
was rated on é‘fivevpoint, Likert-type scale that indic#ted dégree of ag?ée—
- ment with the theory statements and frequency of use of the practices. The ~

data were analyzed by the principal components method, t-tests and the ™

2
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analysfs of variance. The principal findingS were: (1) Methods instruc-
tors were significantly higher than were the teachers on the theory factor
re1ated to nontraditionalism and significantly lower on the theory factor'
related to coptent mastery. (2) Methods instructors were significantly
higher than were the teachers on the pf!%tices factors related to humanism
in science, nontraditional ‘approaches, and diversity of classroom proce-
dures. (3) The factor structures on the theory portion of the questionnairew
were different from the factor/strpctures on the‘ﬁractices portion of the
questionnaire. (4) Analysis of variance performed by experience on the
teacher responses resulted in significant F ratios for all six theory

factors and on only one practices factor. (5) Analysis of variance performed
by science courses on the teacher responses resulted in significant F -
ratios for three theory factors and five practice factor§. (6) Analyses

of variance performed by school size and by teacher's major field resulted

_ 1n no significant differences on either theory or pract1ces facicrs. (7)

Analysis of variance perforeed by amount of the teacher's equcatlon resulted

in a significant F ratio for one theory factor and no practites factors.
(8) Analysis of variance performed by curriculum, either_ traditgonal or,one’
6ﬂ the national programs, resulted in significant_g ratios for one theory

factor and three practices factors,

.
N -
- * ‘

The resultsfof the study indigated that the theoretical orientation of

\.(‘-
®

Fbracticing teachers differed sighificantly from the theoretical orientation ,

of ﬁethgds course instructors. Furthermore, science teachers used practices
which differed in many significant réspects from the practices advocated
by methods instructors. A teacher's teaching practices did not seem to

have azfelationship with that teacher s agreement with given theories,
J Y] . -

\

How well do teacher education graduates function in the schools?
f 4 \
Acquiring data to answer that question requires that follow-up studies be

made of those completing teachgr education graduates, Most assuredly not
2

enough follow-up studies have been made in education, Science education

literatire for 1976 contains such a study, Swami (286) made a follow-up
8tudy of teacher education graduates from a field-based, program which was
designed to prepare science teachers to 1mplement inquiry—oriented activities-
in their classrooms., This researcher wished to find if teachers had changed

their views of inquiry-oriented activities for science teaching and how -.

activities implemented by tc?chers with differrgg amounts of experience
|52 o
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might be different. Data were gathered from 86 teacher .education graduates
having one to four years of experience and teaching fulltime sciedLe in Ohio
durfng the 1974-75"academic year. A wide variety of instrumentation was <
ugsed. Using Analysis of Variatce, Swami found no significant difference.

>

in changes of science teachers' views regarding the appropriate types of .

classroom activities after one to four years of teaching experience. -

' Furthermore, no s1gnificant differences were found in the types of activities

these teachers implement in the classnoom. Several variables which influence
the types of activities implemented inz{hepclassroom»were €ited. The

data demonstrated that students generally liked inquiry-oriented teaching

and teachers considered administrative support for inquirynoriented activities

essential. Swami concluded that an outcome of a field-based program was

the stability of views toward inquiry-oriented activities of teachers

completing a field-based program. , - ) =

L]

Follow-up studies .can ‘algp reveal trends, fads, and/or stability in
science education. Mayer (lv‘ reports on a study conducted in the spring,
1974, yhich was a follow:ﬁp of an original study conducted in 1964-65 and
a follow-up of that study conducted four years later. As a pa ¢ of the N
1964-~65 study, a criterion model of an earth science education progran/was
developed. The 1968-69 study identified 210 institutions as having earth
science teacher education programs;aQS of those institutions had provided
information for the 1964-65 study. The questionnaire used in the 1974 .
study went through several stages and evaluation dyring its development.

It used data and procedures from other science edh ation activities. The
questionnaire was sent t% each of'the~71 instigutions which had provided
information in the 1964-65 study; 68 of those institutlons responded and
all 38 from the 1968-69 study responded. Data from the study suggest that
the academic components of prograns of institutions 1§;olved id carth
science teacher education were resistant to change even when it means
adopting natipnally developed recommendations." ‘Earth science as an inter-
disc#plinary study was not being .implemented by the institutions in the
studx. The procedures for presenting the subject have seen very little s,
change., Very little field work was fogpd; that fact was first isolated

in the 196%4-65 study, The requiremcnt of*an earth science teaching methods
course has heen added since the 1964 65 survey, The Earth Science Teacher
Preparation Project has had little or no effect upon programs offered by

the insti:utions in ‘the study,
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i I Research in Scicnce Teacher Education in K-12

Ve

.Since 1958 the National ‘Science Foundatlon has spens nearly 150 ad
million dollars for teacher—educatlon and upgrading, Is there any~evidence
that precollege student cognitive achievement has been increased because
of teacher part1c1patioﬁ in NSF-sponsored institutes? Willson and Garibaldi

. (310) believe that the answer to that question is generally positive but
the significance to students of thé, teachers attending institutes Qaries
by oubjeét‘matter and grade level. Furthermore, that significance was

influenced by factors outside the scope of the study,
. : |

-
1

Forty-four sophomore teacher education students at the University of
Towa represented the population Mizzini (230) used to study whether or not
the Iowa UPSTEP preservice teacher education program made a positive
- contribution to the students' self eoncept. Twenty~two of the 44 students
. served as a control group and 22 of the students participated in UPSTEP,

Twelve variables concerning self-concept were measured with Tennessee

Self-Concept Scale: The UPSTEP group scored significantly better on ten of
those twelve variables than did the control group. Since the concept of
self is believed to have an impact upon teacher-student interactions, the
results are important to teacher education programs. Several recommendations
R a are made, for use of these findings. The investigator concludes that per- )
haps "the most important,ehange is putting the person back into 'the
prpcesses of education‘i" '
/s

May and Crawley (183) sought to develop an instrpment capable of assess~
ing the effect of ‘the classroom teacher's model of teaching upon the model
acquired by the/student. An instrument was designed whlch conitained state-
ments grouped into one of three categories depénding Upon the partlcular

skill in/guesti n. These skills were instructional, interpersonal, and

AR managerial in natur A Likert-type scale was used to irddicate the extent

7 to wiich an fhdividua

»

's model was teacher-, class-, or student—ceptered.ﬁ
,Déta were gathered from Level I interns, student teachers, and cooperating
"teachers in the competency pased teacher education progranm at the University
of*Georgia., Pre-~ and post -data were obtained from Level I 1nterns, a single

) sampling of responses was ¢ollected fyom student teachers and cooperating

o teachcrs. A correlational analysis was conducted which examined intra-

- N -~

-

{and inter-group agreements, Numerous findings were made that indicated
Bl > . /
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th;t the instrument wa; sensitive enough to meaédre changes. Among these
results was that student“teachers viewed the relationshfb‘betweén instruc~
tional and interpersonal models of teaching as similar whereas Level 1
interns saw them as unrelated, and cooperating teachers were uncertain as
‘to the reI&tionship between the twe teaching mode%s.

Most certainly when a student enters a course which is to give him/her
a perspective on teaching science, th#g student should expect to develop
a pesspective which integraE@% the nature of science, the nature of the
learne® and the nature of teaching, College students should, in other words,
develop a theary base for teaching science, Does this happen? What would
such a learning experiance look like? Could a- nalytical scheme be
derived that would be dseful in examining teaching materials (namely books)
qged in the college methods courses and which also might furnish a perspec-
tive to look at tg?chers’ views of science and teaching? Russell (253)

developed such an analytical scheme from selected theoretical perspectives

of the nature of science and the concept of teaching, The divergent interw

pretations of science of several science philosophers were examined and used

to develop five dimensions of the analytical scheme, Selected philoso-
phical analyses of the concept of teaching were described and interpreted,
yielding/;ix more dimensions. An initial assessment of the applicébility
of the analytical scheme was made by using it to examine arguments in edght
passages‘ selected from a samplé of textbooks which discuss methods of !
teaching science. As developed, the agalytical scheme maylhe used by sciente
teacher educators in the design and evaLpatiog of various aspects of their
programs; several possible applications were noted, .The theoretical per-
spectives developed in tﬁe study provide a sound cohceptual basis for
research concerned with_viéws of s¢ience and teaching dctually held by
teachers, views implied by teachers' teaching behaviors, .and processeé §y '

which' views or teaching behaviors actually do change. T
) Ty
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. Research in Inservice Teacher Education

- s .
-y 4 o~

A total of 24 rural elementary teachers used a home stugy instructional : '
program designed’by Futrell (102) and which utiliZed materials fromrthe‘
-Elementary Science Stydy (ESS). The 24 participants andlyzed the investi-
gations that they performed from a teacher's point and then used the ;
activities with the students in their own c}aésroom. The s:udy was iéde ‘ .
7 in ordeT to test thé effectiveness of providing teacher education with
curriculum developments in an area of ‘low population dersity. Specifi-~
cally, the study was to test the effectiveness of the home insgructional
program in: (1) téaching a new elementary science curriculum's philoso-
phical approach and methology; (23 developing an attitude toward scienée
and the teaching of science more consistent with the philosophy and goals
of the new science curricula; and (3) developing a positive attitude .
toward the program of inservice instructionitself. The results of the
‘ study showed that knowledge of the ESS program was acquired and that a
positive attit®de toward science teaching was.developed. However,

significant changes were produced in the teachers' attitude toward

science, Positive attitudes were developed toward hpme study.
X A 5

Fif;y-thrée eleﬁentary teachers in the downtqwn area of Panama °

. . City ‘were pre-tested by Barnett (17) to establish their knowledge 'of
science process skills and attitudes toward scienc , scientists, and ’

scientific careers. The teachers were randomly assilgned to four work-

. shops actording to their proceés skill scores; those workshops were of

varying length and appreaches. All workéhops used the Science-A Process

Approach curriculum, materials and equipmept. Some of the groups,
howeve;, participated in microteaching. Due to the statistical téchnique
used, data from only 40 teachers were used in the final analysis. Pre-
and post-wq;kshop observations were made gf the teachers' classrooms

\ to ascertain the use of equipment and materials, as well as overall
behavior, by the children in those classrooms. Barnett concluded that
workshops that are organized for teachers' active participation can.
facilitate the transfer of that experience to classroom situations and
the students of those teachers have their'brpcess skills and use of

equipment enhanced. No interaction was noted between workshop length and

the way the workshop was conducted.

37 | : :
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A study by LaShier, Hall, and Colbert (156) involved- the partici-
pants of a four-week, Nagional Science Foundation-sponsored workshop who
were 1n£ére§ted in piloting the life science phase ,of Science Curriculum
Improvement Study (SCIS) materials in ;ix sqhool‘disgyicts hnNortheasp
Kansas. The purpose of the stud& was Eo invéstigate‘the progress of par-
ticipant usage of SCIS and to identify.concerns of the participants so
that helﬁ could be provided. For this purpose, a "Concerns Questionnaire" ‘
was administered~to the participants before and after the workshop, and
was also administered to teachers who had attended the workshop the previous
year and had Seen using SCIS for one year. Among the results of the study »
were: (1) the teachers who had been using SCIS for one year were less. con-
cerned about the management of SCIS.than were the inexperienced teachers;
(2) the workshop participants were more concerned abodtinanagement of SCIS
after the workshop than before the workshop; and (3) there was no differ-
a ence between the scores of the participants on the instrument "Science and L 4

s

Science  Tecaching Attitude Scales" before' and after the workshop.

. Thirty-six.teachers from eight different schools and their students
formed the experimental group used by Hgﬁnshell and Liggett (130) in eval-
uatigg whether or not bringing about cogniti've and affective change in
students could be accomplistred by bringing about cogniti@e and affective
change in their teachers. These researchers used environmental education
as their wehicle in gathering data which would lead to the answer to their

. inservice~educatiéﬁ question. They designeﬁ a three-phase treatment of
the teachers in the experimental grou; (a control group.was also used)

. thét bégan by studying particular areas and resources in those areas,
through environmental awareness activities and ended with implementation
in the teachers' classrooms. A fourth phase, evafhation, was also
included. Knowledgexof attitudes toward, and feelings.about, the
environment were evalﬁated with aporopriate instruments. In other words,
the evaluations were ma@e on the cognitive and effective levels; almost
2000 tests were admiﬁisgcred in the pre~, post-experimentalf/control test-
ing cycles. The answer to every question, bqt one, asked of‘1%e data
was "yeé” and all those answers were statisticaliy significant, They did
show that the time of exposure of the teachers to the project had a signi-
ficant effect on the attitude of students but no)sfgiificant influence on

knowle&gc scores, : .

e
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A large number of the studies reviewed in this summéry.could be
classified as evaluation studies. Many of qhesé.sttdies (for gxample,
evalution of teacher education programs and evaluation of instructional
methods) have been or will be summarized in other sections of this
review. This chapter will limit itself to five aspects of evaluation:
(1) evaluation surveyé - those studies ascertaining the state of learning
scilence; (2) curriculum evaluations; (3) affeétive studies .~ those
looking at the parameter of attitudes, beliefd, self-concepts, values,
and interests; (4) instrument development; and (5) evaluation methodology -
those studies looking at‘the techniques and procedures of evaluatién in
science education. There is naturally considerable'overlap between these
variéus categories of evaluation. A study assessing the effect of a
student's attitudes towakd science may also invdlvé the déyeloément of
an instrument to measure that attitude, These studies might be reviewed
in either or both of the relevant sections of this chapter, depenﬁing

upon how important the contribution to those areas is.
Evaluation Surveys Coe .

Quite ‘a large number of studies appear to be trying to assess the’
state of science learning by students. Some of these surveys are very *
general in nature; others %re more specific. Some survey on a large
scaie,‘some on a smallersscaie. There are several foreign studies‘thch\
give insights into the workings of science education in emerging countries.
The most important of these sﬁrveys, however, is the National Assessment
of Educational Progress (NAEP), which released several studies during
the time éonsidered by this review. The ﬂhtional Assessment studies
(205, 2b6,.§07, 257, 258, and 263) .interpreted various aspects of the
data collected during the 1969-70 and 1972-73§§Qience assessments.
There‘yere 400 questions-used.in the science assessment and they were
askedof four age groups: 9 years, 13 years, 17 years, and young ‘adults
(age 26<35). Sample groups were compared bysgeogfaphical region, sex,
,race;)and Eype of community. The National'Assessment objective for

sciedce were: (1) to assess thé>know1edge of 'scientific fact and
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. brinciples, (2) to assess process skills, (3) to measure an understanding .
of the investigative dature of science, and (d) t6 measure the appreciation
of science's role in culture. One of the reports (205) included sample
questions‘and an analysis breakdown of the. question by groups.

f. ", i - ( » )

Questions from the NAEP exam which were concerned Wwith knowledge

of and attitudes toward energy Were studies in one of the reports (206),

The results suggest an overall decline in knowledge, although some groups

saw slight gains. This is in keeping wigh the general decline in science

achievement noticed between the 1969'and 1973 surveys. Attitudes towards
conservation and environmental concerns appear very strong as measured

in the 11973 sprvey. Selected results from the attitude questions df the

NAEP are studied in another rg dtt (297). Interest in, and attitude

toward, science appears to bAve undergone a small overall decline between

1969 and 1973. The majopity still, however, have positive attitudes .
towards science. ' Interest seems to be high but is declining. Other

results from the survey indicated that few high school students (approx- |
imétely 10 percent) see science as a career in their future. Almost all
of the subjects see that research is, important and beneficial. However,
selected types of research get different levels of support fro% these

students.
)

Informatggn on selected scientlfic skills and knowledge were summarized
in another NAEP study (257). The breékdown of results in the 9, 13, *
and 17 year old age groups appear to be consistent. Students did not
. do as well in these areas in 1973 as they did in the 1969 'survey.
There was an average two to three percentcdrop on the individ‘ questions
which were given in both surveys‘ Regdonal results indicated that the
Southeastern region was the 1owest in overall knowledge and skllls in ’
science, but had mproved its pos1tion with respect to other regions from
1969 to 1973. Although boys appeared to out-perform girls in the area
of science knowledge- and skills, both showed about an equal decline
‘!during this period.” Scores for blacks were below whites, but did not
decline quite as much during the study period. Students in rural areas
o showed gains in the 9 and 13 year old(gge.grdup and smaller than average
declines in the 17 year old age group. This group was next to lowest

with regard to other types of communities in" 1969,

G0
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Further analysis of the racial and regional data jaslcarried out in"

two NAEP Studies (258, 263). Overall, blacks’paralleled whites in their
declining scores in science from l969 to 1973. There’'was no improver '
ment in the relative performance in sciences for blacks. Black -males - rﬁ
apparently scored better than black females in the 13 and 17, year old
age groups. These differences increased with age. One noticeable brigh!.b .
spot was that blacks in the Southeastern part of the country, previously
the lowast scoring group, showed increased scores compared to blacks
in other regions. 1In general, declines were smaller in the Southeast
for both whites and blacks. Although the scores of blacks were lower
than whites in this region, they closed the gap very.slightly from the
1969 to 1973 surveys. Outside the Southeast, scores of blacks declined
at rates even greater than scores of whites. One of these reports (263)
_____ also compared the racial composition of schools in the Southeast between
l§69 and 1972. During 1969, most schools in the South were highl#
segregated. As a result of legal and social pressures, there was a
quick move toward integration of -the schecols, and this region found
‘its scHools much more integrated in l972 The rest of the nation saw
relatively little change from 1969 to 1972 concerning the racial composi~- ‘Jf
tion of its schools. It was cautiously suggested by the authors of
. " these reports that there was a connection between the relative gain in

science scores by blacks in the Southeast and'the change.toward more

.integrated schools in this region. It was suggested that blacks benefit

4 s
"in achievement from th'e integration of schools to a measureable extent,

while whites are not harmed by integration. ' -,

~
In trying to account for the decrease in NAEP scores from 1969
to 1473, it has been suggested that the 1969 attitudes and knowledge -,
scores might be 1nflated because of the Sputnik aftermath and the great
emphasis on, science that resulted. This argument suggests that the 1973
data are more ‘realistic in measuring the actualestate of where science
attitudes and knowledge ought to be. ' It is encouraging when observing
what is sometimes interpreted as the public's negative attitude towards’
science, to see these _young people give fairly-high attitudinal measure~
ments towards science and science related ideas. At the same time it
fis disappointing to see the small percentage‘of students who are con-

.sidering 5cience as a carcer.

« : . ?




In a gygtemwide study of science achievewent trends, Renner and

-Coulter (243) tried £o explain why students*® achieve;ent in science in
Norman, Oklahoma, was hiéher than nationwide statistics based on the
California Comprehensive Tests of Basic Skills. The science scores of
these® students were higher than norms and higber than would be predicted
from 1IQ scoges. It wasnsuggested that a well-defined system uide
philosophy of education was compared:uith the system wide choiee of a

__i;B science curriculum, and that these were dompatible. This compati-
bility was said to account for the unexpectedly high science achievement,
ment. ' .

One of the most disturbing continuing phenomena in science achieve-

_ment from kindergarten through college science is the group differencess
in achievement according to sex and- in all learning areas according
to race. Many reasons have been proposed for these differences including;
sex and race role stereotyping, bias in testing, techniques and .instru~-.
mments used in measurement, and cultural differences. Continuing study
of these problems needs to be dome, and if these individual differences

. hold up, effective ways of dealing with these differences in the class-

room must be proposed and tested.

Curriculum Evaluation

]
H
5

This section is concerned with the study of specific curriculum
projects. Most of these projects are supported by, foundations in theg_
United States, most often by the Nationdl Science Foundation. Also
included, however, are some foreign curriculum projects like the Nuffield
Project, and curricul& inspired by NSP-supported curricula but modified

®_ in other countries. These studies -look at a variety of Sppics, from
rmeasuring the effect of the curricula on attitudes, to concept attainment,
The projects studied run the gamut from elémentary through high school
and take into account all the sciences including biology, chemistry,
physics, and earth science. The-studies reviewed are organized into
three/sections: (1) the study of specific curricuium projects, (2)
a‘ comparison ‘f traditional with new curricula, and (3) implementation.,

studies.

&
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A group of studies iooked at specific curricglum materials to
ascertain the characteristics of these materialé, or the learning require-
ments of these materié&s, or the effect of these materials on students.
Charles- (31), for example, reportéd the results of an evaluation of the
Nhffield Combined Science Projects utilized in Englisﬁ schools for biology,
‘chemistry, and physics. Using staff discussion, a staff questionnaire,

© a pupil questionnairg, and coded response tests, he gathéred Opinioqs —
| and iaeas from 18 teachers and 420 students about the effectiveness of

the project in teaching certain skills. Consensus of the opinions

indicated that the desired content was peing tauéht, that some of the

skills and concepts being taught were difficult for students, but that,
*in general, teachers felt that most ;f the materials were approprgate .

for the levels at which they were tried. - _

\

2

Ukens .and Merrifield (298) studied the mental abilities needed as
prerequisites for learning the content of the Conceptually Oriented -
Program in Elementary Science (COPES). Guilford's "'Structure of the
Intellect" model was used as a theoretical base for studying the COPES -
unit covering mechanical energy concepts. Batteries of tests assessing
chosen "Structure of the Intellect' abilities were developed. Pre~
and posttests om the concepts to be taught were also developed. One
hundred fifty-eight’ sixth grade subjects were given the "Structure of
the Intellect” battery and the COPES pretest. The§ were then taught the *
COPES mechanical energy sequence and given the COPES posttest. The results
\“Abaf—ﬁhT\imowed that, when combined with the pretest score, three convergent and
one dng;gent operations were good predictors of the students' attainment
of the mecﬁanical energy concepts beiné taught. The authors}boncluded 7.
. that’ certain menfal gperations were necessary as prerequisidés to under-
stand' this unit, and that these pterequisites included these three
convergent and one divergent thinking operations. If'students do not
have these thinking opérations as part of their intellectual repertoire,
° then their attainment of the chosen congepts will be much more diffi-

cult, 1if not impossiblg. . ’ - h

% . Most of the natiopally supported ‘curriculum projects developed ,
through founddtion support stated what they considered to be the important

B O~ / ‘--. , | BT ' -
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goals to be obtained by students using the project's materials Scientific
. iiteracy was one such goal. The Science CﬁrriculumFImprovement Study,

(SCI8), was one project for which scientific literacy was considered

an important goal. ﬁowyer (35) studied the effect of SCIS materials .

on the development of scientific literacy. She developed an iﬁStrument »

which was used with 521 rural sixth grade children. This instrument was

based on the development of nine Piaget-type literacy tasks. Points were

given for different kinds of answers depending on the level of sophisti-

cation implied. These literacy tasks were desighed to be cl ’;

administered and consisted of both activities and pencil-and-paper

tasks & The activities were demonstrated for the students and they - -

responded by writing down ans@érs on a prepared answer sheet. Sixty-

‘three percent of the children in the study had\been exposed to SCIS fory .

. v siyVears. The nine literacy tasks were: (1) the ability to recognize

and describe variables, (2) interpret and criticize experiments, (3
. interpret data from histograms and probability questions, ) interpret R ( {
data from experiments and make predictions, (5) determine relative posi- )
tion, (6) identify the source and receiver of energﬁR (7) predict and
explain temperatures in energy transfer situatioms,\(S) identify necessi-

~

ties for minimal survival, and (9) understand the concepts of solution

-

and evaporation.. Bowyer concluded that these tasks provided evidence that

4§‘indicated that SCIS contributes to the overall development of scientific

literaey. The specific concepts which most accounted for this evidence - . s .
were Numbers 1, 5, 7, and 9 listed previously so far as these four
tasks are a reasonable definition of scientific literacy, this goal of

the SCIS project seems to be an outcome of using SCIS. .

< +

Research examining specific curriculum materials without comparing

thegse materials to other curricula has special problems.. Forembést among

~

these is the development of the criteria for evaluation. 6perational
definitions need to be carcfully developed. One also needs to look at
the type of data that are being collectcd, and spcc1fically tie these data .
to the operational definitions whetherthesedata be opinions performance
daqé, or a. combination of the two. It is especidlly important in these

cases that a theoretical background of some sort be developed and .

tested. More research lookim& at the mental rchiremcnts of curriculum

LS
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Q terials ig needed. Studies of these types are valuable on two couynts.

First of all they test tRe flexibility of the curriculum materials

for different types and ages of students. Secondly, this aoproach is

a way of testing our theoretical constructs to see how useful they arl/

in defining real world problems.
. :44 - / ’ .

i . ’
, ) - A second type of study evaluating curricyla concerns the comparison

. of traditional cutriculum materials with the "new" cufriculum materials.
Most of these studies operationally defined téxt-oriented non—laooratoryf .
_centered and factworifnted curricula as "traditional" The "newﬁ science
curriculum materials are by contrast inquiry~oriented and laboratory-
centered, Most of the "traditional" materials are developed by publishers,
according to this research, and are sometimes used as control groups,
Foundation-supported curriculum projects are identified as being the non-
¢

traditional approach and are the ‘experimental groups in a comparison.

»,
\\\ TaFoya (288) compared the inquiry potential of a textbook approach
versus the SCIS approach to teaching elementary science. Using a content N
analysis, it was determined that the SCIS approach was superior in developing
inquiry skills ‘in children. In another content analysis, Kent and ™
Simpsdn (147) studied the content -of the biologicalMaspects of sex
& education ascs;?ined by SIECUS (Sex Information and Education Council of
the United States) to see how these tOplCS were covered by five biology
textbooks. These included the three Biological Sciences Curriculum Study
. " (BSCS) texts (Yellow version, Blue version, Green version). The con- .
' clusion” was that thfwas@o edge for any one of the text books an(that
all would need supplements to cover the¥IECUS defined topics thoroughly,
- g X ' .
Ashmead (ll) compared the BSCS human sciences‘program to an existing

'

text to see how these two gpproaches affected the échievement, attitudes,

agi process skills of their students. The sixth grade students in the

studx showed no difference on tkese three measures.
! . .

Davis et al. (73) compared the achievement and creativity of elementary

achool students using Science——A Process Approach (SAPA) versus a tradi-

'\eonal te®tbook program. Students in grades ‘one through six were given

s . ° -
A
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- the Metropolitan and SRA Achievement Tests in science, reading and mathe-
matics. In addition they were given the "asking" and "just suppose" A
activities from the Torrence Tests of Creative Thinking, Verbal Form A
(TTCT). Students who had attended the sch651 from grades one through six
were included. The number of subjects varied between 72 and 131 at the
different grade levels. For the creativity measure, a random sample'of 25
students was drawn from each grade lével\\ Inteiligence was used as a
covariant in the statistical analysis, No differences in achievement, - .
sciénce, reading, or mathematics'weré found\B@tqeen the control and
experimental groups, The SAPA students écored\bighertxlihe TICT in
verbal fluency and verbal flexibility. The autﬁérs' conclusions were that
SAPA seemed superior in helping students develop divergent thinking

processes which are important in problem solving.

. Sherwood and Herron (266) compared, an individualized version of Inter-
disciplinary Approaches to Chemistry (IAC) with a conventional high school
chemistry approach to see what their relative éffects oﬂ students' atti-
fudeé were. A class of high school chemistry:II %tudents was chosen as
the subjects rf the study. Students used a ‘cé‘nventional college text
during the first semester, were given on attitude measure, and, after the
second semester using IAC materials, were given a second ;ttitude measure.
Two dttitude measures were used.h The first was the Student Opinion’
Survey in Chemistry,. a 20 Likert-like itey test desighed by IAC. The secohd
was the Scale to Measure Attitude Toward Any School Subject, which 1is a
Likert-like 17-item test. A significant difference favoring the IAC
approach was found usingjthe IAC opinion survey. No significaht difference
was found with the other measure, The authors commented that fhey could
not tell whether noticed differences resulted from Ehangé in approach,
content instructional style, pr other confounding influences.

. o .

. Comparison research continues to have several problems; among these
include the setting up of the traditional curriculum as a straw man.
Oftentimes, by carefully choosing criteria or testing ingtruments, the
outcome can be controlled to favo® the evperimental group. Ihere is a
need to very strictly identify what the comparison/really is. Confounding

influences abound in Ehis ¥ind of research. The matching of control and

-
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‘experimental groups needs to be carefully done, and the matching of treat-

~
-

ments to be compared must also be looked into very carefully, so that
confounding influences do not mask the tested-for effects. Comparison
studies often end up comparing apples with oranges. The temptation is
to criticize comparison studies to the extent of eliminating tﬂem as

legitimate curriculum evaluation methods and stick completely with the

.,
0

\\\;tudy of the characteristics of specific surricula. Comparison.research,
“however, can bewaluable if it is used to identify real differences between
different curricula and thereby help school personnel make é;Bices.

"However, when this research is used as a propaganda device, 4t loses cred-

’

ibility. ' ¢

A third class of studies concerned with curriculum evaluation examines
the implementation of curricula. Most of these studi&s poiat out the
difficulties and problems with implementing educational materials as they
were interded by their developers. Flores (97) studied the verbal and
nonverbal behavior of teachers to determine whether these behaviors were
cqmpatible with the implied philosophy of the Intermediate Science.qd}rig-
ulum Study (ISCS) program. Twenty junior high school science teachers in
Puerto Rico were observed; ten were from urban and ten were f;2m fgfal .
schools. A questionnaire was submitted to the schools of the teachers
involved to determine biographical information, Five classes were observed
for each teacher, These classes were also taped, and an observation e
. instrum?nt callad theé.Science Teacher Behavior Inventory (STVI) was used
to categorize observed behaviors It was found that the teachers behaved .
similarly regardless of their experience, age, sex, academic prepération,
or the type of é%mmunity in which they taught. Thelr behaviots were
neither consistent with the instructional nor logical behaviors praposed
. by the ISCS. Although this study was done in Puerto Rico and a 1ack of
efffctive inser&ice training was noted, these implementation problems

do not seem to be much different from those in this country. *

p Jarvis (135) studied the implementation of Foundation—supported-second* -
ary school curricula. He studied curricula:assoéiated_wéthibiology,
earth écience, physics, and chemistry, He submitted a questionnaire to

s - Fal
science teachers, college professors, science consultants, and-state

°

department personnel to survey these groups' opinions about NSF-supported

-
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programs, Philosophy; the relationship of the program with teachers,
students, and administrators; ang the content.and implied meth. of
the ﬁrogram were the areas surveyed, The conclusions reached by /the
1nvestiéators were: (1) the programs showed a tendency.to be directed
toward ‘science-oriented students, (2) unstructured laboratory'actigities
resulted in a ;eeling of frustration by students, (3) teachers were all
too often not involved in program selection, (4) teachers were asked to
teach new programs’ without sufficient training in their presentation; and
A&S) programs were usually not used in a well-coordinated K-~12 program,
but instead were grouped together at random, K
a i .
Implementation problems seem similar in foreign countries as in this

country, Implementation problems continue to. be the major roadblock to

the success of these curricula. Inservice traiding 1s necessary for this'

effort. The kind of inservice training which will result in successful
implementation has yet-to be determined,

—

Affective Studies

R

8
The trend of the last number of years toward studying affective para-
meters such as attitudes, beliefs,‘self—concepts; values, and Interests
continues to influence'educational research in general and science educa-
vtionresearch in partigular, Most cf this research is directed toward
attitudes concerning either science as a discipline, science as ; school
subject, sc1entists,40r sclence instructlonalprocedures. The subjects
of these attitude surveys are usually sclence students or their teachers.
Many of these studies also try to relate attitudes to grades, apgitude, .
ability, personality factors. Many of thesesstudies diseuss the develop~
ment of instruments used to measure these affective parameters. Some of
these instruments are of general. interest and use and will be discussed
in a later subsection of this chapter. L
‘ | B . ‘ ,
Schrier (262) attempted to idedtif;‘the areas &f science in which most
elementary school boys and girls wdre interested, Using a foréced-cholce
questionnairé’ he polled 2200 clcméntary school children in grades one

through six, The questions fn the‘questionnaire were categorized into
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~Test of Science Processes.
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nine areas of science. The areas f interest from greatest to -least

, (2) chemistry, (3) health and the
body, (4) biology, (5) weather, (o) physics,

minerals,;(S) astronomy, space and air travel,

were: (1) ecology ant conserva io

(7) geology, rocks and

jﬂﬁ fossils and ancient
life., In general, questdons from.the physical

than the 1ife science area which in turn ranked higher than the earth

sclence areas. Primary grades (1—3) ranked ecology and conservation

+

as their areas of greatest 1nterest.

o

ience area ranked higher '

.~ e

Children in the upper grades (Alr)

most -0ften selected chemistry questions in preference over other science.

areas., The author of this' study pointed out that the greatest concerns

of children lie in areas where max1mum direct experience is possible,”

Three of the affective studies reviewed were concerned with se

lf—concept N
(175, 274, and 301),

Mdlcolm (175) tried- tO(determine 1f. the use of
“SCIS instructlonal materials could help chilhren to maintain or develop

a positive self—concept as- measured by the Piers-Harris'thildren'Q’Self—

,Concept Scale, ‘He concluded that students using SCIS sclence materials

. had higher self~concepts in the areas of intellect and school status

~than did students not using SCIS materials, Seéllers' (264) examined self-

concept in stience by studying 329 sophomore students at a central

v
public high school located in an urban community,

~ This researcher inves~
tigated the relationship between students' selfvconcept in s’cience and .
their mental abilities, sex and ‘achievement in science. °'l'he researcher

~concept called the Self- Concept in Science Scale !

'(SCSS) and validated it W1th two otler established self~concept instruments,

developed a test for self

Mental ability was measured using the Otis-Lennon Mentad Abilities Test.

* Science achievement was measured using the Nelson Biology Test and the
The -finding of this research showed that high

biology, knowledge and high mental abilities also
had a high self~concept in science, ’

achievers in processes

~

[N

Vargo (259 and 301) studied the relationship between science atti-
tudes, self~con£ept, and scilence teacher/pupll compatibility.’

Using 12‘
classrooms which consistcd of 204 students and six science teaé

hers, this ‘ 8
researcher pre~ and posttested students on the Science Attitude Scale’ ’

(SAS) and the Self-Concept in Science Scmantic Diffcrcntial’(SCSSD).

. Students also completed the Fundamental Intcrpcrsonal Rclations

q

——ar c i r e S R,

P
2]

T AT RO L0, Yurk B e N e

»
a AAF

VAN A



’

\

Orientation-Behavior (FIRO-B) inventory. Sex and the student's final
grade in gi%hth grade science were used as prédictor'?ariables along with
8ix compatibility variables from the FIRO-B in a stepwise';ultiple
regression design. The results of the study include: (1) Pupil/science
teacher interpersonal compatibility did not account for variation in
self-concept in science nor .attitudes toward science; (2) both science
. grades in previous cour;es and the self-concept pretest were significant
predictors of self-concept in science; (3) the Science Attlitude Scale
pretest was a good predictor of the attitude toward science of these

students but was the only one; and (4) boys posseéséd a more positive

attitude and self-concept toward science than did girls.
. A

. . e A )
Santiestebah;(ZSé) assessed the attitude of high schoo} students

toward:various séience instructional processes and procedure§. Three
hundred twenty-two tenth, eleverfth anqrtwelfth graders enrolled in various
séienc? céurses in four high schoois were given a test qb}ch meé%ured
thedr attitude toward several variables in science instruction. These
included: the structure and function of laboratory, teacher questioning
behaviors{ textbooks, library reports and indegendent projécts, testing
and grading, and types of instruction, The items in the questionnaire
were factor ana{z?ed and differences in attitudes by sex Vé;e)studied.

It was found tha ’Eémales considered the use of projécts and oral reports
more important than did males, whereas males preferredsmall groups and =

perfoyrmance on a particular task. ’

-

By far the largest number of affective studies concern attitudes
toward science. In a sdrvey of primary school teachers in Southwesé\
England, Harvey (117) investigated the amount and nature of science taught,
the teacher's awareness of modern currféulum developments in primary
-8chool scilences, the effect of sex differences, and the effect of science
training on the attitudes of primary school teachers. he found that male
teacbfrs were more 1ikely\to teach more science, were more aware of modern
curriculum developments, and were more interesteq in primary school

science thag were female teachers, He also found that the length of
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training in science did not affect the amount of science tadght but did >

j
seem to affect the quality of the science taught. : .

Symington and Fensham (287) investigated teacher~attitudes toward
science'with respect to dogmatism. They studied 72 teachers of fifth and
sixth grade science in Aosttalia to determine how dogmatism, attitude
toward science in congruence with new curriculum influenced the adgption
of "new" science programs. They used Schwirian's Science Support Scale
(Tri-8) to test these teachers' attitudes toward science, They found
that teachers who felt compatible with the new curriculum materials and
teachers who had a good ettitude toward science were measured\low in
dogmatism.

Buckley (40) studied teacher and pupfl attitudes toward science as :

a function of whether or not a science specialist worked in the district.
The study involved 96 teachers and 2277 students from 4 different towns.
Two of the towns had a kindergarten through sixth grade science spec1a11st,
while the other two towns did not.‘ Teacher attitudes toward science were
determined by using Moore and Sutman s Science Attltude Inventory (SAI),
Student attitudes toward sc1ence Were measured by the semantic differential
Science and Me test. Student science achievement.was measured by the , -

-

Stanford Achievement Test at the primary levels and Science Research *

«

Asdociates' Science Ach1evemeng~Test at the intermediate levels, Results ®
of the study showed that the teacher sample of the specialist towns had g

significantly more positive attitudes‘toward science than did the comparative

?

sample from the non—spec1a11st towns. ‘Also, the total student sample

e
af‘

78
= P¥om the spec1alisq towns "had slgnlficantly more positive attitudes toward
T T

acience\than did the comparatlve sam EEQm the non—speciallst towns.

No significant differences were found‘between the groups concerning science

achievenment. - ; T -

L

| T

The remaining studigs summarizé%.hére are concerned with students'
. i . .
attitudes toward science. Ward (304) studied high school biology, chemistry;

and physics students in 12 states to assess their .attitude toward science

- as a function of class si Attitude toward science was measured by

Moore's Science Attitude Inventory (SAI), 1In addition to this, achievement‘

[ . -
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;ests were givén to® these students. The results showed that there was

no evidence of a,direct relationship between smalf class size and good
attitudes toward science. Thefe did, however, seem to be strong asso~
clations both betweén acpievebent and attitude and between achievement

and class size. Th; authror of this study’suggests that achievement serves
an intermediary role between class size and attitude. He hypothesizes .
that class size affects achievement and that achievement then affects .

attitude. © . . ,

In two studies, Novick and Duvdv;ni (213 and 214) studied tenth grade
students in Israel to assess their attitude toward science as related
to school and student variables. The attitudes of students at agri-
csltural schools were less pgsitive than were those of students at eithegi
academic or vocational schools. The type of curriculum ("new" science
or tréditidﬁa}) had no effect on attitudes, Students from Western
extraction cultural backgrounds had more positive attitudes than did
tﬁose students of Eastern extraction, These researchers used Moore's
Science Attitude Inventory (SAI) and also did a, ross cultural comparison
to identify‘the‘relationsﬂip between Israelil st:§§nts aﬁd those in the
United States. Scores of a stratified samplevof 684 tenth grade students
in Israeli schools were comparsd.with séores generated by a simi}sr st:dy
done in the United States. The results of this study show remarkable .
similar attitude patterns between the two cultures,

In another fore{gn study, ,this one done in Australia, Gardner (104)
studied.physics students' attitudes toward physics as a function of phpil
and teacher perscnality characteristics. One thoushnd—ﬁourteen high
sc@ool students using PSSC Qaterials were studied using three instruments
developed in previous studies by the reseaggher. The Physics Attitude
Index (PAI) assessed students' views tqward physics‘learning on four
categories: (1) authorltarlan/non—authoritarian, (2) physics as an open/
closed process, (3) views of scientists as normal/eccentric people, (4)
physics as enjoyable/not enjoyable. This test was given both as a pre-
and posttest for the study. In addition to this.instrument, the Personal
Preference Index (PPI) measured personality characteristics., Several

scales were developed from this instrument including: achievement,

-
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conjunctivity, deference, play, understanding, order, nurturance, and
.energy. A third instrument, The Physics ClagsStoom .n¢ex (PCI), provided
scales concerning student needs as they occgr)in a classroom, These
scales included competetiveness, organizatf n, compliance, pleasure,
intellectualization, compuléfveness, warnth, :;a\gpimulation.‘ The author
found that students high on nurturancq.ﬁad small but significantly more _
favorable attitudes toward sciengists. Stud?nt; high on achievement
and undérstanding were more favorable toward non-authoritarian modes and
enjoyed the subject more. Séudents w%o descfibed the teachfr as well
,organized and intellectually étimulatiné also enjoyed p@ysics more.
Achievement-motivated, intellectual students tended to hold more open
views of physics., However, achievement-motivated teachers ptomoted a
more closed ;iew. Pupils who were warm and friendly, and also those who
were submissive and conformist, were more likely to regard scientists as
normal people than as eccentric peop;é\( Overall, this study showed a

sharp decline in enjoyment of physics by students who took this course

[N

®

using PSSC materials.

p . ~ An overall summary of the attitude data collectéd by the preceding

e

studies can be summed up in several statements. Males have better atti-
tudes toward science than"do females. Higher achieving students haze
- better attitudes toward science than do lower achieving students. These
results are not particularly surprising. The first result has been part °*
GAK " of the popular belief for-quite a long time., Perhaps this will change
in time and be repdrted differently‘by research sumﬁaries of the future.
~  The second result is a reflection of one of the weaknesses of c&rrelation '
type studies, a weakness which might be calbed the chitken and egg
syndrome. It is difficult to tell whether attitudes cause achievement
. .or vice versa. It is difficﬁlt to come to any sort of ,conclusion about
this frgh the studies that are. reported here. One final reéult of
8ummarizigg these aftitude stuﬂiés is that Msore's Science Attifude
. Inventory seems to be the most widely used instrument for assessing atti-

tudes towards science. )

ERIC 72 5,
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Instrument Dcvclopment
' S

Many of the evaluation researches discussed in this cHapter involved

-

the development of instruments in order to collect pertinent data necessary
for the proposed research. Many of these are specific to the research
being carried out or are too limited to be of general interest and
application. Some, however, show promise of value outside of the research
setting in which they were developed. Of these, some are interesting.qnly
because of the techniques or procedures used in development, These will
be‘giscussed in the next sub-section., The following is a brief descrip~
tign of new evaluation instruments which might have ‘some generdl use in

science education research.

Sincé most of the new foundation-supported curricula develo;id in thér
last decade‘involve teachers in using inquiry teaching techniques, there
is a great deal of concern about secondary science teachersbeing able to
exhibit appropriate behaviors. Lazarowitz and Lee (163) have developed

.an instrument for determining the inquiry attitudes of seeondary science
teachers called The Inquiry Science Teaching'Strategies instrument (ISTS).
The instrument consists of forty Likert-like items which are pos1t1ve1y
and negativeﬁy related to the inquiry approach, Sample of items posi-
tively related to the inquiry approach are: students re often capable

of designing valid ekperiments", and "it is de®irable to present to stu-
dents gcience questions to which answers are not .necessarily known. "
Examples of items negatively related to the inquiry approach are;
"questions which gre integrated in the text are confusing to students dnd
should be omi@ted," and "a primary role 6f‘secqndary science teachers is
to design the investigat;ons to be done". izlidity was judged by a panel
of expert judges. An item apalysis lent further support to the ihstrument.

The alpha—coefficient reliabildity. of internal consistency averaged between
0.48 and 0. 85

~ -,

Another instrument used to measure attitudes, this time of ele#é:fn
grade chemistry and physics students, is the Test On Scientific Attitudes
(TOSA).  The developers of _this instrument, Kozlow and Nay (152), criticized
whag they identified as four sbortconings of other attitude measures.

Y
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factor analysi$, . .

63 o ,

These_researchers say that they: (1) are too general, (2) lump several
dimensions under the caption of attitudes, (3) show no discrimination -
between cognitive and affective components of,afﬁi?ude, and (4) do not
adequately r&present classroom situations and experiences. Taking the
point of view ‘that attitudes must be inferred from the behavior of stu~
dents, these researchers developed a multiple choice format test with -
the stem of each multiple choice question.describing a situation relative

to an ettitude. The distractors of the questions defined different: courses
of action that a student might take which represent different scientific
attitude In developing the examination, the researchers developed
behavioral definitions of eight attitudes 1) critical—mindedness, 2)
suspended juggement, (3) respect for evidence, (4) honesty, (5) objectivity,
6) willingness to change opinions, (7) open-mindedness, and (8) questioning
attitude. The béhavioral definitions of .these eight attitudes were
used to develop items, Forty items survived to form the final test.
Twenty of these items make up the "cognitive component” subtest of the
total examination and describe a situation which a scientist might ‘
encounter during his work The student 1is then asked to selegt from &our
courses of action the one which is most appropriate for the scientist.
Twenty items make wp the "intent component” subtest which presents a )

situation which the.student may encounfer in the sciencé classroom or in

- i ' . J
everyday activities. The student'again is asked to select one from four

»

alternative courses_of action which represent his reaction to the situ-
. . ; i
ation, Test-retest feliability judged by thg KR-20 was Q0.71, Content

validity was determined by a panel of judges and structural validity by

o 2

N

Molitor and George (196) have developed a science process skills

. examination to assess\the inquiry skills of inference and verification

of fourth fifth and sixth graders. In an attempt to be coﬁ?ent free,

the items were based on common, everyday experiences (for example, a »

window breaking). Items and item distractors were in the 'form of
1l1lustration and test instructions were read to thé students. The test
was administered in a ﬁ%oup format. Items are in a multiple choice format.

There are nine items for each gkill. Validity was determined by a panel of |

judges. KR-20 reliability average for the three gradcs'fo? the inference
1test was only 0.56. Verification reliability was high, at 0:75. B -
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.Mbre emphasis is being put on the role of science instruction in

hélping students develop self-concepts, both generally and in science,

" Sellers (264) has developed the Self~Concept in Science Scale (SCSS).

Items for the scale are Likert-like items divided into two categories,

the "operations of learning in a science classroom", and a'general self-
concept scale. The '"operations of learniné in a science classroom"
subscale consistg of questions concerning science processes such as
oy/grving, comparing, classifylng, etc., and methods and technlques of
learning, such as taking notes, testing, reading and others. The general
self-concept scale consists of three §ubparts, identity, self-satisfaction
and'behavior. Content validity-was determined by nine juhges. Totpal
agreement resulted in keeping 63 statements in the Likert-like five-

dimension scale. Students were to use the item statements as self

.descriptions. Validity with an existing self-concept scale, the Tennessee

Self-Concept Scale, were 0.43 for the jdentity section, 0,44 for self

sgtisfaction, 0.42 for behavior, and 0.48 for total composite. Test-
¢ ] .

retest reliability with 142 tenth grade biology students as subjects

was measured at 0.82. The test can be ‘Dleted in 15 minutes,

k ’ ! v
Anderson and Herrera (8) attempted to translate an existing attitude
scale into Spanish. According to these .authors, the problem in trans-
¢ H
ferring from one language to another is not just a translation problem, <«

but also invo¥ves the evaluation of culture-bound items., They developed

-a

a Spanish version of the Allen Inventory of Attitudgﬁ\ToyPrd Sgience and
Scientific Careers, a 95 item Likert-like scale. The\§3fnish vpision con—-
sists of 38 Likert-like items. It was used with college~age students.

Its reliability coefficient alpha was 0.89 and 0.80 in two

ifferent uses;
The authors argued that a battery of such Spanish and other foxeign
1anguage igétruments is needqg .

Science education needs well standardized systems for all phases o
evaluation in science‘education. These "tools" are necessary for the pro=
gress of research in this figld. The continued proliferation gf instruments(
is a necessary evil until a battery of well developed; reliable, and valid
instruments can.be developed, A system Tor categorizing and storfng thesé
instruments for retrieval by researchers in the fdeld is needed. Some /
sort of Ci}tiial evagluation of efisting'instrumcnts needs to be mmade and
continually updated. <

’ ol N
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Evaluation Methodology
> N «

This discussion is concerned with the techniques and procedures
of evaluation p;esently being used to do science education research.
Some of these studieg are concerned with formative evaluation techniques.
Ciesla (55), for example, tried to determine what types of feedback had
the most influence on the‘rev1sions of instructional materials develdped
by writers in the Indiv_id\’zed Science Instruction System (ISIS) project,
The most influential types of feedback which‘resulted'in revision were
verbal or audiotaped feedback from teachers;__Feedback that involved
information obtained from students who used the instructional materials o -
received the lowest rgting. The author concluded that informal and verbal,
that is non-quantitative, feedback was rated as beirg morer influential
than was feedback that was more formal, less verbal, and more quantitative.

, Interaction analysis instruments also continue to be commoniy-used in ~

evaluation research. Platts (231) suggests a new technique of using
time-lapse photography with a moving picture camera to study classroom
movements utilizing non—veibal interaction analysis instruaments., StaJ;;:jiEL/
tically, multi-variate statisticai analysis seems to be used more and .

v

', . \
more commonly in science education: resgarch.
N\

Three techniques or procedures, however, seem to be much more commonly’
used than in the past, and theréfore reduire discussion. These are the Q-

-

sort, ethonographic research, and contenﬁ analysis.

, . -
The QJ&Qrt is a faigly old techniquef.or method, of rank-ordering a i

large number of items into categories. It is used as ansvaluation ,

instrument, usually for some sort-of affectlve study (attitudes, values, ' .

opinions%._ Typically, subjects are ‘Eked to sort items into categories

according to specific criteria. These items are sometimes printed on

separate cards, and students are asked to sort the cards into a forced

normal distribution. Analysis can be carried out'by a large number of

techniques including what 1is called a Q- tcchnique, a version of factor

analysis. Q-sort and Q-sort-type instruments are again becoming popular.

Toews (294) used a version of Q-sort called a free-sort to measure

4
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Ethnographic evaluation méthodologies*gre also gaining popularity and
greater use ¥ science education. These t&pes of studies, which consist
”~§E3§tly of case studies or what might be called anthropological field T

studies, cah be very ‘useful in studying curriculum implementation and .
school procedures. Harding (115) studied the use of the gase study method
of inquiry to assess the implementation and evaluatidq of Nuffield
curriculum materials in Great Britain. Questionnaires, structuréd and .
unsE?uctured interview téchniques wer, ;se ‘ The case study method,
Harding thinks, is useful for generating hypotheses and, because it is
’ more open than techniques like questionnaires, is not as limited, In~ '
sight can be gained when combinations of these instruments and techniques
. are used, Harding used the case study techniques to study the commund.ca-
tion and support for change for school science education, Harding ‘
. concluded, among other things, tZat change which is Initiated from
\\::§§:Ut3ide is most successful: when it builds on or créates dissatisfaction
‘ ith the present situation, when it builds on an accgptability for change,
' when it is adapti;e to a local ‘situation, and when resources insure the
feasigility of the change. She. further concluded that there are problems
. if the change requires the teacher to assume ‘a changed identiqy or if the
change is in conflict with vocational aims of science education. Teacher
attitudes, an exposure to communication,aopenness tolchange, initiative,
~ independence, and leadership are all factors affecting the success ofv

curriculum implementation, - s

v
.
©

School procélures affecting decision-mdking and pi;ticipants most

important to the decision-making process in schools wexe studied by Werner
(306) . . Us{ng case study techniques such as review of records of important
meetings, interviews with staff members, and other formal and informal
techniques and instruments, the came to the conclusion that the most

. important internal participants in the decision-making process were,
in order of importance, elementary school science consultants, super-

intendent of schools, elementary school principals, the director of elemen-

,

tary instruction, the assistant superintendent of &chools in charge of

£y

instruction, classg teachers, and lastly, studefits,

’

. Davidman (72) carried on.a rather extensive anthrosglogical field

sghﬂy to evaluate the effectiveness of a curriculum préject's training

- . -
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i " evolve as the researcher proceeds rather than being planned out in

: \
. : )
model for teachers. Showing how the problems to bé®studied and the

technfques for studying them evolve as a result of a personal interaction/’
and involvement with the cnrriculum project was the ohject of this
rededrch. While studying the curriculum materials, he deveioped doubts
about the project's implementation and diffusion strategies. Using
hybrid methodologies, investigative\ strategies closer to that of ethno—
graphy and the conceptualization of lart criticism than 'to, standarized
research methods, the design of this .research study evolved The Y
techniques used varied from traditional to more innovative and informal
approaches. Tape recordings of lessons, super-8 filmings, structuged
interviews, written observation notes,of class events, a diary, attitude
invéntories, questionnaires, an analysis of curriculum documents, and
oral dialogues with key personnel were.techniques which became part of
the sspdy procedures. The unique role of the participant observer and the
process of getting involved in the curriculum project, gives the researcher
a special vantage point. There are several differences between anth-

{ 4 ropological research and more traditional research: inquiry is -
naturalistic rather thap dependent on experimental techniquies, research

>

is not necessarily started or ended with hypotheses, methods of study

P
advance, there is more emphasis on intuitive observation and eclectic

and hybridized methods, there is more personal involvement of the
researcher in the project, and the approgch is more informal than in more

traditional methods. .

Even though ethnographic tesearch techniques can be criticized for
being non-objective, it is obvious from studying these reports that much
yaluable information can be developed from techniques of this sort that
would not come out of more traditional research strategies. In the hands
of a competent and self—aware researcher these techniques can be very

.valuablejfor assessing the impact of curriculum materials.

- D Content analysis is another research methodology which seems to be

«

gaining influence in assessment and cvaluation in science education.

The key to this—type of research seems to be the development of objective

; .
e checklists for observation instruments to apply to the content of the

I3 ! )
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curriculum,materials. kent and Simpson (l&?), for'example, examined five )
I biology textbooks to analyze their coverage of six‘related topics as s
* defined by SIECUS, using index and page counting techniques. '
They. compared the coverage of these textbooks with topics suggested in
théir criteria. . A '

a2 La El

A much more extensive content analysis was performed by TaFoya (288)N
. who developed an inquiry potential analygis instrument to do content <o
analysis comparisons between a textbook versus the SCIS elementary science
curricula materials. An gperational definition of inquiry potential was
used to develop a set of standards and a category°system was developed.

@ The category system was established as the first process. in the analysis.
Randomly se1ected sentences of the two curricula examples were categorized
and knowledge clanm;<iych were 1mbeddeq in the programs-were.identified
and quantified. The s®cond process of analysis involved examining the.
knowledge claims and the manner in which they were to be verified by stu-~
dents. By examining the sentences from the ‘teachers® guides as unit;, it
was found that 48 percent of the sample of the textbook program\contained
elther pseudo~-scientifi€ assertions, which were' éonfusing or non-verifiable,

. or theoretical knowledge claims. Thirteen percent' of the statements~were‘ -
found to be experimental knowledge claims that should require children to
observe some natural phenomenom for their verification. Yet examination of
procedures provided for verification revealed only confirmation activities’

~in which results were known beforehand. 1In contrast, the SCIS program con-

tained no pscudo—scientific statements, ohly 4 percent of the sample

was found to consist of theoretical knowledge claims, and 47
4

-~

vwhich provide information only‘about how we have agreed to use words, or
experimental knowledge claims. Examination determined that experimental ®
c1aims1§n this program required empirical verification by students, princi-
pally through guided inquiry, active investigation, and collegtionand analysis

B

of data with no prior knowledge of expected results. . -~
, - 4
- - Lo L J
;. There seems to be a high potentlal for formal‘and informal evaluation
!ﬁ
g ~d methodologies to be used.in science edfcation. All of those described, and
R many others which are presently being uscd shauld become part of the repertoire

- ' of techniques which are used by resegrchers in appropriate contexts.




. Interested science education researchers.

]'_,h.g Use of Media in Science Education

- . - \

o

The usé of media idf instruction has concerned.educational res€atchers
~ ’

This review of ﬁesearch into the use .of 'media in science .
\

edud%tiod&is concerned with the yse amd effectivenesg of certain hardware

for a long time.

such as television, movies, and computers; and the study of strategies of
instructicnal presentation, such as program instruction,“audio—tutcrialc
instruction, and simulation, Although science as a discipline has made -
common use of many of the traditional instructipnalgmdia, such as film, ’ ,
for the most part it continues to depend'on the-laboratory as the major
gource of variety in instructional nreSEntationt Recently, however, .

simulation games, audio-visual strategies, and combinations of media have S
To some extent, media have been

used as substitutes fqr direct éhperlence. There are three poss1ble reasons "

for this substitution. First,

the direct experience could not practically —_
be provided in the school sett1ng, therefore some simulation or repre- ‘ = UL

sentation of the real experience had to be provided. Secondlﬁr the use of
simulation was more efficient. Usually, this meant simulation had a .
cost benefit, a time benef1t or a mawgower benefit.which made 1t more ‘
Finally,

It was possible

reasonable to use under the constraints of a classroom situation.
simulatipn was considered to have an educatiowil efficiency.

to do a better job using media than it was withput ius use. -*This some- s
It

times meant that the regl experiénce was too complicated to be understood.’

L3

[

The study cf astronomy is one area wherevsimulation has recently played
a major role in instructiomal strategies. Because of the difficulty of .
obtaining data afid information from the heavens directly, and because of .
the inconvenience of studying the;heavens during daylight hours, simulation
Lang (154)

compared students u ing computer graphic simulations with "those who’ used

has played a heavy role in the- study of astroriomy concepts.

the multi—media mateyial developed by the Project Physics Course during the .

study of the Project P cs_unit "Motion in the Heavens" Thirty students

Y ~ -
-

'

were randomly selected to serve as subjects. The simulations presented \'Q
sections from the text as well as laboratory experiments. The control VR “‘
group attended discussions and diiglaboratory experiments, froqbthe Project& ﬁ‘ . ;
Physics handbook. Studepts were tested at the conclus@on of the units by. N ':\3
. 1 R '
s 8;3: X . .




"all age groups performed approgimateiy the same wheh evaluated under the

. %
real sky; (2) when evaluated by a paper and peneil instrument, those,sub-

P

2 - . .
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using a Project Physics test and responded to an attitude questionnaire
about the computer, Ninety days later both groups were retested on the
material in the unit. The findings of this study indicated that there was
no‘significant difference between the experimental and control group gain
scores on the achievement test. Using IQ as a covariant,‘the experimental
group scored significantly higher than dld the control group on the retest
given ninety days after the conclusion of the unit. The experimental group
seemed to have a higher positive attltude toward the computer, than did the

[

control group. ' \
‘. L
Several research studies looked at the role of the planetarium as a
simslation device in teaching astronomy: For exXample, Smith (272) studied
three methods of teaching constellation recognition to differing age

groups. The three treatments were} (1) teaching constellations in %the

" c¥assroom by using 35 mm slides of hand drawn constellation star fiefds;

(2) teaching constellations in the planetarium by meafis of 35 m slides of
hand drawn.constellation star fields; and (3) teaching constellations by
means of a planetarlum sky. The three age categories were children, "

teenagers, and adults. One hundred~-three subjects completed the study.

The results of the study indicated™hat: (1) regardless of treatment,

jects %ho were instructed under the plametarium sky scored significantly

lower than those receiving treatment$ involving slides; and (3)ithe suBL

.

Jects receiving the slide treatment in the planetarium reported more positive
. . . N ' .
responses "to the study of constellations than did the subjects receiving

the other treatments.- - ;
\

Y N ®

Etheridgé (88) also studied simulation by comparing planetarium instruc-
_ tdon versus two dimensional slides representing the constellation sphere,

' The experiment was a "posttest#only control group design. The experimentai

e —

group received inStruction using a planetarium The control grdéup was
treated idcntically in location and oral bresentation via a recording but

eubstituted two diménsional representation of the celestial 'sphere pro-

jected by slides for the visual component. Four elementary astronomy classes

from two California connunity collcges participated in the experimcnt.
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Bach class received each treatment for each of two topics: the sun and the

seasons, and the moon and its motions. Each treatment period lasted 3Q,

minutes and was followed by a l5-minute posttest. The posttest consisted

of three types of multiple choice items. One set had a visual component

similar to the simulation treatment, and the other had a visual component

¢

similar to the representation treatment. The third set of iteqs was enflirely

verbal and had no visual component.

All subjects were additionally ad

istered.a verbal aptitude and a spatial aptitude test. The results of the

study indicated a definite positi;etcorre
posttest and spatial ability, regardles
relationstip was noticed with the verba

analysis indicated that this relationshi

tion between performance on the
of all other variables. ©No such
aﬁ’lity scotes. Post facto

was colinear. The posttest versus

spatial aptitude score regression slope was significantly greater for sub-

9
jects scoring,above the spatial ability grand mean than for those scoring

below. Etheridge made several recocmendations based on the study, including:

. ) .
(1) that spatial aptitude tests would be useful in identifying students who
have a high probability of experiencing d}ﬁfiéglty with highly visual

—

materials in elementary astronony, and (2).any decisiond regarding the

feasibility of installing a planeéarium-in an institution should be based

on considerations far broader th3n just cognitive factors. Effective areas

: M ’ 3 ’ - - 3
such as motivation and satisfaction are-important, though little -studied

8
at this time.

Y 4 ' ‘

? .

9
k4 , -

.

It seems that even in places where substitution for the real thing

b4

Seems necessary, that there is little evidence that these simu1ations are

effective on a cognitive levei.

It might be that some toplcs, such as those

concepts found In astrcnomy, are so . abstract that those students who can

.

deal withaDS'IaCtiopceas1ly do not have a particular cognitive oreference

for simulations such as those provided by the planetarium. While on the

other hand, students who are less ableoto hdndle abstractions yind learning

the conceptthaught thtough'the use of a planetarium just as difficult as

they would by viewing the sky.

Even though they are dealing with thq\real

world, theilr access to that world requires abstract thinking.abilities

-

they do not possess.

v
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Several studies explored the use of media as an economic factor. Piper
and Butts (228) studied she effect of a televised inservice program for- \
. elementary science teachers. They explored three questions. First of all,
can a TV inservice program adequately prepare t%achers to teach science?
That 1is,can they giveﬁghe.cqmpetencies of the lessons to be taught? @
Secondly, can a TV‘inservice program help.inservice teachers. gain a more
positive*attitude toward teaching science? Finally, will there be an

increase in the sciencg dcﬁivities taught in the classroom as the result of

a TV inservice program?

Seventy\(3lx elementary sclence teachers who chose

to participate in implgmenting Science-—A Process Approach (S-APA) were the:

subjects of the study

Fifteeq meetings lasting 30 to 40 minutes were held

Once a week and the teachers were instructed with a television ¢

-

Materials were used with a teaching assistant at the local level.

ODDOI'IGI'IC .

The

results of a sfience competency measure indicated that the subjects didg
for the most part, gain the competencies of the 1esscn.to be taught. A
,pretest~postte£t semantic differential attitude instrument indicated that
At the
‘This

increased to a steady average of two activities per week per teacher after

attitudes were rore positive after the TV programs than before.

j& ning of the study there were no science 1essons being taught.

just a few sessions., This, trend contidhed for the period of training,
Piper and ,Butts concluded that science inservice programs~via television
s 2 reasonable zethod to efficiently. make use of time, place, ard resources

4\; for. schools “with access to television. N - 4 .

: °
*x «. These researchzrs a ndicated that the study was limited to the ¢
‘ 1

sutcess of initia pplementation. A study of the long range efdct of

materials.sucih as these is also necessary. Will these teachers continue )
to teach two activities per teacher pet week after the-training period is
completed? What factors are necessary to keep the level of enthusiasm

engendered by this progran? Sev/ral other questions are raised by th}s////

research. How does the

§
H

implementing the sape’ma,

~

inservice program cﬁmpare with other methods of

Finally, would this method work with less

P .
] - a

highlyistructured ence progrips. . .

Ben~Zvi and others( , 25) studied the effect ofs experimentation in
. high s*ol chemistry versus the use of ﬁil'ms toateach the same material '
{ ' o

\ [ . - R

Qr
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covered in the experiment. Two groups of tenth grade Israeli stuoents were
dnstructed in chemistry using either films or-<laboratory experiments.
Effectiveness was measured using four measures. An achievement test in
chemistry consisting of 25 mnltiple choiée items was used to measure.general
achievement. Specific knowledge was judged by using a written test mea-
suring experiment techniques and the underlying knoqledgé for the chemical
experiments. Jw¢ practical tests, one assessing manipulative skills and the
i#' other assessin planning of experimentai procedures, were also carried out. -’
And %inally, afi observation test was carrieq out;tq assess skills performed"
in the laboratory. Three hundred-thirty tenth grade students, 150 in the
film group and 180 in the e&perimental group, receivedLE\five—nonth tredt-
ment‘consisting of 11 key experiments. The expEriments, either,taken}
directly or vicariously, depending on whi¢h group the students were in,
consisted mostly of two activities: (1) the collection of qualitative or
quantitative data and other obse?vaticns, and (2) the interpretation and
evaluatior of.the collected data. The results indicated that the experi-
. " ments were bette}'only at helping students gain routine manipulative skills. )
A inestionnaire onsist*ng of kert-type items was§§lso adninistered to
these groups, which indicated that Both groups found personalized lab-~ 3
oratory more effective tnan films in promoting their interest in chemist%
k. . = \ ' ] 1 o
Q Results of the preceding é?ﬁdy indicated that laboratory activities
presently being used in chemistry are no better than films from® cogﬁitiv&
point of view. Obviously, these laboratories are notldesigned either to'

s 4
e teach students to learn to design and carry out experiments or, to teach

specific knowledge. From a cogn1t1ve p01nt of view .we are wasting cur, ' )
time and money with the presently available laboratory materia&s. They seem

‘to be good onl) for helping students gain routine manipulative skills.
Several possible reconnendatiogs m1ght be based on th1s kind of research
(1) One might t_ih

p material, and " shoul’d seek other ways af helping our stints learn

we are wasting our time and money on laboratory -

manipulative skills; (2) One might take the'approach.that the ivational

'factor by itself justifies the expense and tiﬂedwhich our students spend a
doing laboratoty work; and (3) Rresently available.materials are not worth=

vhile and we should spind tine and energy in developing differ%ég types of ’ 15
laboratory materials which in fact meet the objectives yhich WF feel are

vorthwhile. - o \

& ‘ ' N T . ' ° )
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One of the techniques of using instructional media as a presentation
device for teaching a science is the audio—tutorial'ipproach: Nussbaum
and Novak (215) studied the effect of audio-tutorial lessons to teach (f
A seeond grade elementary school students. Twenty-six”students'were éiven

six audio-tutorial lessons on earth concépts, such as "the\earth is round,"

1"

"the globe can be used as a mpdel for the earth,"” and "gravity-" Each of ,
these audio cassette tape Aessons, useﬂ'ﬁp conjunction wlth manipulative
materials, lasted between 15 and 20 minutes. The audio- tutorial cassette
guided students through experientes with objects and materials. Piaget-
type interviews designed to assess,understanding of ‘brth’condepts were used
to judge the effect of these lessons. Results of this study indieaged that -
there were no significant advances in the_studehts' concept of the earth _
as a result of using these audio-tutorial‘ieESOns. According to these
resedrchers, these results.stand in contrast to other experiments done on
audio-tutorial materials at Cornell. They add that this may be the result
of the necessity of using models and other abstractions rather than direct

L
experience in the instructional 'strategy.

!

¢

. T . &
In another study. of the audio-tutorial materials with elementary schoo N u

studgnts, Dech (74) compared the effect of immediate reinforcement in feed X .-
back on the coénitiue gain of elegentary students using a commercial audiox {5 ’
tutarial metric unit. Tﬁeﬁso students in the experimemtal group consisted =
of 22 third.graders and 28 fiftn\graders.\,The control group consisted of

23 third graders and 27 fifth graders, Both the experimental and control
groups were given metric instruction using the same.audio—tutoriai material.
Audiotapes given to the“students in the erperimental group contained iwme-
diate reinforcement ég’feedback whilte those given to students in the control
group did not.{ Both groups were pretested and posttested to determlne '
eognitixe gain. The results of this study indicated that immediate rein-
forcement, ard feedback, as presented in the study using audio—t&ﬁérial

mode, Was n3§ a significant mcthod for increasing elementary students

°cognitive understanding’ of’ the metric systéem.

AN

Rastovac (240) studied the effectiventss of a mastery learning stra:;gy
in promoting cognitive growth of secondary studcntsv/’Three high school

biology classes from both innercity and rural backgrounds were used for this
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study. Piaget type tasks were used as pre- and posttests in a written:- <
summative examination based on the object#ves.of four audio-tutorial
units. Classes at both schools received three treatments: (l) audio-
tutorial approach without master» learning strategy, (2) audio tutorial
approach with mastery learning strategy, and (3) teacher directed inquiry
with mastery learning strategy. ‘Four individualized audio tutorial units’
were utilized. Each unit presented behavioral obJecsives, study guides,

?

additional experiments, and a final sucmative evaluation, The results

a

showed no significant differences in ppsttest, total scores due to the

treatment.

.
\ i -

Direct concrete experience 1s, to a large extent, possible in science
to a greater extent than in other disciplines. Ip some cases, astronony
for example, it is difficult or impossible to use direct experience in
teaching and learning ‘this material. If the learners exposed to this
material are sophisticated enough,to deal with the abstraction implied
by simulation, it seems reasonable to ude simulatfons or other media in
Substitution kor the direct experience. However, in the case of students
’ , who cannot deal with abstractions, there is a serious question whether .
this does any goodl The question arises, 'Should we limit the elementary
'curricula o concepts which can be represented as, direct experience?" .
The answer would seém to be "Yes." Enough concepts seem to be available
that can be presefited- at a concrete level to provfre a reasonable science ’

“curriculum. The more abstract concepts which require less direct methods
- : 'of approach should be saved for those learnersk;ho can deal wzth then,

-

Although approachgs such as audio tutoéial systems of 1nstruction ean be

justified on the basis of their cost, tyie, and manpower efficiency, it

. is still not, cl®ar whether these metnods of instruction,are more effec-

"\ tive from attitudinal or cogrnitive staﬁﬂpointo than are more traditional \

) »

approaches, : ' . . ‘
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. The:Concepts, Processes, and Content of Science

. . i ,

. :I'he research summarized irr this chapter will consist of studﬁs of the

“concepts, processes, and content associated with science. Most of these
studies arF’descriptive in nature. Many of these studies look at specific
units of content, concepts and processes. Others contern themselves with
syllabi of congent in a particular area. A few of these studies. are ol .
experimental. These experimental studies are concerned with the optimum~1»p
conditions under which specirlc processes or concepts can he\learned
Several of these studies looked at aptitude/treatient interaction effect,

~ Student characteristics and instructional methods a??’the parameters hsstJ

4
" often studied.

5]

Syllabi’

\ Most of the studies’ summarized here are surveys, attempts on the part
' of the researgher to sample the content, processes, and concepts which are
being used in elementary and high school sciencd courses in various loca-

~

tions. ¢ ‘ j
-

Fournier (100) tried to determine if cultural differences exi ted
$ be;ween %ex1can— and Anglo~American students in-how they,peerive :!tural.
phenomena In order to do this, he used the Science. Concepts $nstrument
(SCI) to survey Ehe science knowledge_ of 298 fifth grade students, some of
whom were Hexican-American and others who were Anglo-American. The avail-
able fifth grade text and other curriculum materials were used to select

the §cience concepts tested in the instrument The following conclusions

are based oferpretation of the survey data. Scores on the SCI correlated

* significan with the "fathet's educafiona level A significant correlation
also existed between the scores on the SCIand sex within the %exican- ;f'
American group, but-‘not within the Anglo—American group, Scores on the SCI .-
correlated significantly with school science'grades for.thquexican-American~
group only Correlations between the Science Concept Instrument and cultural
background language background, age, and father's occupational level revealed

" no significant differences betweén Wexican-American and Anglo American fifth

grade students. $
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Batten (20).studied ninth‘grade earth science students and their
ability -to use the processes of science! He triedﬂtoﬁZOrrelate this ability
with the student achievement level, the students! science curriculum
experience, and aspects @f their teacher's ed\catiqnal?instructional experi-
ence. The Test of Science Processes was administered to each student in~
40 selected sections of earth science. 'The analysis of the data indicated
the following.: Results indicated that SCAT quantitative test scores were
significant student aghievement predictors for the use of_science processes

as measured by the Test of Science Processes. Previous science experience'

l was significantly related to the student's ability to use science processes.

- .l'
Students who had completed an Introductory Physical Science (IPS) course

showed a higher ability to use the processes of s™ence than did their
counterparts enrolled in eighth grade physical science of an Intermediate

Science Curriculum Study (I'SCS) course. hducational experience, age, sex,

" hours of mathematics, “area of certification, years of NSF aéademic year

_Institutes and number of matheématics and science center workshops attended-
were teacher variableswhidmwere identified as significant predictors of
the use of sc1ence processes by students. Considering the instructional
experience of the teachers in the sample, Batten concluded that” the fewer
the number of years of teaching experience, t# higher the ability of

the teacher s students in UWing science processes. This result may be

accounted for by the fact that younger teachers tooiytheir college training

at a time when process instruction was emphasized”heavily. *
Johnstonq and Mughol (139) studied secondary and " college level student;
to find out what fundamental phy§1c epncepts ‘were .the most difficult for
them tounderstand. CqQncepts reportéd as most difficult included differences
between nass'andyeightﬁnmgnification, indirection, the idea of fields£
ahd potential difference. Abel (1) analyzed questions used in the intro-
ductory high school biology correspondence instruction syllgbi issued by the
National Lniversity Extens}on Associatiod. The major findings ,of th1s study
were that zoology was empHasized over other gontent areas., The methodology

and history of science were leasﬁ emphasized. Ecology received very little

emphasis in the test. Test items emphasizing low level intellectual skills

- . wer -represented. Abel concluded from these rggults th t th w
\S e W P ese Ipp a ere was an

overemphasis of biology content in the” high school correspondence syllabi
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The literature of bib ogy teaching suggests that biological instruction for
the present and future s ould increase the emphasis on problems of conservation

and human concerns, yet the findings of this study indicated that only

10 peféent of the questions e;amined concerned these areas. While a review
of the literature suggests that ‘ecological levels of biology should be more

emphasized, this area was not sufficiently covered in the syllabi exafination.

bevin and Lindbeckﬂﬂlg]? surveyed five secondary school4biology text=-
books to study their coverage of controversial igsues in biosocial problems
The.three BSCS versions were ﬁound to rank higher than two other widely used
"high schqol biology &exts in the quantLtative and qualitative use of these
controversial issues. ¢ ‘ -

@

Wofford (315) surveyed secondary‘schoﬁl advanced biology teachers,'
college professors of biology, and college biology majors to develop a .
model set of qggnitiye behavioral objettives for a secondary school advanced~‘
biology curriculum. A list of behavioral objectives was constructed from
the literature on advanced biology These behavioral objectives were used
to construct a questionnaire im which each behavioral cbjective could be
rated as being highly suited, suited,’or unsu1ted for usé in a high school
advanced biology curriculum. Each behavioral objective was assigned a
grade by each the three, groups. From an analysis of these data, a model
set of objectiﬂil'was construised. of 114 behavioral objectives, advanced _
biology teachers consider2,931 to be highest ranked, college biology professors
T ) consideredlﬁtx:behighestranked “All groups combined considered 13 behavioral

. objectives to be commo.nly highest ranked. Signifijhn& differencpes”were .

< & . A “
, - foung between the three groups for only three behavioral objectives.

A
+

PO

Specific Content, Concepts, and Processes . ) ) - ..

L3 >
.

~ The process skill of "hypothesis formation" was studied by Quinnpand
'Kessler.(238) " These « researchers studied the relationship between shills
involved in z;ouiring language and those in an act1vity based science pro-

gram. Two 7 th grade clas@es participated in thqf&tudy, one of which served

as ControlZgroup. The other, the treatment group, had Iessons related%

7 inquiry development and instruction on how to formulate hypotheses which b~

~ ' ‘
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It was found that the stu-

<

. consisted of twelve films and six discussions.
dents involved-in the treatment did indeed imprqQve their ability to
One of the conclusions of this stidy was that individqé&;{&ho

are successful in science are also usually proficient i language centeged

.hypathesize.

activities. The converse was also true. This is in contrast with the commen

assumption uzrallfynade about language and science skills."2
Q . ¢ N M
Thiel and George (292) studied the process skill of "prediction,” which
they defined as the ability to use one or moregrules from the same or dif-

( ferent rule clgsses to determine the outcome of an event or series of events.
‘They'hypothesized that four factors may affect the use of prediction&\agi)
experience, (2) ability to infer or -to use rules, (3) the types of rules
aVailable, and (4) the dimen51ona11ty of the task. Thg subJects in this

study were given Piaget tests concerned with seriation, conservation of

length, and the classification of objects.

The results of these tests were

In the third grade,

used to judge if the students wer& concrete eperational.
55 percent’ef the‘stddents; in the fourth grade, 7; percent of the students;
and in the fifth grade, 77 percent of the students wergijndged to-betTon~ -
crete operatjonal.” Ninety of these concrete operational students from the

Schools in the
1S

third, fourth and fifth grades were chosen %on the study.

study had no’ previous formal science program:

. » . A
Students were given six prediction tasks. ‘Half of the groups were giyer
an algorithm for solving the problem, which consisted of a verbal descriptior

of a rule type. The.other half wgre given no algorithm._ The results of the
P study -indicated that, for concrete operational children in grades three -
‘ thréqgh five, thé skill of prediction develops independent of formal instruc-
tion in science. There was no difference in the attainment of the gkill
I between ﬁ)ade levels, ‘It wgs hypothesized that concrete operational
‘ children may pot use rules given to them, unlessxthese rules correspond to
. ‘precedurES éi:t already exist im their own cognitive structures. Thiel and
“George had originally hypothesized.that students given the algorithms
‘yould have less trouble‘making predictions than those who did not recieve

" these algorithms. This hypothesis was not" confirmed by the data in the study.
» A further result of the study ind d that children in grades three

through five had di#fficulty coozjinat ng multiple dinensiogs when they were

4 »
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@sked to make predictions using these dimensicns. One-attributé seriation .

\%“\fnd classification tasks were less difficult than two—attributﬁ tasks, which

Y

»two or more instances of the concept and see thatathey are the samej and

in turn were less difficult than tHree—athibute tasks. Based on %Pis
study, it was also found that classification rules were easler for students
in grade three to five than wer% seriation rules, wilién more than one
attribute was contained in 'the prediction task.

<
.

Erickson (86)'studied the cgpcepts associated with the general topic
of heat. In the first part of tﬂe studya interview data were collected and
analyzed, while the second part involved the construction of an instrument
called the Conceptual Profile Instrument (cr1). ‘This instrument consisted
of statements about heat obtained from analyzing the interview data. These
statements represented typical ideas of children concerniné the kinetic and
caloric theorles of heat. Children were asked to respond to each statement
indicating their belief and thelr familiarity with the concepts. It was
found ‘that fifth, seventh, and ninth graders possessed beliefs about heat

‘and temperidture whiech were based upon common sense and intuitions developed

—— - ——— e — -

" from everyday experiences. Temperature of an obJect was thought tg’be -
related to the amount of heap possessed by that object, and so many children .
concluded that the temperature of anm object depended in part upon its size. -
Heat.and cold were sometimes thought to be substances capable of
penettating’objects. Heat was therefore considered to be an active external .

agent accounting for the expansion and contraction in melting addvfreezing°
]

behaviors exhibited by many substances. L . '

n

The specific concept "tree" was studied by Klausmeiler, Schilling and
Feldman’ (151) in order to determine the effectiveness of special lessons .

in facilifating and attainment of this concept by children. Using a learning
model called the Conceptual Learning and Development Model (CLD), these A;”
{esearchers looked at the levels of coneeﬁi,attainment of elementary school

children of the concept "tree." According to this model, there are four e
‘possible levels: (1) the concrete level, which consists of the ability to
discriminate a concept; (2) the ideptity level, which consists of the
ability to generalize two or more forms of phe concept and see that they are

the same; (3) the classififcatory level, which is the ability to generalize
finally, (4) the formal level, thch consists of the ability to‘infer the

S 00 s
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,concept. Thg vocabulary: associated is connected with a number of researchers,
. . w : .
* including Piaget; but the terms concrete*and formal are not used in the

ghime way that Piagét uses them. ' .

>

3

’ Two expenNments are reported by this group. One experiment witp 103 -
fifth grade students showed that there was no significant'gffect of the
treatment on thi$ group. This result was attributed to the fact that stu-~~

. dents had already had a high level of attainment of the concept before
instrucg;on began. The second study had 64 third grade students qivided
into control and gxperimental groups. The control group had placebo lessons.
The expefimeﬁtal group was instructed using twoolesséns on the subject -
"tree." The first lesson was 33 pages of written material which had several
aspects including an introduction and ‘a presentation of each of the defining
attributés of a tf@e. Questions were asked félloging the presentation of ?l: S

. each attribute and immediate feedback given to the subjects. The second

lessé; had a rational set of examples and xamples to be used to . N
discriminate the concept, and ‘student's u‘\t strategies for evﬂa‘]’.uatij.pg

instances to see whethet_thgynﬁére or_hére'néf-examples of the_zbﬂcept.
The experimental design went through a number of'different stages, including
an anglysis of the concept to be taught, determination of pre—instructiongl

student characteristics, identification of desired 'J.evel of “attainment
7 .

according to the CLS modeff assessme;}\of ‘students' prior instructipnal level

of concept attainment using tests with exercises designed to assess the -
various levels of the concepé; the/dggigning of Pigto;ial and verbal lessons,

the actual instruction, the assessment of the 'students' post-instructional -

level of the concept,‘and evaluation of the results. Results with these

third grade students showed that the expetimental gfoup«perfbrmed better

than did the control gréup on .the tests for the formql level of attainment

.of the 5asic conéept presentad. The researchers recommend that such lessons

can be valuable in fécilitating children's atcainment of “concepts suéhaas ‘
this one. .At the same :time, they r%pommend the use of concrete experience,
wifﬂ.younger children and children who have had exgg;IEhces with.examples

‘.

of a particular concept.:

v

) Ngyick and Menis (212) did a small scale study of high school chemistry

students in Israel to check their understanding of the "mole" concept.
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The mole concept was developed with a textbook approach, not obviously
experimentalr although some of the concepts were used to interpret experi-

ments using verification 1aborator1es. A structured interview consisting s

-of 21 items assessing levels of concept attainment from defining the. - §

PR

concept to using the concept to solve problems was developed. Student
answers to the 21 items were taperecorded and analyzed Misunderstandings
‘" about the concepts were deVeloped from a "wrong answer" analysfs:
product mogent correlation between IQ and the score on the interyiews was
0.69. Several misconceptlonskabout the concept of the mole seemed to
prevail. The mole was thqught to be connected to mass rather than number,
and to be an exclusive property of gases. The conclusion of the study -%&

was that most 1§-year old pupils in Israel do not have a coherent under-
RS
gtanding of the mole s s1gn1f1canc° in 1nterpretat10n and its use in .

solving problems. The author suggests that perhaps these students do not

. ! function at the cognitive level necessary to u\derstand this concept. .

L]
"

The apparent d&screpencies between the ability of some students to

»

learn concepts and the use of those concepts in existing curriculum-materials

may\bé the source of significant 1earning difficulties in the.science

'

classroom. For:that reason, the study of spec1fic processes and concepts

wand how students 1earn these. processes and concepts, the age at wﬁ%ghu .

- LICEN

Jee s they are capable of 1Farning them, “and the 1eve1s at which the 1earn1ng

”

. is possible all seem to be important questions to be studied by science . v

. education researchers. Most of the studiesin thisarea seem to be descriptive ~

~§%udiesg\ This seems to be a reasonable approach based on the present
1imit of our theoretical knowledge.‘ However, one would hope thdt more
experimental studies can be done in order to test some of the knowledge that
. We already possess. Evaluation tools’ for studying this area vary widely from
.; l ‘ idformal interviews to standardized examinations. The_clinical Piaget~-

type interview seems “to be a widely used and valuable technique for studying
. } ,

‘*~ the understanding of ¢oncepts by elementary a?d secondary students.
.. , )
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College Level Research
» ’ o LI
College level research was arbitrarily divided into two major parts.
The first part includes research concerning comparisons of components of %
a course or instructional programs. Most of the studies involved a com—,.
parison of one teaching or program approach to another with student -

achievement and attitude toward- the course as variables.

i -

e

The laboratory portion of science courses appeared to gain the most
dttention. ’Several research studies modified the ﬁaboratory approach
and compared the new approach with respect to studenggachie ement and

, attitudes to what was most often labeled the "traditional" approach.

% v
Another relatively large group of studies focused on the lecture

_ portion of'the science tourse or program. Several of these studies /
compared various forms:of audio-?isual, self+paced, individualized, and
tutorial aspects to the lecture- recitation or ;traditional" approach.
In most cases, no sionificant differences in student achievement were
found. Most studies did, however, show that student attitude ‘toward
science in general or toward a pirticular coursq was improved by what-

N Va s
-ever modification was used.

A “
l'%‘
v >
v
.
“w

Some * research studies in the first group chused on course objec~
tives. Generally speaking, the studies dfﬁ not investlgate or question
thef value or appr&priateness of obJectives, but focused’ on if, ors when,
or how,the objectives should be ‘tevealed to students.

. & . -

L4 . .. .
o Other relatively large cgﬁ%gories included in this first paﬁ% aref
Course Supplements and Focuéior Orientation of thé course of study.

The categories in thq,first section are as follows: (1) Laboratory,
(2)<Lecture, (3) Objectives, (&) Tests,,(S) Supplements, (6) TimeL

¢)) Focus or Orientation, #d (8) Wultiple., e

2

. . ¢ . @

4
A

The second part 'includes research that deals with predicting success

¢ v - ,
-of students and evaluation of college instructors. The evaluatidn applied ¥

to college instructors is quite 1imitedin scope and depth sin?eit focuses

! Ls

’




- sidered to be necessary.

. laboratory group was the control;

priﬁarily on the evaluation of lInstructor performance by students in the

class. The research studies involving students were aimed at predicting
success in college, comparing the cognitive preformances, and motivation.

The' categories in the second section are: (1) Students, (i) Instructors,

.

In some categories a brief introduction is given prior to the review

of specific research reviews. In other cases an introduction was not con-

'

Component Comparisons

Almost-one-half of the_research reports reviewed in this chapter are
classified with this grodp. The idea in most cases was to alter or modify
some part of a cdurse and then see how that affected achievement or attitude.

Achievement was usually qeasured by performance on a standardized or
- T

~ institutionally constructed test. Attitude was most often measured on a

~semantic differential instrument,

. L

Laboratory ‘

Several investigators modified the traditional laboratory approach

“used in science, The'first group of experiments fit intd this category.

) Townes (296) compared the effect of vicarious laboratory experiences
with conventional laboratory. Ome group of 9§udents collected data without
having direct contact-with equipment, apparatus, and materials.\ This group
was said to have a vicarious laboratory experience, Another group of stu-
dents collected data by manipulating equipment, apparatus, and materials.
This group was said to have a cohventieQal laboratory experience. . The

viearious laboratory group was labeled experimental, The conventional

i

. ,
~ Townes concluded rhat the experimental ‘group exceeded the cqntrol

group on all instruments used to measure achievement. Also the experi-
mental group showed greater competency in the use of science processes than

did the conventional laboratory groyp. .

f,)‘;
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- Dickinson (78) also experimented QEE? modifications of the traditional
laboratory-lecture approach to determine the effects on student attitude
and achievement. He used three differé%t laboratory—lecture combinations.
Forty;three students comprised the contyol group taught By'the lecture

" method only. Anotner 43 students comprised one experimental group taught
by the lecture-laboratory method. A second experimental group of 43 stu-
dents was taught by the lecture-recitation method Student achlevement . .
was measured on two subject matter achievement tests: one constructed by a

e

"the instructor and the Nelson Biology Test. Student attitude was compar
P

.

using the Scientific Attitude Inventory. .,
Dickinson repoited that students taught by the lecture—laboratory metnod
" had higher achlcvement scores than students taught by lecture only. Stu-
dents taught by lecture -laboratory did not achieve significantly (.05
devel) better than those taught by lecture-recitation. Student att1tudes
toward science were changed more favorably by the lecture-laboratory and

.

by the lecture-recitation methods than by lecture only.

\ b} . '3 .

L3

Holldnay .(127) investigated the effects ,of 13 open-ended laboratory
~experiences in physical science on criticai thinking ability and attitude
bf;college freshmen. The experimental group consisted of 38 randomlf
assigned studentg who were taught by the discussion-lecture method and
open-ended (TCCP) laboratory procedures. The control group consisted of 38
randomly assigned students taught by lecture only.

At the end of the 12 weeks instructional period, both groups were
administered the Test on Understanding Science and the Watson-Glaser Cmitical
Thinking Appraisal Significant differences were found between the two '
groups in critical thinking and in attitude toward science which favored
"the experimental group, i 3

Dorrance (80) compared two iaboratory instructional treatments to a non-
laboratory approdch to determine their effects on manipulative and cognitive
skills. 1In general biology, laboratory seetions were.assigned randomly to
the three instructional treatments--four received lecture only (control),
three received lecture with structured laboratery, three received lecture .

with a structured demonstration.




A 40-item test on cognitive skills based on the Bingman (BSCS-MCREL)

analysis of processes of gcienée was used to measure cognitive skills,
The acquisition of manipulative skills was established by performance of

a specified laboratory practice (serial dilution) and proper laboratory

-
K

procedure. .. «
v \<, ® ‘ ‘ 4

\

T?e results showed the laboratory method of iqsgruction superior to
the demonstration method in.the acquisition of behgvior% characteristic‘.
of manipulative skills and cognitive skills found in the processes of scienke.
t ’ | L

Cannon (46) compared the effects of‘studené- directed versus tradftional,
highly structured laboratory on student interest and understandiné of the
process of science. Eighty stuéents in a geﬂeral education physical science
course were randomly assigned to two laboratory groups. One group was
encouraged to use the laboratory to develop and’direct their own 1abor;tory |
'activities. The other group used traditional, structured 1ab9ratory activ-

ities.

\

»
. »

.

Students were pre- and post-tested with the Welch Process of Science

Inventory and Interest Assessmeni Scales., Cannén found no significant .
differences between the laboratory groups with respect to interest and -

understanding of the process of science,
. 4 ¢ “~ :
From Canada, Valeriote (299) experimented with a self-paced laboratory

PR
.

course in first-year chemisEry.‘ Two sections of 24 students each were
assigned to a trial group that did not follow a strict 1éboratéry schedule.
‘Seéveral other laboratory sections of 24 students each followed the weekly
‘thrqe-ﬁour 1éboratory schedule. L
Students in Ehe two .trial group. sections wére allowed to work ddring
. the regular 1éborator§ period if they wanted to and at other periods ‘as
. ¥ well. The laboratdry was left open 18 houré per week for these trial
groups. A certain number of set experiments was required but other experi-
'menté could also be done. A written laboratory examination on the set

.,

experiments was administered at the end of each term. Based on grades
P v .

assigned to students for 1abo;atory performance, the self-paced group scored

~ .

.-

: a9
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higher on laboratory examinations and on the final laboratory grade . .than
2 -

did the regular group. The,difference was statistically significant. The
Q&udents' responses to a questionnaire about the course revealed: that they

%

liked the self-paced format, ’ . L

Goodson €109) used objective based diagnostic tests and help sessions
based on these tests in undergraduate physical science laboratory. The
study attempted to assess student learning during various types of help

»

sessions.

& . - ) ,

’
»

Ninety-seven students were randomly assigned to one of four treatméeht
groups and a control group. Each group was a laboratbty section, Ten
laboratory exercises of two hours duration each,were!seheduled in con-~
juncgion with the physical science course. Three of ‘the ten sections were
gelected for this study and were taught by Goodson and five teachlng
assistants ) ..

o o
& -

2
‘
{

There were four difterent treatments for the expérimental groups .
utilizing the results of the objective-referenced diagnostic tests and one
non-treatment or antrol group. The treatments were as follows: (1) A
list of objectives fdr each exercise studied, a diagnostic test based .on
these objectives, and a help session designed for reteaching incowrect
responses on the diagnostic test. (2) Treatment was the same as (i)
except the help session simply encouraged students to ask. questlons con~
ce¥ning,1tems missed on the dfagnostic test, (3) Treatment was the same’
as (1) except students were to use various certain rescurces to glnd answers
to incorrect responses: (4) Only diagnostic test'and‘helnksession which
advised students to use, various sources to find answers to :'anor}:eot"= '

2N
responses were used. (5) The control group "received no treatment, ¥,

. 3. - .‘\
9 . g

At the conclusion of the study a criterion test™of physic%l’sc}%nce
laboratory achievement was admfnistered to all students. A'similar test
was administered six weeks later as a retention test. 'Goodson reached
several conclusions: (1) Student achievement was gfeater in the help
gsessions in which students were encouraged to “ask questions. (2) Student

4

achievement was higher when the diagnostic’ tests with rcmediation qere




. used than when no remediation was used. (3) Retention was greater when stu-
. dents 'were advised to- discover, on their own, correct responses to diagnostic

] ¢ .
tests. ' . . ' ¢

v s
v

Bi1l (125) evaluated a set of commercial slide~tape uni€s designed
to teach laboratory technique in chemistry. The program did prove to be
an effective means of presenting instruction in basic laboratory technlsue..
Hill's interest Yas'specifically related to creativity. One purpose of her
- 8tudy was to determine‘if‘creativity could be enhanced in a specific dis-
‘cipline, such as chemistry, if students received laboratory instruction in
which they were encouraged to pract}ce prooesses cbnsidereo to be creative
and were rewardeo for such behavior. Based on the idea“that creativity ' }
involgfé divergent production which involves the ability to synthesize and |
recombine.material to form new solutions, this, study used teaching methods |
believed to encourage divergent th;nking in the chemistry laboratory instruc=— }
tion., '
' .
. Hill designed a pretest and posttest for creativity in chemistry using
the Minnesota Tests of Creative Thinking by Guilford and Merrifield. The
investigation of creativity ‘involved 176 ‘students in & laboratory sedtions

“in general chemistry. Three of the laboratory sections comprised the, experi-

.

mental group. The fourth laboratory section was the control. °

*
.

Students in the experlmental group had access to the slide~tape instruc-
tion of Young and Fiel. . The control group did not use the slide-tape.
presentation. The Modular Laboratory Program in Chemlstry by Neldig and

".  Young was the source of the weekly laboratory experiments for all four .

» - sections. All four laboratory sectlons received .laboratory 1nstruction which 5;
emphasiaeo the importance of creatlvity. Pretest and oosttest scores ' -
indicated that all four sections made statlstically significant imprqvement
(.05 level of confidence) in both laboratory technique and creativity. The TN
experimental group excelled over the control group in, laboratory technique,

Hill further concluded that a system of feaching'and rewarding creativity

thxough gradee can effect an increase in creative abilities.

, .
f . »
. ., E
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DeLuca and Renner (76) compared achievement and attitude in traditional

‘

laboratory and a structured dnquiry laboratory approach in introductory

- geology. All students,attended lecture sessions three hours per week.

’ The lectures were conducted.by the geology staff., . [N ’

.

v
- .

The traditional geolegy 1aboratory required that a 1arge percent of
the total 1aboratory time (three hours) be given tgiezplanations and clarifi-

cation of terminology. It was common practice for the instructor to devote -

LI 3

’ the first hour to lecture and providing information-using the chalkboard.

In song lghoratory sessions, most of the, three-hoyr périod was ‘used this

7
A ‘e

way.
& -
r e, . . ’ '

The\sfructured inquiryaapprqach that was used in the experimental
1ahoratory began'with a 10-to 15-minute introduction. Then the students were
involved in thé activity. A variety of learning aids *was used: .models,

. movies, slides, modeling claz, steneographs, etc. hhen working with the,

materials, students wvere encouraged to make observations, ‘collect data, draw

oA

”

conclusions if possible, and answer questions. In the study, 83 students
were randomly assigned to two instructors, two classes to each instructor.

Each instructor taught an experimental group and a control group. : S

°
» -

To measure achievement, an objective test was developed, tested, re-
written and used. D Student attitude toward £Lheir respéctive course and ' *
gelfzesteem as a geology student was measured,. using a 10~scale semantic .
differential test. Analys1s of the data y1eldEd the following findings: g T
" (1) There were no s1gn1ficant differénces 1J achievement between groups,

instructors, or methods' of+instruction. (2) Students in the experimental

'

'éiFuP had.a significantly more positive attitude toward their course than
did those in the éxpository (craditional laboratory) group. (3) Students
in the structured inquiry group indicated greater self- -esteem as geology.

‘students than did thoser taught by the expository approach.
4 . : . . ’

\ ) \
_ Generally speaking, the .two approaches were equally effective in

~

4 -
.

promoting achievement in geolegy con*cnt. The structured inquiry approach,
however, was significantly- mo;e effective in promoting favorable studcnt

attitude and self- csteem as a geology studcnt.

N '
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- Lecture ’ \ .
5 - " The first investigation in this group is the only research report &
reviewed dealing specif1cally with the effectlveneSs of lecture and lecture

. style. Since Jlecture is, no doubt, the most frequently employed teach1ng
‘Eeqhnique, thiis research has broad application in college teaching not* only

in science but in all curriculum areas. .

. - - .
N \ N . N L
. - . N

v

‘ Johnstone and Percival (140) invest1gated student attention patterns
during-‘lectures mostly in first year chemistry The. investigators were'
interested in the existence and frequency ,of general" non—attention.- Wore
s Specifically, the research entéred on determinlng the pattern of attention
breaks if they did exist. They were ‘also interested in determlning whether
or not the attention breaks were related to‘lecture style and which factors,
if any, improved the non-attention pattern in‘a lecture. ‘ . %
, ' . L | .Tr
j, h An attention break was defined as "a period of general lack of concensz
tration dur1ng a lecture involving the majority of the class and net’ merely
, 1solated ind1v1duals. These attentton breaks were 1dentified by 1ncreasev"
in background noise, students inyolved in doodllngJ chatting, look1ng around,
etc. A general feature was a mood of restlessness in the class.

. - ’

» o @

classes of 275 to 300 students to make observations. Several of the
lectures were, attended by independent observers so that thé findings ‘could
be compared A Mfinger print" of the lecture was recorded which 1ncluded‘.}
aSpects of lecture style, t1mes and length ‘of non—attentlon, and precise
content ideas presented during non-attention. There was a very high cor-
telation of these notes taken by the separate observers although they wvere,

.

. * not in contact during the lecture. - ‘ .

€ Y

A large class (550 students) of first year chemistry Had been divided
. ,

N
. into two sections, one in the morning and one in the afternoon. Each section

.

received an identical lecture., A comparison was Wade of these two classes to
determine the effect of the attention breaks on achievemertl. For example,

if one class had an aftention break during a particular presentation of

’ -
~ ”»
.

«

S R 3

FR

.o NN
The investigators observed over 90 lecture sessions and sat among J"" o
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content and the other did not, this would Be expected to show up'on one-of

’

the diagnostic tests which were given monthly. .

\ '

. ~ Patterng of general non-attention were observed. These periods gener—
ali; lasten from two to four minutes. The first period of non~attention:
was at the beginning of . the lécture, dué to the\claes ettling down. The
next. lapse of attention generally occurred some 10-18 minutes “later. As
the lecture proceeded, the attention span beéame shorter and often fell to
three or four minutes toward the end of the lecture. This general pattern
of shortening of attention span was found in every case where a lecture
without a break was given. The rate of decline of attention spans varied
from one lbec'turer to another ofsthe ‘12 observed_. ®he variables which
appeared to affect the rate wére difficulty of subject material, delivery
rate, Legibility of chalkboard work, and lecturer personality.

To determine the effect of noniattention breaks on achievement, certain
items from the diagnostic tests were selected for combarison of the morning

~ and aiternqon sectilions Sf general chemistry. Some items represented ﬁerioasa
in which both sections were involved in non-attention. Some items were

selected to represent periods when both sections were attentive. Some items

3

were selected to represent periods when one section was attentive and. the

Q -
other was not. -
]

Y

In tRe cases in which both sections were attentive or both sections weée

Y

involved in non-attention, while the ideas represented by the test items
were covered by the lecturer, there were no 51gnificant differences in test

scores. In the cases where one section was attentive and the other was not,

,
N -

. the difference in scores was highly 51gnif1cant.

2
. . .
4 A °

Leetnres with deliberate ;ariations interspersed usually'commanded a
betterﬂattenri3n~span pattern and had the effect of postponing or eliminating
the occurrence of the attention break, The variatigns #ncludéd illustrative
models, expcrinents, buzz sessions or problem solving sessions and other

“guch planded breaks: : o ,‘ .

x
L. . . .o . .
.
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Lawrence (158) compared the achievement and attitude of students in
medical biochemistry in a standard l&cture—chalkboard presentation to a
slide—tape method and a combination of these methods at the student's . .
discretion. AchieYement«mas %gasured with regular scheduled quarter exams.
Attitude wag measured ‘by using a pretest and posttest Likert—type scale .
directed at the student's attitudeﬁtoward biochemistry. Another Like;t-
type scale was used at the terminatign of the\course to determine each
student & attitude tpward the instructional method used. Lawrence found N
that informational gain was highest in the group taught only by the slide-
tape method The combination group had the highest rank in attitude toward
the subject and the method of 1nstruction. t.

. . - ’

Combs (64) used the self-paced format in physical chem}étry lecture and
testing. Lectures were taped so students could listen at their convenience.
Also, students could take tests early if homework problems were completed.
Taped previews‘and aids on problem solving for each unit were available to
the students. After a period of adjustment to the various avenues available
to them, the students using the multipie option approach improved steadily’
Classdattendance was even_better under this option than)with the traditional
approach. ?

. ott (218) compared the achievement and attitude of students taught

by two methods in a one semester freshman level physics course. One group
of students was taught by lecture-recitation-laborafory. The other was
taught by audio~tutorial instruction. Students in both groups used the
same texts,- had the same homework, and laboratory assignments, and were

given identical quizzes and examinations.

-

AN

(s

X —~

The standard lecturefrecitation—laboratory consisted of two hours
lecture and two hours of recitation per week, and a tno—hour laboratory
every other week. In the AT method, there was a one-hour recitation period
per week. All other instruction was at the student's convenience in a
learning center staffed by tutors 45 hours-per week. This learning center
¢ontained materials for sef/ demonstration, audio-tape commentaries and
slides. The tapes, commentaries and slidcs’were coordinated with a study
guide: The measure of student achievement{in the course was the student's

final grades, o
Iy . | e

0 -1{"1—- N .
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Another aspect of this study had to do with. the method of assignment
of students to AT or standard methods of instruction, Four different types

of assignment were used as shown in the following diagram wh1ch also shows

'

the number of sections in each category. ¢
. AT Standard
: Random | 4 4
Preference 3 4 = ,

¢

The resn& of the study can be br1ef1y summarized as follows7— There
was no signlflcantddlfference in achleyement as measured by final grades
. between students in the audio-tutorial group and students in the standard
'group 1f students were ass1gned on the same basis, Students assigned by
preference indicated greater satisfaction with the method of instructlon
they received than did randomly assigned students., >

"R - . . t

" .There is much more in the research by Ott than can be dealt with in
thig¢ brief review. The interested reader should refer to the complete

article. ) _ -

4

J

Spevack (276) compared the achiFvement,and final course attitude of
non-science oriented chemistry students//sing the Keller Plan andythe
Lecture Recitation System (LRS). The Keller Plan or the °ersonallzed
System of Instruction (PSI) is a self- paced _mastery oriented, student-
tutored instructional method based on the psychology of reinforcement theory

-4

.
.

The distribution of studer in the PSI (experimental) and LRS (control)
sectiond was nearly random’since'students‘chose their section without know-
ing if it would be experimental or control. The sections were designated

¥

experimental or.control on the basis bf'a‘éoin flip. /
Students in the control group had three periods each.weeh conducted

by the traditional lecture-recitation method. The students' grades were

based on'their perfermance on four rcgularly/scheduled exams and a2 non-

cumulative final. '-Students in PST had one period each week ‘designeds to

J .
!
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- motivate them to learn the course content on their own, During?tyo other .
scheduled periods each week, the lecture room was turned into‘a study hall
where students ‘could consult with tutors.” Students in the experimental '
group were also informed that their course had been divided into 12 units, .

" each consisting of a reading ‘assignment, instructional obJectives, and
homework questions Each PSI student studied the units sequentially at
‘his/her own pace and took mastery exams .given by a tutor when she/he believed

. ) they krmew the material. Alternate exams cou1d be taken without penalty.

. - v

‘ All students were tested durin;::hz’first week with the American
Chemical Society-National Science Teacher s Associatlon (ACS- NSTA) Cooper- |
ative High School Chemistry Examlnatlon Form 1971. The course instructors

_.and Spevack constructed objective, rnultiple choice midterm and non-cumula-
tive- final exams. The sum of the standardized raw scores on these two
exams, with corrections for guessing, was considered a measure of achieve-
ment, An analysis of covariance was used‘to anaiyze the data.” There was
no significant difference in the achievement of the experimental and control

AY

-+ groups. e

L

-

A course evaluation questionnaire was used to measure the final course
attitude of the students. ﬁhe instrument,’ administered during the. fif-
teenth week, allowed the investigator to conclude that PSI students had a

- more favorable final,couEse attitude, ' .

v

Calhoun (42) conducted a study using. the Personaiized'System of
Instruction (or Keller method) in an underoraduate personality course. The
results indicated that progress through tile course was related to grade .

point averdage. That is, strong students progress rapidly but weaker students
can achieve mastery if adequate time is availabie. The flexibility to go
‘beyond the limits of the semester or quarter is'desirable. .
Mintzes, Littlefield, Shaub, Rakitan, ﬁichard Crockett and Ronald . -

Crockctt (195) reported on five studies involving 693 secondary and college ¢
students 1in indiuiduaiizcd biology courses. They identified student char-
'acteristics relating to high achievement in these courses. Prior knowledge,
intellcctual ability, and m&tivation were re1ated to high student performance

in all five studies-// ' R

- \‘1‘ ) ) , l ’ R -
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Wolfson (316) COmpared lecture and individual research as methods of
teaching a required science course for achieq‘mcut and retentlon. Students .
in three classes of 30 st@dents each, all taught by the same person, were
permitted to select eithgr of two approaches. One approach, the "formal
approach required student§ to be present at lectures.glven dnce each week _
for two and one—half hours. __ They also attended a laboratory section that
met once each week for two-and one-half hours. The second, “or 1nformal"
approach, requlred the student to select a resear& topic ermYatlist pro—
vided by the\lnst tor or decided on with the approval of the instructor.
A statement and prief outline of the topic was required at three weeks,
afbibfiogra y at eight weeks,‘a‘formal'outline at twelve, and the -paper
at fifteenriteks. Each §tudent gave a 10-minute talk on his/her paper.

The "informal" group participated in laboratory with the formal group. *

-

dbjective testslwere given to all students in both groups three times
during the course. There was no 51gn1ficant difference in science knowledge
at the beglnnlng of the course. After 15 weeks, the formal group per-
formed better on tests but not significantly better. After a period’ 4
seven weeks a retention test was administered. The informal group outpEf—

formed the formal group at a level of significance greater-than .05.°
I gbjecti ves \ . V4

} .
q N < *
These researclt studies dealt primarily with student' achievement and

« attitudes related to variation in type and use-of* course objectives. -

2 R ¢
Miles (194) stugled the rela;§33\effectiveness of behav1oral and non-

behavioral obJectives on achievement 1n an introdugctory geology caurse.

The behavioral objectives spec1f1ed what was to be| learned and how the

- ‘ 1
learning would b% demonstrated. The non-behavioral objectives, or outline
objectives, consisted of listings of terms and concepts in hierarchical

groups. A second objective was to assess the attitude and preferences of
Kal
the students with respect to the two types of objectives. ’ g

-
o ‘ -

Two intact classes, totaling 32 students? were randomly assigned as
experimental and two classes (30 students) were desdgnated as comparison

- v

. - 3 .
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grOUps: The experimental group used behavioral objectives and the comparison
group useo outline objectives for one duarter. Tests were given on two-
week intervals and the students were dlso given a comprehensive final exam.

v -~ »

.. R ’ . ‘ ) .
Analysis of the data (multivariate analysis) indicated that the overall

achievemfnt of the experimental group was signlficantly higher than that -
of the comparison group During the next quarter, all students were exposed
"to hoth types of obJectives. An attitude scale showed an almost unanimous
support for the use of objectives. Also, when students were given a choice
‘of behavioral obJectives or outline objectives, the maJority of the students
chose the outline form and appeared to view the outline form as more use~

ful to them.

*
’ \ .

Leonard (165) conducted a study in which (among other wvariables) the
students'perpeived usefulness, of, and attitude toward, prior knowledge of
inStructioral objectives in a physical science course was assessed. The
student groups which were ginen?the instruétional objectives found -them
useful'and expressed a desire to have such statements of instructional
objectives made available to them in other courses. ,
Tests ) : . - -

. u N ‘ !

Trochet (297) studied the influence of a computer~based repeatable

g

testing program on student‘achievement and attitude in a genera ducation

' physical science course. Students (108) in the experimental group followed

_a repeatable testing program in which they. could take unit tests’a

sécond and third time without penalty. The repeated tests were an alternate
form of the first test. The control group students’ (100) had only one
opportunity-to take each.test. Three unit tests,an opinion survey about the

course and the testing program, and a midterm achievement examinatlon were
given, '
. s

’ ]
™ i ’
Stullents in thetexperimental group scored significantly higher on two
of the three unit exams. There was, however, no significant difference
between the experimental and control groups on the midterm examination,

It appears that repeatable testing allowed short-term learning, but there

was not a significant difference in long-term retention. Students preferred

[ ] / . y

100 .
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the repeatable”fésting but this preference had little,1f any,influence
on their attitudes about other aspects of the course,

- Rosati (252) reported on Announced Repetitive Tests (ART), a teaching
method similar PSI. The method involves defining a minimum acceptable
couyrse content Egd express1ng it in the form-of "a certain number of ques—
tioms. . The questions are grouped into question sheets and quizzes and given
.to the students togetHer with study guides. The student studies the quiz
until he knows the material Then the student takes the quiz and has it
checked by an instructor. The student may repeat incorrect questions or
variations of them,until they are answered correctly. Students and 1nstruc~
tors liked the ART method of teaching. Rosati feels, however, that the
method would not be successful with classes of over 30 students.

.

Supplements )

[

’ '.-
Research studies placed in this group are those which generally intro~
. : V
duce some innovation in the form of supplementary materials or activities
0 \ ..
into an instructional program to enrich or enhance it or to solve a partic~

ular problem in the course of study. p

Reiss (242) introduced the use of a personal journal kept by the

student as a means of measuring students' learning and evaluating the:
[ ' T,
students' knowledge of physics. He determined that the journkl was an

effective “instrument by which the student could document and demonstrate

learning,

4

Kromhout (153) investigated the effectiveness of computer review lessons

Ld

as a supplement to an introductory, physics course. Fifty-five computer
lessons were nad% available to the 170 students 'involved in the study.

~ Generally favorable results were achieved by users of the supplementary

lessons. MY . :

v

%
1

Tamminen (290) supplemented a general chemistry course for non-science
majors with a workbook of programmed chemistry problems. Four lecture

7

sections (120 students) of college general chemistry were used in the study.

- : ‘ 110
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All‘seEtions met‘twice a week for a one-hour lecture and a two-hour labora-
tory session. Another one-hour Jiscussion period was optional Students
1n two sections used a basic chemistry te;t with the Programmed Supplement
of General Chemistry Problems written by the investigator. The other two
sections served as controls. A two-way analysis of covariance was employed

, to evaluate the data. Tamminen found that there was'no 51gni§icant differ-
ence (p>.05) between the treatmgpt and control groups. . ‘

-
r

Wooley (318) developed and evaluated a supplemental Computer Assisted
Instruction (CAI) program to improve the ability of students to cope with
ﬁhe'mathematics in introductory astronomy. Three types of CAIX modulee were

* developed for use: (1) guided discovery modules which provided feedback
guiding students to correct responses; (2) discovery modules which supplied
ouly knowledge of results feedback; and (3) placebo modules.

Wooley taught.the two sections (94 students) invoived in the study.
A mathematics ability pre-and posttest was used. Course content, retention,
CAI attitude, and course evaluation instruments were admfhistered at
appropriate times during the semester. Wooley concluded that neither of the
experimental approaches‘resulted in an increase in students' mathematics

ability or in transfer of learning to mathematical portions of the course.

Meade (192) studied the use of a computer as a problem solving tool
in college physics. Three areas were explored? (1) achieverent. on course
examinations and qurezes; (2) attitudes toward problem solving, and (3)
feasability of _the use of computer problem solv1ng on a regular basis. An
experimental group of 46 students was required to wr1te and execute computer
programs baseQrpn problem assignments §ivcn to the control group of 89
students. Both groups had the same instructor and were given the same
quizzes end.examinationsn Students in both groups were given surve&s to
measure‘their attitude toward phyeics, problem solving, and the particular

-

" course of study in wirich they were involved.

Meade found that students who were taught problem solving by the com-
puter approach did not achieve higher scores on eyamination and quizzes and

did not have a more favorable attitude at the end of the course toward

a

ERIC | . 117



i 3 ' 195

. : : . A4 . ¢ ? Y
\'problem solving or physics. Also, students in;mahy cases reported that the
computer programming took too much time. . . )

R .

. Time- . ‘ '

Blind (31) assessed :ghe effects of?compressipn of addio and video

; , components on learning during an instguctional television presentation.
The results indicated that in this preséhtation learning, as demonstrated
by a penclﬁgznd paper test on multiple choice items, occurred as~readily

with compressed material as with uncompressed materlal.

Studdard (283) demonstrated that the same goals could be achieved
during an interim term in a college‘ievel physical science course as in a_
regular semester course.

- ’ . - - ‘ ™~

oo

1 .
| Focus or Orientation

1

¢

The following four research reports descr£be investigations in which a
focus dr orientation was utilized in the couxse that differed from the °
traditional course in that content area. One of the research studies, the
last one, was included‘with this group because the evaluation was based in
part oh the election to take the second course of a two—semester sequence.
The second course was not required. N . .

»

Graham (110), attempting to make physics more attractive and familiar
to students, developed a new course emphasizing the qualitative aspects of

physics. He tested the hypothesisﬁthat there would be no significant

e

e

difference in achievement by students who studied phygics by the qualitidtive

approach and those who used the quantitative approabhz
A -control group ‘of 32 ;tudents enrolled in a physical science course

which used the quantitative approach was used as the comparison group.
TWenty -six students, the experimental group, were taught physics using the
qualitative approach Both courses were taught.by the same instructor.
The ihstrumenpsiused included the Dunuing—Abels Physics Test (Form E pre~
tesr, From P posttest) and a science dnd mathematics interest-inventory

- pre- and p8sttest. " ' ;. ‘

[y . \cd , .
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Analysis of the data showed that there was no significant difference

in physits achievement using the two approaches. There was also no signif-

*

icant difference in the two approaches with respect to interest.

-
. o .

@ ~ e .
I

T ) Blomme (32) compared the attitude toward science of students in a
- traditional chemistry course and an environmentally oriented general chem-
istry. couf%e for non-science majors. The Science and Scientists Attitude
Inventory (SASAI) developed by Lam01ne Motz was administered as a pretest
and posttest. . The pretest 1nd1cated that no significant différence in atti=- ’
tude toward sc1ence exlsted between the sample populatlons of the two greups,
’ There was, however, a s1gnificant difference ‘in the attitude toward scilentists

at the .8} level. The. traditional chemistry group had a more positive !
. - \
attitude.

~
7

After completion of the two courses, there was no siénificant change
in the attitude toward scienceé by the students in the eavironmentally
oriented course. There was a positive change at the .00l level of signi-~ R
ficancgvtoward science by the traditionai chemistry group, The environmen-
tally grieﬁted course produced a positive change in the attitude toward \

scientists in the sample population of the\traditional.courseﬂq . d)
g . ' hY .
. Williams (309) measured the effect of the course Physical Science for
Non-Science Students (PSVS) upon the problem sglving skills of non-science .
college students. Ten classes us1ng PSVS were compared to ten.classes

using another science program.

M

# The College Science STEP Test was administered as a pretest and as a
posttest., The pretest score of the two groups vere subjected to analysis
of variance. The results indicated no significant difference between mean

. * performance of the two groups. o b
- ' . ) U

ool
‘&Y

The pretest and postteSt class mean scores of the PSNS and non~PSNS
‘E?Bﬁps were subjected to an analysis of_covariance. The results indicated
that there appeared to be no significant difference in the improvement of

problem solving skill in the.PSNS and non-PSN$ groups. ’ ) '

o - » .
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Mauldin (180) studied the effectiveness of a physiééi stience inquiry
i
course in changing the attitude of college studeﬁté‘toward scientifjc

methods. In thts study, which involved 300 students, use was made of the

f .

€act that the course was available as a two semester sequente. The second
4 .

half of the sequence was optional. . . :
Y v 0 ;

. 3

.
. >

A pretest and posttest with a twelve—scale semantic dlfferentlal
applied to each of the phrases "physical science," "doing experime{ts, '
and "making inferencés from ob§ervat10ns was used to assess attitude.
Science interest was measured with two questions on the frequency of out=-
side reading an& science activities. . , g .

. i . . ‘9
Analysis of data from the instrument used in the pretest and posttest
indicated a siénificant change in attitude in the unfavorable direction.
Also, no significant relatlon was found between student attitude level or

change in the first course and student decision to take. the second inqu1ry

. course of study and objectives are

course. .

M ul;iple Components

s

' f
the others in two ways. First, it
different components or variations

research studies focused on one or

»

comparisons are probably not as meg
'

The third research report indj
colleges and universities for non-{
of contentu

Naegele and Novak (204), in a
on a'tWOTSemester introductory phys

period at Cornell University, . The

members and frgm 500 to 700 §tﬁde£tsu

-

~

The first research report in this section is different from most of

involves the use by students of many

-

from a traditional course. Most of~the «

two coinponents. Second, since the
different‘from‘traditional courses, |
aningful,

»

Llcates that chemistry qoﬁrses oﬁfered by
tcience majors have no degectable patterns
. | %'A%
paper presented at NARST,” 1975, reported
s5ics sequence developed over a five-year
course involves between 20 and 30 staff

The course is aimed primarily at

students pursuing careers in life science areas. .
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The physical facilities occupy a 10,000 square foot area with some
90 carrels containing avdio cassette recorders, film loop projectors,‘
demonstration and laboratory equipment, etc. A large portion of the.
space is occupied by a teéging center and post-exam tutoring rooms.
. F
The function of the learning center is to provide a wide variety of
instructional alternatives to be used by the student as often as she/he
wishes. Students work at their own pace, with help from an instructor .
as needed,ipn nine modules each term. A standardf@extbook is also used
with the course and ;tudents are provided a stud& guide containing a )
list of learning objectiQes, a list of recommended activities, laboratory\_
instructions, audié—tapé supplpments, supplementagy problems, programme&

materials, and sample examinations., Examinations are self-paced mastery

type and are non-scheduled and repeatable.

A

.Student attitude was assessed using an end-of-course questionnaire.
The information from this questionnaire,when compared to a background
questionﬁaire administered at the beginning of the course, indicated sub-
stantial gains in student attitudes. The attitude of the staff, primarily
graduate physics teaching assistants, was also reported to berextremely
positive. The staff expressed a.markgd preference for the self-paced -

format over the more traditional format, ' .

)

3

Because the content, objectives, and eyaluation procedures have signi-~
.ficantly_changEd sfnée ;he'course was téuéht traditionally, Naegele and
Novak propose that it is virtually impossible to.definitely compare over-
all achievement under the two formats, Castaldi (49), in a réport on
research.at Cornell using the audio-tutorial format, self—ﬁgcing, apd
mastery testing, states that achievement in this format allows as good or .

bettgr achievement'than in a traditional lecture-laboratory-recitation format,

Blatt (30) used questionnaires to obtain information about introduc~
tory chemistry courses specifically designed fof non-science majors. o
Questionnaires sent to four-year colleges accredited qy the American Chem-
ical Sogiety estaéiishcd that. most of these schools do offer a course for
Bpn—sciehce majors.  The courgés differ froﬁ traditional chemistry courses
An many ways and differed from each other fuch that there was no detect—

»

able pattern among the information obtained. "~

v
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Instructors and Students

& o
2

. 2 .
The college instructor, as ampart of the educational program,
touched upon by two reports., In beth eases the evaluation of the

instructors was based on student opinion surveys. The research ‘

,» reports which dealt with students were richer in variety.

. ) o (3‘
Instructors ,

' < RN

o Counts (69) investigated the effects of certain student characteris-
. tieés on ‘the students ratings of instruction in biology at the college .
1evel. The basic population for the study was 374 students enrolled in
Freshman Biology» Among the findings were reactions of students to

class size, workload in class, and course difficulty related to their

- ¥

bilology instructors" performance. Students who thought thé class si%e
was too large gave instructors the highest ratings. Students who said
that class size did not matter gave the lowest ratings. Students who
perceiyed the worquad as much heavier than other courses gave much lower |
ratings to instructors than those who believed the:workload was "about®

) right."' Students who perceived the workload as lighter than other courses .
gave the highest ratings. Students yho thought the course was either very

difficult ¢or very easy gave significantly lower>ratings than those who

thought the course difficulty was "about right," .
\ ‘ s

»

McLaren (191) posed the questions in his study, "Do students rate '
instructors with training in professional‘education higher than those <
instructors who lach this training?" and "Do students rate instructors
who have completed_the Ph.D., degree higher than those instructors who

have not completed their doctorate?"

Sixteen member colleges of the Council for-the Advancement of Small
Colleges in Ohio, Indiana, and Michigan were used ip thé study, The .

senior biology and chemistry students in those colleges evaluated science

instructors using a simple numerical ranking scale, ‘and the Student

Instructional Report. Information was obtained from instructors hy inter-
view. There were no sigmificant differences in the ratings of instructors

on either -of the two questions. .
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Yekeson (326) tested a set of criteria to be used G;‘academic advisors .

for the prediction of success and placement in general college chemistry.
The independent varlables tested were ACT scores, high school grades, scoreo
on, the 1958 ACS-NSTA cooperative examination for high school chemistry,
and scores on the/estern Michigan Lniversity Chemistry Placement‘Examination
(WMUCPE) . The sample consisted of 339 students who had completed cgemistry
101 -and 102. Yekeson ‘found that no single predictor of success tested had

a high relationsh1p (coefficient of correlation ranging frem .70 to 1. 00)

with the chemistry grade., , ' N ‘.

e

- . . e R
.
4

Using stepwise regression analysis, six variables were identified as
effective predictors of the " general chemistry grade. These variables were:
(1) ACT English Scores, (2) ACT ﬁgthematics score, (3) h;gh‘school mather
matics grade, (4) high school social studies grade,. (5) high school natural
sciencé grade, and (6) the ACS or WMUCPE. Yekeson developed a predQction

equation u51ng the ACT mathematics score ind the, WMUCPE score. v @
v n o> .

Lo ) ’ 'Y

@ Spencer (275)‘conducted a study:to find.the relationship of  certain
variable; to the grade point average in general blology. The independent
variables tested were h1gh school grade point average, SCAT vergal and quan—

. tative scores, -and CGP matHematics, verbal, motiva¥ion and biolbgy interest‘

gcores,

-

A random sample of 140 st@dents was drawn from a list 67(582 students
vho had already completed blology courses., The SPSS programs were used to
cénduct a Pearson: product—moment correlation and a stepwise miltiple
regression analysis of the sample. Spencer conclud&d that the best single—
predictor of success in general biology was the high school grade 351nt
average.

(‘f

Lipton (169) asked the question, "In introductory science classes,'is

" there a differential relationship between academic ability ani achievement, .

and ‘between academic ability and attitude that depends on ‘the personality

characteristic of internal—eyternal control?"

L _ A
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" The predictor variables‘consisted of the verbal and mathematical scores

* of the Scholastic Aptitude Test (SAT), the scores of the Rotter Interngl-
External scale, and the 11near cross product terms of internal—external

) control and ‘ability. The criterion ‘variables were course achievement as
measured by pooled standard scores of mid-term an{ final scores for edch
class, and the intellectual and emotional scales of the ;Séientific Attltude
Inyentory. Three mult!ple regression analyses were perfofﬁed to analyze

‘the data.’. The results showed the SAT to be a valid predictor of academic
QIR TN

o 5

achievement,
Hedges and‘Majer (120) determiila the relationship hetweenxgraﬁ%s )
teceiyed in prerequisite biology, chemistry, mathe;atics, and physits ~

) coursgsiand subsequent grades received in science major areas.

<

&

The -subjects were 195 students who graduated with najors in appl}ed
physics, information science,papplied mechanics and engineering,sciences,
- biology; chemistry, mathematics or physics: Mdltiple regression analysis ~

was used. ) - . b : 2

!"l .." .‘ - - -
Hedges and Majer concluded that grades\inrmajor prere&u;site courses
were accirate predictors of upper division;grades in the major area. ' Lower
diyision physics grades, were the beSt'predictor for four of the seven areas
and lower division mathematics grades weie the best pgedictor in two of the*
three remaining areas. An interesting, and no doubt nnexpected finding of
the study was that 10war division biology, chem1stry, mathematics and
. physics grades were not the best pred1ctors of upper divigion grades in

. those areas, . . o

4
Yett (327) conducted a study to determine the effectiveness of 'high
gchool laboratory experience in preparing students with the necessary skills
_and knowledge requ1s1fe for satisfactory performance in collége chemistry
progranms. A questionnaire consksting of 52 items of 1aboratory skills and
knowledge selected from chemistry textbooks and manuals was$ sent to chemistry
teachers in 110 high “sehools throughout the codntry, ‘W%e teachers rated

-

the importance which they assigned in teéaching ofﬂthe 52 items.

-~

-

*
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College' instructors of general college iﬁorganic ¢hemistry from 298

two- and four-year colleges and universities rated students reéarding their
skills at the beginning of their general, inorganic chemistry course.‘ ’
Analysis of the data indicated that although high school chemistry teachers
emphasized certain laboratory skills, first year college iﬁoroanie ehemistry
laboratory students failed to exhibit knowledge of these skills. College

. chemistry professors expressed doubt about the value of hig sthool chemls&ry

laboratory courses in prepariqg students for college chemistry‘programs.

— ‘ ‘Mo@‘ation . /

Winsberg and Ste-Marie (314) studied the relationship of ‘motivation and
» academic achievement in physics. For this study they used three types og
e 7 motivation: (1) motivation to satisfy unfulfilled needs\for security and N
belonglng, (2) motivation to satlsfy esteem needs such as the attainment of
status withln society thfough access to higher education, higher social
status, higher income, etc,; and (3) motivation to satisfy growth needs
such as the lndividual's needs to-self-actualize, to create and divert his

energies*into intellectual, cultural, or humanitarian outlets,

’ N

The question posed for the study was: How does the individualéit}dent's

academic achievement in phys{cs relate to his measured strength in®ach type

/
of motivation? | . ) . —

Y °

¥

The sample for the study‘was.the entire group of students registered
in Physics 302. There were 78 students in the sample who completed the tests
utilized., The sample was made up of approximately equal numbers of male and

" female students.,

i Each student's metivation to satisfy security needs, esteem needs, and | }
growth;neéds was measured using the ‘Merritt Colle;e MQtivation Inventory
(MCMI) develope{'by Coughren in 197%. Academic acHieveﬁent was measured by .
the final or cumulative grade which the student received in the course. _All
of the subjects were evalqted by the same teacher. ‘

y . ¢
= .

Q : | /’/“é”(’} . 4
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The data collected and evaluated indicated a significant but negative .
¢ * relationship betwean the need for security and academic achievement in . <:
physics, That is, those who were not self-confident were not successful in
'//, physics. The correlations between motivation to satisfy esteem needs or .

/%rowth ngeds and academic ach;ﬁvement in physics were not significant.

Winsberg and Ste—Mariellnterpret their findings to suggest that a lack of
'/* motivation to study physics may be due to a need for security rather than™

/ a distaste for physics. ”..

4

.~

Cognitive Preferences

Wright (320) studied the different cognitive preferences of college
¢ ’ undergraduate students majoring in seience; mathematics,;and engineerino
A sample of 241 undergraduate students majoring in science,’ mathematics

and engineerlng was used in the study. ,

o
- - . .
% . .

-

The students were :administered a revised CPE-II test which measures . R

the subject's preference for memory, application, and’questioning. Other -

. instruments developed by Wright were also used. The students' cumulative <
ks gradeﬂpoint averages and ACT were used,
LA ’ .

The study revealed that therg were no signfficant differences between

the cognitive preferences of science majors*and mathematlcs majors. There
. were signlficant differences between engineering majors and science and
rmathematics majors. Science majors displayed\a signlficantly stronger pre-

. . ference for questioning than did enginéering majors. Engineering majors
displayed a significantly stronger preference for memory than did mathematfcs
malﬁig. Students in all three areas, showed less preference for memory than
for application and questioning,

pes
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