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PUBLISHER'S NOTE

With this volume, responsibility for the annual publication of A Summary of
Research in Science Educaign is being accepted by John Wiley & Sons at the request of

-k the dedicated educators, researchers and institutions heretofore concerned with itk,
issuance -Such action of transfer was approyect by both the National AssOciation for
Research in Science 'teaching '(NARST) and The Associatiln for the EduCation of
reachers in Science (AETS). Previous volumes, through 072, have been Produced and
distributed by The Center for Science and Mathematics Education, Ohio State University,

--This 1973 edition and successiveediticrns will be published in conjunction with the dis-
tinguiShed journal, SCIENCE EDUCATION.

SCIENCE EDUCATION, now in its 5.9th volume year, is expanding its sc pe and
audience undeiAhe direction of Editor N.E. Bingliath. As a result of the spons ship of
The Association for the Ecliicatithi of Teachers in Science (AETS), alnew section, "Science
Teacher Education," has been added to the turnal.

The publisher welcomes inquiries regarding, subscriptions td this refereed inter-
national journal of researched practices; issues and trends in science instruction, learning,
and preparation of science teachers.

G
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Research ..Reviewkare being issited.to. analyze and synthesize research related tO the
teactling and learning of science completed during 4, one-year 'period 'of tiine., These
reviews are developed in cooperation with 'the., National Association for Reiearch in ,
Science Teaching.. Appointed NARST cominfttees work with staff of the,Eltr:Science,.
M'athematics, . and -Environmental Education 'Information . Analysis Center to evaluate,
revieW, analyze, and report research results: It is-hoped that these.t6tiewi will provide

4research information fordevelopment personnel, ideas,for future research, and an indica-
tion of trends in-research in science.educaticin. .

Your comments and suggestions for this series are invited.

Stanley L. Helgeson
, and ,

Patricia E. Blosser



Contents

Pbrooses Served by the R view/
Organization
Choice of Studies and Me cads fOr Their Review
Other Reviews and'.Summ 'es

-1

(
2
3 ;

Learning . S
,5

. Introduction . . ,, 5
A ot

Learning Studies Based on eories Other than Piaget's ' -- 5

Piagetian-Tied Studies ^ 12 1

Behavioral Objectives
,

14

`Formats for Instrubtion 24
Curriculum Evalulon 427
Testy 32

.
Physics ' s 6

\ Science an a Handicapp d , . 39

Educition Ch teristics and
7',t f __, .)

haviors of Teachers ; 43
Teather hdlucat ton , li .43
Teacher Verbal Characteris cs .

. .
. 47 .

Teacher Attitudes and Val es : may.. 50
t.,

Valuei and Philosophy **-52

Surveys 54

Summary and Conclusions J 57

Index

References

v



et_

A Summary of Research
1

In Science Education --- 1973-
,

. MARY BUDD RoWE and LINDA DeTURE
tniversiti4 Florida
Gainesville, Florida 32511 *1/4

Introduction

'Purposes Served by the Review
0 A

In preparing this review we tried to think of what neee,readerta

might wish t make of it. We identified font purpOses the review might

serve:

o
1

1. It should p6ttray thetstate of knowledge:in science.
. .

education.. d .N

.
.. <

2. It should debcribe any existing trends. ,

3. It should identify .areas wbichmeed to be researched.
,o .0

4 It shouldJ)tovide tentative answers to persistent
problems, if any seemto emerge from the research.

o

-'With the bibliography and index, which is provided this year fog(
the first time, p reader can locate all the studies that'relate to an

area of interest to him. If the orgazdZation we chose does pot meet

the needs of:a partidular reader, he can resort to making his own with.,

-the aid of the indexes.-

Organization

The organization we chose is empiric ly derived'. It takes its

Itk4orm frOmcthe studies with which we had,t decal.pl. We begin with learn

g research as the base. From this we p °deed to educatiOnal objec-

ti es and what they are'supposed teacc lish. The tie b advance

organizerged: objectives seemed to us obvious but the connection as

not so apparent to the tsetiPie who did these investigations. Next.we

consider various modes for presenting information to people. 'Here wee

operate on the thesis that people exhibit dtfferei4 patterns of aptir

tudeEl. These patterns imply thacka given treatment or node of instrilc-

tion will not be equally suit'eblerf6r all people. People will be
v

differentially sensitive to information presented in audio or visual,

!Linden, for example, oein.self-paced as opposed to fixed-paced instruc-

tion. More investigators are doing the kind of aptitude-treatment

interaction studies that will allow us to identify which. treatments are

appropriate for which students.

o.
r-
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Only one subject has beensingled out for spe iai consideration,
physics. The persOtent decline in euroilmeneprompted us to put. ell.
of the physics - related' research in one bundle to see whether it. yielded.
any helpfunformation.

InAh realm of teacher education there was a great deal ofatten-
tion given to the imgactof training on attitudes but considerably less
effort went into.finding-oUt whether the Changed attitudes-resUltedjn
/changed teaching patterns. Tnteraction studies continue to,be produced.,
.'with variables such as pacing and questioning as a focus.. Some work has
gone into study of teadher'end student-perceptions of each other, as
wellras the purposes to be Met-through their joint immersion in, science...
EVery year there are a fewstudiesthat described* personality char

.

'acteristics of some group of science teacher's but tjle meaning or use-
fulness of.this information receives little consideration No one has
let us in on Why any particular .combination of `characteristics is
especially useful or:w0ethwhile'in acienee.eduCation.

":S;

Probably the research on handitappedchildren and their response
to cience has the most.clear implicatiOns for practice. /Early and
extensive exposure to an activity-based science-progiam appears to be
'especially useful for both physically and socially handicapped children.

, :These are the'gronps WhiCh seem to gain most benefit frorarly exposure
to an activity-oriented scie program bUt thede are alsb$he groups
which rarely receive..science lustruct±0.

The largeit bddy of research revolves around audio-tutorial. of-
self-paced.instructions Some investigators spoke of individualized
instruction but their programs were -only self-Taced. If a program is
individualized,- it is not only Self-paced, it makes the materials avail-
able in more than one presentation format. Frpm the research in this
area we learn that students procrastinate; that a diet of all one kind
of presentatibn produces educational i digestion; that students learn
more and suffer less from prOcrastinati n if the information occurs in
short or brief rather than lengthyuni . Frequent short tests rather
than few long tests spaced at longer tervals produce better achieve-
ment, especially for middle and low a ility students.

We found only three studied that dealt with philosophy and values ,

in scientific inqui16.

Only those surveys which have at least a quasi-experimental
character to them or surveyed a large segment of the population are
reviewed. The %est may serve specific lOcal interests but appeared to
contribute little to general knowledge or Understaddiag about education
in science:

Choice of Studies and' Methods for Their Review

." We had access to about 350, abstracts of dissertations and jourial
articles.' In more than+alf the cases we found the, abstracts
for our purposes. It may be useful to people who plan to publish 'e-
search to see the kind of, quesfiops we wanted answered in an abstract.

Pcr
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Whet are the. independent variables.?

2. Whatare the dependent or Outcome variables?

3. Hew -are the:,Variables meatured?

4. Who are the subjects of the, tudy?

5. .What statistical. procedures are "employed?

What are the mains fiNdinge?

We regarded answersto these as the .minimum info ationtmeedsary

to m4e a Judgment about a paper. Many abstracts fai id:to supply this

minimum information. In e 'case of journal articles we r d the article.

Ttiis. was riot practical to d ofor:the'diseertations. The 1 ter were

assessed solely on the basis. of the abstract.

a,..
We hive one other suggestionOr comment to make conch ing tests

of significance and costs of Atreaiment. A statistically significant

outcome may no;,,,Ii&a functionally Significant outcome. Most investi-

,gators failed td+say hoW mucl4ifference between treatment groups would

be enough to make a treatmentwortbwhile. More attention should be

given to the powerof a test of -differences. An alarmingly large number

;of people referred to the results of a study as positive, the

expected or desired direction, but nonsignificant.,- it a result is not

t,,one cannot say anything meaningful about he direZtiOn of

the dif renne. Thp inference is that; if.the sample were larger,things

would Surely turn out in the directiot the. investigator expected. That

notion is erroneous and might to'be discouraged both because it is bad '

statistically and because if the diTference An means is small but

nifivint we still must ask, "Is the difference functionally significant?"

Otherlteviem'andSununariks

Wall (295) reviewed 58 studies in astronomy education. (night

(141) surveyed all the dissertations in Se nce and mathematics in

Vol. 31 of Dissertation Abstracts.'

Tisher (277) editWd a monograph that contains 10 articles presented'

at the Third nual,onferenee of the Australian Science Education ,

kesearchAsso, ation.

Balzer at ai(23) did a review of research, on teacher behatiior as

it relates to science education. It was published as the first Yearbook

of the Association for the Education of Teachers of Science (AET9.

Section one discusses instruments and their development. Section two

,describes researclibt_Oaching.published in the period from 1960 -1971.

The third section gives same perspective to .he science research through

discussion of teacher behavior - studies in other fields.. They conclude

that teachers dominate' classroom talk and students seldom initiate it.

0 We also want to call. attention to'Report 7, on Science, in,the

National Assessment of Educational Progress(196). This report is

''s 10

0 0
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bated on the, X969 -70 survey designed to meas re scientific knowledge Of
children and adults. Blacks performed be en 11.8 and 15:8 percen
below the national average at all four age levels testezt (9, 13, 17,
26-35).',With'anjustments for various background variables the residual:
'disadvantages fell to 7.7 percent. Blacks PerforTed best on those , -----
science exercises which:depend mostly upon daily experience and common---V---- -
knoWledgeand poorest on those which involved aldetache4 reaearCh-etti-
'tuile toward objects and phenomena. Interpretations-of-ihe National
Assessment'findings in 'science appeargd_in Science and, Children, Vol.
11, No. 1, 19q3;.fhe Science Teacher, Vol. 40,- No. 6, 1973rfand the
Journal of College Science Teaching, Vol. 3, Now 1, 1913. Males per-
formed better than did females. Inner city students showed ',large.
deficit.

. o

0,
Comber and Keeves (55) gaire.an account:.of the. Conceptualization,.

,execution, analysis and results of the international science study.
which involved 19 countries. Bridthim (36) reported on the National.
Longitudinal Study in MatheMatics. Hg discusied'the res lts,Of attempts.
.to.correlate mathematics with achievement.in scienCe;

_ .

-

Strassenbert and, Paldy (264) (summarized the main fUndint thrusts
0f nine foundagorib4ho that researchers inScienCe education might have
a better idea where to place proposals. TheCarnegie Foundatioh sup-
ports research and deVelopment.in-earlY :childhood; eleMentary and
secondary and,'medicel,educatien. It seeks to prOiote advancement and
diffusion of knowledge. The.Danforth FoundatiOn is interested in
furthering 'development of people and values. Exxonjs,generous to
scientists and, while it gives:support to chemical engineering, it has
funded some smallgurriculum developmentactities, The Kettering

.

Foundation has s

t
ported individually guided education atelementary

i

;..and Oecondary-le ls. The Rockefeller Foundation has an international
thrust. %kgriCul rei.food sciences, and other venturestmeant to:alle-
viate hunger are of interest to .this foundation. The Shell Companies

o
' Foundation has supported small ventures in'itaey areas of:science edn-;

. cation. for basic research in science, the Alfred P. Sloan Foundation
may be the best prospective sourge of support.

Mayer (177) discussed legal ramifications of the inclusion.of
evolution in the curriculum Some court cased and legislative bills
have been filed tol.legalize. the use of the creationistbview., The law
has not yet teen aCcededto the religious conception.

At the 1973 program of the National/.Association for Research in

,
.

Science Teaching; Ralph Tyler'(284) presented his summary analysis of
50 investigations completed in the period :46,6-13 and compared these
with research completed during 1955-65. enttally hj(s paper called

/

for ingreitaing the practical application of science research and a

currieulUm in the lives of students. The,large number of unmotivated
students was the chief object of Tyler's concern. He'maintained, we
need to fitthenbjects and ideas of science into the students' world.
He maintained that we need more understanding of haw to joinfuvout-
of-school experiences with in-school experience. Students' plirposis,'
hahits, drives and. Means 'of achieving psychological equilibrium require'
more st3dy.

. - .. Z',,

a
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We .would comment that the.kinds of queatiops ontr;asks depends

partly.upol4he basin model of learning he cc/pts. In ,contrast to the

,,:drive redution,-equilibtlom.,mndel that Tyle4 arses, Bertalanffyi- .441m

of OlIbirate initiation by organisms of di quilibriu* - curioaltY,

thelsearchlor novelty, escape.forlmredamilis what, Bertalanffy

thaintainawe.ougbt to research., How:Candye use' and nurture these
1.

propensities? ' ,0'"

Introduction

'In .the NaRst:t. c/srikAg 1 2 Summary of Researchlin Science

Education,, Oseph Novak cptipia1 ed thatTtoo manyrresearcheraWho examined '

achievement orlearninrqriabies failed to conneettheir work with:. ft

learningthcori: He noted tlwit algae 1924.most,inve4igailOns whiCk

focuSed'on the impaCE,oUdifferent
instructional regimes resulted 4, no 1..

.,significant differences (*ZS). Such la also geheral1y the case for .

'thope_.repOTte4.111 1971. lkitoas :cannot ntirely agree with Novak's cOn-7

ientiori.:tbat more steepidg in learning theory might resultAn more

productive findings. While we fully support his feeling that some

fundatental paradigms:ought to underlie research (p. 4), we find our--

selves_ more in accord with @ertalanffy, the aystemsebiologist., whOie

Upindictient-Oaycholdgiegl rglearch firm merit, He characterizes .

.

learning reaeardk4i "ratified , that is, concentrated nntil recently'

on rat derived models. which fail to reflectRhat.:is,unique about-man-

indf,nameiy hiaability!to manipulate symbols, to,cretteReaning,to.,

influence the quality and Characterhis life, andspitietbe pagi

tethe-fUture What proportion of,nsyChological research, hi asks,

has been addressed to meaningful learning? He reRarks that a large:

, part of modernpaychologr!..: covers the trivialityOf its resUlti

'And,ideas.wigh a preposperous language- bearing no resemblances either

a to norma 4nglisb, or normal Scientific TheOryl... (p. 6) 2 As we read

papers an this review:we
weequally guilty?" We leave

Our readers to iecide for then aelves.:

I

, .

LearningStudies Based on Theories 011101'han i)aget's
...

With an application, of A4U*1.,8 theory of meaningful_ verbal.;

learning in Rind, C. I. lien 197)etriegto determine whether the use

'of extra ex ars in element*
,
reiding material would iMprover

,

eading ,

comPrehension. he chose thre topics and provided Ohiee levels ofA,..'

a4lifiCation for each.. How Ul fu*Och exemplars are depends on wh4 ,
relevant,concepteglIdrenalr dityh#e. With a doze test4aa criterion,

Hall found that no'tonsiatent
4p4,1neMergestas.a result -of the treat-

ment.' In some instances mode ate akIslifiCationhelped and in others it

hindered. In,individual int r)VieW Hail found that the 135 children
..

?
i,,

,,>

I:

P
1L. BertalanffyRobots:Men and MI s George Braziller, New Yoik, 1967.

e
2ibid.

12
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4,!.17

in_the study varied tremendously in the relevantbcoOceTival props they'
already had.

: ' .

If.childAn are subject%O.a8me kind Of'eXperimental treatment, .
then it behooves tie investigator whowantare understand why he got
particilar outcomes to knewOmething.about6the.kinds of, aptitudes which
characterize the people in this sample. Uetta (285):, who did a study
of achievemenein an eleidentary science program, the Conceptually

Guilford'entructure'of intellect theory.' Be attemptdd to find out jt
'Oriented Program in Eie ntary Science (COPES), based his design obi

ch abilities pr.aptitudes.Wtre particularly telAte,4 to-pupil:achieve7 ;

pent in the COPES MechanicaPtnergy Secinence. With scores on17alected
abilities 'for t40.10,4,14th :graders in hia.(atuaY and results of pre and.
post tests." as data '..eits. performed, step4rise,mUltiiSle'regreOlon on
the datem,th the post -test scores as the dependent variable. ,conver-
gentproduction pf figural transformations '`'(CFT) and divergent.Producr.
tioo of semantic.transformatten'(DST)- p oVe4,.! Significant pre-:
dictors of post-test scoreee

--,....:-:
r /

, -.E, Keller (1351,USeg.the.same.desig to examinewbetabilities
were selectively: pnOidtile of success the,g Q S'ZonserVation of
Energy Sequi6ce. he set of.abilities. e fountto'be good predictors

4.,

wetercopergent iioductien of ...semantic relationn.(C$9, convergent.:
produt oon oftfigural transforwations (CFT), divergent croduction..et
setant c tranatermationsOSTL cognitive semantic relations.(CogSR) °
and c gnitive semantic clasnes.1,Thud for the two COPS units,, two
'abil les`were draWz on in common: CFT and DST:.:..,

, .

A . These two studies followed. one by Sher,' in 1971'Who got,nimilar
... res Ntafer'a hegeent Of COftSrcentent. --It4s A ltne ofreseara,

sponsored by Profedsor Phillip Mer?Welkat New York University, which
e0ht to be taken up by other investigator 'presumablY dikferent

)1

Atent.:cOmbinations of aptitudes.. .Alternate modeapf presentatien
tricula, ande4en different units. within. a curriculum,' draw-On dif- :..'

0E4 be necessary ter:students whose aptitude cdefiguratiens.are not

a 0

"corigruent'WIth these'that:predictsUCcess for-that unit, or curriculum.
The .(145) deport, similar findings:.-iheyexamined the inter-:,
,action between a set of aptitode:vartablen and three differently

0 ,structured advance,organizers in,'a programmed learning format. Their
/ data.suggeat that low ability students rely more on the provided ort
I Ionization than doy..other ability groupq. '

oloeMoser (194 and his students ht the'University-of Pittsburgh
...have ,been ifthmininellow information theory may be used to study human
ledining. The sequence, of moves made by subjects in the course of
learn 1 or problem selViog are conlidered to have'Markov properties:'

Ina,:., ;tt. of Moser's seven- component Information Theoretic Model,
Fazio (76) presented electric circuit tasks to 243 college non - science
majors. Predicted random moves to osolution were compared with they
actual data generated by the students. The residuals were, used to test

, .

2abigall Sher, "Using Aptitude'Measures
o

as Predictors of Differential
.

Achievement," Paperpresented at American Educational. Research &snoci-
atien Convention, New York, February, 1971. _;.-
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twelVe hypothgaes concerning e ilea'. The procedure allows The

vestigator to determine the degree_of structure in the search and this,

Fazio found, Predicts success onthe teaks. Training produced a Change

toward more structure'and, consequently, tore earning. Fazio also

examined conditions which increased the prbbabilityof transfer and

found that a combination of exposure to more exemplars pluglOining .

increased transferof learning from oM condition to another:'..- Pre-

sumably the additional braining influences the structure variable,- i.e.,

teaches a productive search pattern.

D. KUhn (l49)'Also was interested in the impact of information

.density on:problem solving ef,female caleger.eshMen and sc$homores,

Based on Novak's cybernetic model, he identifierl three, le4I6 of

analytic ability by means of a problem solving'test. ,..Then he attemOted

to relate information density and' analytic ability to information pro-

ceasing output. -In,contrast to the -Hillsiudydescriben-esrlier, all

three, gtdamhenefited from the information buthigh analytics benefited.

poreDesed on:NoVak's model, Kuhn surmised that'll* analytic groups :

maythave*learned by rote and acquired fewer structures withinwhich to

-incotperatt.information.
a

In passing, we might.dpmMentnn points that need be clarified:
4 1.

Concerning information density. Technically it is not justteore infor-

mation per page 'of instruction; something is information -rich according,

to hew many' new ideas are introduced.. The senior authot once analyzed

bioIogy,texts intended for sloW learftersidiscovered that the routine

-waY:te-produee them was to\remo'fe most of'the examples meant to illus7:

trace each concept. As .a result the number of new concepts introduced

per pagelyas enormous. The procedne had'produced an information-dense

text whose difficulty level was greatly elevated.-

* 1

The Moser and Fazio work suggests haw organiziatian imposed on a

task by silearnfy influences what is learned and how well it is re-

tained. We can slso.ask, as' Gagne has suggested, how siructuring know-

ledge on a topic intar.a.'learning hierarchy apes learning.- Parker

(206) Suggestedthat:adults" hierarchies. an childrent0 hierarchieb

might,bewery.different. One-hundred sixth raders who were familiar

110.th.*.cettain't irks did, a task analysis to pro ace hat Seemed to them

.the2natutal Sequence ofIleas. ;/Parker compared t. se 'with an adult-

generated hierarchyavefwthe same material; the Gagne hierarchy.

Another group dr-iadents,then'received
instruction ftom either the

-chilaren'sihiera chy,,the. adult plan, or a'randotized sequence. Nelther

on.the immediate ost-test nor on tOdidelayed poet test was there a

aigniticant diffe niiaI effecton learning. ,Vpre, as in,other studisS,

especially where. the material isinot especially complex, 1* can infer

that the learner imposes his own.organization on the content. It would

have been'a nice additional feature of this study if. tarker lead been

able to identify..attributes of those students who did well and those

who did poorly in each 'treatment condition.

Ifspecial aptitudes- or knowlddge'conditions performanCe in a

giverraubject area, it behooves us to,know in what way. In genetiis,..

for example, probability and
combinatorial concepts are central to an

understanding Of./atious genetic model Emery (74) examined the.

et.

a/
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0 Students confronted with'certain tasks that required predicti n of re-,.

statistical strategies employed by a grou0 of high school

latibahips or outcomes and identified three distinctive strategies. ,L
She did not relate these strategies to petformance'in the genetics t:
oourne. Thatit, she did not regard them as possibly differential
facilitating abilitfes, She did show that instruction in genetics :did
not change either the probability or the combinatorial reasoning. We
mould encourage her to.do, a. post hoc analysis ih t would invOlve a

epwisemUltiple regression analysis with scores-7"'o the genetics teat: '
As the dependent-variable to determine- how much vari ce in ouicome

acould be,ccounted for byth0 probabilityatrategieg and binatorial
skills.

,

1

"EahOr14. (21) alSo.took an Interest in .imorOving the efficienCy, of
learning infgenetico. He based his. research on Snyder' a prototheorY Off.
instructional efficiency. Tee4mtwl.the mean numbeoftragiactiong71

''needed by a teacher-student Oad-tehave through07arioualatageaof g.
problem. Bahorik-also examined theeffect of.two variables presumablY
related*to efficient learningt'nuaher of inforMationiteas and amount
of learning structure within the problem. HoisUrmised that tbe4east
katructUre and the lowest number of information items would produce the
most efficient task group.: SiZth7graders 120) were assigned to
f ont task groups which weretreated differentlyon the two Variablea
desCribed practiceaome'grouPs got hints, others did not
Smme groups were required to read selected 4afOrmation while others .
groups had choices of what to read, The treatments failed:to produce
significant performance differenCes. However, Bahorik didconfira
Snyder's hypothesis that where the ratio of teacherqatudent transactions
aPproachea 1,1nstructiOnal efficienc.apprOachea.a maximum.

.,
.

.Clarke (50) reported an attemti tOAFil-40#4elis Cognitive Field
Learning. Theory teevalUationof an.ubliailanSel!eUpe Education*Pro-.

ject(ASEP). Be rewrote portion of the ASEP to ideIOde expOsitory
and Comparative organizers:. The materials also were diranged to reflect

'die theory in the progressiye differentiation of the content and in the
integrative reconciliation of the parts.. Meats for the reconstructed
4E1 unit 4ere significantly better than those for the standard format.
In this 'study wesee conscioUglitempt to apply theory.to the impriove-
mentof a setof.instrUctional materials followed by,a teat of the

:4 theory. This /S a kind of research which ought to be encouraged.

e
In a twopart study meant to test Piagit's theory of time Sense

development,, Mori .and Tadang (188,.189) exposed students Of different
ages to 'high and low speed motion Picturea., In part I they repOrted
h.& the film!rate was lelated to the 'estimated time it took ior a body

_to fail.- They showed activities such as Ape skipping, lceap frogging
and ball bouncing. They found that estimates of time were much mote
varied for kindergarten thenfor elementary children Eleven year olds
deviated more on slow films than on fast but. generally showed little
change.from one Opel to another The investigators concluded4qat
accuracy of judgtOenedependa on age and experiences in visual7Perception7

o
1

In the second portion of the-study they flashed two moving pictures
on the screen simultaneously and examined how different combinations Of
speed influenced judgments of distance and synchrony. Kindergarten

(`'
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children thought slow runners went.farther but elementary Children
recognized that they covered thasame distance.

.

/

-
,. In science experiments' where children must make comparisons jetween

Objects.-moving at diffetent speeds (e.g., pendulums or cylinders rollitg
down a ramp),.there may be.a confounding of distance, duration and
aXaChrony, For example, if two objects roll doWn a slope and one takes
longer; young children Mal'aleo think it went farther. Concepts whose
evolution hihges On.development of a stable tiMe_eenee probably. ought
not to be introduced very early orAf.they are, some check should be
made'of-the status of student perception of, time.

In an'ihterestin study of the.effects of generating hunched upon
subsequent search activities in problem situations, Wilson (298) assigned
each of 45 students, 9-11 year olds, to one Of three grOupe. . Each group
Observed vhatmas surmised to be a discrepant event or contradictory .6
atimulue. 'Gi06-Ailirete hunchea-concernInethe epx)anation OFoup 2

esread a set of hunch Group 3 did neither of thesathinge. Then all
three groups were -aiked to classify a set of'procedUres for resolving
theconfliot and scores were,obained. Group li.which had to generate
hunches, Ciaasiffed fel4er precedures as usefulspentMore time in
search, and gave higher quality solution's. ,There,,were no differences
between the group that read hunchee and. the control group which did..
nothing.about hunchespe may look at this 'study in the cOnteXt, of
mediation theory'3And AskNN.thether the requirement to forM hunches acts
like an organizer. Can we assume that simply reading a set. of:possible
hunches either acts as a distractox_or that their content is ignored
just as instructional objectives often seem to be?

-.,,-,,,,

Golshan (88) based her three -m__, llhclinical studI1of one11 year
old gia'S thought processes concerning physical phenomena ondeap,
structure field theory (d.s.f:). .The girls thought proCefalgi can*, '
not be'interpreted in terms of standard sciencelParadigma.concerning
physical phenomena. She neverthefees exhibited' -4 cohd'rent, self -

consistent and interwovenframeWOrk that governed her exTIBnatione.
To examine the girl's d.a.f. Golshan deVeloped a coding-eystem they
sorted thapreperties of objects and actions into whattahe'called
Cognitiverelational categories (c.r.c.'s),,, ch c.r*.'that was found
to apply to the protocols was examined to's ow it:fitted into. deep ,OP
structUra. She found systematic regularitis among the c.r.c.'s that
lent support to the'notion of an undergirding deep structure. This
study follows the work of J. Easley who has maintained that a return,
to clinical analysis for the express purpose of deterMining how in-
dividual deep structure functions in various disciplines will ultimately
lead to preaentation of content and lorma of instruction more suited
to the, way children think at different stages of developvist.

In a fascinating study Jerry Horn (115)-investigated-the relation-
ships between achievement motivation, infOrmatiOn status and group
discussion arrangements to'risk-taking behaviors in high school biology,c.P
Heused the Extremity-Confidence pf,Hypothesie Test and the Risk-Taking
Verbal Observation Scale. Risk-:Taking is apparently a multidimene °tier'
trait. Usually risk- taking by groups Is ater than by the individuals
in them. We call )tention to this study because it focuses on under-
lying factors that may influence the mays in which students respond to

a
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inquiry-based courses. These cour es place students under the necessity

to-Make predictions and to five wit, uncertainty respecting the ultimate

correctness of their efforts at inq ry. Students differin their risk-

taking propensities andin their.fear of being wrong. '

e.

Risk-taking seems to be affected mostly ty the aMoOrtt of infor7-

mation a person or group has concerning the state of knOwledge about.

the problem. If a person believes that'the answer is really notkaoWn,

then risk- taking is higher than if he knows an accepted explanation .

exiSts. -Horn reported that the composition of the groups must be con.

sidered. He formed like-high, 14e-low and unlike groups, bated on the

motivatibaatiofts... Like groups; both high andlow motivation-, took .

greatepfisks than did mixed gr400q Groups usually OokMbre 4002

than individuals. ,

Lefkowitz (158)-sought-to determine the relatio ship between a

personality trait (dependence Proneness):and perfo. ce-in a high

school chemistry laboratory. He also tried "grOupingstudents.on this.

variable end examiningperformance6f-kroups in thdlilaboratory. There

was a small but significant negative correlation be mten dependence .

proneness and laboratory performance. Group member hip.mts not a

-significant variable., Scores in ninth-year algebr correlated more

Strongly with succeasthan did-Mathematical aptitu e or the personality

variable. This is another Study which mould have roduced more. useful

information'had the investigator perfOrmed,a regi pion Then

we `would know how much variance on the.outcome me mire was associat%d
' with each Variable iathe study,__

. .

In a five.year study, Scott (237)-found that students in an inquiry

type of program exhibited'more analytic modes on the.Sidgel CognitiVe

Style Test than did the comparisoagrOups.

4Two studies in engineering', education desery some attention. Khan

and D'dyley (138) attempte4 to develop a battery for predicting success

' in engineering. They reported that, prior grades,, especially in physics

and mathematics, made:better predictors than id verbal and mathematics

aptitude measures. There wag no indication the reiSort.of this study

about the type of analyses which were perform d to reach, this con-

clusion.

Hoyt and MUchinaky (116) examined experiences of engineering

graduates to determine what contributed to their' occupational success,

Ten tow-the-lob factors-were evaluated by the. graduates; 1) scientific

knoWledge, 2) engineering problem solving, 3) originality, 4) persua-

sivenessi 5) interpersoaal competeade, 0 managerial skills,7) written

communication, 8) oral communicatidn,'9) preCision,:10) practical

Audgmenk Items 5, 6 and'10 were most highly rated both by graduates .

and then superviabrs SuperViSorsalSo stressed oral. and written

'communication skills. Engineering courses, according to the graduates,

cz711elped.giye them competence on items 1, 2, 3, 9, and 10,. Other courses

helped for items 6, 7; and'8:: Extra curricular activities were not

rated as helpful for any of the 10 categories_.

People differ in their divergent thinking potential as measured.

by the Torrance Test of Creative Thinking. Abraham (3) felt that the

e,1
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.-7quality of diacusiiiona in chemistrY:mlght be .%. W1nAtIT.;*4 4/..Q. k. a. .

with differing ,potenttais)Mina grOiipill*,,.'114 r9C*40:1 f.tr..);Ir. ISicar',1.4,.4:4.4p*ct :'
and homOgeneoustdiscussion groups based 0 40.,d,ot t'Qvg414 =A,4,- .1coded discussions with the Aschner-Gallaght tatotIL4Gt(A4 4ttkAp w4-
found that the groups differed. :Moreover, theta ,ma',ftc-,4'.1..?
between gtOuOings.and divergent thinkintpot.Antliu. .47.44-7,* *

' were faVort&in'hOmogeneouegroups while high div*Vgoill ,:r.t
favor in,eterogeneous groups.

C) , r .

Cohen 01)--compared the lueatloaing OWtipal of 4,'; ..

and social: studies teachers. -He attempted t4-oftata ,rlo iqw4-s-PAi.i,
Patterns to oritical thinkingecores. As we %Iglu r1440 ,.:4-i.=.1,a'

ques't4ning.patterns had no effect,on the actlrea. AA gp*4 .,:r$4*A. 4, w:, k'`
teachers, asked more questions than did. noo-aelotio4

..

Renne .et al (221) examined. the largi*WatavAllow '''' *3'4:4'.
participation daring inquiry sessions. qhatOOdt efloof,,to :-*:' tz..4;,- .

I.Q. in a regression procedure: Were rtmovod* t 1;4tt Qi.o,'.!40-, .14. ,; -
pation made no'difference. Generally the tile* 04',4 fi,4,:,
in the study gained, more. from the diatOssionLi that

1. p-.

o 0.01, 4:4.
. subjects.' - :

NeleOe-(197) examines the iopapsuencea atf 'pip trtnsg (1,3ei ,-. -1!. .,..,.4

_.

insWiction on science. concept learning olaiAtttlitak!oQ4' -.tY ..* c,

2e.it2 x 2 factorial designs (school x atrarvi.y'% uo*rimiq. . Ord:

the non,:7.probint treatmentyiplred better 0.1.0oazo ,,-omtr:_ve .'041
that school differences were bigger `than troottoont .tte17.0xti,a-.4.4,

did not. feel the prObing condilton got a rattly f4/4 v4*-/, ,
t

'this on. eheluseof Classroom Ohnervatiostat tto,t.ovt.t a(p;W:4A ,.* ,ccr",

that. the two techniques were distinguishable,

...

(,-;).

Counter intuitive events arc met to prOvotto i
:

414J- I..-

vide an incentive to resolveothe confltet Pr040'41 44 .,.:

presented demonstration-discss4on lessona.-iu acton ..;1: Air,
_students. He added to the expVrimental'exposure s'otct,o4 1 , .,..,,43.

ntuit'ive events and .examined the effect on aelivicet-l: '",41. 11:A41
a i.evement gain and-retentiOn for the expriMentat 4i',"147"

?"-*
a

.cant 'rNgreater than for the control group.
,

. .
. -

6
Peedh on exchinge*of information trotwGraat 60,4i 4 44e),*

Can take Many.,JorMs..One of them is hameWnrk.. 4iitt 1. i . C.

collectedAnd CaXecied the homework of one molAla.-It a ,fto 1 .14%,' ',le
and simply"Collece. ,,,the homework of the,pther, ?ti',.-14

were no significant A ,ferencea between gro.mprs, rti41 ,.1"''.4 . . .

variables confounded an he conclusion rod..4q1 App,-,, ,,,,:,.
studentsdo,not know how to nse feedback may.nnt ,w. 4,i,41

. ,

In a study of the effeCtivc e'ss of forTiltA0
ation Activities), Fiel (.79) found hat when olgioh
performed.poorly, .they benefited moll) froth 411 41,P0.1-flA:
of the content than' 4rom additional practiop ,t1 44

t was imp9rtant to the production of better 4tu44,4at pT$7.!,r,l)
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sted (100) compared the effects 7f student assemhiy:Of orbital

laodel in CHEM study with the results when teachers- lectured anddeMon-

Str ed assembly.. The active conditipn won. Halsted asked the students

to extreas their feelings about which mode.of instruction they .preferred.

venty7eight. percent ofthe control group would have preferred to ,con

struct their own models rather than to have the teacher demonstrate.
:9

if

Studies by Murray (195) And.-Power (215) were also reviewed:

Piagethin-Based Studies

Using Piaget-type tasks; Kavanaugh (134 tested the validity of a

proposed hierarchy through which children must pasp in order to Under

stand the concepts/Of speed. One- hundred and eight students in grades

six, seven, and eight triePfive tasks: 1) speed of,circular movement

with concentric, dircles, 2) circular path of objects fixed to a rod,

3) conservation of uniform speed, 4) speed of movement in puccession,-

anc17) uniforMly accelerated MOtiOnl -He used a scalogram analysis tech,-

nique to twit for the existence of the proposed hierarchy. The.pre-,

dieted order based on Piaget's work was 1, and '5 r, The observed

order was 1,° 4 and 3. 1.(1. was also rblated to performed-de.

SixtrsOen percent Of the sample could not complete the tasks':, The

stage of fermal operations among this sample of students was later than

the:10 to 15 years of age proposed by Piaget.

Sandra Coleman'(53) worked with the other end Of the age. spectrum

to,determine whether aging precludes a decline in cognitive fuedtionieg

retrogression in cognitive functioning as inclicated.by three

tasks- measuring conservation of mass,elegieal inference and combinatorial

operatios? The women in the study ranged in age,frOM 20 to 94 years.

She reported a downward trend toward pre -operational thinking with in-

creasing age. The meantigfer the test Of logical-reasoning were low for.

all groups, with more than 50,percent of the younger group functiOning

at the concrete operations level, -Of course, in a study of this kind .

we cannot separate age effeCts per,se from early educational differences.

6 ,*

9

/hiel, (272) took groups of children who were;at the contrete

operation level-and examined the,factors that'affected the way in which

they made predictions. He found that Oildren,made predictions more

easily using a Classification rule'thana seri tion rule. Children

in grades three through five experienced diffi ulty in coordinating

multiple dimensions. These factors, Thiel rep rted, affected the child's

ability to make apprOpriate predictions

Students*working with Professor John Renner at the University of

Oklahoma have for several yeare,worked on the relationship between

tPiaget'sfdevelopmental levels and, performance in science. In this

tradition, Lawson (154) administered Piagetian tasks to 51 biology, 54

chemistryi-and 33 physics students in an Oklahoma high, school:-. He used

scores on the tasks in a step wise semi-partial regressQionproc'edure to,

predict success oft examinations, He found ConservatiOn ofOlume and

Separation of Variables to be the best predictors of success. Subjects

categorized as. concrete operational demonstrated no understanding of

formal.concepts0 Lawson concluded that a substantial portion of

.
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seCtindary school science?Subjoi matter required largely abstract or
formal levels of operation but a significant portion of the students
still were operating largely at the concrete operational level..

Raven (217 has developedf,atest for measuring logical
as.postulatedhy Piaget% The test appears to exhibit sound psycho-
metric properties and oouldle useful inrdiagnosing spedific patterns-
of reasoning difficulties. Professor Ronald"Raven and his students,at
the State University-of Neuetork.in Buffalo have worked for some time
on programing Piagees logical qperations with"the ultimate goal of
improving scienceperformahce of elementary and;-junior high school

,students. tertain,children may, come.from environments which fail to t-

provide consistent inputs that encourage progress Op the cognitive
ladder. 3,4Us 4gp), a student of Raven, oxhirin d the:; impact of a Piaget-

,basgd stru6tureeleor;ning experience on":childre 's correlative thinking
abort 41ological_phenomena. Ninth,grade studen did Profit from, the.
training. HoWeverthe training was of doubtfUl lenefit for fifth and
seventh graders .Habmond (101),who also.workedywith RayeneOtudigd the

4, effectiveness of, {sing a-structured oet of exercises to help, sixth and
.eighth graders learn compensatory tanks.- The general problem in each
task- required the students to balance or make 'equivalent two-sub-systems
that involved forceluid dlatance Variables'. 'Ihe learning program in-\

rived geometriC figures, levef.prob/ams, goldfish eqtalibrium problehla,
and communicating vessels 'problemi; Four logical operations vers.:1.h-
volved. Hammond found that on the scriterion measure the experimental
group did hetter than did the controls;,and 41A eighth graders benefited

d pore 'from training than did tvatr, graders. 'Ale concluded that studehts
fat the formal operation stage of development can profit from thid,kind
ref training' Z,

In support of Raven's deficit notion, Johnson (125) °showed that low
socio-economic:status students Aid not perform as well on classification
tanks as diktheirricher counterparts.

While the Raven-sponsored studies ask whether training in'Isiagee%
operationsfanii,itates science performance, other investigators, ask
whether science experience helps'studints to progress along a Piagetian
hierarchy. With thislatter approach in mina, G. H. Hansen (102) cOm-
pareettwo types of elementary science programs to determine their can-
oequence fof intellectual development of'sitth graders,. Fifty=six
oixth graders:were divided into two groups. One grodp studied the SCIS
Energy Sourcet unit in tht first semester and the local science program
An the second semester. The second group studied these two programs in
the oppositeoequence. All were assessed on conservation of perimeter,
weight, and volume three times during the year. There were no signifi-
cant differential effects that could, be attributed to,program egcept on
conservation of displacement of-volume, which showed up on the third,
round of tenting in thegroupathat had SCIS in the fall term. Menden
suggested a delayed effect of SCIS training. Presumably the second
grodo which also had SCIS would show thiseffect some Months later.

T. W. Brown (39) also elialUated the SCIS prograv and found that,
in contrast to another science program, studenta in SCIS were superior
in scientific curiosity, attitudes toward science- and figural creative_
thinking. gig (99).:LIqund that a group of students in England did. not

.
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Attain conservation of chemidal identtty composition and mass after

exposure toNline.months of chemistry.

Phillips,,(212) investigated thetrelationshVof childrenh3 =

to perform selected Piagetian tasks anl their levelof adKkevement in N°

science as well as other subjects. 'There was a difference.in acience,as

well as other subjectg. There was a diffeience in science achieNatagint

between students who performed well on. the taskp.and those who did not

but there was no difference in mathbmatics achieveme pere'aggini

although this study was under-analyled, we can infe ihe Presence of

differential aptitudes that can iqfluence learding. '

p.

From these studies .beloited to:the'conclusion that

students r;fit more frilar.Iiistfuction in logicand abstract content:

only after they have pasiiiif.,64 Concretetuformal operations. Just

when, on-the average, they. do. that seems -to heltleite different fOr'the

.varidus,samplessused intheatFStudies. Th evidence., that development'

Piagetian hierarchy stimulated experiences in scienCe!'atems

to be mixed. Jerry and Mary Ay'ers (18) rep rted at exposure, to the "

SAPA progra4ncreased the rate at which ki 4erga en children achieved

conservatiolVOU1S: r u
)

, #

We seem to be led'increa4ngly to the onClusion that learding.to

conserve one kind of quantity does not insure' that transfer to net; vari-

ables.,will happen. Conservation-Of'mage seems unrelated 'to Conservation '

of volume. Smith (253) provided yet.another example with young

7 adtats''Who. are learning fairly' abstract concepts. Using programied

instruction, he taught the law of conservation,of leptons and, eleCtiic

Icharge to college iibn7science majors tb:'see whether this. wouid facilitate

the learning of the conservation of momentum Ue digrnet'find.Ani

.significant transfer of learning from one conservation law to another,

although exposure to the unit on baryons, leptons: and electric charge

speeded up, the learning of the Conservations of momentum unit.
1?

Behavioral Objectives
g ' A Does it help, hinder or leave thestudent unaffected to give him

behavioral "-objective statements prior to instruction? A review df

-literature by Duchastel and Merrill4 in th0"eView.of Educational

-Research" leads to the concluaionthat there iamb special or powerfUl

advantage to this ptocedure. About as many studies show that behavioral

objectives do not help as show that:they'do. If7People inapt on study-

ing the function of behaVioral objectiOes out of-preferente or on-

theoretical groundsi; then they mighedo well, to refill& the research 11

questions to be able to find out what kinds of stuaents are helped by

receiving objectives, what kinds bf students aie hurt by them, end.What

°kinds of students can take them or leave them.. The equivocal nature of

findings in the publication described-above as well asjiin

earlier s ence education reviews should warn researchers that something

is wrong with the way the problem is being conceptualized. There is

4P. C. Duchastel and P. JP. Merrill, "The Effects of Rehavioral.Objectives Ns'

. on Learning: A' Review Of empirical Studies ,P Aeview,of Educational,

Research, Vol. 43, No. 1, Winter 1973, pp. 53-70.
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evidence in the following

fr

described studies that many Atudents do not,
necessarily use'the objectives or Advance ofganizers

,
<\.,

° The data seem to be.equally equivocal among the science studies '-

reported in 1973. .Koch 4142Y, for example, found in high school phsics
no diffeience in achievement or on a learning envIronmeneinventory
between students who'received objectives and those-who ;did not. However,
-students who got tIte objectives-treatment scored 'higher,on a confidence,

""measure. Koch said that some students used the objectives as a/guide
and some did not Andthat the disposition to 00 objectivee,did.notin-

*crease on the unit: ' -C.,"
. ..:::

svf ,..;: .
.$ 1.14i1atly, Coleman and Vowier6(52)found nn:difference, in achieve-,.

. .

:went with .or without objectives f§r:freahmenin a.scienee'd6Ureeird'
,..,.-

aon-Malore.' Neitheitithe sex_nor thesnea of matriMation-nor7ecorea ','
On.'an attitudei.nyentOry ohlaiiked these res0103.: Stedman (261) ',reported

.

similar results in high. schoal biology.
.. Hezlound thatatudentatested

'.

with questions geSied to SloOM's taxonomy performed eqnAllY well'on'ehei
first four levels of queStions regardlesa of whather,Or not they had
receilied objectives.- '... ' '...H ;;',. ..

Kelley-034) examined the effectlilf.three treatment COnditions'6nq
',jo

performance in an'eodlo-tutorial :Connie in college genetics:-.behavioral
bbjectivesi nonbehayioral objectives, no 'objectives. He alScrused the
Eysenck Personality'inventory0PI) to blockaubjects into- five
so that he ;COuld by means of multiple regression determine the poWero
both intellective d'personalitybatteries t rediCt achievement 1.4 ,

the audio-,tutorial /units.' Objectives seemed to help performance-for
some groups. -Hp.f and thatthe group,categorize as "introvert-stables"
had the highest me s and less needof objectives Berewe see a.dome-
what,gnre.refiUed prnach co the gueStion of how uch help objectives
are to particular inds of stunente.' .--, .

In a less carefully deSigned study, ShieIds-045)Tfound that
behavioral objectivesin addiOtutorial college biological science
course did not enhance achievement. ,He:felt the effort and time in-
volved in writing Objectives might better go into improving preparations,:

..s! y.

In high school instruction the case for Obj4ttives. teems Aauncer
tarn as it does for college instruction Olsen <203) found in'high-,
school science. that *ior knowle4e of Objectives led to,bigher mealv

q,.

'scores and better retention in both whole group endaelfpaced forma of
instruction. Mottillo (192)' analyzed the effects of presenting beH
haviorAl objectivesin PbC physics: In a series of replicate studies
he used both the'F-Statist4c and t-tests with somewhat different resnits.
Generally, there was nd'cleAr win for behaviOraI objectives.

r

Presumably prior,knOwledge or objectives would help students to
focUs their efforts and so make the learning process more efficient.

-However,:Ojectives can act to impose an organization on ,the subject';
matter which is not suitable for every person. R. A. Graber,(91), f,or
example, divided 143 undergraduate chemistry students into'good enC
Poor.erganizerS. He developed a 2500 word passage with an organizer.,..,
Some students gOethe organizer before reading the passage and some, '-'"

after. He had a non- organizer as the control group placebo. grabero
...*

1 F
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found no differences among the treatment gr ups,:- Instead he reported' ,i.,'i

that skill at organizing was the key varia le. Good organizers-Aid

Vetter than,Pooriorganizers. A replicate tudy with 78 high sthool,

physics students produced the same kind of results-. There were no ..

'Etsignificant interactions between. the. treatment conditionS and organizing

skills.
''.----- I

/
.411,

" Thomas (275) found that setinductien 'techniques in college bOtany
,..,

appeared to be especially helpful to feMalea, \-

. . °
..

In'astudy meanttoeValuate bothtAvsubel/ 'S organizer theory and
jtothkoplIshYPotheaiWiegarding spaced/questionei Yeller (78), found
tlatAhel'advance organizer presented in oral mode Only.seemed\to pror...-i

uce confusion... Among his tenth grade'biolOgy Studenie,the !group siblch-'

of the adVance Organize* aud:spaced-fattual recall performed leapt well.:

ligeneral, however, there:were no signifipant differences among the

experimental treetmente, -. )° ''..
. ,

,*-..
.

.

Jungwirth aneTamir (130),soughtto corielata teacher image-as
4 ,

derived: rom,darlier studies with student.achieVement. Students ranked

14 objectiveS as theY.thought-their to ac The correlation 1,-:.

between student and teacher rankings wag. low.: Teacher Image was the 0;

best predictor... Student priOrities alad:correlattd with achieveMent but.-.

.accounted for lese variance then/did three ofthefour areas on the'

Teacher Image measure. ',.i. i. / _ ..
.

We included the Graber,', Thomas:Smd-Telier.atudies in this section I

rather than in the Sectionon learning to'Show:the probable theoretical`

connection between objectives and organizer theor-I4 Other-rePortsjiase

on AuSubeils theOry.appear An the section on learning. 'FOrnow, one
oughttaorecognizethit'most of the'research.on the use of,objectiVes.

.appears to have no theoretical base. If objectives are meanttd funttion

as advanceorganizers,:then aipy appear *be*ing no more good in+

science inatxuction than Are-mOtitof't;he studieson adyanCe:organizers.

These; too, have prodUCed equivocal iesults .

ay,fer.the,largest block of studies reVieWed,-audiotutorial prO-,

grams mo4ly seem to be of interest to teachers of college students

althougha few Investigaeora used high school students aelaubjectS.. We

=examined these atudiee to see whether we could.lear*answa*to three

.questions: 1):Undeicwhat coeditions'do selfdirected, self-paced programs

help and under:Whatconaitions do they Seem to Iind0 progress? 2) 'What

earner charatteristide interact with the modes of piesentation? 3):Are

here any trends thatwOuid allow us to make some recommendations for,

ractiCel
.t,,-

. i
.

.

If there ite,a single refrain sung by people who wrote and evaluated
independentseadlYand audio-tutorial programs, if concerns student pro -

crastination, Self- starting and self- directing norms apparently are not

J dominantin siudent groups!! Given this difficulty, how do audio7

tutorial, individu4ly prescribed, and/or self -study programs doin

comparison to more Standard programs? . One way to examine the question

',fa to aim the studies as shown in Table I according to_ whether:the:Out-

comes favored, on the one 4and the experimental treatments, or on the

other hand failed to show enough dhfferenceto make the effort worthwhile.

4, . '4

4
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We might perhaps be a little less controversial if we simply distinguished
studies that showed no differences in the outcomes. from those that did,
without raising the question of worth,. ..-:,.. .

The question of worth concerns how much-differencthee,musi be to
justify,, the effort involved in planning and, especially, man ging an

audio-tutorial or equivalent type of program. Unfortunate)_ few of the

studies dealt with this question. The qUestion Of worth t so be

considered in another way. Are therevpartidular tyPSEO)f students, who
. seem- especially to prosper under an audio - tutorial' format' of sOMa-kind?

Heriwe should look foi aptitude- treatment interaction (ATI)studiel.
) , : ll .

, These-are investigations 1)hiL examine how learner characteristics ,
interact with the materials or which contrast the way in which. the

learner variables. ATI studies caU,,hegin to help us find' out.up der what/various presentation. Medea (e...g.,vdtbal, spatial,'etu), 1.11ter4e, with

conditions and for:w4atstndents various modes of presentation"are
especially useful, 'There are a feW,,S0 itudetreatment interaction .;

Studies included among those reviewed6 Hopefully, in succeeding yeats

the number will increase.
0'1°

;.diIn connection with audio-tutorial futures, it may be useful to

stinguish between individually paced and individualized prograida.
An individually paced program allows students to progress at different
ratesAn individualized,Program must meet oneMbre condition. It must

:\in

make comparable - content available in mot than one iormatao that people.

With:different aptitude configutationn C find modes of presentation'

Which,a're especially suited to them. .Aptitudertreatmeni interaction
,"":,,atUdiesrcould help .us'to answer the question raisedin 1967 in the study

bY7Stodolosky and'Lesaer5: Are the Obenefits to be derived from matching

instructional strategies to patterns of mental ability?

The need to perform aptitude-treatment interaction studies to dis
cover what patterns of ability-seem to be called-upon in different sub,

jects is illustrated in a study by Grobe (92). In a comparison of
audiotutorial and conventional biology programs where students were
grouped in three aptitude 'levels, knowledge of aptitude and treatment
accounted for only 9.5 percent of the,Variance on CEEB,adores (See

Tsbled), The 91.5 percent unexplained- vatiancewarranta-some attention.
The multiple linear regression procedure used in this study is, an effec-

tivaalternative to two-way analysis of &variance since it preserves more
a ditaand makes the need fot identification of other variables mote

obvious. (This study appears .in two journals under different-;itles and
With A. W. Sturges added as co-author in one of theNersions)."'

.

If there is a problem of student prootaptination in self -paced
modular programs, what can be done about ite'Ealson and Bennett (198) .

5.Suban S, Stodolsky and Gerald Less r "Learning Patterns in the Dis-

advantaged," Harvard Educational idir ,Vol..37, No. 4, Ball:1967,

pp. 546-593.'

.0C. H., Grobe and A. W. Sturges, "The Audio - Tutorial andConventional
Methods of College-LeVel Biology for NOu-Science Majors," Science

Education; Vol. 57, No. 1, January /March, 1973,-pp. 65-70.

25
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surmised that:shorter units in a psychology course would help eliminate
the probleM. They; set up a condition in 4./hich they organized the. msteriki
tobv,learned in one cgse into twelve units "and in .the other, twenty

. three*its: Nelgon'and Bennett concluded that more. Small units result
. in better productivity. Students paced themselves more reghlarly, with

shorter issignii'entS and they seemed to inveitigatet e materialin more
'. 4

Thtpost to-this,proeedure lies in the incr ed time spent taking
tests on eachOitlit. It is possible to offer an alt rnative explanatir
to Nelion'ead:Bennett's reported differences in performance. Mere fte-

. quent.t.xanvygr smaller ppltions of "subject matter necesparily lead to
more reheareela of content and more feedback on how one is doine n

1:

;,7 Atkinson -(15)e arrenged:inforsiation in an Intermediate ScienceCur-.
(ISCS) level 'Ii prograM in two formatdprinted'mad-Whdio=.

t,Spee"Irouped'.72eightk.graders'into threeleVelS'of..reading
assigned studentS from each level to-:a treatment:.- On mea V

00-ret(....tfgOhievement,-...retention and time to complete the work in the

program,'all three.audio-tape grOupe,Out-performed the
printed 'instruction grtups. .

.AIle Atkinson weiSentiielycOrrect in using an analysis of co-,'
variance (I,(16:and STEP), in this instance he might have produced More
information had he also employedaMultiple regression 'procedure. We
woad then know. how much, of the va4ance on the outcome measures would,
be accounted for by knowledge reading ability, and treatment.,
There is also the potential here for an captitude-treatment interaction
thalysis -plat would provide, some basis for Andividualizing instruction.
This analysis would prcivide a-means for iddhtifying exactly which
student would prosper under each treatment.

N

In .a step-wise- regression procedure, McDuffie-and Bruce'(178)
examined relationships' between personal characteristics of students in

-*jeer long audie7tutoriaibidlOgy program and achievement andettitude.-
In addition they used a step-48e discriminant analysis technique. to,.
predict membership in highendjow performance. groups. In anoattempt -
to-differentiate characteristieprofileafor high-and low,achievers and
forstudents with positive and negative attitudes' oward the,form of ..
instruction, they administered the GuilforrilZimmerMan Temperament (GZTS) '
,Survey, MooreqOcientifid Attitude Inventory, the Nelson .Biology Test,
the CEEB, and.* Apt ude measure, .Personality fattors on the GZTS ere
prOictOrEt of chi ement'And "attitudes toward science as well as the

4.tforin of:,instruCti n. But emotional attitude toward science as well as
CEEB mstdend V hal scores were key variables.

Mauffie and Bruce concludefrom the small-4 significant ex-,
plained variance .in the criterion measures (23.2.percent) that the , t 4.
abilitieS, attitudes, add personalities of the majority of students were
compatible with audio- tutorial-'forms 6f instruction. The approach em-
ployed in the study provides a means Cf identifying students for whoM't
audiortutorial method,ig an inappropriate instructional alternative
since, the discriminant

an
indicated that low group membershipphad

high post'hoc predictability with respect to achievement. Audio-
tutorial instruction provides an alternatiVe to large group instruction.
The techniques employed in the study, could provide a means of date-:
gorizing students into treatments that would be especially cpmpatible
with their modes ofolearning.
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In Individually Prescribed Instruct ,'n (
found that the previous grades of eugin,e ring
through more traditionally organized progr
dieter of 'success in IPI. They reported tha
had difficulty pacing themselves and 95)perce

'greater than the course warranted. Oddly enough, 84 percent reported

they would choose another IPI course.
A

Campbell (4 7) examined characteristics of low, medium, and high
success students taking part in a self-paced high school biology program
where Leareos Activity Packages '(LAP's) were used as the medium of

instruction. He suggested that LAEts may not be good for low ability,

poor readers. Students who were successful with,JAPts 'generally had
higher I.Q.s, read better, worked faster and had higher science achieve-

ment scores. Once agaip'we are led to the ConclusionLthai a particular

format of instruction may be differentially.suceessful. The- task Is to

discover which variables predict success for each type of instructional

format. In shorty there need to be more aptitude-treatment interaction

studies.

.

P1),-Peura et al. (210)
'students who had come,
did not makea good pre-
40 percent of the students
t felt -the 'effort was

rq ;

o

Two studies based on O. R. Anderson's7 research on the effects

structure in verbal communication provide some guidaneMnterning the

way in which audio- tutorial and self-study packages might be constructed..

What he calls "kinetic structure" is measured by identifying and counting

the subject matter terms which appear as common elements in contigueus.

sentences. By-altering the. frequency and distribution of occurrence of

the terms, one alterd the kinetic structure of the presentation. In an

audio-tutorial college biology'course, Mathis (176) contrasted the

Affects of presenting high kinetic Structure and law kinetic structure

tapes to students. There were no differences.in the time taken to com-

plete the program. An analysis of variance en the post test.scorgs also

failed to show a significant..difference. While there wis no signifieani,

interaction between verbal ability and treatment, a covariance analysis.

indicated that a positive relationship existed between student achieve-
.

meat and degree of kinetic structure.
.

14,
lutterworth:.(44), who was also a doctoral Student of Anderson

examined the effect of levels of kinetic structure on affective learning

in a freshman collegebiology,rourse. He measured the effect of struc-

tuLe. on content acquiaition. 'Students learned More under the high

kinetic structure format and felt that. the high Structure lessons were

more helpful,but not necessarily More valuable or relevant. These

two studies call attention to the need to consider the amount and form

of redundancyxifi novel, materials.' ,

Brown (38), who was interested in, hypothesis formation, assigned

students to independent laboratory work or to regular laboratory in-.

struction in freshman college._ biology. Object visualization and anxiety

levels were the learner eharadteristies she identified as possibly

related to hypothesis formation. Here again there would have been an

excellent opportunity to perform an aptitude- treatment interaction

70.1U Anderson, StructUrei.n.Teadhink: Theory and Analysis, Teachers

College Press; New York, 1969.
; 6 .

, .11
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analysis but.this was not done. The results, while interesting, are
not as discriminating` as they might have been. Independent study did
have a direct effect on both inductive and deductive hypothesis formation.
High anxiety students in general did not perform as well'as did low
anxiety students. 0,

a
McElhattan (179) toleveloped and evaluated the effectiveness of an

auto-instructional Chemistry course for prospective elementary.teachers.
All the students exceeded the minimum criterion score en the content
test. Students also improved &lir performance on the Teat of Under-
standing Science (TOUS) and the Pfodesses of Scientific Inquiry Inventory.

In a conceptually more interesting Inve'stigation that employed
principal component analysis, Barry (24) contrasted student performande
on a traditional presentation of topics on sound waves with performance
an a'Ainear program ofwritten material arranged in, a. knowledge 'hierarchy
as described by Gagne. In three.lirst-form classes he obtained test
scores on the topIc, mid-yeareci4nce scores; number of errors in work-
ing the program and I.Q. He error rate was high and that many
students did not correct their 6rrora. Be noted that the error rate did
not seem to be sigAificantly related to the aptitude measure, a fact
which he felt calls for further research. He noted,however, that higher-
error rates were associated with loWer scores.

Burney (43) developed and evaluated programmed materials for college
physics and engineering stufts who were learning about amplifiers.
This dissertation contains a review-of programming methods and felev-ant
learning theory, but the analysis of data leaves much to be desired.

..

In a study meant to contrast individualized science instruction
via ISCS with traditional science; Heffernan (104) unfortunately con-
founded content and meth d variables with the result that his conclusions
concerning the efficacy f individualized instruction are largely unwar-

ranted. What he in fact did was to race two curricula, ISCS and the New
York State Science curri ulum,againsteadh other. He used the TOUS, the

Watson-Glaser Critical inking Appraisal .and. the'Student Science Attil

tude,Survey. Moreover, e reported that the teacher of the ISCS may

have influenqgd the New ork, State program teacher to increase the amount
of group activity.' Heff roan might have recovered valuable information
despite the design probltims he had, had he performed a multiple regres-
sion'analysis to fitd out what part of total variance was, contributed .

bI y each of the factors: Curriculum type and pacing.

The ISCS science program for grades seven through nine requires
students to direct their'own progress for considerable blocks of time.
E. So Stallings (260) used the Tab Sdience Test toNcompare the achieve-.

ment of ISCS atudents at each grade level with that of students in,what

'
he calls a traditional program.' He, found no differences at the seventh
and eighth grade levels but did find a difference in favor of non-ISCS

group at the ninth grade. The Tab Test presents an interesting approach
to evaluation but, as Stallings points out, its reliability is rather

poor and one must be guarded in interpreting results based om it. If,. -

however, theresults do reflects real difference, then we may have here
another instance where students do not direct their own learning very

well.
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Dun an d Johnstone* (68) found that 14 to 15 year.olds had diffi-

culty letirning chemistry which was presented in a programmed instruction
format.

Smiley (251) used the audio-tutorial metecid to giVe secondary
biology students freedom to choose whether to come to'class..,.. He found
that studenea who were not compelled to come to class perfbrmed as well .

as did those for whom fttendance was compulsory.

Couch (58), on the other hand, reported that in a microbiology
course where students had What he called guided learning plus lab,
performance was not as high as7with the traditional lecture,pluS lab.
Based on hip data, Couch concluded that students want to he spoon fed
and do not like' it when they are not.

In a study Of the Individually Prescribed Instruction (IPI) system,
Rookey (226) found no differences atthe early grades on a variety of
attitude and performance measures. lie noted, however, that middle level
students bad /ligher scores s ineasures of creative tendency, self -
concept and attitude towardSi ool than did the controls. For younger

students, the controls had bet'er attitude scores but the IPI students
had better self-concept scores.

-
v

Shaver (242) fOund_thal students in an earth science course who
learned through independent study'performed as well as did those who
received standard i*struction. He observed, however,' that in the follow-

ing year the academic achievement of the ridependent 'study group was

significantly higher than for the controls.. 1

.. .

To a group of engineering students who had taken the Myers-Briggs
TypeoIndicator, Smith, et al. (252) presented a self -paced program.
They sought to answer A question more researchers should consider: '

namely, for what kinds of students areLcertain treatments helpful?
They produced some interesting findings. The MBTI has a two-way classi-
fication scheme, Extravert-Introvert, and four pairs of preferences:
sensing (S) - intuitioi (N), thinking (T) 7 feeling (F),.and judging
(J) - percePtive (P). Seventy-three percent of the students completed

the course in thermodynamics in 11 weeks. The N-types liked the self- ..

paced 'formats while the S-types preferred group work: T-types pre-

ferred lecture while F-typts chosethe self-paced format. Introverts

,,,had .Jhad higher CPA's F-type g took'smaller course loads and attended more

help sessions. T-types took heavier course loads. No signifidant

correlations were found between-the Extraversion-Introversion variable
and scores which indicated the students' preference for various teaching

methods. Smith, et al. concluded that the composite type for whom

. self-paced formats are desirable,is NFP (intuitive, feeling; perceptive).

Kelley (144) administered the Eysenck Personality Inventory (EPI),
among other measures, to find out what personality variables would

predict achievement inaudio-tutorial units on genetics. He found the
extroversion-introversion dimension of the Ent, contributed significantly

to total variaace. Introvert-stables had the highest means.. The best
predictors were grades from a prerequisite course and SAT math scores.

.

'39
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Wright (303) compared performance of college students in individu-
aliZed and standard earth science courses for non - majors. He assessed
Changes in understanding of the nature and processesof-science, acqui-
sition of earth science knowledge,snd attitudes toward science. -He .

found no differences in attitudes. The traditional group acquired more
earth science knowledge and vocabulary. The individual learning group
gaifted more understanding of ihe nature' and processes of science.

Ebig (112) did a survey to determine attitudes toward programmed.'
learning in college.Chemistry and found, as did some -of theinVeatigators
previously cited, that, on the whole, students liked self-paced inetruc
tion. It should be noted, however, that ATI studies indicate this mode
of instruction may be inappropriate for some students. Generally the
self - directed. or &elf propelling requirements of self -paced ventures
seem to present problems for many students who find procrastination to
be the biggest obstacle.

In an aptitude-treatment interaction study (ATI), Ann Lee (157)
attempted to -distinguish behavior traits of students who learned best
under CAI from trait's of those students 4iho learned best in a traditional
laboratory physical geology course. In addition to biographical data,
she administered the California Psychological Inventory (CPI), seven
short-term-adhievement tests, a long-term achievement test, and am
attitude toward CAI scale which she correlated with CPI traits and with
perforbance. Johntion-Ndynantests of the two ATI hypotheses showed no
regions of significance between the traits and the two treatments.
Generally, CAI in geology appeared to facilitate learning for males,
science-related majors, and students with previous computer eXperience.
Females, liberal arts students., and those with no previous computer
experience did better in the traditional format.

Thomas Smith (256) sought to identify relationships between per-
a forsiance and selection patterns of students learning chemical analysp

through an on-line compi4er delivery system: selection patterns refer
to positive and negative instances of the concept. He identified two
patterns, attribute centered and'instance centered. In the former,
attribute centered, the learner selected the results of one test solution'
across all instances beforeqnoving to a second test solution. In the

instance - centered strategy, the,student selected the results for all
teat solutions on one instance before moving to the next instance.
Smith varied the task characteristics by presenting the information
in linear and matrix forma." He also presented feedback in these two
forms and he altered the complexity of the task by withholding, a number

of relevant attributes. Each student chose what information he wanted.
Smith reported that while there were considerable bitween,person dif-
ferences, each learner tended to maintain a'particular selection pattern

across similar tasks. In this study, which has considerable theoretic
impact, Smith categorized the observed selection patterns into four
groups: 1) analytic-attribute centered, 2) analytic-instance pentered,
3) global-attribute centered, and 4) global-instance centered.

Summerlin and Gardner (265) compared achievement in two weeks of
chemistry under CAI andnon-dAI regimes. The GAI group achieVed higher

scores on the content measure. Cunningham and Fuller (59)., in a less
well designed comparison of performance in a CAI physics course and in
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standard physics, found no difference between-the two groups. They
concluded that preparatioM of CAI involved too much work for Very little
gain.

'

Wolff (299) developed and eval?ated a new CAI language, called
"CHIMP," to determine whether it Would function for interactive tutorial
and drill lessons as well as be suitable for the study of learning.

The potential of.CAI for examination of science learning processes -
probably should-receive more attention in science education research
than it has. to date. It makes possible the study of decision processes.

Formats for Instruction

. ,
A monolithic conception of intelligence or aptitude is rapidly

disappearing, In its place are sets of special aptitudes: verbal,
visuar.spatialiation, numerical, and a host of others. Each branch4of_
science and even subdisciplines within a field may draw heavily Oils,i,p,

,:t.,- 41 :.

specific combinations of aptitudes. Ann Roe8 noted that within,, he
field of physics, the prominent scientists she interviewed,differedr
me!AT.edly in their techniques for working out ideas. Some used diagr
and schematics to help them think, others never did. :Similarly., stu nts
may exhibit a great variety of preferred modeslor receiving and process-
ing/information. The kinds of modes in which 'they are required to
reI rn the results of their thinking to the teacher usually are verbal
an numerical. In any case, it mayobe desirable, now that an extensive
pool of curriculum materials in science exists, to pay more attention -

to the variety of ways these materials could be presented to different
1 kinds of learners. 4.

First we consider different lodes of presentation (e.g., oral and
visual) and'aik whether the investd.gators concerned tried to distinguish
students who benefited from a technique from those who found it inhibit-
ing or.at'least of no 'help in learning.

If-eighth graders do not read very well, Will presentation of in-
'formation on audiotapes help them to perform, more successfully in. science?
Atkinson (15) showed that in the ISCS program when students who did not
read well received instructions orally,they performed better than did
their poor reader counterparts who did not get much help. With a sample
of first grade children, Hibbard -(106) attempted to remove poor reading
ability as a factor in learning science concepts by supplying 18 audio
tutorial lessons. These lessons included work-sheets and manipulative
materials. Children iu his sample did develop concepts without benefit
of reading in the usual sense.

However, ,Moore (187) found that biology students who were poor
readers were not especially helped by audiotapes that supplemented their
texts. Neither achievement nor attitude scores differed from those.of
the control students.

8Ann Roe, The Making of a.Scientist, D
1952%

to

, Mead and Company, New York,
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Hibbard (105) also showed in a second study of Unit graders that a
combination of pictGes and actual manipulatibn produced the' most learn-
ing if these techniques were coupled with discussion. In both studies
he reported that the correlation between reading ability and science .

learning was not significant. AN others have done before him, Hibbard
suggested that experierites allow the non-reader to build verbal
facility. In this connection he found a strong poSitive correlation
between scores on a science testsand verbal predictive ability.

What do we gain by.giving students materials to work within a
laboratory type exploration as compared with sending them to the library
to gather the same information? Merkle 0_81) reported that inservice
teachers who had a laboratory experience with pendulums gained more, at
the end of 84.weeks than did those who studied pendulums by reading.
about them.

o

:What effects do pictures have on learning? Here we need to con=
'eider whether the pictuies are just decorative, whethei they, are 'redun-
dant with. text or whether they truly substitute for words in text. In
short, how much of the message does the writer mean to have transmitted
through pictures? Holliday (113, I14)(has reviewed the research on use
of'pictures in science educatidn For people interested in this topic,
his review is helpful.

Particular attention should be'given to those studies that exaine
the relation between the learner's characteristics and his ability to
make use of pictured: If the picture is meant to carry the massage,
then the artist and the authors work together from the start on pro-
duction of curriculum materials. Each shapes the thinking of the others.
TheISIS project, a new NSF.funded program directed by Ernest Burkman;,
at Florida State,University in Tallahassee,has proceeded ink this way.

Holliday reported that pictures which are adjunct to the text do
not always help. If they are simple, on the order of diagrams, there
may be a facilitating effect. He warned that the influence of picture's
is complex, but at least there should be some correspondence Between the
kind of concept to be presented and the picture. Some concepts do not
lend themselves well to pictorial presentation while others probably
ought. to be presented with graphics.

, .Pictures may be used not only during instruction, but also their
potential use in evaluation warrants attention. Reese (219) constructed
a pictorial test for Bite Version BSCS biology. He supplied validity
and reliability data. The teat was both individually and group adminis-,
tpred with similar results. It would now be interesting to construct
a verbal equivalent of this test and to find out whether students, with
different verbal and spatial aptitude patterns perform in the samtway
on both forms of the test.

'Voelker (291) suggested that the kinds of pictures which help may
differ depending on whether students come from urban or rural settings.
He collected feedback from several groups of children concerning which
uses of particular pictures helped 7, Probably feedback from students in D

other than a typical test mode might be helpful in the whole area of
pictorial communication.
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Taller (270) found that students in freshman chemistry did more

critical reasoningyhen they used molecular model kits to help them

understand molecular structure. Ian Thomas (274) found tha filmp

helped Australian secondary scDmol students 1Rarn Coulomb' Law.
0

B. W. Hill (108) found that audio-visual slide to units help0
students in general college chemistry to learn chemis ry. In one treat-

'tent condition, students were free to use or not e the Ltpes as they

pleased. SinCe this treatment group did as well as the group which was

required to use the A-V units..she concluded that students were good
judges of. their needs. They used such supplementary recources if they

felt they needed them.

Three studies on the ways in whiCh planetariums help students leap
astronomy and aerospace concepts are reported in,this section. .Akey

24 of 39 concepts prior to exposure to the planetari . There was a
(6) found in a one group pre-post design that secondrders understood

positive correlation between time'spent post-teaching planetarium con-

cepts and retention. Sunal'(268) also used second grade subjects and

fOund significant gains in all goal areas. However, a group exposed

to an'astronomy.uulp, as compared with an astronomy-Tlanetarium experi-

ence, did as well. He concluded that the planetarium functioned largely

as a remedial and review device. Reed (218) also found that the plane-

thrium as a demonstration chamber accothplished little with, college

students. When the planetarium was'used in conjunction with classroom
chalkboard drawings and celestial globes; more learning occurred.

We .could find no work. to date on the use of pictures, cartoons, etc.,

to convey any Of the affective and valuing aspects of science.

Lerch (159) presented:129 college physics students c.tith ch divergent

lab and 35,controls with what he called a traditional presentation which.

wag' largely deductive. He used a,questionnaire ttap,six factors:

1) qualitative and quantitative measurement, 2) choicelof experiments,.

3) interest in experiments, 4) self-sufficiency in lab, 5) verifiCation,

and 6)"use of models. The'divergent treatment group responded differ-

ently from the controls; n factors F, 3, 4, and 5,

In a high school biology course, Egelston(7n) found that groups

exposed to inductive instruction did poorly at first but finally sur-

passed the dedulfive group in achievement. The controls, however

exhibited a better attitude. As far as the rating of the qualitiof

the learning environment went, the controls scored better on intimacy,

aatisikction-and diveraly indicators while, disorganization,

goal direction and formality were factors rated strongly by the indVC-

tive gro,up.

Linz (161) contrasted inductive and deductive chemistry apprOaches.

The inductive approach went from specifics to generalities. The deduc-

tive mode progressed from general to specific. ..The deductive mode

produced generally better results.
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Curriculum EiduatiOn=

k

In this section we include studies that examine outcomes of instruc-
tion in various content areas. Outcomes can'be cOgnitiVe or affective*

-or both. .0Those papers which reported standard kinds of achievement
results are discussed in' the first part of this section. More investi-
gators are., taking an interest in attitudes, preferences and values that
develop of:are influenced by instruction. Studies where such variables
receive atienCion'aPpear in the secend part of this Section.

From this14terIroup we learn that the pass-fall opp.on doeS not
seem to facilitate learning or to particularly influence stulent liking

. foraCience: Dogmatic peOple find modern science programs with their
emphaeislinillquiry processes difficult. There is evidence to suggest
that, aCif- concept and personality changes rarely occur from exposure ,

to science of the durations typical in these studies. However, there
is evidence that students' who'leern an analytic mode of inqUiry in junior.
high,schookstill retain the mode when they are seniors. There is also i;

anIndicatic*that science is a great equalizer with respect to people
who differ in,self-concept. People With,poor self - concepts doss well

, As those' th more positive views of themselves.

In anAnteresting investigation,Bullock (42) compared the.relative
effeatiVeness of three different types of-elementary science programs:
Science = A Process Approach (SAPA); Environmental Studies Project (ES);
and the Laidlaw textbook series: 'Twenty-seven teachers'and 312 sixth
graders in asouthern school system took part in the projects. The

,TAE Scimwe Puzzler Forms B and C were administered as pre- and post-
tests. On selected problem solving skills there were no differendes
between SAPA and Laidlaw groups but both these groupS out-performed the
ES group.,,BothSAPA and Laidleaw programs produced improvement in problem
-solving skills. There. is no report as to whether the investigator
,verified hove- much science was taught in each condition or whether the
-processes used reflected the intents of each program.

Renner, et Al. (223) did:a series of investigations of the Science
Curriculum Improvement Study (SCIO, an activitzwhased elementary science
prograt. Thepaperwhich appeared in School ecience and Mathematics,
ia a composite of dissertation studies by Renner's students. The

general tenet of thestudiea favors SCIS,as a program which encourages
development of science processes and language. Development along a
Plagetian continuum may be encouraged by participation in the SCIS 'pro-
gram. (See the section on developmental studies for further disdussion
of this point.)

, Dauga A60) compared sixth graders' performance*on an earth's at-
mosphere unit where the ostensible difference in treatment was simply
whether or not a-classused oye text or many texts. With the use of
the Cloze procedure to measure gains, Daugs found no performance cif
ferences between the two grout's. However, teachers found the Manage
ment with five versions of a program rather difficult. Inshort, the
multi -text treatment did not helpthe subjects in Daugs' study any
more than a single text did. aIt:the range of reading skill in,the group
were not large, theoce cbuld expect little advahtage from a multi-
text approach.

0
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How does the ddration of training relate to retention? In a well

conceptualited and analyzed. investigation, Audrey Tomera,(279),examined
lthe.retention and lateral transfer of the processes of observation and

1 comparison, She asked whether these processes once acquired would--ht----
retained over .intervening nou-training periods of three moills to a
,year. Data were collected from a rural junior high'school and fiom an
urban junior high school. Achievement-was measured by the Scientific
Observation and Comparison Skill Test - Twig or Algae Forms developed
by H.'R. Hungerford of Southern,Illinois University. With a
linear regression procedure for data analysis, ToMera shOWed that skills
are well. re4aned.at the end of a year. The duration of this retention

--did not seem to bea function of the length of the trainineperfod.
With these results it is not surprising that spaced review, a treatment
which she tried, provided no additional gain'in retention.

In connection with the Tomera study it is of-interest to note that
.napp (140), whi also worked with Hungerford, examined the transfer of.
citsdification skills by prospeCtive elementary teachers. He asked
whether training on classification with one category of materials
facilitated learning to classify ,a different set of'materiaisKnapp
provided trainingWith twigs and found a significant transfer of learn-7
.ing when students were tested on the algae form of Hungerford'a test,
Students learned to classify algae more rapidly as a result of the,...twig

'experience. °
.:

dr '

. L. Allen (9, 10),found that fiVe percent of the variance in:achieve-
ment between SCIS and non-SCIS students could be attributed to the SCIS

Program as could'two percent of the motivation variance, This study
which appeared, in the Journal of Research in Science Teaching, Vol. 10,
No. 2, also came out with a different title, a shift in table format in
Science Education, Vol. 57, No. 2: Essentially Table VII in JORST is
a condensation' of Tables ythroug VIII in Science Education.

ll-Scott (237) became interakeed in whether students who had had
`several years of exPOSUre to a version of Suchman's inquiry'training
program in elementaryand junior high school developed and maintained
a more-analytic style than did a matched sample who had had-science
but had not had this training. He found 26 high achOol seniors who had
experienced the training in elementary and junior high school. They .
did exhibit more analytic behaviors. -

'What is especially desirable in the analytic mode? In contrast

to global modes of thinking, the analytical style apparently contributes
to overall achievement and may be especially helpful in chemistry.
Scott's study suggested that students can,be taught to acquire a par-

ticular style of inquiry. What remains to be determined it how that
style influences the way students function in different disciplines.

One-study may be worth mentioning in the context of studentd with

learning problems. Gilbert (86) applied four different readability
formulae to basic elementary science text books: the Spathe, Dale'
Chall,.Lorge, and Fry. Each gave slightly different results, but
generally Gilbert reported that'the tendency was for science books to
be slightly more difficult in reading level than they Ought to be%

according to the formulae. We°must be aware, of course,, hat the
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Special terminology of science tends to inflate these formilla results.

The readability formulae were developed for general rather than for

technical reading. Neverthelessi'tbe warning is there for People who

Prepare instructional materials 14,4 science.

Grosmark (93) sought to determine how mere laboratory work in high
school chemistry influenced achievement, laboratory' skills and attitudes.

The.additibnal experiments were in some respeCts redundant and students
perfOrmed them during free time., . There were no differences in attitudes
or achievement but there was a difference in laboratoty skills in favor

of -the group doing more experiments.

Vanderschmidt (288) demonstrated that eighth and eleventh grade
students Can4earn to criterion level the cardio-pulmonary resuscitation

curriculump They needed more mannikin practice than they norm81 i7 iget

° in that program and aiSo mnemonic devices in the Practice protocolJor

compressions to establish rhythm.

Case and Fry,(48) showed that 14-year olds who participated in a
critical thinking,program which emphasiZed experimental design and

evaluation of inferences did better than 4.matched group which had no 1

training. Students who were in a pre - formal operations stage of develop-

ment:learned to design experiments and to critize designs. This design

which puts a training condition agaiUkt no training is rather unpro-

ductive. A pre-post group design where eadh.sdbject is a control on

himself would yield more information.

In zoology, Morrison (190) asked which of three instructional

sequences would produce more erences. Here

we infer again that; within rather wide margins, the learner impose's'

his own organization on the. content to be learned.

In a comprehensive analysis of the NUffield science courses, to,

determine what mathematical competencies they require, Malpas (171)

found the following mathematics topics to be important: ratios, rates,

proportions, graphs and formulae; measurement and statistical treat-

ment of data; and some geometry and trigonometry. Hp surmised that

some of the topics were introduced before students had achieved a,
Piagetism developmental level that would allow them to grasp the con-

cepts.. So here, as in studies described iri the section on develop-

mental aspects of learning, we find evidence that concepts may. be

being presented at a level of abstraction which is inappropriate to the

egevelopmental stage of the majority of students.
.

R. Denny (62) described an attempt of,,teaChere from an inner city

:school to improve performance in chemistrY4y concentrating on basic

Opematicai skills needed for chemistry. The study illustrated that

tr e-offs are involved. On the ACS-NSTA High School Chemistry Tests

th students showed improved perforAnce on questions that required

tasf, l mathematical skills, but this happened at the apparent expense

of items relating to basic chemistry'concepts and skills.
14;\

iiedderman (33) examined the relative impact of two motivational
soUrceeon fifth and sixth graders', problem solving, behavior in which
the task, required them to learn to control variables. He compared

:16
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cognitive conflict condition with an external reinforcement condition.
His, three conditions consisted of: 1) training plus records, 2) training
plus cognitive conflict, 3) no training. The purpose of the training
'wag to teach the 31 fifth and sixth graders who had a mean age of 11.8
years to control vaxtagles. Piaget contends that the ability to control
variables Trust wait until combinations; reversibility, scoring, etc.,
are in the individual's repertoire. ,Typically this meaps controlling
variables would normally not be well done until a person has reached the
formal operations stage of development. Half of Bredddrman's group could
not 'learn to control variables. He found no' difference' in performance

"outcomes between the cognitive conflict and external reinforcement,con-
ditions. He suggested, as Rowe did (231:Chapter 10), that external
reinfOrcement may not be necessary in elementary science. It may even
block certain desired outcomes.

With concern foTelementAry students' feelings about the relevance
of science to them as the motivation for her study, Feerst (77) presented
the COPES program in tam waysto,12 Intact classes. One group received
constant encouragement ---EolbcfkappIications and examples of things
studied in situations outside the classroom. The other group had no
special stress given to the relevance of what it was studying to con-
ditions outside the classroom. After five months, attitudes of both
groups toward the relevance of science were the same. The experimental
group, however, showed better retention.

Fisher (80) compared performance and attitudes of junior high
students in a traditional science class with 0106 of students using
the Rand McNally curriculum, Interaction of Mad and the Biosphere (IMM).
With use of analysis of covariance procedure tncompensate for non-
random assignment, to classes,- Fisher found that IBS won on achievement
and reading and produced slightly bette titodees d

In a study of affective aspects of the ISCS Level I program,
Lauridson (152) used a pre-post design with a comparison group to
'examine attitudes toward science, self-reliance, ranking of science
compared with otherlsubjects and classroom environment. Since the enter-
ingstates of these variables may influence the final state after treat-
ment and because they are probably not independent, Lauridson used a
discriminant analysis technique. We found that both the ISCS and non -
ISCS groups ranked science lower at the end of treatment. Both groups

improved somewhat in self-reliance. The non-ISCS group became more
negative abOutscience as a vocation. The-ISCS group became more'posi-

. tive about the nature of science. What we cannot infer from the design
of Lauridsbn's study is whether the changes reported are largely
maturational. Is the shift in self-reliance geerally characteristiC
of this grade level anyway? ,

One goal of science instruction seems to be related to improving
the understandings which students have about the scientific enterprise,
the way in which scientists work, and what is unique about science as

a sacio-economic enterprise. Reis (220) developed two insfructional
procddures meant to nurture the growth of this goal. -For Physical
Science'I students at Stanford he prepared two programs. In the first,
students functioned as a team of scientists to develop hypotheses and
perform experiments. The second program involved the student's in visits

0
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mediscussionsith scientists and in the srudy Of scientists' work.
The two programs werd equally effective in attaining the objectives.
Hall (98) gave one group ok,education students 11 case histOries.of
scientists to read while the second group got a science tAxt to read.
The experimental group.achieved higher scores on the Test otAbpeots
of Scientific Thinking (TAST) and on the sub-test whfCh measured ability,

to draw conclusions- .

Vermaelen (290) found that participation in a high school science
course on a pase-failhisis was ngp an effective procedure for producing
more positive attitudes concerning self, teacher, learning, and the
academic subject. Student attitudes toward the gracling_option tended,'

to reflect the teachers' attitudes. Gatta (83).tomfared performande it
ight'high school chemiStry classen*Where four groups operated onthe
pass-fail option and four received grades. Pass-fail groups did less

well. The was an interaction between abilit)%and treatment. High
ability stujientp achieved more and had better attitudes in the,conven-
tional sys em. There was no effect of treatment on. dle and low .

ability groups on achievement orattitudes.
..

The Egelstons (71) were interested in whether junior high school
students in general science and earth. Science would accurately,predict
their own performance on tests'. Ostensibly, self4valuation could lead
to changes in course involvement and study procedures. They found that

self-appraisal methods can be-learned. Generally, higher abilitistu
dents made better prediCtions. This investigation raises some poten-
tially interesting questions concerning the perceptions and reward
histories of middle and poor performing students.

flimaya (109) found that students who scored at the close-minded
end of'a dogmatism scale did not gain as much understanding, of science,
and scientists(IOUS test) as did their open-minded counterparts.

Mullins and Perkins (193) exposed.34 students to an innovative
6-unit college bioldgy program which placed emphasis on application

of biology to sodial problems and'on'emotional as wellat intellectual
growth. On the Personal Orientation Inventory, a measure of self-
actualization, there were significant positive changes on 9 of 12 scales.
Greatest changes were in the-shift to more inner directedness ana7to
acceptance of one's own agressiveness.-

In a similar vein, K. Kuhn (151) used the theoretical'Orientation

(TO) scale of the Omnibus Personality Inventory and found that. unless
instructors emphasize attitude changes, none' will occur. Exposure to

biology and psychology courses did not change TO scale mewls.

Schock (235) has suggested, as,a result, of a study of 28 high
school biology classes, that there may in fact be a possible inverse,
relation between' cognitive and affective scores. Waldstein (293)

-tested the proposition that male high school students who exhibited
a large discrepancy between their self- concept and their ideal self

would4,,eless able to'apply principles of dyndmics than would their
relatively less afflicted counterparts. Research by Ann Roe and

o
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B. T. Eiduson9 on profiles of physical scientists provided the basis for
hypothesizing that the discrepantly score would be positively correlated
.with achievement in dynamics.' The hypothesis was not confirmed. 'The
ability to apply principles of dynamics was not a function of the gap
between one's ideal serf and cUrrentfself-concept. Apparently the de-
bilitating anxiety and rigidness which often hampers performance of ..

people with poor self-concepts was not operative here.'

Sears (238) measured the affective changes in Students who took-

.part in an innovative engineering-course. He measured changes in
1) student's pgrception,of himself, 2) debilitating and facilitating

.tanxiety, 3) internally-oriented characteristics, 4) achievement moti-
vation, and 71understand*ng of engineering function. For instruments
he used 9sgoo Semantic Digfeential, the Ratter Internal - External.'
Locus oContro cafe, Edwards Personal Preference Schedule. He cod-
pared responses of the:junior students in the sample with thos# of-a
set of practicing engineers. The experimental group moved toward a
more internal locus of control.

.
.

/t. Gibes (94) also sought to examine the affebtive outcomes on'students
of a course in college genetics in which the general aim was t 6to impre
scientific literacY. Students rated thelearning environment as more
important than the course content. ? !z 5 ,

. ,

In an Environmental Action Program (EAP) at the University 9f Iowa,
Sheldon (244) found that students' self - concept. scores improved. Par-
ticipation in the EAP'yielded some changes'On a social issued attitude
survey:

Other evaluation and curriculum studies reviewed were by Auckland
and Weatherup (16)., Bruschwig (40), ppBlanc (61), Joels (124), Krause
(148), Loe,(162), Miller (183), Ryder. (233), Snyder (257), and Yost

(307).

4.

Tests

Years ago, shortly after PSSC physics appeared on the. American.
scene, Robert HeathP, who was with Educatibnal 'Testing Service at the
time, developed a pilot version of what he called a cognitive preference.
test. Some students prefer abstract generalizations, Heath argued,
while others prefer fact or knowledge types of statements. Programs

fl may differ in the development of preference for generalizations as.
opposed to facts. At the time Heath cOnEktructed &number of physics,
Statements or problems and provided a list-of possible' responses.
Students were to.chocrse from each Bet oeresponses the one they pre-
ferred. All statements concerning each situation were true but the
statements varied in their level of,generatity. He thought. that one

9Ann Roe, Op.cit.

1°Robaht W. Heath, "Curriculum, Cognition, and EdUcational Meaeuiement,"
-Educational and Psychological Measurement, SSIV, No. 2, Summer, 1964,
pp. 240-241.
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way in which PSSC, and indeed'what were then new sCience .progrims, dif-
fered from their predecessors lay in their emphasis on relationships and
Kinciples rather than on facts. A cognitive preference teat would dis-
close whether, in fact, euchsa difference.oisted, Unfortunately this
line of work was not pursued beyond the pfliot yenture until Mark:3n took
it up some years later.

In this review we are glad to report one more venture in the measure-
ment of cognitive preference. Mandelare 4172) constructed and examined
the psychometric properties of a general science cognitiVe preference
instrument. He also constructed an alternative form of the Marks Cbgni*
tive Preference Test for.high school cheMistry. His Objective was to
produce a test that was easier to administer and that would be less time

-consuming. In addition, Mandelare did what we wish, more of the others
whose'work is described in this section had done, he performed srfactor
analysis to determine the construct'validity for the four factors in-1
corporated in the test: memory (4),...application (A), principlOP), and ,
critic al questioning (C).. Since various aptitudes may_be a faetor In
'the preference pattern, Mandelare also correlated, among other aptitudes,

a.verbal reasoning (VR), numerical ability (NA),:ab14, ;tions (AR),
with the preference measuredand the New York State ;RNMr7rnati.. in
chemistry. No clear principle (P) factor emerged but t e first actor
was significantly correlated -with science interest. We ave given Con-
siderable.attention to this study because it seems a pro. -ive line of
Inquiry and Mandelare has provided good guidance for people who are
'interested in the construct validity of instruments that measure atti-
tudes and preferenFe.

Badaracco (20) developed an interesting.test procedure intended
to find student preference for various aspects of outdoor environmental
education. He used 12 cards which depicted"Outdoor environments. These
were shuffled-and'students then placed them in order of preference He
used this modified sort technique with 328 students in gradeelt12 to
get comparative ratings. Mammals, birds, fish, Indians and geology were
the top five topics, in that order.

Seymour and Bingman (240) also sought to develop a "views and pref.. 1

erances" measure for use with tenth grade biology classes. This in-
strument would.measure the degree of implementation of an inquiry
approbch.- Here the intent was'to distinguish preference for the inquiry
role approach (IRA) and a non-IRA state of nature.,; Student attitudes
toward social interactions, cognitive operations, and teaching procedures
were taped in a Views and Preference.Measure. Seven hundred IRA and
520 non -IRA students (BSCS' biology, standard text-laboratory approach)
took part in the.validation study. If others use. this instrument, we
recommend that they perform a factor analysis to determine whether.9the.
inquiry,Fole variables which it purports to measure do separate out' into

. identifiable clusters or factors. When we suggest factor analysis, "e
are implicitly raising questions concerning the construct validity of
the test which ought, to be pursued.

11
Ronald L. Marks, "Differences in Learning Outcomes Between a New 'and
a Traditional Chemistry Course," U. S. Department of Health, Education,'
and Welfare, Washington,' D.C., October, 1966.

<3

40
9



.34

ct,

Skinner and Barcikowski (250) were'obviouslY aware of such questions
when they made a revision of the Reed Activities Cheek List which they
administere4rto Seventh and eighth graders. The Ree4 instrument measures

interest in biology, earth science, 'and- physical science: In a factor
analytic approach, they identified the-principal components, performed
a varimax rotation arrive at a set of five factors which they labeled

as follows: 1) passi earth science, 2) passive and active biology

tcasiN(woodsy and hirdins), ) active physical science (tinkeiing), 4) active
earth sciences, and 5) passive physical science. This revised instru-

ment, if it continues to show a clear factor structure, could then 'be
used in a multiple regression procedure in studies ich try to predict

success, in general sqience.

Eugenia Koos (144) reported another in a series of tests developed
by the Mid-continent Regional Educational Laboratory (McREL) to Measure
inquiry skills. This instrument was developed to measure outcomes of

TOPIC 7 of Explorations in Biology (EIB). Psychometric properties of

the test which are generally sound are, given in the appendices.

Leopold Klopfer (139) presented an interesting paper at the 1973
meetingoof the National Association for Research in Science Teaching
in which he deseribed a conceptual framework for constructing measures
of the afftctive aspects of science. He used a phenomena-behaviors ,

grid as a basis for generating items.
. ,('

Aikenhead (5) described a test construction procedure which he
feels may be useful for people interestedsin formative evaluation.

,

He gave the TOUS and the Science Process 'inventory (SPI) to 921 students
in Project .Qhysics before and at the conclusion of instruction. He

selected items that showed a significant shift from pre to post-test
and combined them into a single test. .Then Aikenhead examined some of
the psychometric properties of the new instrument by givin the test to

.)°
64 students. The new test had gfeater predictive validity or Project

Physics than did either TOUS or SPI.' We would recommend additional

step. The lew ingitruMent should be subjectedto factor analysis to
determine its underlying structure. Subscores on the factors which

might emerge could then be used in a prediction of success procedure.
N ,

Steiner (262) followed a sound procedure in developing a question-'
naire meant-to tag some science values held by high school seniors.
He used a factor analytic approach from which emerged seven factofa:

1) regard for human life, 2) pessimism, 3) cooperation with ngture,
4) concern for population, 5) personal responsibility for societal
problems, 6) optimism, and 7) individual freedom. He esagated rev
liability with data from two samples.. In general he fele that the
more science people had taken,, nthe less neutral -they were on each of

. the factors.
0

Sister Agnea Sun (267) developed a multi-phased set of procedures

to get at student attitudes in a physical science course for pre-.

service teachers and-to relate these CO the degree of, implementation

of a particular kind'of instruction. While the totality of the con -'

ception is tp be praised (especially her attempt to relate variables
to each othef), the tiny N of nine students in each of two treatment
conditions means that.we can conclude nothing about the value of the

procedures at this point. .

-
0

0 IL> -
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Two investigators produced instruments focusing on elementary school

science. Toth (281) felt people need help'in determining which. elementary
science program is most likLy to meet their needs and goals. With this
in mind he developed a nine category self - assessment instrument. As
yet it has had little validation. Kaur (131) added another instrument'
to those reported in past years which attempt to measure proCess skills
of elementary children. As in most of the other instruments, observation
and classification were the processes assessed. The two instruments are
meant for use with grades one through three. Final versions of the test
were administered individually. Reliability of the observation measure
was reported to'range from ...86 for grade one to .94 for gradthree.
Reliabilities on the classification instrument ranged from .59 for grade
one to .62 for grade three. Correlation between the two measures was
.86. With this high a coirelation between observation and classification,

.mow much do we know about classification? We think'it is reasonable to
suggest that Kaur partial out the variance on the classification measure
Which is due to observation and then examine what.is left. That re-
mainder, if any, may throw some, light on classification as a process in
and of itself.

In chemistry, Coley (54) reported that grades in a chemistry pre-
requisite course were better predictors of success in junior college-
general Chemistry than was the Toledo Chemistry Placement Examination.
Penns (208) correlated I.Q., College Entrance Examination in Chemistry
(CEEB), and the ACS-NSTA Forms, 1967 and 1969, for 30 students. For
this small sample of studentp he found the correlation between these
two national testa to be high.

Stokes (263) found in college chemistry that students with lower
aptitude ultimately performed better on the ACS-NSTA, Form 1967, if
they had short frequent tests. It made no difference to higher ability
students whether the tests were spaced over longer periods. The total,

numberof items responded to ,under 9th-er condition was the same, only
the timing of administration differed. She reported that low ability
students were more likely, in general, to make larger gaits in c emistry4achievement, regardless of test spacing. It is posSible that t she
was reporting was a simple regression effect." One interesting facet
of this study concerns the relation between test spacing and student
facilitating and debilitating anxiety as measured by the Alpert and Haber
Achievement Scale. Students tested under the conventional pattern
(longer intervals between tests) demonstrated more situation specific
maladaptive anxiety. Drive for achievement was higher among students
tested more frequently.

Tilford (276) thought that Negro students in a black college would
have different attitudes toward science than would. white students so
he developed a 35-item instrumentto assess attitudes of blacks. Except
for items relating to the role of Negroes in science, whites andkblaks
responded in the same way.

0

Schofield (236) reportedithatteactiers in England encourage stu-
dents to guess on tests and discussed the consequences of this advice
for the interpretation of test results. Selmes (239) reported on the
influence A-level biology has on attitudes to science. He contrasted
Nuffield and non - Nuffield A-level courses.

.
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Maddock (167) develdped and tested an instillment to measure atti-
tudes of Papua New Guineans towards investigation, control, and manipu-
lation of natural phenomena. Vbrsions were prepared in English, New

Guinea Pidgini Rugs and Hiri Notu'languages. Reliability characteristics

were satisfactory. Maddock found that formal schooling was creating
an attitude gap between the young and the old. Science teaching probably

contributed to more positive attitudes toward investigation, control,
and manipulation than was the norm among the elders. The procedures for

'constructing the various versions of the instrument might be instructive
for investigators Interested in multicultural aftalysis.

Physics

Why should physics enrollments over thy past five years be on a

downward swing? This problem has bothered many people and provoked
numerous. speculative artitles,.but not very 'touch systematic inveestiga-

tion that has shed any light on the subject. Perhaps' the most interest-

ign possibility appears in a study by Bridgham (35) who wondered whether
grading praciices of physics teachers differed from grading praCtices
of other subject matter high school teachers. He found that a great

disparity existed between physics and chemistry teachers' grades and
those of teachIrs of, other subject matters.. He suggested that; within
limits; enrol Aent and grading practiced may be connected. The dis-

position of physics and other science teachers to be hard graders, even
more so than mathematics teachers, warrants some examination. .

Dietrich (66) also examined grading policies by comparing public

schools having high enrollments in physics with those showing low en-

'rollments. He obtained samples of students in two such schools 'emit,

grouped them into four categories according'to how their physics grades

compared with their science grade point average and their overall grade

Kint average. He confirmed. Bridgham's report that physics grading was

severe but could not attribute the difference in enrollment in the two

.sampled schools to grading practices.

In a general survey of the status of high school physics, Ivany,

et al. (126) found that, while enrollments in chemistry were beginning

to climb, such was not the case for physics. These investigators also

took one week teaching samples'for four categories of physics teachers,

those doing PSSC, Harvard Project Physics, something they called modern-

traditional, and traditional in combination with pieces df new cur-

ricula. Wemay infer something about teaching Style that could be

related to who enrolls in physics and why. Virtually all the teachers

in their study, except those doing Harvard Project Physics, had high

_direct mods of teaching. They also found that the percentage of non-

college bound students in physics classes was extremely low. In short,

physics is not being made attractive to many students. In the course

of the study they interviewed teachers, counselors, and students.

Students actually taking the courses had favorable attitudes toward

stience, and teacher background was better than expected.

0 One indication of the high school impact on decisions made by

students when they reach college can be gleaned froni a study by Brio&n

and Elliott (37). They found that most of the 1,108 students in their
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college physics sampl took physics because it was required and not be-
cause they were inter sted in it. Generally, students who had more
favorable.responses to and their college physics courses were those who
had taken physics in, high school. Female representation in physics
courses is ridiculously low. They make the remark (37:54) that if more
social; political and historical areas of physics were treated perhaps
more females would elect physics. However, they fail to indicate
whether their suggestion simply represents their conception of what
women would like to study or has some basis in the data of their survey.

Pharrip (211) surveyed senior high sc ool students in nine Connecti-s
cut high scho4ls and found that most of th se in physics classesrdid
not elect it, they were scheduled into it..* -

It 41.ould appliar then, that membership in physics classes reshlts
largely frem response to a dtaft.

Aikenhead (4) has gone off on a somewhat different tack.. He
examined the ramifications of good qualitative feedback. He'used the
ANemar chi square item'analysis procedure to identify areas of know-
ledge and-specific ideas for which students showed a significant increase
or decrease in understanding over a period of instruction. Thus it-Was
possible to develop feedback specific to a project, a teacher, a.stu-
'dent. Project Physics students, in contrast to other physics students
in his study, appeared to exhibit better performanee in values of
bcience, science society interaction, science tactics, and unction of,

science.

If certain courtma do attain a reputation such that the students
come to value science and to see its pertinence to society, perhaps
enrollment in physics would increase. We_do not seem to have any in=
dication as to which courses over time prove most attractive to student
clients. In short, beside the grading practice it may be that the con-
tent and the mode of presentation all go to influence the student
"mystique" concerning physics. 'Hockey (111) in his analysis of the
Nuffield Physical Science Project concluded that student involvement
in individual projects appeared to be a positive factor in the Nuffield
program. _

,

In an attempt to fin out what is involved in learning and remem-
bering physics, Shavelson (241) gave 'ytpt ude and word association
Xeats, in addition.to a pfeT=iett, to ii-- oup of 28 male students who
eceiVed'physics inst ticiii. Twelve controls got all the tests but

no instruction. He fo ndthat abstrac, reasoning ability predicted
final scores after fly, two-hour phys, 's sessions but not pre-test

scores. What would account for this Iifference? Shavelson surmised
that students who performed well,on 'is post test probably got the
relemsnt_concepts early in the inst1 ction. If such were the case,.
tti&Se%.,stUdents'would have more oppo tunity for rehearsal and application

t----v,.

of tlie concepts. Succeeding ideas resented by the teacher would be
relatively less novel.

It may be that physics conceits, being as heavily loaded with
connections to other'ideas as thy are, present some rather unique
learning problems that ought to '.e studied in more depth. Norwood
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-Russell Hanson12 in Patterns of Discovery refers to physics terms or 4

concepts as being heavily theory-laden. Thus,'what we may be trying to
do without knowing how is to.teach a complex of relationships- connected
with each major eoneept. In contrast to less highly integrated dis-
ciplines, these networks of relationships accumulate in successively
more complex patterns. We do not know how to help people enter that
network. A felt people do it naturally, but the rest will continue to
suffer until we underStand more about the nature of learning in_dif-
ferent subject matter areas. _3

For schools and colleges out to save money and perhaPs.time,
Kemper's (136) comparison of semiautomated and traditional laVoratories
merits some attention. '8tudents in both groups did equally well on
measuresof achievement and quality of laboratory reports

Lerch (159) found that college students who took part in what he
called-divergent laboratory experiences in physics mat more of the ob-
jectives outlined by the Commission on College Physics than did those
iu what was presumably a traditionally convergent laboratory. He

failed to'find out which kind of laboratory nurtured a taste for physics
in what kinds of students.

From his study of college students enrolled-in. physics sequence,
for non-majors, Spoeti (258) found that major themes such as symmetry
and conservation appeared to produce desirable achievement. In this
approach he concurred with the staff of the Conceptually Otiented Pro
gram in .Elementary Science (COPES).

In the United States it appears that we have a fairly well trained
corps of physics teachers who like to teach in the high direct mode
and who give low grades. For students they have college bound types,
mosiaf whom are in the coursesby necessity rather than by choice.
According to the Ivany et al. (120) survey,teachers present both classi-
cal physics and the development of theoretical models. Physics p*o-,

grams developed with government subsidy are fairly widely disseminated.

In Australia where PSSC has had considerable dissemination, the
picture appears to bp similar [Gardner (82), Goodwin (89), MacKay (165)].
The tenor of these ports generally suggests that the introduction of
this new curriculum has produced some ohanges in the way teachers con-

duct instruction. However, the laboratory facets of PSSC are not So
well incorporated as the authors would wish. Goodwin (89) reported
that there is a core set of topics and then eleetivesWhich teachers
can use in physics. Teachers usually choose electives that build on
the core and thus increase the chances that students.will pass. the

state examinations. In doing their planning for physics instruction,
colleges can only assume the core set of units.

In the United States, Elizabeth Wood (301) suggested that the
National Assessment Examination be used as a pre-lest in physics so
that teachers will know what, they have to teach., The examination

12NOrwood Russell Hanson, Patterns of Discovery, Cambridge University
Press, New Rochelle, New York, 1961.



asses. knowledge of facts and principles, processes of science, nature
of science, aftitudes toward science and scientists.

Science and the Handicapped o

In this section we discuss the relation of education in ficience to
two groups of children with physical deficits, the deaf and the blind,
and to a third group of students, those who come from socioeconomic
circumstances that appear to have handicapping consequences as far as
school performance goes.,

Boyd and George (30) found-that in'a ten -week period deaf childreit
(ages 10-13) could learn to categorize pb is according to their prop-, '

erties. ,The children who took part in-e- ities similar to those from
the SCIS and SAPA elementary science pr rams.improvedsubstantially
their ability to categorize. This is contrast to what has been .the
case-for many normal groups which do especially benefit from the
early categorizing activities that characterize, y'man of the Modern
elementary science programs. Presumably Children who are physically
normal learn categorizing behaviots through sources other than science.
The fact that the 26 children in this study have reached 10-13 years of
age without acquiring skills normally in the repertoire by 8-9 years
suggests an experiential deficit.

Linn and Peterson (160) used SCIS materials to teach classification
skills to visually impaired students as well ps to what they called
culturally diverse and middle class groups. Controls received no in-

, atruction. Both the visually impaired and the culturally diverse per-
formed better after instruction than did the controls but the middle
class group did not. Although in this study there is no indication
that groups,were equated on age or aptitude, we nevertheless learn two
things. If Children do not know something,, they can be taught it; and
if they already know the material there is not much point in teaching
it to them. scis personnel have worked closely wita school district
in San Jose, California, to adept the materials of SCIS for use by
visually impaired elementary students.

Nancy T. Long (163) tried SCIS materials adapted for the blind
with 14 students in Washington,D.C, who ranged in age from 9 to 19.
A matched group of controls drawn from San Francisco schools had what-
ever science program was offered there. The experimental group per-'
formed at a higher level on three tests: Histograms, Systems and Inter-
action, and Science-Learning. Since these'three tests are rather
specific to the content of the SCIS program, and since the kind of
science, if any, received by,:the controls is not described, this study
fails to tell 40 much more than that visually handicapped students can
learn SCIS content. Had the controls been in classes where SCIS was
being taught then weinight at least know how much the adaptations of
equipment-or the blind helped them to learn.

From the one study on the deaf and two on the blind we infer that
such students can learn some simple science. .We also infer that direct
manipulative experience givenmuch earlier in the development of handi-
capped children might help to reduce the magnitude of the deficits in
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performance which handicapped 'students often exhibit. In a separate
article published earlier (1972) Linn13 reported that blind children
using SCIS made substantial gains in attaining both process and content
objectives.

/

or

We suggest that careful clinicai=type studies of how blind and/
r deaf children learn science could cast some light on the learning

processes ti& physically normal children as well.

\ Rowe (231) suggested that some ghetto children could be th6ught of
as functionally deaf if they were markedly deficient in the language
used for communication in schools. Words without meaning fall on deaf
ears (Chapters 5, 12 and 13). The highly manipulative nature of ele-
wentari science programs might be the means for bridging the communication
gap? if indeed one exists. Cooper (57), loi example, found that Latin
American students enrolled in physics at the University of Texas achieved
higher scores when taught in Spanish than when taught in English. He

also. found that a gbod deal of English could be introduced without im-
pairing achievement in phygics.

Kral (146) introduced ESS (Elementary Science Study) units as a
supplemental science program to his experimental group and provided a
placebo consisting of films, current events and discussions to his con-
trol group. He found that both Indian and non-Indian students in the
experimental group scored higher on the standard achievement test than

did their control counterparts. Students from higher socio- economic

backgrounds benefited more than Aid those classified as low socio-
economic. Non-Indians scored higher than did Indians. Had Kral used

\a multiple regression procedure, we might have learned how much-vari-

ance on.the achievement measure was. contributed by each of the back-

ground variables. Such information would have much more diagnostic
use than the set of 2 x 2 factorials he employed to compare groups.

.In an interesting pilpt venture, Elizabeth Wood ,(302) rewrote two
exercises from the National Assessment pool of items and tried them

out with both inner city and affluent 'groups. She found that the pat-'

terns of answers were influenced by the'form of the 'questions. She

also suggested that items could be set up in such a way as to yield

more diagnostic information! While the size of her sample was too
small to make any generalizations, there is at least a suggestion in
this study that National Assessment items may be stated in a way that

helps one group more than another. 4

In a neatly designed investigation', Huff and Languis (118) showed
that exposure to SAPA, Part A, improved the oral communication skills

of disadvantaged kindergartners. the early levels of modern science

put emphasis on classification. Disadvantaged children ap-

parently benefLt from, this experience but middle class children usually

already can classify and show no distiffctive gains.

13"Marcia C. Linn, "An Experiential Science Curriculum for the Visually

,Impaired," Exceptional Children, Vol. 39, No. 1, Septemberfv1972,

pp. 37-43.
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Riechard(224) used a regression procedure to relate variables of
inner urban, outer urban and rural farm kindergartners to, performance
on a Life Science Concept Acquisition Test. I.Q. and chronological age
were the,best academic predictors 'while the mother's years of schooling
was the best aocio-cultural predictor. Time and change concepts were a.

big source of variation. In this study as in others, we find that know-
ledge of non-disciplinary concepts such as "opposite, under, before,
different; change" are keys to performance.

Johnson (125), did a somewhat'similar study in which he related the
categorizing performance of high and low socio-economic status kinder-
gartners tq background variables. The poor did not perform as well and
exhibited more Perceptual dOminance in their categorizing pfocesses.

. s\V

Case and Fry (48) found that low socio= economic 14 year olds could
learn to design and conduct experiments and to evaluate outcomes if
they were given the chance, Using a demonstration interview technique,
Donaldson (67) examined 64 Headstart kindergartners and nursery school
boys and girls, (half of whom were black) regarding their understanding
of rockets, seeds, human growth, evaporation and electricity. She

'found no differen.ces betWeen rags but significant differences between
members of different socio - economic status. Again we seem to see evi-

dence.of a deficit stemming erom the environment. However, we cannot
be enyely comfortable with this interpretation because she reported'

that 'goys did better than girle. This raises a question: is the effect
of differential cultural conditioning of the sexes equivalent to forcing
a deficit environment on one of the sexes? Donaldson also made some
interesting observations on the non-verbal behavior of the children.
Rockts provoked more non-verbal expressiori than did other topics. The

children in her sample knew most about electricity and least about
evaporation.

Ayers and Ayers (18) studied the impact of SAPA'on the rate at
which 20 Appalachian kindergartners acquired conservation of numbers,
liquid, volume, solid's; lengths, weight and area. Since their 20 con-

trols who were no* exposed to SAPA had not developed as extensive con-
servation behavior, they concluded that the rate of attainment.waa in-

fluenced by the program.

David Allen (8) evaluated a program at the Franklin Institute in
Philadelphia where students from pairs of schools having different
racial and socio-economic backgrounds learned science together one day

a week. Thirty schools,participaped. '.11e examined student interactions,

did sociometric studies, gave achievement tests and semantic.differen-

tials. In some cases parents participated. There.was a general in-

crease in sensitivity to. environmental problems but not much evidence
that the mixing of students in this kind of science setting for only

six days did much for student attitudes.

Acting on the assumption that the out-of-scho41 science interest '

of children might form a basis, for building a school program, Hatchanikal
(175) sought to discover the preference patterns by sex and by race of

pupils in grades seven and eight. On the interest inventory, principal
component analysis followed by varimax rotation led to the identifica-

tion of nine indepenclent'factors: academic, nature study, mechanical
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hobby, biology experiment, drugs, cosmology, environments , and high
verbal. Whites, Matchanikal noted, preferred activities aspired by
inquiry and experimentation. Blacks preferred the more t aditional
academic types of activities. He noted that expected low r interest of
girls simply did not occur. Girls expressed a high degree of partici-
pation. A few traditionally sex - associated interests were reversed 'in
this study.

%.

0

:Shipe (247) concluded in his
,Connecticut did hot adequately

ith I.Q. controlled, he reported
pared with BSCS biology were more
were more likely to'learn what he

study that non-college bound students
learn the major ideas in, biology.
that students in traditional as cam-
likely to catch the big ideas. Males
callednprincepts" than were females.

q
In an examination of individual problem solving behavior, lbert

(86) found diet boya in both low and middle socio-economic groups at-
tempted to explore more alternatives than did girls. 4ore.of the
disadvantaged children seemed to be frightened and frustrated by the
task which consistee9f retrieving a piece of candy visible under four
stacked concrete blocks. here we again find ourselves coming to the
conclusion that the grpup of children who most need science in the early
years-Of school are the socio-economic and culturally handicapped.

'

Rowe (230) reported in a symposium on women and science held at they
international science convention in,Mexico City in June of 1973, that
girls who had taken part in SCIS for several years performed with, science
materials in the same manner as did boys. She also interviewed 12 female
graduating seniors with majors in physical sciances to determine what
difficulties they encountered as minority members of their departments.
All 12 had jobs in industry, and were interviewed separately. All 12

' described protracted jibing behavior from teaching assistants as well, as
from certain professors. Possibly the more difficult slashes came from

phisical science because it was a good place to cat a man. All 12 said
their sorority classmates who constantly charged th with being in

that the cumulative impact was to force them, to becoSie more self-reliant,
to ask fewer questions, and to find their own solutions to problems.

Jackson (121) studied seven predominantly black colleges to find
out what institutional characteristics affect learning outcomes of
prospective,.science teachers. She reported that the quality of teachJ
ing and faculty student relationships as well as student perception of
the level of scholarship demanded related to,performance.

We then come to conclude that children frOm minority groups seem
to benefit from intervention programs; females perform as though they
come from a handicapped group. Clearly we need more careful diagnostic
assessment to learn how best to help children in these groups. Possibly

the part which institutional expectation foh performance plays also

ought to be examined.

/1 9

't



43

Education, Characteristics andl3ehaviors of Teachers

,

The number of studies devoted to esearch on teachers and their

education has more than doubled since st year. The 60 or more studies

reviewed fall into clusters. In the to cher education group, ten ap-
praised the effects of special projects such as Academic Year Institutes
and School-College OboPeratiVes (both NSF funded categoriei of inservice
education) on teacher behavior or attitudes.

The second group of iipestigations focused on personality, roles,

.
and/or behaviors of teachers. Approximately 15 studies examined the

relation of teacher behavior to student achievement. Many of these
utilized classroom interaction observations to analyze teacher and pupil

communication. Another cluster focused on affective aspects of the

teaching process.

Teacher Education

While many of the studies reviewed lack some rigor, they do suggest
that novel training experiences produce some changes in teacher percep-

tions of `one kind or another. Unfortunately, they do not show us
whether these are temporary perturbations or how action in the class-

room relates to a particular set of attitudes or perceptions. Neither
do they indicate what ingredients in the training might account for
specified changes. This kind of analysis, even post-hoc, might eventu-

ally help us uncover some persistent patterns.

Six studies which explored the. impact of Ng? institutes on partici-

pants, are reviewed first.

Berger (27) attempted to distinguish between the impact of train-

ing and the impact of experience on teachers' role perceptiots. He

identified four groups: 1) teachers not exposed to SCIS, 2) teachers
not exposed but beginning an institute, 3) teachers who completed a

two or four week institute, and 4) teachers who completed a four week

SCIS institute and had one year experience teaching the SCIS curriculum.

Responses on. the Predicted Role Measure (PRM) were categorized into a

teacher- oriented cluster, a student-teacher cooperation cluster or a

student - oriented cluster.

. Multivariate analysis revealed o significant differencee on PRM

scores between the norSCIS instruction group and the pre-SCIS instruc-

tion group. Multiple contrasts intervals indicated that the signifi-

cant differences found between pre-institute (1 and 2) al past insti-

tute groups (3 and 4) were largely due to the teacher-oriented cluster.

Teachers with one year's experience teaching SCIS responded on the PMR

in the same way as those teachers with SCIS training but with no SCIS

teaching experience. In other words, the SCIS-exposed groups differed
from the no-SCIS groups, but the contribution of experience to the

.response scores on the PMR appeared tote Minimal.

Bridges et al. (34) evaluated the Cooperative College-School
Science Improvement Program to prepare teachers to teach the DISCUS
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program. (The DISCUS program is a junior science curriculum designed
for and taught to underachievers in Duval County, Florida.) The treat-
mytt group of students demonstrated a better underatanding of science

o and showed,improved,science achievement.. The purpose of this study
wls>to show that these effects were not due to treatment alone but were
a resulttof treatment plus teacher training in the CCSS program. Trained
teachIrs compared to non- trained teachers provided more student: involve=

% inent,Aess,external discipline control and more student-centered instruc-
tion. `Additionally, trained teachers lectured less and used signifi-,
cantly.more concrete image provoking behavior than did non-trained

'teachers.

Two other studies evaluated the effectiveness of NSF-funded Co-
operative College-School Science Programs. In a pretest - posttest
design, Pempek and Blick '(i07) found the.prOject beneficial in changing
elementary. science teachers' attitudes, particularly those with weak
science backgrounds. The Pempek Teacher Behavior Check List assessed ,

1

..change in classroom behavior.as viewed by t e student while the Pempek
Teacher Attitude Scale measured,attitudest ward science, science teach-
ing and the scientist. Pempek and Buick so ght to connect teacher Str
titudes with teacher behavior, a laudable objective. Although e
significant change in attitudes apparently took place, no significant
change in teaching did. They speak of a positive bUt non-significant
change in teacher classroom behayior. A statistically non-signifleant
change is non-significant, regardless of its direction. In other words,
the change which they report as positive simply has no meaning in this
context.

In contradSto the Pempek and Blick study where attitude changes
were not accompanied by classroom behavior changes, Smith and Smith
(255)7.reported that teacher self-assessment was correlated with student
perceptions in!a: pretest - posttest, control design. Project teachers
experienced significant change in .their perception of science instruc-
tion and their students perceived a changesvgfch was greater, thanthat
perceived' by the control group students. Thus, we have sometevidence
of transmission of training into the classroom context:

Two descriptive dissertations by Macon (166), in NOrth Carolina,
and Dyche (69), in Montana, examined the impact of AYI programs on"
participant characteristics. Macon simply characterized the teachers
before and after institute training. From information on registration
forms and questiohnaires, he concluded that the AYI experience in-
fluenced participants to increase mobility' leadership roles and pro-
fessional activities and status. Conclusions of this nature are some-
what unwarranted as there are no means of determining whether partici-
pants had already enterelikinto a period of transition prior to the
institute or whether their aspirations changed asa result of the
,experiende.

Dyche (69), in a better designed study, used a control group in
a follow-up study of participants. Data'from a questionnaire disclosed
that4institute teachers versus their non - institute counterparts spent,
more time in laboratory investigation, changed to an inquiry philosophy
and made greater use of BSCS materials.. The institute participants
also read more scientific journals and gained new insights,intoteaching
as a result of associating with other AYI participants.
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Other project-associated research resulted in an array of outcomes.
Orgren (204) compared teacher strategies employing the New York State
Regents'traditionaPsyllabus and the new 1970 revised Earth Science

Syllabus. Using a two-way (group x time) factorial design, Ogren faund
that teachers who opted to'continue with the old syllabus differed sig-

nificantly from those who volunteered to switch to the new syllabus and

from those who'had prior experience with the new pyllabus in respect to

teacher strategies, teacher educational opinion, student achievement and

student process performance. When all switched to'the new syllabus,

there were no significant group differences in student achievement gains.

It is interesting.to speculate as to why these different entering atti-

tudes of teachers nevertheless failed to proauce,differencet in the per-

formance of studentf. Moreover the students' ability to employ the

processes of science did not improve through'exposure to the new syllabus.

Two separate studies by Milson (185).anOlmase.(11) also revealed
that teacher behavior and attitude could be modified by inservice courses..
Milson looked'for attitude changes in secondary science teachers as a

result of a short course on environmental quality. Statistical analysis

of questionnaires indicated a significant change in teacher responses to

items relating to environmental httitudes and environmentv01. management.
Unfortunately he failed to find out whether the teacher attitude changes

he obtained resulted in-any difference in.classioam content introduced

or in methods of instruction used by the participants.

Almase (11) assessed the effects of a six weeks inservice biology.

'methods course it Cebu, Phillipines. In this inservice project the

objective was .to modify teacher behatior in thedirection of more stu-

dent Involvement. Here we meet an interesting problem in prediction.
Which of two performances on the Teaching Situation Reaction Test better

predicts what a teacher will do in the classroom? This, test proved to

be a poor predictor of teacher shift toward indirectness. The Processes

of Science Test was a better predictor for change toward a process

-orientation.

In a pretest - posttest matched-Pairs design meant to influence

career decisions, Conradson (56) explored the effect of actual class-

room experience on attitudes of prospective teachers. 'The-experimental

group spent three hours per week for twelve weeks with a master teacher.

Thirty-two matched pairs finished the experiment. ClassrboM experience

apparently made an impact. Members of theexperimental.group gained

a realistic view of teaching. She also found career decisions were in-

dependent of age, sex,'class, or grade point average.

A few researchers investigated the effect of different instruct-

tional strategies on teacher attitudes toward science and science

teaching. Ona each study by Mitchell (186) compared three groups.,,'

Two of these were instructed in the didactic approach and one, the ex-

perimental group, received instruction designed to affect attitudes.

and perceptions toward science teaching. The author repdited that

trends in the data seemed tp indicate that the experimental grOup

responded positively to instruments measuring the inquiry approach,

teacher-pupil rapport and,interest in science. However, the dif-.

ferences were not significant, go.the direction of the trends can have

no meaning at this point.

. ,
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pi a similar study Kennedy (137), using a:one group Pretest-poet-
test design, focused on differences in attitudes of preservice teachers
who received protesa approach instruction. Differences in pretest
poettest scores indicated proceas apprOach.imstruction:effected.changes
in attitude toward science instruction in a positive way. Again, it
would be nice to know how these changes in attitudes correspond to
teacher behavior.

-

Salmi-1g (234) was also interested in the effect of process approach
instruction fOrqdeveloping attitudes and competencies in Cebti, Philli-
pines. Upon completion of the physical science course, Sabulaci found
_significant improYement in competencies of prospective teachers, but no
'significant improvement in their attitude toward teacher- pupil relations.

-

Pizzini (214) analyzed the effect of the Iowa- Upstep I & II pro-
grams and found them to be effective in contributing to positive growth'
in self-concept, science teadhifig philosophy and attitudes toward edu-
cational concepts.

Kr

In,a correlational study, Kuhn (150) found that students with
higher grade point averagesenerslly excelled in science teaching cam-
petencies. Positive corr&ions also existed between set induction
competencies and preservide4dience teachers' attitudes toward science.

G
-Of the remaining studies in teacher education, several propose

programs for teacher training. Reports of this nature do not tech -
nically qualify as research. Typically the procedures for deciding
What should beincluded in such programs come either from'curriculum
guidelines or from surveys of experienced teachera or occasionally <iieem-
to be decided by fiat. ,

Through a survey of 52 classroom biology teachers, Beisenherz and
Probst (26)identified 154,techniques and skills to be incorporated
into a,preservice and inservice program for biology teachers. Subse-
quently, they organized a technique and skills course that could be

.

pursued in an individual format.
t.

In two studies Qutuby216) and Wall and Qutub (296) surveyed
academic preparation of earth science teachers in Massachusetts and,
Wisconsin. As is almost always the case in such surveys, they declared
that preparation was inadequate and recommended changes.' "

Youngpeter(306) examined the role of science museums in elementary
teacher education. As a result. of the investigation he prepared a
checklist as a guide for peoplewho want to set up a museum.pr tq
evaluate an exidAng one.

0

Fiye,other reports fall in this general category: Phung (213).
/

prepared a program for training secondary school biology.teachers in
the Mekong Delta Region of Vietnam; Thollairthil 0(273) analyzed and
evaluated science teaching in Nigerian. schools; Dixie J. Zones (126)
evaluated secondary education programs at the University. of New Mexico;
Gary Bates (25) developed a sequence of films, "The Classroom Vignettes,"
for teacher training; and C. T. Abraham (2) studied the NSTA Book
Review Program.
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Teacher Verbal Characteristics

The second category o research concerning the teacher deals

specifically:withhow teacher characteristics influence stndent outcomes.

4:10rge part of-these investigated teacher behavioral Strategies and

styles.-27 . -r- hw°-
*,16,

Several studies examined teacher verbal behavior and its impact on

student responses and achievement. Exemplary of this type are disser7

tationi by Aagaard (1), Novak POO), Anderson(13)snd ClIasas (49).

Wagaard's (1) primary interest lay in the'effect df oral question-

-,xing of 14.high school Chemistry teachers on student achievement. sour

teachers taught in the expository_mode and t in an inquiry mode. Of

the latter, five used cognitive memory questi s and six used high

level questions. Analysis of variance and sulk iDle regression techniques

revealed that, with I.Q. riartialed out, highlevel questioning techniques

resulted in Significantly higher achievement.

Babikiad (19) related teacher question pat erns in 8th grade sci-

ence to student perforMance. Tim methods, one which the teacher

asked and answered questions with students takin notes, and one where

teachers asked questions, gave partial answers and students filled in

the rest, were compared. Children played a more active role in the

second method'and also demonstrated higher achieVement.1"
e

"In a study of teacher questioning behavior by Arnold et al; (14),

lapse time or.pausehehavior between teacher-student exchanges averaged

two seconds rather than one as reported by RoWe (231). They found, as

she did, that whether, the questions were complex or simple, the mean

pausing time seemed to be the same.. Additionally they found that ques-
.

tions of a specific level elicited'responses of a similar nature.

In workt which is consistent with the results of wait-time studies

reported by Rowe,' John Novak (200)focused on the effect of timed .-

student responses on teacher behavior as examined'by audiotape: Sta-

tistical resultaftpdicate that timed responses changed teacher behavior

significantly in the direction of less teacher talk and lecture. Novak

reported no problem with students giving accurate timed responses which

.in turn resulted in more overt student involvement in the classroom.

In another study which involved'silense as a variable, Anderson --
(13) found that this factor related significantly to all his outcome

variables: namely, scores on The Minnesota Test of Creativity, Metro-

politan Achievemen' Test and Test Your Imagination measures Be -

examine&thekrelationship between measures of classroom verbal inter-

action and measures of divergent thought and problem solvind. Based

on scores on the Pupil Attitude Inventory, ten high, ten middle, and

ten low classes were selected for study. ;,observations were collteted

using Flander's interaction system. From'this,four instructional

variables were'defined: pupil-initiated talk Mesh, PIM; pupil-directed

talk Mesh, PDM; IDEAS defined as the frequency of teacher talk et-

couraging'and expanding students ideas; and the ratio of silence to

silence.-plub-con ion (IOR),' PIM and IDEAS contributed to scores on

the creative per ante measure. Anderson concluded that the use of

0
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pupil.initiated ideas, teacher talk (IDEAS)' and the use ,Of silence and
seat-work facilitated bpth academic and creative performance.

Another interesting dissertation employing systematic observation
Of classroom- teacher interaction was done by Yoeh (305) who explored
the effect of class-teacher behayior associated with televised science
instruction. Re ordered classroom behavior into six-levip of cognitive
content and five levels of affective content. There was a strong indi-
cation that students' performance on a criteriontestwat related to
teacher skills in uo!a 'of quettionsaand reinforcement of cognitive re7
sponses.. In this study, which shows some effect of attitudes on behavior,
Yoeh found that teachers 'who strongly integrated T.V. science with class-
room science bad.clateed which performed significantly better on achieVe-
ment tests than had teachers who did not favor T.V. instruction.

o

Sister Chases (49) also examined the relationship between teacher
student verbal interaction and critical thinking abilities tieing
Flander's observation system. The Study population consisted of 12
Puerto Rican college. biology classes. All measuring instruments were "
translated into Spanish. The types of interaction included lecture,
discussion with broad questiont, and discutaion with narrow qpestions.
The Watson-Glaser Critical Thinking Appraisal and the Nelson Biology-
Test were outcome measures'. She found aasigaificant relationship
betweon critical thinking ability and teaching method. Adjusted mean
scores showed discussion with broad based questions to be slightly higher
than the othdruethods. Lecture produced greater achievement than dis-
cussion with narrow questions. It would be interesting here to have
the number and types of questions quantified.

At other points throughou t thit review at well as in earlier re-
. views, the Watson -Glasei Test of Critical Thinking has appealed over

and over. Yet it rarely produces useful information for the short term
situation in which it is usually used. If the test measures a per
sistent quality, ice., has trait characteristics, it is unwarranted in
the face of the multitude of evidence to expect it to be responsive to
short-term treatments. We see, for example, in the Chasas study, as
We might expect, the Nelson Biology Test is sensitive to the treatment.'
In contrast to the WStson-Glaser, Test it has the quality of a state
variable. ,

# 0

In high school chemistry and general Science classes, Wolfson (300)
found that standard achievement scores'were related to the teacher's
indirect - direct ratio. Students of teachers rating high on indirect-
ness attained higher achievement scores.

In an interesting experiment, Jacobs (122)_utilized Flanders inter-
action as an observational learning experience under they pretense of
evaluating a program. Thirteen teachers were trained to record the
behaviors of master teachers'using a Flander's grid and the Indicators
of Quality measure. The master teachers were meant to serve
as models for the observers. Thirteen other teachers did not get this
experience., Thd .3ref5a1 behavior of both groups was then examined.
'Analysis of pre and post treatment audiotapes showed significant changes
in the 'verbal behavior of the experimental group. This is an exciting
study in all but one respeCt. Noticeably lacking is a reference to the
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theoretical framework upon which modeling is based. Although it is I.

essentially .a stud); of observational learning or modeling as described
by Banduralle and others, there Jae) reference of the theoretical under-
pinnings of the study. Luck of a conceptual model is:the most prominent
criticism of the studies reviewed in the teacher section.

In an interesting series of studies'of which theonoirreviewed here
is only an aspect, Campbell. (46) has d elope&Jh Procedure for examining
the influence of chains of teachers ha rs. Campbell has developed

ins of teacher behaviors. da technology for describing sequences of c
Events in a classroom are not discrete Certain sequences of moves may .edip

0
I be more productive t4an others. Campbell has provided a means for a
more Careful analysis of the teaching process. He, also, finds wait
timp,ias an influential variable. This technique of Inacro-analysis al- .

lowed hint to produce further verification' of Rowe's work. Along with
Chalker he found plat a population of junior high school teachers gave
less responde time to poor students. Chalker found that teachers who
rate higher on a dogmatism scale exhibit shorter pauses.

Smith -(254),who had developed a classroom observation instrument
referenced specifically to the Earth Science Curriculum Project, studied
threetteadhers each for two weeks to determine the extent of project
usage. This technique,is potentially useful as a measure .of degree.,9f

. project implementation. 4
.

In evaluating a program it would be deb rable to have some measure
of its degree of implementation before jumping to hasty conclusiods
based on achievement orPOther measures. Smith'sinstrument is oneo
example Of a device meant to be specific for a particular program. We
would encourage the addition.Of similar measures to evaluate studies.

Van Past ,(286) investigated the effect of influencing teacher and-
student expectations on sstudent achievement in high schoql biolegy.
Treatment consisted of one week's counseling ofindividual students by
guidance counselors and of teachers by researchers. No significant
differences were. found in any variables, sex, ability leVel, etd
except possibly for the interaction of study ability, x teacher ability
x ability level. Van Alst concluded that influencing expectations was
complex and difficult. However; one would iigt expect a one-shot coun-
seling session to be of very great influence.

Vannan.(289) described responSes of students in a graduate methods
course having to read and critique doctoral dissertations. Response
was favorable but students generally lacked background in experimental
design and statistical background. There is no indication' made as to
whether this will influence practice or not.

14A. Bandura, Analysis of Modeling Processes in Psychological Modeling,
New York: Aldine-Atherton, 1971. .

15J. W. Chalker, "A Study Using Interaction Analysis of the Relationship
Between Teadhei Dogmatism and the Reflective Method of Teaching Social
Studies," Unpublished Doctoral Dissertation,. University of Pennsyl-

vania, Philadaphia, May, 1972.



t

50

In anexploratory kind of study, Lawlor and Lawlor (153) sought to
examine the cues teachers use to categorize students into high, medium,
and low ability gr6ups. They exposed 72.,undergraduates to two ten-
minute video-tapes of children working science tasks.. The preservice
teachers-were then asked to rank the students on perceived ability.
What is interesting in this study is the degree of agreement among the
teachers on which children were high ability and which were low ability.
The Lawlors sought to discover what observations led to the ranking and
found that the 72 people mostly stated inferences with no connection to

ilispecific observations, In short their kudy raises the question of how
judgements are formed and suggests that it may be useful to teach some
kind of observation system to people.

Teacher Attitudes and
o A number of studiesin this last group concern the attitudes and
values of science teachers. Unfortunately not enough of these studies
seek to show whether any correlations exist between the attitudes
teachers hold and the way they teach.

In7AUstralia, Tisher and Power (278) designed a study to compare
values and practices of experienced teachers and prospective teachers
with values specified by the Australian Science Education Project.;
Findings in a preliminary report showed' teachers divided into.three.
groups': those who were congrUent with MEP and valued the. problem cen
tered approach, open ended discussions and warm student relations
those who held dissonant ASEP'valaes and wanted a narrowly defined.
curriculum and a teacher-dominanted,clasaroom; and those who value&I
warm student relations and a broad curriculum but felt the curricula .
should be teacher. dominated,'

In a second Australian study, Symington and Hawkins (269) compared
`the valua_s of. Australian and British- science teachers using the Nuffield

, Curricula. They found both groups valued the ability to observe, to
classify data and to communicate ideas. 3

Instead of investigating values that teachers hold, Bybee (45)
compared three groups of students to see which teacher characteristics
they valued most. The three groups (advantaged, average, and diar
advantaged) did not differ in.the things they valued. The most highly
valued characteristics were,godd tPadher-student relations and enthu-
siasm in working with students. Amount ofoteacher knowledge;' organi7

zation and planning were relatively unimportant characteristicp.,
Valued least by all groupg vat the instructional method employed by-the
teacher.

Shrigley (248) examined the connection between attitudes and know-

ledge. Correlation between these was found to be low among preservi e

science, teachers. He concluded that variables other than the level of
cognitive content were influencing attitudes toward science.

Three investigators attempted to isolate specific traits of science
teachers that characterized effective teaching. Main. (169) compared

science teachers and non-science teachers in relation to teacher

5'7°
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a
effectiveness. Science teachers were shown to be more reserved, calm,
mature, taciturn, self- sufficient and resourceful than were other
teachers. Female science teachers demonstrated greater warm-heartedness
and outgoingness than did their male counterparts. Unfortunately this
Study falls short of being useful because the author did not relate
personality variatles to differential teaching practices Or to selective

'4 interactions with students of like or different personality configura-
tions.

Taylor (271), in a related study, went to the next step and cor-
related critical thinking ability with two teadhing methods; namely,
activity"-centered teaching and textbook-centered teaching. Discriminant
.analysis techniques classified teachers into the two groups. Activity-_j
centered teachers were more self - sufficient, affected by feelings and
suspiciOus than were textbook-centered teachers. Again, as in the Main
study, females were found to be more tender minded and conscientious
while males were more assertive and experimental. A question raised
here is Whethe, there is a preference by males or females for one teach-
ing method or the'other. In the cognitive domain, activity-centered
teachers scored significantly higher inthe ability to recognize in-
ferences and assumptions and, overall, scored higher on the Watson-Glaser.
Critical Thinking Appraisal. The number of units in science courses
corrifla;ed highly with scores on the critical thinking measure.

Okey (202) studied the effects, of BloOm's mastery teaching strategy
on teacher attitude and effectiveness. 'Teachers in a graduate science
methods 'course were taught mastery teaching strategies which they sub-
sequently implemented into their classrooms. Okey found that the ex-
perimental group o teachers demonstrated significantly greater positive
attitudes. Pupil posttest results indicated that students of the mastery
teaching group scored higher in achievement than did the pupils of the
control group. '

Lazarowitz (155) developed a technique for determining attitudes
of secondary science teachers toward inquiry. He developed'and
"dated two ino.truments, Inquiry'Science Teaching Strategy (ISTS) and the
Personal Data Form (PDF), for the'study. He found teachers with favor-
able attitudes toward inquiry tended to be older; female, to hold ad-
vanced degrees and to teach specialized classes and to use new curricu-'
lum material in the classroom. Interestingly, he found that formal
research experience related highly to positive attitudes toward inquiry.

,Gessner (85) examined medical school faculty effectivenesb.by
comparing student ratings, class exams and national exams. He found
that student ratings and national exams correlated. In other words,
teachers whose students performed well,on the national exams were also
rated high by students. Scores on class exams did not correlate with
student ratings on faculty members or with national exam scores.

Jackson (121) raised the question, "What effects do black colleges
have on prospective teachers?" by'examining the institutional char-
acteristics of four predominantly black colleges. Performance of
prospective science teachers related significantly to scholarship,
awareness and quality of teaching and faculty-student relationships.



`A study* Manning (173) also fecused.oh science faculty membera
in black coll:Ses. She investigated motivatio and job satisfaction
andfound, a4ng other things, that. the colleges recruited predominantly
from their owz geographic area. Most teachers had some other work ex-
perience prioir to taking a faculty position. Blacks comprised less,
than 50 percent of the science faculty in 67 predominantly black insti-
tutions. T1 primary interest of most of these faculty members lay in
classroom teaching rather than in research. Most were satisfied with
their posit ons and expected to continue.

Studi by #1-Ani (7), Bowman (29), Brett (32), DeGroote (63),
Froseh (81j, Geisert (84), Hoagland (110)., raughber (282) and Walker

(292) were also reviewed.

Values d Philoiophy 4

In paper, "Social Origins of American Scientists and Scholars,"
Kenneth ardy16 provided data to show what cultural influences (regional,
religi s, school type, etc.) operate to produce larger numbers of pro-

ductiv scientists.. He presented a table of contrasting values which

disti uish high production from low production groupS. "These values

probe ly undergird the cognitive and motivational orientations of the

indi iduals..." (p. 503). People of middle level productivity had less
stro g positions on each of the values associated with high productivity
th did their-peers in the high productivity category (see Table II).

If we took the framework of values which seems to be empirically
acted to.creative output and asked what values do we explicitly or

plicitly communicate in our science, what would we find?
I

tt
Munby (194) developed and tested a scheme in 14 classrooms for

r
t

i
,getting at some part of the answero this question. He chose instru-

mOptalism and realism as two views of science and intellectual depen-

ft deucedence and independence as values influenced by modes of teaching. The

combination of epistemology with the analysis of teaching in which
transmission of values are the focus should receive more attention.
We found only two odor studies that related philosophy of science to
the psychological dimensions of values and valuing.

Hudgins (117), who was interested in taximizing man's potential
to inquire, made some interesting contrasts between Dewey's pragmatism,

a philosophical .,position, and Freud's conceptions of psycholanalysis.

Hudgins maintained that psycholanalysis promotes the kind of self-

knowledge that makes a person potentially a more productive inquirer.
How to translate this analysis into a series of testable propositiohs

is probably the next problem Hudgins daces.
0

. .

Obenauf (201) related personalized knowledge and the scientific

process in an holistic conceptualization of inquiry. She attempted an

- answer to the questions,."How do reason and methodology partially

16R. R. Hardy, "Social Origins of American Scientists and'Scholars,"
Science, Vol. 185, No. 9, August, 1974, pp. 497-506.
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'TABLE it

Cultural Values Associated with High and Low Production of Scholars and Scientists
(p. 504, Hardy)

High Productivity

Naturalism. Belief in a world
of order, law, pattern, meaning.

Intrinsic valuation of learning,
knowledge. To be learned; wise,
is highly valued. Broad conception
of valued learning.

Dignity of Man. Optimism concern-
ing man's ability to discover
truth, acomplish things, change
the world.

Personal dedicatigoi. Seriousness
of purpose, sense of mission,
positive mystici . Long range
striving. Rasp nslbility beyond
family.

Equalitarianism. Active promotion
of causes to improve status of
disadvantaged. High stature for
women, children. Pacifism.

Antitraditional. Not satisfied
with established lays of doing
things. Restless, inquiring
soirii.

Centered on near future. Concerned

with this world. rientation
toward the foreseeable future.

LoUT Productivity

World.is unknowable, in-
comprehensible. Events are
capricious, mysterious,
whimsical.

Suspicion of learning, education.
Constricted view of valued -

learning. Anti-intellectual.

Disparagement of man. Man
powerless, at the mercy of
destiny, luck, chance. He
evil, incompetent.

Sense of indirection. Must
take, enjoy what is available
now. Loyalty to family, kin.

is

fate,
is

Authoritarianism, Reliance on

authority. PoWer relations

important. Patireijchal order:

male dominance. Aggressiveness,
militarism.

Traditional. Past is respected,

romanticized. Filial piety
valued.

Centered on present and

distant future. Hope for a
better break in the distant
future, the next life.
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explain processes by which knowing and the act of discovery occur?"
Bridgman's17 personalization of knowledge in physics and Bertalanffy's18
criticism of psychology both occurred to us as we read this dissertation.
The ground work which Obenauf has done could provide a fruitful junction
for psychological and philosophical research.

G

Surveys

Since surveys are usually meant,to answer questions whch are pri-
marily of local interest, we give them little attention in this review.
That does not mean they are of little value. On the contrary, they may
have considerable importance for, planning or ascertaining the state of
things so that future plans can be made. Surveys are popular among

commonwealth researchers. A few are worth noting because they have
wider implications or a quasi-experimental feiiture to them.

Bonora (28) discussed some of the problems encountered by the
International Association, for the Evaluation Achievement as it gathered

data in 2P countries. At the international level preliminary analysis
focused on identifying family, socioeconomic status, and pedagogical
factors which relate to science achievement. Within countries, curricula,
attitudes and geographic variables were the chief background variables
examined.

R. Hansen and J. Neujar (103) examined the career development of
a small sample of males and females in science and found both were
equally like to earn B.A. 'a in science but males were more likelx to

continue w in science o science teaching. In a study of what'he

called moot eliefs (misconceptions and superstitions) among Wisconsin
twelfth-grad rs, Otto (205) found a significantly greater number of
girls who accepted 13 of 36 items, i.e., held misconcepts respecting
an item.

A. C. Perkes (20%) did a survey of 10th and 12th graders' know-
lege of environmental science and attitudes in eleven states of-the

west and Far West. Twelfth grade students scored better thanitenth'
graders on concepts but not on knowledge of specific facts. There were

``sex differences in attitudes. Major environmental concerns differed

from state to state. Californians worried about air pollution; Wiscon-
sin students, about4Water pollution; and Hawaiians, about land use.
John Trent's (283) study of environmental trends as perceived by
colleges of education and state departments of education indicated that
environmental education is probably on the increase. Fadelli (75)

evaluated the conservation content of elementary and secondary school
textbooks used in 13 western states and concluded the texts were woe-
fully deficient in conservation knowledge.

17P. W. Bridgman,'The Logic of Modern Physics, MacMillan, New York, 1961.

18Bertalanffy, op. cit.

61



55

Surveys of science teaching were done by Buckeridge (41) in New

England, Mideastern and Southwestern states while Maben (164) did a

survey of Central and far Western states. The Buckeridge survey examined

certain questions concerning the relation of teacher attendance at NSF

institutes to teaching practices. She found that NSF programs influenced

teachers' use of various learning activities. In a survey of science

teaching in'secondary schools of the'Great Plains, Rocky Mountain and

Southeast region of the United States, for the period 1971-72, Baker

(22) found the following: 1) larger schools were more likely to be

offering BSCS, PSSC, CflEM study and otherlprogras developed with NSF
funds, 2) over 49 percent of the Schools used homogeneous grouping,
3)' the average annual budget was $1.00 to $2.00 per pupil each *for
equipment and supplies, 4) instructional techniques most commonly em-
ployed were lecture-demonstration, group laboratory instruction, in-

dividual laboratory instruction, and 5) NSF summer institute attendance

seemed to be a factor in the disposition of teachers to use pupil -
centered- instructional activities.

Sikes (249) tried to find out how much environmental science was
being taught to gifted science students in Texas public schools. He

also Bought to determine the nature and effectiveness of environmental

Science teaching. Generally he found that environmental atiences re-
ceive little attention in most science classes.

Riggs (225) did a curve of student and instructor attitudes toward

biology and. BioLabs in two year colleges. There was not much of a

relationship between instructor and student attitudes. Attitudes were

generally more favorable in courses that combined self-paced and group-

paced instruction.
O

Yao (304) provided a description of science and technical instruc-

tion in China during 1949 to 1957 and discussed the relevance of Soviet

educational practices,to Chinese Communist education. Yao=moncluded

that the uncritical absorption of the Soviet system did not serve the

Chinese well, particularly because there was so much emphasis on rote

learning.

Rosier (227, 228) reported in two separate articles results of the

international survey as it pertained to Australia. Australia ranked

third out of 19 countries. He analyzed the particuDar contributions

made by science II (14-year olds) and IV (terminal secondary students).

Countries differed in their ability to retain group II in school. Dif-

ferent states in Australia also differed in their holding capability

and science performance. He also noted that Australian teachers were

generally younger than those in other countries.

Kelley and Nicodemus (133) described early stages in the diffusion

of the Nuffield A-level biology. Teachers learned about the program

mostly through professional meetings. The decision to adopt was made

at the departmental level 46 percent of the time and by individual

teachers 52 percent of the time. A one-week workshop to introduce the

course increased the chances teachers would use the materials, but

teacher characteristics also determined whether the Nuffield biology

program would be used.
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Bradley and Hutchinge,(31) used a questionnaire to see how concepts
of science and scientists related to subject choices in school in England
and Wales. Males were more favorable to science than were females and
liked physics and chemistry better than biology. Students saw scientists
as family men who were kind, Cheerful, interesting and not easily dis-
couraged. Females thought science was too fact-oriented and viewed
people in the liberal arts more favorably.

In Israel, Jungwirth (129) found that college students and scientists
responded differently on the TOUS. Scientists expressed 85 percent
agreement with the images poAreyed by the authors of the TOUS. Exposure
to BSCS has not succeeded in changing high school students' views to --
conform with those of scientists.

``Soh (259) studied potential scientists' and non-scientists' moti7
3-vatiohal conditions by administering the sthool Motivation Analysis Test
to secondary students grouped in these two categories according to an
occupational scale. Soh:concluded that differentea can be explained in
terms of dynamic traits and that science bias was instrumental in
securing ergic gratification.

Jungwirth (128) conducted a study in Israel to find out how the

i4

preferences for indoor and outdoor activities'of BSCS and on-BSCS
students differed. The patterns of preferences for the o groups did
not differ. Some sex differences emerged. Females preferred indoor
study of plants while males would rather study animals.

Dieter (64) asked each of 220 judges in the 1970 Outstanding Biology
Teacher Award program X° rate items about teachers' performance. His
intention was to establish teacher evaluation criteria. The survey
showed distinct biases due to judges' occupations. To counter these
biases, Dieter suggested there should be .input from teachers in the
construction of evaluation procedures and criteria.

A survey of responses by Northern Ireland pupils to the Schools
Council Integrated Science Project (SCISP) showed that 55 percent would
prefer more biology and that males showed less interest in the social
aspects of science than did females.

Other surveys reviewed for this section were conducted by Al-Taiey
.

(12), Gilbert and MortensoU (87), Gough.(90), Hackett and Holt (96),
Jensen (123), Jones and Roswe (127), Kohn (143), Kraus (147), "sake
(156), McKenna (180), Milby (182), Shaw, et al. (243), Sumner and
Broadhurst (266), and Tomikel (280).
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Summary and Conclusions'

Now that this review is done, what scan we say about the research
.in general? Of course,, one best answers such a question when a pawn-
ticular question arises. For example, is it useful to teach science
to elementary children? Is the effort to individualize instruction
worth it? What can we do to improve student interest in physics, etc.?
A particular question brings'to mind relevant findings. Without those
questions a summary may lack some focus. However, we shall try to make
some general statements which seem supported by the research. These
will necessarily have a kind of advocacrcharacter to them readers
with different interests would ask different questions.

Start with elementary school. The quantity of research in elemen-
tary science has fallen off. 21 It appears that most of the science pro-
grams, developed in the paardscade help language, logic and intere ts
to develop among hg disadvantaged, and handicapped. These groups
patticular, benefit during the first three years of school by exposure
to science that has an activity dimension to it. Middle and upper class
primary children shbw relatively less benefit as the pEograms now stand.
Probably the heavy emphasis on sorting, categorizing, ordering, etc. ''

that marks the early programs makes up for deficits among the poor and
handicapped but adds little °to what the environment alreay supplies to
the more well-to-do. Thus, we would suggest that children who are moat
frequently denied science on the grounds they need "fUndamentals" should
be given mote of it, namely, the disadvantaged. Programs suitable for
more advanced primary students still need to be developed.

We know relatively little abo tthe cumulative impact of four or
five years of elementary science. Wkae many districts have now had
foUr to six or more years experience,430 coherent describable science
programs, almost no research or evaldation is being publidhed that
describes the cumulative impact of successive years of science instruc-
tion. We need this kind of-research to answer questions of worth and
appropriateness of science instruction. We also need to know whether
the differences in performance and attitudes between the two sexes is
minimized by equal exposure over time to a sound science program.
The research should also tell us whether the curriculum developers,
who complained in earlier years that what they were trying to develop
took time, are right. Namely, are there long-term gains of some kind?

A great' deal of effort has gone into developing and evaluting self-
paced, auto-tutorial programs of various descriptions. There is an
apparent paradox here. Most of the researchers at the high school level
-report faiorable results while the outcomes at the college level are
much more varied. In general, if you are going to do self-paced instruc-
tion, the units should be short. If students are of ordinary ability,
the testing should be frequent. At both levels student procrastination
is a major problem. More consideration should be given to making the
instructional materials available in different formats so that learners
with different aptitude patterns find presentations suitable for them.
In selfrpaced and auto-tutorial areas especially, researchers and cur-
riculum developers need to explore the implications of aptitude-
treatment-interaction research.
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Physics teachears are evidently .a species agart. They tend to pre-

fer the didactic mode of instruction. They apparently grade unrealis-

tically in comparison to the rest of the teacher population. The con-

tent of physics instruction frequently calls for levels of logical

operation which students have for the most part not yet attained. One

procedure might be helpful formembers of this group. If physics teachers

would perform a content and task analysis of the concepts they,are trying

to teach, they would uncover the structure of the content. Physics

consists of a pyramiding of concepts. Some concepts subsume others. It

also entails relationships between concepts. Once these two aspects are

drawn out in a content or network analysis, one can also determine the
types and levels oflogical operations which.students need to perform

pass successfully through a unit of content. A whole series of

specific analyses of the formal structural attributes of physics accom-
panied by measures of acquisition would collectively allow us to dis-
cover the psychological aspects of physics.

coupIWhat we need; in short, is a fine grain analysis of structure
.ed with a careful psychological appraisal of what is involved in

acquisition of the structure. George Polya's insightful book,How to
Solve It,19 suggests one instructional procedure that merits investi-
iiEr&E-In the context of physics:. "If you can't solve this problem,

solve a simpler one like it." Use of analogies and different, instruc-

tional formats merits examination. The production of written materials

in physics also needs examination. Readability criteria ought to re-

ceive more consideration. Complex ideas probably should be presented

in short segments marked by different forms of redundancy. Strangely r

enough, there is little research on learning in physics. We know very

little about what is involved in teaching people a hierarch cally
structured content that draws heavily on formal operational logic.

Teacher education continues to be a major source of udy. Most

instructional programs include some interaction analyses. The inclu-

sion of this training has apparently increased the flexibility of

teachers, i.e., brought more moves under deliberate control. Indirect

modes, e.g. in some modification of a Flanders Matrix, have been re-

lated positively to development of 'student inquiry and better problem

solving. Pausing rates of teachers appear to influence amount and

quality of student verbal output. Direct modes help certain kinds of

content acquisition such as basic concepts and mathematical procedures.

Different teaching techniques produce some specific student outcomes.

For example, warm supportive rewarding behavior appears to help con-

cept learning but also to reduce risk-taking in inquiry. So objectives

need to be clear, and the instructional techniques adjusted accordingly.

At the moment most of the studies in this field are of such short
duration that the consequences of a prolonged exposure to particular

techniques is not well understood. .How people learn the complex of

relationships that is' characteristic of science and what they learn

in science need more explicit attention from both interaction and learn-

ing research people. What values are being transmitted and what kinds

of modeling behavior by the teacheior organizations of discussion

favOr particular kinds of value development?
.

.

19George Polya, How, to Solve It. Princeton University Press, Princeton,

New Jersey, 1945.
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Despite the rather overwhelming indications that, objectives do
not help the learner and, in Boyne cases may actually be harmful, we
continue to see studies on oblectiVes that fail to refine the questions
being asked. The burden of the evidence to date suggests that the
learner imposes his own organization on the material. In our view, if
people must study objectives, they ought to be asking what kinds of
objectives are helpful to what categories of learners. There exists
some.evidince, for example, that objectives may be helpful to low and
moderate ability students but harmful for students of middle and high
ability. Researchers have not determined whether students use the ob-
jectives supplied or how objectives fnnction in relation to the learner.
If objectives can be categorized in cognitive and affective groups,
perhaps,the latter ought torective more attention.

Very little productive research attention is being given to the
development ofvalnes,,ethics and processes which might be unique out-
growths of Science. In the legit analyses people resort to measuring
concepts and to using global. measures of attitudes (e.g, the TOUS)"dr
critical thinking (e.g., the Watson-Glaser). In our opinion, we need
a set of specific studies tied to specific curricula and we need to
examine perfpimances of students with different durations-of exposures
to those cuiricula. After we have seen outcomes from a set of specific
situations, we can begin to ask what is general, if anything. The
recent inclusion of personality variables will probably eventually prove
fruitful. '2At the moment we know that people with certain personality
configurations seem to be especially attracted to certain'disciplines.

The section on teacher characteristics, behaviors and training
constitutes a diversified mix of studies.

A number of researchers were interested in the effect of inservice
training programs on teacherd. Included are programs such as NSF
Academic.Year Institutes and Cooperative College - School Science im-
prOvement programs as well as short independent programs. Training of
this nature does appear to mite a difference in teachers' personal
Characteristics. Additionally, there is some evidenCe of transmission
of training into the classroom. The research indicates that inservice
programs can influence teachers to exhibit better attitudes toward
teaching science, to become more indirect, and to use teaching strategies
congruent with the goals of the newer curricula. There is some evidence
that students are more likely to learn content which is anoutgrowth of
inservice training.

Several studies report the effects of process appspach instruction
on attitudes. While moat of these show that teachers receiving the
instruction have more positive attitudes toward science teaching, there
is littler indication concerning the relation of attitudes to modes of
teaching or success of students. On the contrary, there is some sug-
gestion that the students of teachers who started teaching a new pro-
graii only reluctantly did as well as the eager early joiners. It can
also happen that while competencies may improve as a result of train-
ing, attitudes may be negative.
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Researdh involving the classroom teacher dealt largely with teacher
behavioral strategies and styles. Repeatedly it was shown that teacher
queationing patterns influence students' academic performance. Wait
time and patterns of teacher-studeneinterection also alter student per-
formance.

Several attempts were made to isolate science teacher characterL
istics as compared to mon-science teachers.-We really do not see this
as a-fruitful line of rearch. In general, science teachers were shown
to be more self-sufficient-resourceful and reserved than, other teachers.
Female science teachers as,compared to male science teachers are More
tender minded and outgoing. .We are prompted to ask-ratherimpoIitely,
"So whatt5Unless one4fin,relate teacher personality variables to Clads-
ream teaching practices or to student performance'we see this kind of
research as fruitless. Instead we would ask, are teachers with par-
ticular personality Configurations more helpful to students'd.th the
same configurations?

ln summary, it seems that research" has made some headway toward
answering some nagging and persistent questions regarding the art of
teaching science but there is much to do, especially in the realms 'of
evaluation, learning and transmission of values.

All the conditions exist in nature at the moment tb-do this research.
Some people ought to do it.

1;1
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