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. ) Preface

-

ésearch Reviews are being issued to analyze and synthesize research
related to the teaching,aﬁﬁ learning of science completed during a .
one year period of time. These reviews are developed in cooperation .
with the National- Association for Research in Science Teaching.,
Appointed NARST committees work with staff of the ERIC Clearinghouse
for Science, Mathematics, and Environmental Education to evaluate,
rev;ew; analyze, and report reseezﬁh results, It is hoped that
- these reviews will provide research information for development -

‘personnel, ideas for future research, and an indiéatiop of trend

~ in tesearch in science education,

./' . > - : .
J?‘/ - Readers’' comments and suggestions for the series a?fbinﬁigggj
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, “Patrieia E. Blosser

- . o ERLC/SMEAC

This publication was prepared with funding from the National.
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- U?I_NG RES EﬁRCH T0 f]NDERS'TAND TWE SCIEN CE LEARNING CONTEXT
.t . 4 ,
. '*‘ A Search fof*an Order fpf ldeas ¥ ‘s < ) 4,«* i I b
ST Resea.rghkin scfenc educat ion is the search for relevant variables ‘ é
by which we. cah ‘both understand and nurture Scient ific literdcy.. Jin e
] this search, th& reality dof the sciente learning context may be wpade . - .
[ - . " to £1t our concept%.na‘lizat#on of that context. Or At 1s possib thzit - #
" -_’ our 1dea§- aboyt .the sctence ‘laarning context 'are bas‘ed on what e 7L °
2~ found in that copgext. Brunswik (1952)- aptly desgribéd the second A v
- . possibility as the desired one, "Let the oyder ideaS' be .theorder ..
SRR “  .of things." ZBut what 1s the order of things? What occui's when students
L .learn sci,enCe‘%r become scientifically litetrate? ..t ) %

1
.Jq:" v

i .

L

reviéw the -scien Iearn’ing environment is reflected uponm, , its order -~ ¥. ° 2o
seems to def)ict three. nom_ponents There afe the pel:sonal interactions PO
.among tedcher and students’ - These intergctions are-part .of an - - | . ) o
instruct i6nal inferadtion. ;hat .;lncludes~ bét.h the goiitent ajid the S8,
el methodotogies used. ‘The amount and’ source- “Gf. the c‘onrrbl of‘ both the '
T o personal dod- instructign interactions are shared in varying degrees’ by
* t teacher and the students. Surrounding, these, interactibns are the - ey ]
-, . e:_cm.ctations ‘of "schools as they reflect what sqcilety fn general expects - ‘i

¢ . . 1 these inStitutions. accomplish. -« . . R L. 8 S
T V.‘“« Iy ’ Leamiqlg in sc:l.eni:e thus 1nf1uenced by both the iﬁ_&tmctional ',"'-‘ %u

. -1‘nteractibns and those in ‘other ‘areas of- the schooling ex‘i&exience as N T

. _well-as by~ the home, " conn’nun:l.ty and broader social pressures. Figure f’” s ¥

Ve 1 11lustrates how "the order- of things“ includes what is hagpening in
. .a" scignce learning context as part of a much larger etviromment. It L )
oo ds {f" the ‘tot,al environment- that many tues are available t:milp us T

- - . When a learnI{t’g erﬁziﬂomnent and,. i.n the tase o this t'esearch
* c
P \

R understa.nd and nurture the science ]farn:ing context. i W ' P

. . .~
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Th ental respbnses must
ouy respondbs ar
quences ‘o

(1966) de§§;1bed

%

3 -
"**?.go..-_*_.
H

.- in the world gf objects

Basic to the order of ideas“raﬁbut thé "order of things"
umpt fon that cues in gn .environdent must . be percéived and that
e made-to -them.’

rationalef%or this. . t

Such cdes are’ the physical stimuli

vatiables {p.. 26)

1

AN .
] e rl f ‘%
- | a . ) 1 .
- . a3 €, . ’ -
j - . ®
- ™ 4

1968). , Our research can help us

responses to eur new knOwledge.

L LY

.In order for the brgani im to perceive correctly (i e.k to
échieve) the- intended .o

-maagpn abiout :it. “Infq
‘\ at the- proximal layer;
toras a sen Ty cye.

ect,’ the breganism must have ‘infor-
tion {s provided by the stimulation:
stimulus in this region is referred™

of ‘the Qrgggismv but ‘they are more

local signe that hav& a referegce

Put otherwise, proximal stimuli

areglocal rgpresentativés of distal obJects or distal

is the

"Th additjon, what we do-
in part shaped by what we perceive to Be the conse-

§¥g§t action .(Woodruif,
fhave:aurich perception.of cues from our science learning contexts--
and it* can’ help us make wis

Hammond

&
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‘Diagram of the contexts for
interaction within the -
educational experience.




"important in science teaching.

\
\
A
stated:\
3

Tolman and Brunswik (1935),

r

deschibing this situation,

to the fact of a more
S, the entity repre—

a.manner more or less approprdiat
distant object or situation, that-
sented. {p. 43)

-y .
Hammond (1966) continues:
The proximal stimulus then 1s a local representative that
" provides only. a "hint" in an uncertain sityation_as to the
nature of the objeét. Not only must the orjanism have
" information in order to achieve a distal objéct, it must
have a means for achieving its goals. (p. 26)

The Order of Idess in Research ir; Science Education

To describe research In science teaching 1s to assuyme\that one
has an operational picture of this subject. In the ancient

of Industan as each one in his own way was carefully describin
subject of his attention. Each was sure his description was prexise
and accurate. From todey’s vantage point, it 1is evident that the
author of this faBle was dorrect in that each of the -six men faile
to grasp the complete dimensions of their search. But what about
the arrogance of the author of that fable An assuming that he could,
indeed, see the complete picture°

To describe research in science teaching does seem to imply that-

- we can stand high enough on the gshoulders of colleagues to be able to

view the domain encompassed by the subject. Is our order of idea§
governed by the order of things? Which research:studies should be
considered the benchmarks of -research in science teaching? Suppose
one were to list the 21 research studies c dered to be the most
Which woul%”: selected? A mote

relevant Question would be——b? what criteria uld they be selected?

In 2 volume describing research during. 1948~ Swift, 1969). the
criterion. for selection was the number of times the redearch study was
quoted in other research studies. While that criterion may not be
adequate, what better one could be used® ' Ebel (1967) for -example..
suggests that the relevance of research to Eractice is an appropriate
criterion. Lamke (1955) suggested that .

If the research in the previous three years of medicine,

A R S

our life

11d be changed materially.

But if research in

the area o
to vanish, educators and edu

agriculture,/physics, and chemistry were to be wiped out,

{

usual.

(P. 192) -

teacher’personneF in the same three years were

ation would continue much as




. defined tasks.

- = /h__.-___ - \ ) s
In what way is.research in science education relevant to ptactice?‘
Is it relevant to teaching? Gage (1968) emphasizes that the nded in

educational research is precisely the teacher's behavior.
that

Gagg states

It is all right for a teacher to know about learning, to .
know her subject matter, to ‘have approPriate instructional
material, and to fit into a given organization for 'instruc-
tion. But what agteacher really wants to know is “What
. should I do in the classroom?" (p. 119}

3 —

On this one dimension, what does the research in science education .
have to say to a teacher at any level: elemeéntary, junlorx high, high
school, céllege or teacher educator? ’

Research on science teaching and learning represents two clearly
One is research on. learning which Gage (1968) defines
as.dealing_wiqh those conditions under which }earning or change in
behavior due to experience occurs. Research on teaching, however,
includes the conditions under which learning occurs in one person--
or the conditions established by the behaviors of another person. . .
Is the teacher a helpful assistance Oor a hindrance to learning?

Indeed, i5 experience necessary for learning? The contrasts between
teaching and learning are further illustrated in a recent statement

by Piaget (1970). When asked about what specific points of his work
were most relevant to educatisonal changes, Piaget (1970) stated «

In my v;S:, our most decisive finding is that knowing in

its various manifestations does not uniquely derive from _
external world through mere perceptual experiences, or >
through social transmission, but supposes a construction . g
activity on the part of the subject.. However, one-should A
not’ assume that knowing is written into a subject from , . e
his beginning as innately givem and a priori. Rather, it ~
impYlies that each developmental stage and for each new

problatn some aspect of real construction.. This I can see .
above all the problems for the school. What in fact ‘should ~ °

be its goal? 1Is it to produce individuals who, can repeat )

what is known already and who can’ register and accumulate

in their memory the sum of the already' acquired knowledges, .
or rather.should the goal of educatign be to.produce a

person who is in differing degrees Oor at least within the .
domain of his chosen activity (if not on all ‘domains) - -
capable of creating and discovering new things, an indi-

vidual who &an confribute something new to the knowledge

of previous generations? For my part, I would thimk that

if one succeeds in developing the creative mind of an

individual, he will have all his life to consult libraries’ _ .

and learn all the acquired knowlgdges. Whereas, if one .
limits oneself to shaping individuals-who Quly repeat what //) ‘Y
they have learned, they will never know how'to discover

new solutions. The aim of education ébove all is to . T, .
- foster a creative mind in the thinking-and doiqg of the .

A . M W

-
ko




- adescribed by Medley (1979), this is a search for the best methdd of -

.* gory systems have been used to assist teachers in acquiring new ~”-$? - ;
strategies of instruction. Faced with this plethora of systems, .
. which is the best? ) ) . . a nj' .- .

k.

-

___ child and consequently to emphasize as much as possible
i ‘iﬁdividualhinitiative. .o

_“"'--.‘

Individual initiative does not. ‘méan~that the child can do )
what, he pleases. It implies gome material Prerequisites in -
_challenging situations that pose Problems to the child's -
mind that oriemt him in ceftain research directioms. At ~
the same time the teacher must be content to stimulate’ and
lead the 'child in appropriate direction without giving
solutions to him from the beginninga The teacher must %
give the child the opportunity ‘to rediscover as much as
possible instead of merely learning from external authority.
In ﬁi mapner, the child will grow irnto an adult who in
re fe is capable of finding new solutions. {p." 1Y

For the learning psychologist further studies on learning are .
both needed and important. The 'science education researcher should
use all available assistance in providing insStructional strategies’
with an empirdcal base to aid a teacher in deciding which instruc=- ',
tional. strategy to use when and for which students. We hdve ‘the
question, "What .should I do in my classroom?" How can this quegtion .
be approaphed? Gage (1968), Medley C1979) and Rosenshine (1979) ’ 1
have suggested thay much effort has' been expended in 'rather fruitless - C e
studies to identify the effective teacher.. Thé results of the search
for -this elusive .concept” have served 'to convince many scholars and-
researchers that, rather than global concept of effective teaching, .. .
one should empiriéally establish small or micro criteria for effective o
teaching. A strategy for.doihg this has been identified by Gagne T2 :
(1967) when he said ‘that he still is not ready to repudiate-his
assertion made ten years ago that the best source of experimental d
problehs in the stiidy of problem solving is an examinatfon of people
solving problems. By extrapolation theh,. the best source for study- ) {
ing teachingiis to study,people teaching. * , R j'

* g

N Knowing how to teach appears to be a similar way .to expréss thé e TN
question "What should I do?" Is there a single ‘way ®e do it? As T ’
‘teaching. Analysis of classroom behavior is nmot a new subject of "

’ interest to researcherg. A number of systems (Ryans, 1963; Jacksen, - ) oL
19653' Cronbach, 1967; Biddle, 1964; Carroll, 1965; Siegel and Siegel v ‘
1967 Flanders 1964 Meux and Smith,,l964) have been generated as R -
ways to deacribe classroom behavior. In many ways these.sdme”cater

The answer to this -question will essentially be embedded in one's , N
assumption about -teaching. Analysis of people teaching can be made . -

- based on two contrasting assumptions about teaching. The macro view ) L
suggests that teaching is an art and that it can best be emulated by .

-mndeling the master teacher. The micro view of teaching suggests . -, -
that teaching is an Act, which can be’ subje;ted to Hysteématic analysis - -

and emulated by mastering the medel teacher's component behaviors.ll
. L -
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Within the last set, one:can identify a get of dependent variables or

' performances of a teacher such as U

appropriate reference” or "abhievin
“"recognizing an .attending behavior"

establishing ser"
g closure or-*

or, "establishing

using questions" or

or

""control of participation or

Mproviding feedbacﬁ" or "emplaying rewards and punishments" and “setting
"a model." To study the role 6f these skills in teaching, other sets of
independent variables such as practice variables, feedback variables,
and demonstration variables can be set up and studies conducted. An
alternative to ?his .approach has. been described by Jackson (1966b)
when he ‘said . .
. Individudlizing instfuction in the educator's sense means . -
+ +/  injecting humor into a lesson vhen 3 student seems tq need
- 'it, and becoming sérious when he-is ready to settle dowmn
to work. It means thinking of examples that are uniquely
» relevant to the student's previous experience and offering-

them at just the right time.

It ‘means feeling ‘concern

over whether or not.a studemt is progressing and communi-

cating that’ concern in a way’ that will be helpful.

It ‘l-y

means offering,appropriate praise hot just because positive - ¢
reinforcers strengthen response tendercies, but because the
student 's performance is deserving of- human admirationf

It means in short responding as an individual to an'’ £x
individual. * (p. 1) , oo

LI
-

Although micro teaching seems to Be based on the assumption that'

teaching is the imparting of information,.a more macro view adds the
dimension of the teacher as an individual responding to other indi-

viduars.

-

4

hY

Thus the question "What should IFdo in thé classroom?" further
emphasizes that it is true that two essentials of a good teacher are
_a) enthusiasm, and b) thorough interest in his subject. A third
esgential 1is knowing How to teach.

- .

'u

.
1

. In addition to deciding which system to use based on one's view,
‘of teaching, a ‘second set of variables should be considered. » Indi-
vidual differences in students have long been recognized, researched,
reported, and remediated. Similar differences are likely to be
found in teaching styles. Can one support a set of categories
"supposed té be common to all teachers at all times in all situations?
Is it possible that there are identifiable teaching styles which

" produce equally healthy student achievement but which differ, markedly

in their approach to similar science tedching challenges? Are some
of these categories of analysiéiof teachers appropriate to some teach—'
ing styles but not to others? What empirical evidence do we have to
suggest to a teacher who demonstrates an identifiable teaching style
that, 4n orfder to produce healthy student achievement, hefshe needs . -
to acquire the entire repertoire of individual teaching strategies
which can be taught? = ) . B .
In searching ong the Srder of things to find an order of ideas,
the target of research has shifted from the listing of essential

. 2

4 .
. . ' . ’ .
» ! L1 ’
' R - .

r

e




. * i .8
- ' characteristics of teachers that might makdga difference in student
ot outcomes to conbrasting instr ctional appr hes, to process/product
‘ ) descriptions in which what a teacher does $©a% an impact on the

g tclassroom climate:and ultimately on how much students learn. Thus,
research in science education may focus on the instruction filter,
the teacher- filter the student filter--or their interaction (Figure

2). : .
. .  As refleccéé in the scipnce education research in 1979, we havé
. a wide variety ofi cues=-a rich source of information about the '"order

of ‘things' on which to build our "order of ideas.'s In this research
we have cues about the immediate science learning contexts and to
some extent, some potential insights about the school and about
social infiuences on science learnings of students, .

» Schooling may be viewed. as a continuous context from presechool
‘. .to graduate school. Within the schooling/society context, it is
* . helpgul to organize information as 4t fit§ the conventional organi-
. . ' zation of schooling~-the learning context of elementary schools, of
. ' . middlefjunior high~schools% of high schools, of undergraduate colleges.

’ ]

e . . In science education research a fifzh context . is observed——the
£ professional development of . science teachers. Within ‘each of these
~ instructional or leéarriing contexts, the Yordep,;of things,” or cues,
" gseem to fit' from three "order of ideas"-—eues reiaCed‘to the -

"+ gdtudents, the teachers, and the'instruction (Figure 3). These three
primary sources of cues do not exist in isola;ion. They ‘may .be viewed
as filfers thrOugh which the intended outcomés of- schboling are.trans-
lated into the. actual'gchievementa or outcomes. The’ interaction or.
influence of each filter with-the intehded cutcome' is mot ™3 &imple . »
a+b=c paradigm, however. Rarely is thefe such an overwhelming .
student characteristic (b) which when added to 1nstructional Soals

* (a) will always produce. results in achievement or. outcomes (c).

Rather, each of the three filters - (students bl teacher bz, instruc=~
tional b3) are interacting together as ﬁ(bl b3 bz\x b3) = ce

P

e z . Looking.back on the&seience education resesrch of 197 it 1s -
! ( - ." possible to see patterns of the "grder of things" which enyich our
¢ understanding of our "order of ideas " '
‘We can know more about Gtudents and their characteristics )

‘ . which appear to influence the’ intgractions of the learning Lo

{ context and the outcomes of science learuing. RS
We can know more about teachers and their characteristics
which appear to influence their . interactiong with students
in the 1earning context of science.
We can khow more about instruction, that is, specific' .
science content, specific’instructional strategies and K
how they are related tq science learning contexts and ‘

instructional outcomes.

2y
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*  We can know more about "first order" interactions of these

“€ilters
between student and teacher,
. between' student . and instruccion
L. between teacher and conment,
T between teacher and instruction,

-
and ‘how these interactions influence the science learning context and

§ Thus,

“the actualk outcomes,

the purpose of this review of the science education research
of 1979 is to examine what we know about the ™order of things" and how
Wwe can marshall these cues intc a betrer conceptualization of the
“order of ideas.* From this search, we will .have a basis for wiser
decisions as to what,we should do to further nurture the science
learning context and what unknowns we need to explore, We will be
letting our order of ideas indeed be a reflection of .the ordet of
things in our sclence classrooms.

i
-y

The Research Strategies Used to Find. Science Education’s Order of Ideas

Research strategles may be categorized into two groups: those
straCegies which provide bases for describing whdffis-—or the "describ-
. ing strategies,” and- those that are useful for changing what is or the

‘"1mproving $trategies.’

The 'Dé.cr!bin'g Strateg‘ies‘

[

"attqppts to predict what the future in education will be.

* - L
, . . . . .
- -

- hd k]

|
In the desc;ibing groLp, one research strategy is historical »
research. This 1s the use| of records of previous events for the “
purpose of arriving at ge ralizasions by waich the prggﬁﬁt may -be
interpréted. Recognizing the danger inherent in using one instance
in history on which to base a generalization, historical or.survey:
research is,ﬂspecially useful as ‘g basis .for a, theory. Deductions .

11

from that theory can then be the hypotheses for furcher study.w-.;, et

kY . fr ..
A second strategy of research useful in describing "what* 15" g
futuristic research. This can be identified as that research dhigh
In making
these projective predictions the assumptions about what is condfiered
relevant in the present bgcome explicit. For example, in his -/
description of the future of formal education in the 2lst century,
Brewster (1969) clearly identif ies his assumptions about what the
university should be doing--namely, conveying and constructing
knowledge. “His university of the future reflects these a‘'ssumed
functions., " In such futuristic projections, it is remarkable how’
our unstated frames of reference can become explicit and open to

careful examina;ion.
- 1

b * ? .
. 4
.

L 2
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_ The Improving Strategies .

. criterion performance is the measuré of.-the- sucoess of-. the Producc,

.students'

. relationships,

! B ' / .
%
w
t
§ r . )
. A third type is naturalistic  research. In this apprgach, the-
phenomenon becomes the object of study. For examp as Atkin (1967)

described this approach, the problem of generating and validating
generalizations about effective teaehing would be 'studied by a group
of scholars representing different disciplines, all becoming immersed
in the same classrooms at the same time. Based on their intensive
study of the natural setting, descriptions of "what is" can result
from imaginative and shared perceptions of scholars from quite

dif ferent perceptual backgrounds. From thése generqlizations' new

.answers or solutions to science teaching can be generated.

-

@ ‘ v
Each of these three'groups has a common denominator in that they
can be used to generate more accurate information related to the
precise description of what is going on 1in the classroom as viewed
from historical, present, or future assumptions.

LY
-

i

L S

" [

. A second group’of strategies 1s directed toward improving or
changing current practice in science .teaching. One type is the
exploratory study. In this type of study, data are collected in
an attempt to ferret out relationships which the .researcher intui-:
tively believes to be present. Exploratory studies are useful to.
establish or demonstrate associations but -do not establish-cause-
effect relationships. . Exploratory, studies do provide the opportunity"
to. generate hypotheses about relationships’which then can be pursued
with empirical studies to determine cheir validicy. L . :

A second type -18 the empirical or experimental study’ which is
usually described as-the model used in.the behavioral sciences. In
such a strategy,. a variety of research designs have been described
by Campbell and Stanley (1963) as ways. $n which the validity of
hypothesized cause~effect relationships can be;establisheds Such
a strategy 1s useful.riot as a squrce of ideas--but as a refining
process or a search again into the cumulation of wise practice.

l third is the engineering model’ or strategy. 1n-this strategy

'_the performsuce objectives or éxpectatdqns areaﬂelineated and -the’

systen 15 désighed. to achieve these axpectations. in the most direct,

and’ thus‘ecOnomically effieient mannar possible: Achievement pf

The second’ category of«research strategies is a source’ of -
specific ways to change what is known about what a teacher. should
do_in the classroom. Through exploratory studies ‘the potential
relationships between specific teaching beﬁaviors or patterns <and
healthy achievement can.be idencified Suasequen: empiri+
cal research studies can be used to démonstrate the vafidity of thesew
Engineering research strategies can then beremployed
to develop learning conditions by which the taacher can acquire those™
competenc}es which have a demonstrated qnpirical validiry.

12
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In retrdspect, which strategy is the most relevant? If the
. search is indeed one in an area of complex and multi-faceted phenomena,
‘then a more appropriate Question might be--for the task that needs to
be searched anew--~what is the most relevant research strategy? The .
-, logic of selecting a research strategy based on the expected outcomes
of search is simple but powerful. An eclectic approach is reminiscent
of Gagné's (1965) description of the search for learning theory in
which he states ' o .
N - Although many people including me have tried for years to
‘account for actual instances of learning in terms of a
small number of principles, I am currently convinced that
. " it cannot be done. To the person who is interested in what
principles of: learning apply in education, my reply is that
- the question must be asked and answered with the considera-
. - _tion of what capability is being learned. {(p. v)
S ) “
‘ In this way, researchers in science education can aveid what in
X other areas of research has been characterized as sterile and irrele-
| vant rese ch. We can omit what Wolf (1969) has described as his
53-C model which includes
...Cosmetic, Cardiac, Colloquial, Curricular, and Compu-
tationaT methods of evaluation. ' The Cosmetic-method
inyolves taking a cursory look at the program and deciding
if it looks good, while the Cardiac method requires one to
dismiss the data and believe in his heart that the new
. program is indeed a good one. (p. 107) '

- .

. Science education researchers can function as a translator for
events in the classroom setting. Based on ghese established relé-
tionships, and ubhder contrdl}ed conditions, the empirical validity
.o of these relationshipsRPeCWeen teaching style behavior and healthy

student -achievement gan be established. This research will demon-

. strate wha{ Greenwood (1945) described as the : -

Natural experimént in which...{we) do not control physi-
. cally what we want...{but rather) we control mentglly

' . by selecting from the environment what we need. .
K %

] '
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S OF THE ELEMENT RY‘SCHOOI. STUDENT
.3 ;o i \" ar

. ' . :
‘ As a contegct'in which the student learns ‘general baﬁid: skill&gand
specifin,idiad ‘the elementary schgol represents the sfudent s first .
experienge with fdrmal sc&ooling. The challenge of thié eggtext has
been widely redognized in the science education literature.<aBeginning
with research ‘about thetheart of the science learning goﬁtext *the . .
student ‘and_ teécher, .this section will then igclude descrigllaak’of

Tesearch related tB the instrud®ional camtext and how these are related

o to the-dutecomes of sciente learning in ‘the elementary géhdbl. —
| Rl # . . 3
. Cowme \ o e e T -
4 H N . - L]
: :  The Student Filter “ .. Lo C ,,_r Soe,
L3 ' i g ' < ‘ N

' As seen in Table 1 45 research studies reported results related
to five elements inthe cogpplex of variables in the student filten
" In most of these studies the relationship of associatiot af a specific
element to either achievemene‘or -attitudinal outcomes were’iuvesti ated.
Tn'a very limited number of studies the interaction of the‘student
-7 variable with instfuctional variables %as explored. axese will be
repottedain the'sectiqn on the iﬁstructional fileer. ;o4
+ & !: by .'9
The elements b the instructional context are categortes of
student.variables or order of. ideas that emerged. from—a‘tumplet&. .,
iisting" of all the stydent variables that were includéd”ifi the 45
'studies. Gender o stident, the student's age or preuious enpefienceg
. the student 's*abilfity dr aptitude, envirommental ‘variables, sueh,ds
v ,’ soclo-economic status, ethnic ‘origin, and the student's cOgnitive BT
developmental level or learning style were the five elemEhts

"

| searthiNg THE‘ CIENCE LEARNING com_sxr | v e

16

- h seemed to encompass all the variables associated‘with the séudent L ;ﬁ

o -

f.-ilt el'. |}' - ; - - _.: . L]

' J Tyl
In What Ways Are ‘l‘he Outcolms of Science Learning Dll'ferent for s ®
Boys Than Gal‘ls" . \ . S ]

~ co -\._‘.

3

In eight studies, learning'outcomes were described as specifiq

achlevement knowledge or skills, In two of these studies no. “

. differences were found between the achievement of boys and girls,
" In a study with 59 elementary students, Smith and Litman~(2?53“£ound
that uninstructed girls did better than uninstructed- bays on tasks .
requiring spatial visualization. When achievement was descrihed as |
 the abllity to go from'two-dimensiongl to three-dimersional- chcep- :
tualizatibn Jones (141) found that boys did better than,girls in = i
’ : " studying the impact of an astronomy exhibit on 138 elementary students,
* Sneider et al. (276) found gifls achieved more knowledge >and skills
' than did boys. However, with 140 hospitalized and well childred;
Denehy (71) ‘found that boyg achieved more knowledge of the body than
o did girls. Boys were found to achieve a greater understaudingpof the
. , concept "living" than' did girls,dn a study by Wolfinger (3321¢

W
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. . - o Table 1
Research Studies Related to the Student Filter of the Elementary :
L School Science Learning Context :
& ‘ . N - , - I ‘ B .
. \ - {5 _l_Findings . )
- 'No. of Related to ) Related to N
Element - Studies "~ Achievement Outcomes Attitudinal Otitcomes"
. ’ : AN o '
. ND 'B*>G. B<G 4  B>G ,-B<G
Gender . ' 11 . 2" 4 2 re l(/ \\
Age/Grade Level and : ) . ' .. | - ) .‘
Previous Experlences 16 1 14 | - 1 L= s
. ) w ) \ . . ", . .
| . fD #cL- H<L N H L <L
Aptitude/Ability ’ 9 3 4 - | 1
Environmental Variables 4 . 2% 2 - L ‘ - -
Personalogical Variables- - -5 i -1 3 - i 1 T
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. different'in‘cognitive devefopment fr

“"girls.
" ences,

differences in science achievement 1

tary school’ (Deluca, 69; Hali 193). [In both studies, boys were not

girls. .

The attitydes of students on their preferences were outcome
variables in three studies. Kishta (158) found that “boys’ and' girls’
linguistic preferences were similar. {In a study with 353 sixth grade,
students who were in SCIS, Wareing (322) found that attitudes of boys
toward science and society were substpntially differenf from thase of .

Sneider et al (276). found sevieral similar attitudinal differ-

with girls being more positiv thaa boys. .
Does Imowing student’ gender help a, teacher understand OT. eXpect
tie elementary school? Based on
the studiés reported here, no differénce was found in two instances,
Boys did better than girls in. four studies and girls did better than
boys in two. The lack of a clear paftern supports the conclugion that
thé "order of things" suggests differences in achievement ar:ibsohibly
not related to the student's gender ut tod other variables. A simllar
Jpattern is pictured im the three studies representing results. relativé
to attitudinal outcomes. ) I

At best
of achievement or attitudinal outcomes.of science in the elementary -
‘.school. L/ o . Y

]/.' ) L T a o '1"
~ In Which Ways Are The Outcomes of Science Learning Difrerenl for - .
Students of Dfﬂ"ercnt Ages, Grade Levels or Past Experiencbs"

» .
) The. age 6f a child- may be dgscribed in chronological terms or in’

\terms of number of years Ain school. 1In the strictest sense, this’
lement is one way to identify the. influence of previous experience

: on»schooling outcomes. ’

-
»

Of the nine studies in which age/grade level was an independent
variable, eight foufid that ‘older childreh achieved more thap did

. .younger ones.~ In examining the influence ofvan instructional. strategy

on unit’ achievement tests, Buriows and Okey (36) found that in their
fourth and fifth grade sample, fifth graders consistently had higher
achievement. - Sneider et a). (276) found that, in her;sample of 138
students, older childten gained more understanding from an astronomy
‘exhibit than did younger ones. Using six fourth- and fifth-grade
classes Werling (326) found that older children both aghieved more ,
in knowledge about their environment and- in ﬁbsitive attitudes toward
‘their environment than did younger students. “Chavez (47} fdwever .
found fhat in his study of two sixth-grade ‘classes-and gne sevenfh—
grade class there seemed to be no chatnge in- attitudes toward science .
after they participated in an instruttionaloprogram related to sterco-
\types of scientists. Jones (k41) explored .how sixth- and. eighthsgrade:
students functioned when they had- to deﬁcribe th -dimensional dbjedts
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knowledge of -4 'student’s gender is not a useful predictor,
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_he found that eighth graders did better than sixth gradérs,

A Nussbaum (224) explor the concépt .children had of the earth with
240 fourth through eighth graders. He reported that older children
congistently had more advanced oncepts.,

Hali/{193) explored the pattexps of cognitive development in
Nepalese children .ages 8, 10, and 1 He found that ‘older children
displayed higher development than. did ounger ones. Denehy (71)-

' explored what students lmew about; their‘bodies. Shke found that, in
her sample of 140 students, older childreég had ‘a more accurate concept
o of. toth size and location of major orgdns the human body. : -Beebe
A . (18) exploréd children's explanations of natwral phenomena with 96
. ' children from grades one, three, five and seven. He found that older
’ ' children tended to explain natural phenomena in physical térms while
younger children tended to use nonphysical terms. /. -
The_pattern of findings from these 9 studies suggests the sérong
] conclusion that, when achievement is the outcome examined, older
" students do better in both studies where instruetion is a variable and
e in exploratory studi®s. A similar pattern in attitudinal outcomes
dogs not emerge. While attitudes do change, their changes are not
consistently related to age oY to, grade level of students.
~ "¢ In seven studies found in the 1979 research reports sources,
previous experiences were described in terms of out-of-school exper-
1.,.. 1lences (Mali, 193; Denehy, 71), in-school learning prior to the study
" . (Doran.and Ngoi, 74; Howe, 185 Thomas, 2953 Werling, 326), or more
3 _.apecifically reading performance (FUller et al., 100). In six of these
e ) sevenfstudies, previous experiences were found to be important contrib-
. . utors to science learning out comes. "In none of.those studies were .,
’ ’ " attitudinel outcomes studied. Out-of-school experiences may or may not
. ¥ ,bé useful predictars of achievement, With his sample of elementary
" o Nepalese sfudents, Mali (193) found that such eXperiences as places
L ¢ Gvisited and*games played were not correlated with measures of cognitive
éﬂeveLOpment. Hosever, in her study of 140 well and hospitalized
'studEhts “pehehy (71) found that the experience of* hospitalization.
. " was a sigpificant contributor to students' *knowledge 6f the humap
3 " body. NIith 133 .third-grade students,.Fuller et al, (100) foudd that
: ' performance gd‘a <riterion achievement measure was closely related
- to the student™s reading level. 1In a. study of a more general nature,
Howe (135) found that sixth graders' success in SCIS was carrelated -
%#ish their previous SCIS experiences. in, earlier grades. werling (326)
found similar résults with fourth and fifth graders. With 200 fifth
and sixth ,graders, Doran and Ngoi (74) ‘observed that prévious know-
'ledge of apecifiq science concepts substantially alded students in
.understandings related to the particlé nature of matter. .Thomas 295),
in his study with 108 fourth graders, nqted that readers of “a higher
levél did’ better on achievement tests' that ‘required reading compreheh—
sion. o

in terms of two-dimensi al figures. With the 181 students in his study,

3
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factors

in understanding their akhievement to'the extent that there is a rela~
tionship between the substances of the previous experience and the

., -

1ntendqd instructional ouccomeﬁ\

.
. - 2 -
M \ - " - ] - " - . .
- |_ .

o S .
. In What' Ways Are The Outcoshes of Science Learning Dnﬂ'eront for | o
Students of Dlﬂ'ering Aptitude or Ablliuﬁ" . Vool e L

c , s -
Nine research studies included in.their desigﬂ student abilinv

as an independent.variable. In five of ,these studies the purposeswas |,

to explore the student's conceptual understanding as an achievement .

dependent variable. MNussbaum (224), in his,sample of 248 fourfh td -

eighthlgraders,found that students with higher I1Q's had broader

concepts of the ‘earth. With 353 sixth-grade students, Nareing (322)

. found tbat students with higher 1Q's had more poéitive attitudes

toward 'science and scientists. In exploring the' students' concept of
causality, Wolfinger (332) found verbal ability was not a-useful
predictor*of understanding in younger‘students {(age four and a-half to
seven years) With 96 students in grades one, three, five, znd seven, »

“Beebe (18) also found that vetbal ability seemed not to be asspcigted -
- with sdccessful %xplanations of natural phenomeha in the life sciences. .

tith si thxgrade students, Crocker (58) found no evidefice that their

'prefgr ce’ for instructional modes was terated to their aptitude.‘

'L Thus, when achievement ‘and attitudinal outcomes of elementary .
students .from pre-kindergarten to sixth grade are explored, measures

. of aptitude nay .or may not be useful predf‘tons of leval of achieve=

ment. | - - .
- . I . . 4
i

In the experimental studies in which instruction 'was one of the
independent variables, the, student's aptitude was an important factor
in three of the four studies. Burrows and Okey (36) found that high
mathematical aptitude was closely related to success on criterion
achievement tests with fourth and fifth graders: ,With fourth graders,
Sitkoff (273) found that underachievers could do quite well on
criterion achievement tes%s when given instruction that matched their
ability.levels. 1In his study with 130 fifth-grade students, Kemp

_(149) found that scholastic ability was closely related to achievement.

However, Plewes (242) explored the relationship of .achievement to
iQstructional grouping (mixed grouping or ability grouping). He found
né evidence with 11 or 12 year-old students that the ability level of
* students was related to their achievement :

COnsidering both'achievement and attitudjnal ocoutcomes of ‘science
instruction, student ability or aptitude appears. to be a.useful

' indicator of success. In.no study did the investigator find lowet

ability students outperfortiing higher ability students.

- . Il
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' In What Ways Are the Outcomes of Science Learning Related to the

: onacriterion achievement measure.

Students' Environmental Variables Such as Soclo-Econemic Background
and Ethnic Origin? .

In the 1979 research, soclo-economic ‘backgrournd and ethnic originm
of elemefifary school studentswas described in four studies. . Inone study,
Kemp (149) described it as a general indicator of home influence. With his
130 fifch graders, he fdéund it significantly related to their achievements
However, in two studies (Nussbaum, 223;

Mali, 193) where students' backgrounds were contrasted, no evidence was

found of a relationship between soéio-economic background and achievement.

One mafor study reponled in 1979 by the National Assessment of
Educational Progress (220) highlights that, at age nine, students'
performance was closely related to their race with whites, Hispanigs,
and blacks ranked in that order. -The variable of race was not found
described in any other research study in 1979. Thus,” a student's
soclo-economic background probably needs to be more adequately described
in terms of the aspects of that background that are more likely expected
to influence achievement.

4
% 4

. In What Ways Are the Outcomes of Science Léarning Related to f .

- as the rdist inction between the field-independent and field-dependent st

the Students’ Pecsonalogical Variables?

" In three-studiesof elementary school students, cognitive develop-’
‘ment was used as a descriptionof Piagetian concreteor formal stages of
thinking. In three studies with young children (Padilla, 233; Padilla and
Smith, 234; Wolfinger, 332), the cognitive developmental levels of the
students were found to be closely associated with achievement defined as
understanding of an idei and ability to accurately use the idea,

However, in his stpdy of fourth, fifth, and sixth graders, Kishta
(158) did not find evidence of a relationsl;ip between level of cogni-
tive development and

L&rning style in the one. study with elementary students was defin

are similar to that of devela.pmental leuel.

Sllmmai'.y ‘!

achievement as measured by a standardized achieve~ ~
ment test (lowa Test of Basic Skills). ‘ v e

Students in the elementary school do lea
attitudinal outcomes related tg this learni
reported i{n 1979 that included an element o
appear that boys and girls show .aboutth
outcomes, older studepts or those wit
with. higher ability will do better

the student filt
ame azchievement and attitudinal
greater,past. experience and those )
n younger, less e.xperienced students

scilence and den':onstrate
Based on the 45 studies
s 1€ would
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of lower aptitude. With the exception of ethnic origin, enviromnmental S
variables and cognitive developmental levels seem to not be useful pre- ~
"dictors of student science achievement or attitudinal outcomes.

The Teacher Filter . - S

L]

1 In the teacher filter, three elements imthe Yorderof ideas" emerge
: from an examination of the order of things--the research studies reported
in 1979. Inthe science learning context, both a teacher's knowledge-and
- pedagogical skills in planning science instruction (preactive skills) and .
% interacting with pupils (interactive skills) are expected to be relatedto.” -
: the quality and quantity of the outcomes. _In 1979 nine research studies
reported aspects of these three elements o’f\:}e teacher filter.

‘ ' - » i .I'/
=ln What Ways Are the Outcomes of Scienc@ Learning Influenced by
M&lence Knowledge of the Elementary Teacher? . . '

Ina survey of 489 elementary teachers in Illinois, Fitch and Fisher
(95) found, that teachers and administrators. believed chac a lack of
science knowledge was the greatest obscacle to science instruction at the
. elementary level. \Simpson (272) reported that a teacher's knowledge was
- - directly related to pupils' desire to learn and their ability to learn.
Ina sample of 27 inservice teachers and their 687 pupils, Brummett (32)
‘found chat the teacher's underscand:lngof the science content of a lesson
. _and attitude toward that content were significantly-related to pupil - )
i L o achievement and attitudinal outcomes. A similarly clear set, of conclu- ‘ -
E i sions, hqwever was not found bysxHough (133) in her study of p preservice
. teachers' sciefice knowledge and process skills. -She found no evidence’
of arelationship between what preservice teéachefs knew and Fow much *
their pupils learned. Thoman -(294) investigated the relationship between
the general’ science knowledge of fifch-grade teachers and the achieve-
ment gains of their students. He found no evidence that a teacher's
knm.rledge wag related to pupil gains.
" Froma logical stance, 1t would seem f£hat teachers should not be able -
. to teach that which they do not know. Fromthe very limited number of . -
‘stegdies repprted in 1979, the data seem to reflect evideﬁqe that-says that-
pupils learn equally well regardless of the knowledge level of the
- ' teacher. The conflict between these two conclusions needs careful study.

e in \i’hat Ways Are the Outcomes of Science Learning Influenced by the . ‘ .
. L Science “Teachers® Preactive and lnteracﬁve Pedagogical Skills?

1

. In hetr analysis of the-causes of decline in science achievement,
'« ' . Kahle "(146) maintained that.the decline is due to teachers not using
the resources they haye available to them. In Burke's (37) survey of
’ the currént state of sgience in Massaghusetts what resources were

. available to teachers was. clearly a function of size of t’he school T
. . sysc(em Tedchers in -larger school systems had access to more . .
e ‘inservice workshops and ideas for how to plan better instruction . .

- Lfor thefr students. ‘Olson”(227) did find that teachers wanted Che U -
¥ . . -

.
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opportunity to decide the extent to which they were to be involved in
cutriculum glanning and uriting projetcs. In one research study
- . reported in? 1979, Plewes (242) found nhac the Ceacher s knowledge of,
S % and ability to work wich individualized of mixed group imstructiop
. was significancly related to boch pupil achievement and attitudinal
: outcomes. * ) v 3 '
While only two research-studies were found in the 1979 reports
in which preactive teacher skills wereﬁche independent variables
: Yeany (335) report¢d an interesting study in which teachers described
! . what research they wduld like to see" given a high priority., Among
their highesc prioriCies were how teachers_can influence the cogn1t1ve
development of their pupils and how to plan science instruction in an
. interdisciplipary mode with such subjects as reading, mathematics, ‘
and social science. . '

‘

. .- . In only one study was a specific interactive skill of .a teacher
. ment ioned. Simpson (272). reported a significant relacidnship ‘between
- the teacher's expectation of .pupils and the students' attitudes.
toward learning and ability to learn. Studies of the' potential impact
ST, of. teachers' interactive skills seems strang absefit in the 1979
) - rpports of research on science in the elemengggz’school. -
. ¥ . - hd '

. Thus, at the preﬁent time, current research does not provfde a
basis for answeripg the ‘question about how a science teacher's peda-
gogical -skills influence achievement and atciCudinal outcomes in the
' . science learning context. . . .

» ) n
L) -
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The [nstructiOn Filter - ':‘. - : .

< .
e . A third area contributing to the achievement and accicudinal

outcomes of students 1S the substdnce of their scidace learning .
experiences--the scienice instruction. In reviewing .the "order of
things" in the 1979 science edncation research reports, six categodries
- ¢f "order of 1deas" or elements in this filter e@qgged. ~These arg,
"summarized in Table 2. . .. :
In 11 of the studies -thq”elemenc can be described as content
. by itself, i.e., what ideas now are or 'should be*part of the science
learning context of the elementary schiool years. Four studies added
., to this question of "what ideas?" the dimension of "what ideas wifh
what students?™ One study included the topic of "yhat ideas,with
what teachers?" 1In nine studies, methods or imstructional scraCe-
giles were the variables peing examined. In eight studies both the
substance of. che sclence learning content and the igstructional
strategy were “variad, In 11 studies the complex interaction of .
content and method of curriculum plus selected student variables
Were combined to ascertain gheir impact on the expecCed achievement
and accitudinal outcomes of Science in the elementary. school.

o
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Table 2 - "
Categorization of Research Studies.in the Instruction Filter
* for Science in the Elementary School Learning Context
Element v No. of Studies
) Content = - - .
o, What ideas? * 11 ‘
’ Content +°Student ,
’ " What ideas with what students? 4
Content + Teacher . /{” .
What idea.s with what teachers? ) 1
MethOd ¢ f ' _
What instructional strategies? ‘ 9
. PR
Content + _Method ’ T
What curricila? . - 8 v
Content + Method + Student ’
What curricula with what students? ' » 11
; ) Sy

4
* i

A In What Ways Are the Qutcomes of ihe Science Learning Context
Influenced by the Content of lnsu'ucﬂon"

¥

.; This element is- primarily observed in two types of studies' in the

1979 literature--surveys of what now is and descriptions of how to ////’—*ﬂ'

. develop curriculum for what should be. In their survey of what now
(1975-76) 13 happening in Illinois, Fitch and Fisher (95) found that
the Nitional Science Foundation developed curriculz were reported used
in 19 percent of the schools (Elementary Science Study, 8 percent; ’

~Science Curriculum Improvemient Study, 7 percent;

and Science--A Process

Approach, 4 percent),

textbooks were used in 46 percent of schools, and

35 percent repornted né science, instruction.
2 000 students, Treasure (305) reported that,

Based' on a sample of about

in Alberta,

third graders

'_were weak in their knowledge of scientificr meéhods.

Votaw (316)

P

surveyed the National Science Foundation-developed curriculum programs .
for their relative emphasis on environment'ally-related concepts. He
constructed a weighted score for Science Curriculum Improvement Study,
28; Sciente--A Process Approach, 25; and Elementary 9cienge Study, 69.

-
L

-
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Klein (159) presented a naturalistic descriptipn of science in communist
East Germany as a cembination of -theoretical and practical experiences

in industry related to the natural sciences. .Science instruction begins
in grade five as natural science and In grade six physics 1s emphasized.

The Surﬁeys seem 'to depict a pattern of varied opportunities to
learn science in the élementary schocl. Shymansky and Yore (271) looked
move closely at one of these opportunities-=the textbook. They found
that, in general, science texts show a gradual increase in reading
difficulty level but that within a text, there is a very wide range
‘of reading difficulty not well indicated by the average level reported
for the texts. Chavez (47) investigated the extent to which oppor-
tunity to study explicit stereotypes of scientists through animated
. ' ’ cartoons would influence students' attitudes and found no evidence of -
a change. . .

" In contrast to these studies of what-now-is, five reports described
- : . What can or- should be the substance of learning opportunities for
elementary schocl students. In these curriculum development studies,
four tasks in designing and documenting a curriculum were included:
1) The establishment of goals, framework, or statement of
the pUrpose of the curriculum--many times based on a
systematic needs assessment; ' ’
. X
.02 The development of the curricdlum materials which may
be a selection from other sources or the writing of
,new materials; .

-» “t 3) .The documentation of the impact  of the curriculum which
includes describing-with what students and teachers and

' ‘ in what environment it his/Bgen found to be successfu1°
> and N

4) A description of how to implement or use the materials
in new contexgg—-the key task of dissemination.

In Talile 3 a summary is presented of the five curriculum develop-

ment studies as they relate to these four outcomes. An analysis of

the table jndicates that a more complete documentation of both the

evaluation of curriculum and the tasks to be faced in 1its dissemina-

tiOn is needed. o ‘ by

' . The extent to which specific science content of the elementary
" . school science context 1s. influencing student achievement and atti-

" tudinal outcomes was largely unexplored in the 1979 research.
Evidence that science is, or is not, taught i3 presented and evidence
that' curriculum can be developed is available. "But what 1s needed 1is
knowledge about what content will influence which desired outcomes,

b




I

‘J/__/

Il

' 64:’.
. ;'J ; L ﬁ, s
k] v :
. + Table3 o
-Curriculum Development Studies in 1979 for b
Elementary School Science

) .. ’ ~~=wm=Report Decisions-—e—mectomocaa--
. 1. 2 - '3 . 4

Aut‘.hor Context . Goals . Materfal Evaluation - Dissemination
Butler (38) Program for Gifted Studgnts X X . x - x

3, 4 5 . ‘ - ' .
"Moeller (212) School Management Curriculum ' i

) ‘ DEVelopment‘? i x x X X

Lavorgna (173) Barrier Beach Ecology Curriculum oo ".i'mpl'ie'a' ,0x% ;X | ? )
Ak:lngbala (4) Science for Grade 1 Nigeria Cox x ? ?

~ 5 , . :r L _

Kahn (152) ‘Science Curriculum for Pakiatan : x x 7 ?

) Coe - " B ) )
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In What Ways Are the ‘Qutcomes ol‘ the Science Learping Context lnﬂuenced , .

i:y an Interdction of Specific Ideas with Students of. lel‘erent _ T C he
Characteristics? ) . ] . S L,
In the absence of a base of empirical evidence fhateiupports a I PA ;«
relationship of specific ideas with outcomes,,four studied 'did explone ¢ i |
the element of what ideas with which scudencs seem.to produce the; best - . .
" outcomes. Nussbaum (223) studied the impact of the Science Curriculum ° e 2o

Improvement Study's "Relat}pikchanit on students of differing levéls of G
cognitive development. Ipn“his sample of 44 second “and “third graders ‘he

found that students-who:Were ¢foser to transitional stages had higher - ' -
achievement. Wolfinger (332) studied four to.sevén year-old students < g =
and the relationship between teaching ‘them- concepts of flotation and E

living things and their levels of cognitive 'developtnentL vocabulary
development, and gender. She found that treatment. group students '
achleved more than' control group students, and that within the treatment :
group boys did- better than girls and that concrete operational students -
did’ better than the preoperational ones.. When spatial visualization

was the achievement outcome, Smith and Litman (2?5) found that instruc-
tion, helped boys but not- girls. . o -

-

To match the content of science to the student requires another"’ . -
consideration=-the student' s interests. Sullivan (289) reported that oS
primary grade and intermediate grade students had "a common ingterest - § .

) 3

in the human body but had quite different interests in, suth topics
as living things. . ot - .o L & b

- . -
- t . .
t

The results of curr’nt research reports suggest that, while what N . D
ideas with which students might be a-productive area of scudy, An s ~ R
1979 it remdined an area yet to be explored. ot R :

- £ i B
e . P =

Y £t ;
‘.—‘-; -

- In What Ways Are the Outcomes of the Séience Leamingﬂomgxt lnﬂuenced byan - L
lnteracﬁon of Specific ldens with. Dlﬂ'erent ‘Teachers? S, " -

Results from the scudies relative to- che teacher fileer support . .
the conclusion that what teachers know.is directly related to théir .
students’ achievement. But, in this element the. focus can be moffe’ -
specifically on how a Eeacher relates; to content and the impact 6f+- =~ . t
this relationship.on the outéomes of instruction. .Na investdiga ors in, e
1979 directly studied this interaction.ﬁ'Mengel GQO?) described aspects -
of curriculum development that teachers wished were included.in that’
development. These included‘explicit descriptions of the teacher's
expectatiors, the scope arnd sequence to show how specific instruction : .
fits into-the total picture, explicit descriptions-of stydent outFomes,
materials to match giffe.rent student abilities, suggest}ons for manage-

- e . .

ment~of,1earning, ‘and" teacher inservide materiais. 2 Ca N
1 “r, wr -
. . r: e i A 'J\-‘ ..
Informal experience suggests that . given the s@me content oy tcomes R R
may vary widely among teacherSs Research is needed in this area'to - ﬁ;l -
better understand possible cayges.. ., . . f o A T
. ¢ ! IR B e T A SRR v
* - e 7 e Y o d = £
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. If~gpere is. a useful distinction between str tegy as a global '
phenomenon and tactic as-a specific event then, in the 1979 research - .
reports that deal 'with iust;pctional methodology the range is present;

deductive mode Seemedxto‘be hé@pful “3ependi on.the concepts to be
‘learned.. In studying - Tsecond graders, Kruse (164). hypotheésized that
formal instruction on.reading in the content fareas would result in
different reading: comp,r_ehension than would ap informal emphasis.  No

" evidence’was found to support this hypothesisy Ttainor (303) used 75
student’s to find’ ‘that investigation follow ‘by a directed discussion - ,
‘resulted in highet" achievement than did 1inv sttgation followed by

' mondirected discussion. *Davis (66) also fgund that a guided discussion

'« acébunting for: much of the ‘impatt 1is ;he

" with increased achievement. Mach c)

-f
)

] concepts plus method af insttuction was madet In this study, Lucas +

was more effective’in influencing ‘student .

chievement. than was an
éxpositpry textbook..’ . . - "

L

A .

* In"these.. studies, the nnmentioued variable that nay. well be ':’
eacher: This 18 also seen

3 varigbles. Holliday and Parttidge (128) presented - evidence ‘that |

using-pictures.to help-students visualizle correct “éxamples influenced
théir achievement.. ‘In a sampie of 31 s cond-gtage classes, Billings-
" {19) found- that students having only-co ctete eiperiences achieved

.and verbal labels for two concepts (ic eraction, evidence of inter-
action), Tobin (298) found that the téacher tactic of wait-time was.
.#ignifjcantly correlated with achie fit. Students in the longer
wait-time groups achievedyﬁote. 19 a jless 3pecific tactic Crocker,
(58) did not find evidence that'h;gh Ir low teacher control was .
related to achievement. 1 .. i e .
Some evidence sqggests tﬁat_gIOBEi strategies may be associated
arer evidence exists ‘in'a.rela-

-tionship between specific Bactics an achievement and attitudinal

outcomes. 3 . - o — L

. . PO T ’. L
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ln What Ways Are the Outhmes of the Scu;nce Learmng Conitext lnnuenced hy tl;e

ln!eraction of Specific Ideas and lnstrutuoqal Stra&gies‘ T N N
The combination -of ohe content and- method 6f 1nstsuction is one

operational definition of . curticflum. In the eight studies that

reflect this element; three deser;ged the impact“of a durriculum program.

on student’achievement and attitudinal outcomes. In four studies,

. hands~on instructional approach, dnd in.one study a sutvey oj\bialogy




a

(186) found that, at the elementary level, there were 'no common™
patterns of biology concepts in six programs Surveyed. K She did find,
-however, that there was a common’ pattern in’ the Presentation of tﬁe
concepts, with sentence influence being the most-common; graphic ’
illustrations, - second} environmental examples, third; demonstrations
fourth! and simple statements least frequently used.

When curriculum programs uére contrasted, Esler (92) found, in
his study of 120 third-and fifth graders, Science--A -Process Approach
did not seem to help students remedy.a communication:skills defi-
ciency. Hofman (124) studied the impact of Science Curriculum . °
Improvement Study on eight year-olds ‘and found no evidence that,
instruction with Science Curriculum Improvement Study was related
to their attitude toward science. ‘In contrast, Haan (112) found that

a student's attitude toward science was related to Science Curriculum

Improvement Study instruction. .y

A possible reason for the:inconsistent resalts may, be the gloBal
or general nature of the independent variable in these sthdies. It
mgy be that studies of a specific aspect of a Program (rather'than
the total program) would result in evidence of rela;ionships between
the curyiculum-and the outcomes.

. Hands-on instruction and textbook instructidn both outside and
-within the classroom have been contrasted Wwith a number of alterna-',
tives.: In a study with 284 fourth, fifth, and, sixth graders, Story
and Brown (285) found a significant change in student attitude toward
science when hands-on instruction was compared with fextbook.instruc—
tion. In the absence of a specific description of the topic and *
substance of these treatments, it is assum that both coptert and
methodology-Werg different. Cohen (50) hyMMhesized- that hands~on’
instruction wouldiresult.in mpdification of students*acognitive
development. With his sample of -36 first, third, #nd fifth graders
however, he found no evidence toﬂsupport this hypothesis. ) .

v &

Case (43) looked at the effects of an eight-week unit on , -
envirormental education on environmental knowledge and at{itudes of
sixth-grade studehts. Treatment group A teceived g one-week field
experience as a part of the, unit. Treatment group B studied the
eight-week unit in ‘the classroom. Control ‘group €. had no environ=
mental curriculum ag;ivities.~ When knowledge ocutcomes sere Measured,
results favored grou
control group € had significantly higher scores thar did group, A..
There was no significant difference between groups B and C on the -
environmental attitude,inventory. . d RV ]

. s f“ ‘.;‘J

+  Werling (326) usedXa sample of 120 fourth and fifth graders tz%“
evaluate the contrasting\achievemeﬁt and attitydinal- cutcomes of

three curricula: a modified hands-on outdoor unit from Qutdoor .

Biology Investigations An' Science, a hands-on claggroom unit from »1

Science Curriculum. Improvement Study, and an in~class lecture. He
found that all three groups showed similar ‘achievement but.that the
outdoor grqup showed the greatest chapge 1q,&;titu¢es°toward the

environment, .

B. When attitudinal .changes.weré studled, = -

9




The mixed nature of ohef;esults of tﬁese tudies in.the element
of content/methodology may be 4 function of- using a giobal,jndependent
variablé that .itself -may. ‘well "beta complex tombination of -many separate
elements, At the elgmgptary levelg eveﬁiwithin such & complexity of
interactions, 1it.would appear that curricular experiences that permit
greater personal invol@hment of- the student are Iikely to result in
increased achievement and positiye §ttitudinal.optCOmes.

- v % » . . .
v - - ar 5 - Lut
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In whal Ways Ar¢ 1he OuttOmes of lherScience Learning Context .
Influenced by:the Inieraction of Spécific Content, Instructional S0
smugm and Smdems offleferihg Chsraclérislics" L :
. Y. 1,, e
v In“two studies science Iearning outcomes “were compared for a
specific,cuxriculum (Science Curriculupm. ImproVement Study) with student
chardcteristics used as ‘blocking variables.
with uhat students is Scienee,Curriculqm Improvement Study more success~
ful in influencing attitudes toward $civnce?, Wareing (322) compared -
, Science Curriculum improVemenq‘Study classe’s with non-Science, Curricu~
lum Improvement Study classes. She found that the most significant
* factors that influenced attitudinal change were the stuéent s IQ-and
' gender and not cognitivé style ‘nor instruction in Science Curriculum
Improvement Study. ‘In contrast Howe (135) studied the relationship -
bétween Science Currdculum. Impsovbment Study .(SCIS) achievement and -
.the following of the §€IS sequence, the past Succegs of “students in’
SCIS, and student participation in swall groups.- She foufid no .evidence
. that the studerits’ expefience in small group patticipation or in having -
participated in-SCIS in previouB years was related to a criterion SCES
achievement-tést. She did find that .the studenﬁs prévious success
in SCIS was significantly related co their achievement Y.k

[3 * 4

.

With younger students (120 first gréders) £adilla and Smith (234)=
,studied the relative impact of ‘two strategies fo; serial ordering‘with
.students of differing cognitive development
a strategy-developmental interactionc Linn (180) studied contrasting
“ gettings for deaf students and ﬁound thdt there wa$ no Evidence that’

" deaf students in a resource secting had achievenfent differences from -;
those in mainstreamed setting.“WShe did find, hawevey, thar'those in
the resource setting participated in more studemt' activity. + Plewes
(242) also looked at the confrast betweén students in a mixed ab1lity
individualized setting or in a single ability group instructional
gsetting, He found that lower ability students’ did better in'the mixed
individualized instructional setring.

-

"
3 . L - ’J
-, #

Sheider et alff (276) found’ that older girls gained more ih achzeve-

In contrasting instruction of verbal-nOnactiv y oriefited
(lefe hemisphere) or holistic activity-oriented (#ight ‘hemisphere),
" he found no evidence of a ‘relationship of instruction, student varia-

student.

Qles and achievement, Fuller et al: (100) compared the difference in
Achievement for third-grade students whose source of information was a,

-

To answer the question. "

They found.that there vals .

L .-
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book or‘puzzles; They faund no eviderice: Of a treatment—celaeed diffenr

“ ence byt found tHat high abiligy students c sistently showed’ greater '
- .achieverent. ‘A similay finaing by Thomas (295):was that high achileve-

ment Studeftts performed better regatdless of the treatment. With 84 -

f

-~ L ~

4

mastery dearning’ tnstructi&hal gtrategy- ;esulted in. greater acﬁieve- s
ment,  As they predicted ‘the ‘full mastery model group.also showed @

¥ | sfgnificant reduction in Vatiance on- hchievement. ‘Such a strategy -
may provide’ a ‘key:for helping solve: remediation problems, SitkOfﬁ
(273) "4lso found that, when-{rstruétion was, designed for the slower )
or rEmediatidn stugents they could learn.' . X 2
: to answer the question pf what ideas taught, in.uhat way with
what kinds of studpnts will provide the best achievement and atti-
tudinal outcomes ‘seems rather aimple and easy. Finding an answer
to this question-1is still a challenge. Dowe need to think more

' carefully about: what ideas with what '‘methods and with what students
"will influence what the stulflents.do while fn the-instructional
context? JIt may be that the key 1s ndt a relatioaship between the
instructional filter and achievement and attitudinal cutcomes, but
in areas unreported in 1979 research:  relatfsnships between the.
instructional filter and-stgdent behavior in the learning context.

L]

1

fourth.and.f1fth.-graders,” a_an.ci.ﬂkey (36), Found that,a__fnll __ .

] LI [ -

L. - . . *
» " - - A ‘ - - -
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N T
\\Hggathe 100 studies in which the - -science learning -outcomes of
elementary school students were 'studied, varfations 4n these out-
comesg were. found to. be described .in terms of the elements.of these -
filters. . N .

+ . . , R
“

IThe Sthident Filter (n = 45 'stud fes) ;;—} o .

-

e " A, -GEnder : ' . =0 consistent differences- found
. B, ;AbilitylAptitude‘ -~ higher abi£§§3/§tudents do. better °
‘ ) /' e » » than do lo ability students

C.* Previous Experience . =~ older students do better than do
- younger students

N

: _D.- Envirommental Variables - ethnic origin is a significant . -

- ’ -

. contributor to agcademitc achieve- '
—_— nent . d

>

E. Personalegical Variables - - too few studies to establish a

‘e ' attern of results
| — CLP
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SEARCHING THE SCIENCE LEARNING CONTEXT OF THE EMERGING
ADOLESCENT § - -

4_ Thauemerging adolescent 13 a complex maCrix of dynamic physical and

mental changes. The uneven spurt-like quality of these changes can be , -
' confusing to the studenc .and to the teacher. It is within this contekt

of a personal ‘need to be acclimated to @ new self that the Studeat meets
with systematic science instruction. For.many this cheir first .
formal science clagsroom experience. In this section the research
studies' in science ‘education rela&ed to this perplexing and challenging
learning context are described in terms of how the student filter, the -
teaching fiIter and the instructional filter influence sclence learning

Wﬁ&

-

.
The Student Fllter ,” ‘ . “ : )

In 1979, 64 researeh studies reported -elements of the student \\\\
filter in their 3%sign Jhe elements related to students werg grouped i :
i five categorieﬁ‘ gender, abili;yﬁapciCude, age/ previous experience, \\ . I
environmental, and personalogical. In Table 4 a survey of the findings
related to the student filter 18’ given., Clearly a high concern of know- ' ot
ing-more about students in the middle/junior high school science learn-
ing.context is reflected in the 1979 studies. _— . P

S

What Way Are the Outcomes in Science Learnlng l{fferenl - -
for Boys Than for Girls"' . g . .

o ' . . , * .
' The.extenc to which boys' and_girls' accizsﬁlnal OuccomeS%are v , .

. > similar for ‘seventh, eighth, and Ininth graders was examined 4n_four e : y

." boys and girls on qopics of interest.

criterion achievement test baseddon the Intermediate Science Cupricu-$

" Stolper (284) studied 129 ninth graders.

studies. "With a sample of 991 junior” high school “students i Ihrael
Lazarowitz and Lazarowitz (176) found significant differehces between
Experi\gnce’ also confirms tba‘c )
all students.do not welcome new gcience COpics with equal, enthusiasm. - . "\
D’Annucel (63) also reported, with a samplél of 505 grade 1-12’@: ts, SR
sisnifica t. differences between boys' and girls' attitudes' td ' . RE
science anf science teacher$ as measuted by a semantic differencial ; : .
‘1nscrumwc. In his study involving 149 seventh, eighth, and ninth - ‘ g
graders, Vinelji et 4l: (315) jyrid girls tended to be puch more . . ’ ;%“
dependent on teachers than did Yoys. .Hdwevef, Alaimo (5) did not- o .-
find a gender-r Lated difference in the value préferences of environ- . =
mental problem o ,Based gn this group of four reported studles, science .
teachers can pect actitudinal outnomes for boys ce differ from those - }
for giris. ; .

rAchiévement -related outcomes were examined in nine stutes. In .
three of { thiese “studies the achievement outcomes were measured by a .

NcDuf fie (201) studied 769 ninth graders and
Both found no gender-related

differences. However, Young (339) in her sample of’300 ninth graders.
found girlf had higher achievement 'than boys in 'ISCS. 2'~ _ .

’ L] ~‘-‘; L . -' . .

‘lum Study -program.
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, - T Table 4.

ReSearch Studies Related to the Studeut Filter in the .H:I.ddle/-]'unior H:I.gh School
s Sc:l.ence Learming Context v

2

= y T . Findings s i
. - 6 .o . ‘No. of . helated to T Related to:
, Element , [ Studies Achievement Outcomes Attitiudinal Outcomes -
7 - .
- . N HE>L H<L . N HE>L H<L
"% Gender Tl AT S S v 2 L
. ) 3 I' . I L . »
Awility/Aptitude . | -12 4 71 S T
Age/Previous Experience = . 13 - 103 7 - S | 2 .1
"Environméntal Variables . S R TR . - 0, -
Personalogical *© - 17 Y ff‘11 - - 1 : 3 -
) T e b ‘ e - 2 A \ '
“; .0 . 64 ‘ - 14 Y
3 - @ * -
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. * . Another measure of achievement ﬁas standardized tests. In a study
— e -of. seveqth,ﬂeighth and ninth graders, Hayes (120) found no achievement
difference between boys and girls. Daviés and Fowler (65) also found
no differences, as was also true in a study of 113 eighth graders by .
Evans (93). Using locally developed measures, LaHart (169)_studied
\ the knowledge of the environment of 1,300 eighth graders, He found
: * boys scored significantly higher than girls. Using 1,635 Tasmalian
junior high school students, Lynch.et al. (189) also found that boys
: . performed better than girls on a tést of definitions of science terms. 3,
* But 4n contrast, Egolf.(88) used 525 seventh and eighth graders to
determine that there was no™evidence of a gender-related difference in
solving word problems in science. The National Assessment project (220)
reported that age 13 boys outperformed girls on all items and categories
except on thosewquestions that dealt with scientific decision making.
Girlm did aisn}fi&antly better than boys on those questions. .

. Thus, in terms of achievement outcomes from science learning, the

'results present a very mixed picture. Natural Assessment data would "

. sSeem.to indicate that ¥n most any-science learping context, one should

expect to find boys ocutperforming girls. 1In the 1979 reports this
achievement pattern just does not occur. The reaeon for this apparent

v contradiction is unclear. ’ .

Il - ’ -]
- An additional aspect of outcomes ‘of schooling is the hypothesis
that instruction does indeed influence student cognitive development-- -

. and that this influence may not be exactly similar in both boys and . .
girls. "In a stuydy-of six intact classes of ninth graders, Brown (29) <
found boys did better ‘than girls in the ability to use proportionality
concepts. But, in his study with 300 seventh, eighth, and ninth e
graders, Hayes (120) found mo. difference in propositional reasoning Lo

between boys and girls. \

’ o W
- .

. ‘ owing a(gtudent 8 gender does not seem to serve as an unfailing I
ctor of success in the middle/junier high school science learning . '

Context. i ) » 'S
In What Ways Are the Outcomes of Science Learning Different f6r Studgnt?‘or Differpnt Cous
‘ Aplltndu or Abllity? | . . -
1 - N _é . . '<
. - ¥
.At- the outset of" a school yéar, most teachers would expect the L
-science achievement- of high ability sthidents to be better- than that -

"of lower ability students. Out of the 13 studies in which an ability/ .
aptitude level was examined, this expectation was confirfied in nine )
studies. In one of these sthdies Griffin (109) found that higher
ability students had much more positive attitudes toward science than

x?"‘

?. did middle or lower aptitude atudents. . “
' In ten studies achievement was measured by a criterion achiéeve- ’
' hh.‘.‘ment test. In six of these studies, the test was designed to measnre
e o <7 the outcomes of Intermediate Science Curriculum Study. In a study ¥
. of 769.ninth,graders, McDuffie (201) foupd .that high verbal and guanti- . |
* , ‘tative SCAT performers did significantly better in Intermédiate Science
” * Curriculum Study.. Similar results were also reported in another study  °
- - by McDuffie C202) with a samp}e of seventh eighth and ninth:graders. - '
Q . S e T . . . . -
,EMC ) v T xf - x
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MWhen aptitudes were defined as reading performance, Greene and
- Szabo (108) found.that, in 114 ninth graders, high aptitude was
1 related to high achievement. A similar finding b¥ Howe and .Early
(134) supports an important relationship between reading ability
apd success in Intermediate Science Curriculum Scudy:. A third study
qﬁich confirms this conclusion, involved 129 ninth graders. Stolper
(284) found 2 high gprrelacibn between reading ability and scholastic
ability (as indicdted by DAT) to success in Intermediate Science
Curriculum Study. However, Hagenbuch (113) did not find this relation-
ship between 1Q as an aptitude indicator and Intermediate Science
Curriculum SFudy achievement.’ . _ .
This set of studies would strongly suggebc that aptitude,is d
strong predictor of success in the Intermediate Science Curriculum
- ¥ Study program. . .

.
LA

&

- In four other studies, criterion achievement tests were used.

. With IQ as .the indicator of aptiche, Evans (9@) found no evidence

~ of a relationship between aptitude and achievement with 113 eighth
graders. Young (339) alsé used 1Q and cricical Ehinking qglindicaCOrs
of ability and found a significant correlation between them- and.
achievement. In his study of 1,635 junior/senior high schoal students,
Lynch et al. “(189) fourdd .IQ to be cthe strongest prediétor of success

.>*#h recognizing definitions of science terms. However, Bowyer (27)

used SRA stores as measures of abilicy with 193 seventh graders-and
found no evidence. of an ability-achievement relationship. When Amien
(7)“used over- ‘and under-achievers as an independent variable, he also
found no relationship between this as an indicator of ability and
student achievéhenc.

In general, the 13 studies would guggest that, students of higher
abilicxgor aptitude tend to do significantly better on measures of
{ scignce. achievement chan do studgnts of lower abilicy or aptitude.
ln What Ways Ar¢ the Outcomes of Sciencé 'Learning Diﬂ'erent . -
for Students of Contrasting Ages gr Previous F.xperiencek" .

o

SCudies in this group Cended to- concrasc studénts Igrade level-as
an.indicafor of their age or-related previous experience.. In three

: studies, flo evidence was found to support a relationship between a

SCudenc s grade level (sevench eighth, “and ninth) and an_ achievement °
measure such‘'as a test of science knowledge (Davies and Fowler. 65) or
criverion achievement measure. (Stolper, 284; LaHarc, 169) However,
- 2 in eight studiés, oldetr _students were found to do better on a variety
of achievemenc measurgs, ‘In.a sample of 1,635 seventh to twelfth
graders Lynch et al. (189) found that’ ‘older students did better in
their recognition of definicions of science. McDuffie’ (201) found
eighch graﬁers did better, ¢han seventh graders on a criterion achieve-

"', ment:measure-in the Intermiédiate Sé¢ience Curriculym Study material.

Egoif (88) ohserved ‘that -eighth graders did better than seventh graders
4n solving word.problems {n\aci@nce. In a study of seventh, eighth,
" and pinch graders. Hayes(120) found n}nbh graders did better on the

?Mﬁ_y;'- ) : v
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STEP test. Based on his sample of 108 eighth, tenth, and twelftho
graders, Treagust (304) concluded that older students did petter in
spatial visualization tasks than did younger ones. King (154) also
found that ninth griders did better than eighth graders on a criterion
achipvement test on knowledge of the' environment. The NAEP study (220)
also found significant differences between seventh and eighth graders

(13 year-old students). 4

The pattern of results observed in these studies suggests that °
the longer students are in school,,the better they may be expected
to do on achievement measures.

Attitudinal outcomes have been examined in four studies as they
relate to-'middle/junior high students. While Davies and Fowler (65)
did not find students in grades seven, eight, and nine showing differ-
ences in attitudes toward science,. Lazarowitz and Lazarowitz (176) ‘did
find that students of these grade levels had pronounced differences in
preferences for science topics. Im his sample of 1,300 students from
urban and rural backgréunds, Ladart (169) found an attitudinal pattern
that closely paralleled the previous home experiences of the student.
In his study of 615 students in grades seven to twelve, Alaimo (5)
found. that younger students had more positive value preferences than
had older students. -

While grade level as an indicator of prévious experience is a
‘useful predictor of achievement, it 'doeég not appear to be a useful
indicator of student attitudinal outcomes,

*

In What Ways Are the Outcomes of Science Learning Related to the
Students’ Environment Variables Such as Socio-Econotic and Ethnic ”

Origin? -

Parent background, urban/rural Wame.location, social mobility; and
race are examples of indicators of this element of socio-economic ’
environmental variables that could be expected to influence student
achievement. In the six studies which included this variable, race
was the specific indicator in five studies--and in four of the five
studies, it was found to be significantly reiated to achieVement.
LaHart (169) studied 1,300 eighth. graders and found that race, parent
background and u an/rural home location were signif {cant predictors
of success on a criterion-achievement te8t on ecological knowledge.
Saunders and Yeany (260) in their study of three seventh-grade classes
found white students did significantly better than blacks on'a cri-
terion achievement test. wever, Stolper (284) did not find this true

S

AN An his study of 129 ninth g‘raders given a criterion achievement measure

/1in i8Cs. Ashrafi (9) studied 137 junior high school Persian and

// American students and fqund a significant difference in information
recall., In the National Assessment (220) tesults with 13 year~olds.
whites did significantly better than Hispanics who in turn did better
than blacks. In one stydy, social mobility was used as the indicator:
of this element. Lynch et al, (189) found that¢ in a sample of more
than 1,500 Tasmanians social mobility was clgsely related to success
in recognizing science concept definitions.. ‘

. 3 - . -

37

[ HI——




In the limited number of studies which included aspects of the
environmental element as independent variables, the cutcomes clearly
suggest that this element should receive very high consideration.

The extent to which these results are descriptors of what now Is or
are~descriptors of limits of what can be represents an urgent, and to
a large extent unresearched, question.

In What Ways Are the Outcomes of Science Learning Related to
Personalogical Variables? .

In the studies of middle/junior high school students, six des-
cribed the stages of student cognitive development as a variable

thought to Influence ach;’gament. In five of the six studies, evidence -

was found to support thi¥ assumption. In a study of 112 junior/aenior
high school students, Lowell (183) found that formal thinkers'did
better than concrete thinkers on a test on classification. Howe and
Early (134) found similar results when they used a criterion achieve-
ment test in Intermediate Science Curriculum Study classes. Using '
the STEP test as the achievement indicator, Hayes (120) also found
.formal thinkers did better than concrete thinkers. In contrast,
however, Stolper (284) did not find evidence to support a relationship
between level of cognitive development and achievement in Intermediate
Science Curriculum Study. When cognitive development was described as’
ability to do propositional thinking, McBride and Chiappetta (200)
found significant correlations betwéen it and a criterion achievement
test on simple machines ahd structure of matter. . With a_sample of six
intact classes, Brown (29)+found a relationship betweqi conservers and
nonconservers and their ability to reason proportionally.

Based on these six studies, a trend emerges that suggests that
knowing a 3tudent 8 present level of cognitive development 1is helpful
in predicting success in the/ﬁbience learning .context.

In two studies in which aspects of the student's learning style
were described, Saunders dnd Yeany (260), with three seventh-grade
classes, found that "internal" students did better on a criterion
achievement test than did “external™ students. With his sample of 71
students, Hagenbuch (113) found that the part/whole dimension learn-
ing style was assoclated with success on an achievement test 0§ .
science process skills. .

The two studies are interesting but provide a rather limited
basis in a search for a relationship be}tween learning styles of
students and their achievement. /

Other personalogical variables Buch as motivation, flexibility,
work style, attitude, self-esteem, or.self-perception have been
examined in six studies of middle/junior high school students. In
the three studies in which student attitude was used as a predictor
of achievement, a significant relationship was found. Student's with
positive attitudes do better (McDuffie, 201, 202; Hagenbuch, 113),

-4
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A similar pattern for other personalogical variables did not appear.
*Young (339)_fopnd that neither student self-esteem nor preference for
.instructienal method was related to achievement in Intermediate Science
Curriculum Study. However, in two studies McDuffie (201,.202) found
that student work style was significantly related to achievement in
- Intermediace Sciente Curriculum Study. ™ Alaimo (5) studied 615 seventh
to twelfth graders and found that their self perceptions were related
_to their preferences in seolving environmental problems. But, in.his:
study of ‘three severith-grade classes, Amian (7) found no evidence of
a relationship between personality measures and achievement in gesology.

It may be that the impact of variables in this element of the

. student fil€er are better observed in the instructional context rather
than in the outcomas of instruction. Since the results do not support
_a strong relationship between personality characteristics and achieve-
ment, it may be that looking for relationships between the students’
personalogical variables and ‘their behavior in the instructional
context is a more useful area of research.
- LS
\Q

Summary

'Eﬁerging adolescents learn science and demonstrate positive atti-
tudes toward their learning. Based on the 64 1979 research studies
that included an element of the student filter, it would appear boys
and girls do not consistently show differences in their achievement;
students with highpr aptitude do better than those with lower aptitude;
~ the longer students have been in school, the better they will do in

‘achievement outcomes although a similar pattern for attitudinal out-
comes was not found; envirommental variables such as home background
and ethnic origin appear to be significant contributors to outcomes
of the science learning context; variations in personalogical variables
such' as cognitive develbpment level, learning style, motivation, and
attitudes show significant correlations with achievement and attitudi-
nal outcomes. The extent to which some of the elements of the student .&..
filter are limiting factors on science learning or are factors that
themselves can be changed is a.challenge that must be marked for
gontinued study.

-

_The Teacher Filter . o

In the three research studies reported in 1979 that included
elements of the teacher filter, each one reported significant ﬂ%;fer-
- ences between the teacher element and student achievement. With 172
pupils, Horton (132) found that teacher knowledge was directly related
to how much the students learned in Intermediate Science Curriculum
Study. He also found that the degree of commitment a teacher had to
" the philosophical orientation of Intermediate Science Curriculum Study
was significantly correlated to pupil achievement. McDiffie (z01), -
in his study of 769 seventh and eighth graders, found a significant .
correlation betyeen what teachers expected students to achieve and’

-~ 3
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student performance on a criterion achievement ‘test. The inference
can be drawn that if a teacher believes a student can be successful--
the student usually will be. . Speece f237) reparted on factors that
students said nfluenced them to participate in science fairs. A
aignificant fattor was their belief that the teachers’ thought it was -

"

a desirable thing.to do: P

That teachers influence their pupils is a widely accepted truism.
How Specific elements of the teacher filter facilitate®this influence

is an unexplored area of reséarch in the 1979 -studies. \

- r , -
The Instruction Filter
. In this third filter. there are two elements that are identifiable

as sources of variation in student achievement or attitudinal outcomes
in the science learning context.- These elements are the content of
instruction and the strategies or methods of instruction plus the
interactions between these elements and elements of -the student and
teacher filters. A summary of the 22 studies for these elements and
their interactions 1is presented in Table 5. ¢

b¥e 3

Categorization of Studies in the Instruction Filter

, T
Elements / . . No. of Studies
Content , l
What ideas{ ' ] - 6
Content + Student
N * € A
What ideas with sthat students? . A §
{
Content + Teacher / )
What 1ideas wifh what teachers? B -
L3 2 ) * ,“" ’
Methods ; , .
What instrictional strategies? . : .k
Content + Method . ' _ ’ . /
- : 4
What cqrriculé” . 2 ;o !
Content + Method + Student
What curricula with what students? - L \9 _
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- These studies were attempts to ascertain which ideas

P
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Infiuénced by the Conlea! of lnstruction" _ - .

In three of the studies reported in 1979, surveys of s ecific
séience concepts describe what students need to know. Tredsure (305)
eported that eighth graders in Alberta were weak in earth science.
Jorgensen's (144) study described what concepts in outdoor education
should be included in the junior high school. Schlenkey and Cronwell
(263) describe what concepts in marine education shoul be taught.
ghould be included

in science instruction based on surveys and opinion gonsensus.

* A second approach to deéciding the content of Anstruction is to

secure empirical evidence that the content makes 4 difference in student
achievement. Russell (256) studied the'&mpact of specific instruction

with a problem solving modél on the problem solfing beliavior and
critical thinking of 287 eighth graders. He ound that instruction
produced significantly better achievement thah the use of a conven-
tional textbook in comparison classes, Ego}f (88) also found that
treatment and control groups were significgntly dift8tent An their
problem solving behavior when given specific instructions 1n solving
word problems. 1In her study with six cldsses of ninth graders, Brown
(29) found. that teaching students propoftional reasoning resulted in
~differences in achievement.

s

’ Cleerly, the evidence suggests /Ahat instruction in specific
content may be expected to result in increased criterion achieve-
ment performance.

In What Ways Are the Outcomes of 8

fence Learning Influenced by &
Interactions of Specific Content ang’ Students in the Instructional . .
Context _ o d;

McMillan and May (206) reported the only study of this elemént.
terviewed 53 sevefith, eighth, and ninth graders to find out
what “Factors the studepts thought influenced thejr atpitudes toward
science. In general,/boys said they liked sciefice more if the
content was useful. /Girls seemed to say they would like science _

anyway.

lThey

Student intgrést in the content seems to be an important area
. for research stddy--but the reports of 1979 suggest that during that
year it was la éely unexplored. .

-

- t
- .
. o

In What Ways Are the Qutcomes of Science Lwnine lriﬂ:lenced by
an Interaction ol' Specl'ﬁc Content and Different Teachers?

. ! o

L

Np sgudies re found@in the 1979 research reports in whigh’tﬁg
reseaf cher exploiid how teachers may be interacting with science
confept or curricula. Informal experiente would suggest that this

«>inferaction has the_potentiélvof gxplaining a large amount of variance

asag
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1n student outtomes. Empirical evidence is needed to help understand -
t elements of the teacher filter ‘may be interacting with the inst fuc-
ti filter to produce differences in student behayior and outcomes.

In What Ways Are the Quicomes of Science Learning lnﬂuenced by
lhe Instructional Strategies or Methods Used?

Instructional strategies described in the four studies of this
element were the use of advance organizers, graphs, and simulations.
Sherbo (267) compared the use of advance organizers with not using °
them and found no evidence that their use was related to student
achlevement. Batty (15) did a similar study with 95 eighth graders .
with similar results on a criterion achievement test on oceanography.
Dunlop (81) compared the use of an energy simulator with conventiional .
instruction. He found that students in the treatment group and their
teachers had significantly more positive attitudes toward energy than

" had the comparison groups. With a sample of 265 seventh grader%,

Roller (252) contrasted the instructional strategy of iptegrating

.+graphs in the text with having them isolated from the text. She °

found that students who had the isolated graphs did significantly
better im reading and interpreting graphs. L

The four studies related to aspects of this "element are encourag- ,
ing. They provide explicit empirical evidence as to the usefulness of
specific 1nstructiona1 strategles. * This 1is in contrast to many
“Method A" versus "Method B" studies in which the method itself is so
global that it is nearly 1mpossib1e to describe definite patterns in
student outcomes.

-

In What Ways Are the Outcomes of Science Learning Influenced by the
lnmﬁon{%&)eciﬁc Content and lnstructional Strategies? -

In a more general, sense, the content and strategies of instruction
can be defined as the sciente curriculum. Two studies reportéd looking
at aspects of this element. Davies and Fowler (65) compared student
achievement and: attitudinal outcomes where students had the option of
a get of elective minol courses or the textbook. They found no -
differences in either achievemént or ateitude. King (154), howeve&,
compared the influence -of both the content and strategy of using field
experiences. 1In one treatment group they had field trips before class
instruction. A second treatment group had class instruction. before the
field trip. A third group had the class instruction only and the L
fourth group of the §18 eighth graders had the field trip. King found .
that students who had™the field trip then class instruction-achieved .
the most, folloved by students who had class insgruction and £hen the’
field trip, and last, students who had the field trip only. These
three groups, all did significantly better on the criterion achievement
test of environmental knowledge than did the in-class instruction only

group. - . . . . &y

When the total curriculum is the independent variable, it is -
possible to find significant differez%es in the"outcome measures.

oo G - -




. T 3 = 1 w
. - -

-

The power of the tredtment must be, tremendous for. 1t to surface through
all the other variables that may ‘e mixing below the observation level ‘ A
of the researchers. i 2 ‘
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‘ . ln What Ways Arethe Outcom of Science Learmng lnﬂuenced by the - - -4
Interaction of Specific Content, lnstrucﬁonal Stralegies and Students i . ¢
of Differlng Characteﬂsugs s _ v

o U In the gine-studies that proVide data for this element, there is’
'+ . a range of- magnitude in the independent variables thaught to influence

"4nstructional outcomes from a contrast of. a total curriculum package to .

tontrasts -in teachtfng style to contrasts in specffic order of’ instruc- :

tion in a lesson. T N % ) :
3 u' . . ;

oL Using a larser time format,hﬂilson (210) studied the impact of 2
+ handg-on curriculum as compared-uith “read—aboub" sqgience instruction
N with six classes of below-level. reading students.’ He: found that’ the
., hands-on approach resul ted in significantly better attitudes toward
, sclence. »Hagenbuch (113) contrasted the student outcoMep of sciente .
> . process skills and attirudes qf 71 stydents, in clasges of Introductorv , T 2"
’ s+ Physteal Science and Intermediate-Science Curriculum Study., " He found .

« sigrificant. differennes between the .classes to be felated to ‘student S
aptitude and cosnitfue style. When Greene and Szabo (108) .developed a -.’ s
modified reading level of Intérmediate Sciénce Curriculum Study, they

¥ found -that students Of~different abilities ‘in the treatment group did# .

. %" not seem €d bedefit from the modified reading materials-based on a

“ . criterion® échieuement teét in Intermediate Sciente Curriculum Study .
. . 1_ 5 . o ! %
€ )7 Amien’ 67) contrasted the impact -of a wodular® student-ceptered SO .
-t curriculum with a” conventional teaqher-centdred curriculum. When the -
) results Qf the achievement and_attitudes of the students were analyzed, .
-, 10 evidence ‘was. found that_ student "aptitude;and personality variables
or fnstructionil tfhatments were asséciated‘ﬂith the outcomes.;‘

! ’Grifﬂin (109) studied the oider of instruction: using a visit to a . ,
planetarium before class;inatrucaiOn or using it as a review after . .
?’ clasq inStruction. He found that high hchieving students® attitudinal
.7 outegles tended' fo. decline after planetarium visits. With a sample of
S 113, EvansH(QB) cdhtrasted Both, the order of science presentations

" (demonstration then. theorfgor theory ‘then “demonstration) and the degree
'of unexpectedness in the event (expected or surprising) with students *
of vangiﬁk :1Q,+ sciefice, achievement and gender. " He found -no evidence to
: aupport ‘that either order or degree of- uinekpectednwess and student
' . ‘characteristics influenced achievement. Bowyer (27) hypothesized that
- thetype of advance organizer {(verbal or visual) would interact,in . .
' dif ferent ways with students of contrasting ability. No difference in )
a criterion”achievement” test were found. Saunders and Yeany (260) used
- three classes of junior high school students to study the impact of
instruction in which one group received diagnostic tests and remedia- .
tion, a.second group reviewed the diagnostic test only and the third
comparisgg group had the instructional objedts. Theéy found that the

diagnostic test and remediation group had gignificantly greater achieve- 9
ment on criterion test. They also found that the learning style of _gg%? T
studentsiqu ethnic origin were significantly related to the outcomes. s '
kY . - b 4 3 *
l. \. .
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« d'Internal” white students did better in this instructional mode than did
blacks or those with an “external” learning style. Vinelli (315) also
found that the mode of instruction (teacher control or student control)
was related to a_dependent variable-~-the degree of dependency on the
>+ .teacher that students exhibited.
Reflecting on these studies, the evidence 1s weak at best that
content andinstructional strategies have different influences on
5 Students of different characteristics. Two factors may be confusing
the research. First, the ifidependent variables may be too global or
oo unspecific for us to precisely identify what treatment and effect
may be expected. Second, it may be that the direct observation of
% Fmpact is more productively‘ made of what students do in the classroom /
rather than of terminal outcomes. If what students do while learning
. is-linked to what 1s learned (an unexplored area in the 1979 reports
. of science edugcation research), then studies on how to use the
. sclence curriculum to modify what students do are essential.

- . " 4

. Summary ° " ' N

It the 89 studies in which the science learning OUtcomee of the
emerging adoleéscent were studied, var@ations‘in.thEse outcomes were
. found to be described in terms of the eﬁements of these filters.

The Student Filter  (n = 64 atudies}

L4

* A. Gender - ?'— no conaiﬂpent~d1fferences Jound

higher abilicy students do better
than lower ability students

B. Ability/Aptitude

the longer students are in school,
the higher their achievement . i
D. Environmental Variables ~'ethnic origin and home background
: are clearly associated with
achievement outcomes

C. Previous Experience

—

-
B

E. "Personalogical Variables /= formal tﬁinking students do better
' e ; than concrete level students; too
O . " few studie§ involving learning
' ’ / style and motivation vere reported

_ to ascertain a trend’ ®
. N §
* .. The Teacher Filter (n = 3 studigs)
A. Teacher Knowledge - too few studies to establish a . \\
' patterh ‘
C L . . _—
B. greacher Pedagogical/ Skills - too few stydies to estabfish a .
- e . pattern . \
' 3 ’ : Tl ’ N ' N
; A k : o
- a\ o -
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The Instructor Filter (n =-22 studies)
. s

A, Content ' -.instruction in ‘specific content
increases achievement

B.- Method ' - gome instructional tactics are
- # .related to achievement and atti-
tudinal outcomes . '
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* SEARCHING THE SCIENCE LEARNING CONTEXT OF THE ADOLESCENT

*F -

.‘s -7 . . . - B . L \ W . PP Y
'

“  Migh school-<the place for serious preparation. for college days

or the terminal schooling. for the student--illustrates an immense
Should the context he directed toward providing an .

"’ academic foundation for college students or a vocationdl emphasis for

. students who view high school'Sraduétion as completion of schooling?

- -

. In this section the research studies will show new evidence that
. the final word 1is yet to'be, pronOupced as to what can or should bhe the' .
autcomes and mest useful interactions“in this context v

* CE .~ . . ®
- .
- * . L
« . «

_ ‘l'l_ne Student Fme"r ’ ;o . . ¢

e’
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735 stugies that incldded elementézpf the student filter. These ele-
ments have been groupeéd into five categories-~gender, ability/ .
" aptitude, age/previous: ‘experience; environmental, and personalogical.

. Iy ¢ "he science education research reported in 19?9 there‘were b @')

e

pr

o

In-Table-6-a—survey-of the~fimdings 15 given: 7
e 0 L - ] ‘
In What Ways Are the Ouleofnes.in Science Learning Dil'ferenl T ‘

-+ For Boys Than FolaGlﬂs" A

L)
¥

. The difference between girls' and boys achievement in science
. was examined in ten studies reéported -in 1979, 1Id seven of these
" . studies no differences were found. With the 25 students in his
sample, Stitt (283) found no eﬁidence 'of 'a gender-related difference
‘ on a «critefion achievement test.- Stephenson (282) atudied .86 Wigh -
* school chemistry students and found boys did as welI!' aggirls on a_ y
" criterion achievement test. McGahan's (203) results a.ri h 102 chemistry .
.students were similar. Cohen ) looked at the prabl solving of 223

. ‘high school students and found no 3end8r differences in the

perfor-

mance. _With a sample of 60 twelfth graders, Brown and*Butts (30) found
that bo’ d as well as girls on a criterion achievement test in human,
physiology. 1In his sample of 34 secondary students, Wormack (333)

found boys' and girls' performance gimilar on the STEP test. With
-129 tenth graders in Jordan, Kishta (158) found that the cognitive
development of}boys was similar to that of girls in_his study. ’

*

« . In contrast-to this trend of no gender-related differences, how= »°

.

Inventory of ?cience Process.
. for 17 year-olds clearly showed boys doing .better {haﬁ;iirls in eyery
‘area except decisionamaking——an area of excellence fo[ :he-girls., *

*  Thompson's (296) results show that British. girls differed from\boyS'

on their physies. examindtion performance. . J}
LS d ‘

-

« N .
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‘ever, Jimenez and Rosendo (140) found that boys did better than girls ﬁé
" on a criterion achievement test in physics and on the Wisconsin- i
The National Assessment (220) results a
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Table 6
. . . - . t ., I .
e Research Studies Related to the Student Filter on t.‘he‘High sehool Science '
) Learning Context : L " .
S ‘ -+ : _
' . Findings ; —
v ' . No, of S Related. to . Related td
Element ' Studies < Achievement Outcomes Attitudinal gutcomes
bt D M H>L. H<lL ND H>L H<L
Gender - A7 N 7 2 6 1 -
* :, ! - < . -
Ability/Aptitude - 10 L _ Co3 L
! . . P L ) ) - ’ -
Age/Previous Experience . 16 <7 6 - 3. - -
Env}.ronmental : 11 2 - 2 . 7 X 3 4 . -
. .
Pgrsoq&ilogical ) ' ’ 21 L 3 . 14 - 1 3 -
- _ ) ‘75 \ i ’ ’ ¥ - l a
- - ‘e“
* = ‘ 55 *
] - - -
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tudes toward sclence, curiosity interests, and interest. as expressed in
) "their selecting additional 8clence courses. With a sample of 413 tenth
* eleventh, “and ‘twelfth graders, Kuhn](lﬁ?) founH boys to have a more

. positive attitude.toward science than hqg girls. In_his’ study with. 276

. Israeli high school students, Tamir ;(291) found no ‘¢ifferences in the

sclentific curiosity of boys and girls. Gay (103) found no gender-
related ﬁactors in course enrollment; but Omerod et al. (228) found ..
that boys ‘tended to select physics specially 1if classes were coeduca-
tional. In contrast, girls tended qo request physics if the classes
were limited. to gixls only. In four other stydies, no evidence for a -
gender-baged difference ‘was found ip students' attitude (McGahan, 203),
attitude toward the environment (Kuilas, 166), interest in science
(Stitt, 283). 1In a study of 86 students, Quint (246) found that atti-
tude changes i parents as a result .of their children's science exper-
igpces was'similar regardless of the gender of the student.

Hhile the results of four studies do not explicitlY fit this
conclusion, most of . bhe studies (n = 13) reporting gender 3s a
variable show evidence’ that at the high school level, boys and girls
can be expected to have sjmilar achieyement and attitudinal outcomes.,
B - - -
. \;-, s f - .o
In Wlm Weys Are the Outcomu ol' Sciénce Learning Different For\Students of Different
Aplitllde of bmty.\ :
‘\

~ !‘
.\r’. L ' -

Teachers usually, expect gtudents with known high aptitudes or

"abilities to do bett e in ‘than students with less ability.

In the ten studies '1in, which. thiS*element has been 'included, ,this

. seems to. be true for achfevement .but not for attitudinal outcomes. °

* Brown %and Butts (30) foun@™that twelfth graders with higher IQ’s did
bette¥ on their criterion aehievement test in physiology. 2Zvi et al.
(340) examined the per(prmance of 440 tenth and eleventh grade Israeli
studeqﬁg in chemist?y and ‘found 1t closely correlated with IQ. In
. Jones' (142) study, a similar-conclusion was found. LueckemeVer 1184)
used the DAT as a measure of aptitude and found it significahtly
related to a criterioht achievement test. In his study with 93 high
school bidlogy students, Long (181) found a stropg relationship
between.attitude "ahd achieﬁhment in biology. “In one contrasting .
study, howeveri, Grant (107) fnund no aptitude-related differences
a%the written problem Zolutidns of tenth, eleventh, and twelfth
g

=

ders., ° , . . . -

° £ ‘s d N . L * '.

When atéitudinal outcomes of science learning ate considered, an
opposite trend Is observed. No aptitude differences in students'
attitudes' were found by Browh and Butts (30), Long (181), and Kudlas
(166). 1In His sample of 75, Quint (246) did find that parents of
high ‘ability students shodﬁd greater changes in their attitudes

towdrd the-environment than did the others in the sample.

"Att1itudinal outcomes that have heen studied include students' atti-

%

{.\‘ . ’ " .
’ As would be expected ‘the results of these studies suppgrt the v

conclusiont that brighter, more able students aghieve more but thut low
students feel about science is not'related to fheir ability/aptitude.
% ; A . . )
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In What Ways Are the Outcomes of Science Learning Different _ - B Ll
For Stu‘dents of (;p‘rltrasﬂng Age or Previous Experience? . .
» When achievement outcomes were examined, mdst studies found ‘that,
agefprevious schooling experience indicators were not significantly
* related to dependent variables. In a sample of 34 high school“” - .
students, Wormack (333) found.no evidence that age was related to .
score on a criterion achievement test of science knowledge. Kishta
(158) studied 129 tenth-grade Jordanian students and found no evidence . -
that age and cognitive development were related. In his sample of 40 ’ -
minth and eleventh-grade students, Bady (11) was unable to detect - I
s - evidence of a relationship between previous school achievement and
v students' logic in testing hypotheses. - With 81 Saudi Arabian high
school students, Mulla (217) was unsuccessful in a search for a -
correlation between age and teacher grades as indicators of achieve- &
ment. Grant (107) examined students' solution of sciencé problems ‘and
* found that tenth, eleventh, and twelfth graders did about the same. ‘s,
Mith 86 high school’ chemistry students, Stephenson (282) did not find - T, -~
- age to be-related to performance on a criﬁerion@chemistry test, but _,
did find a significant relationship between student grade-point B -
- average atnd achievement in chemistry. While Collins {54) did not' .
find .any evidence of a relationship between SRA achievement in ” o "
** science, mathematics, or reading with a criterion’ test in physics;
* Jimenex and Rosendo (140) did find, with a sample.of 28 physics . R Y
students’ in Mexico, that the chemistry\background physips students
had was significantly related to their- achievement in physics. Com-
trasting tenth and eleventh-grade students in-Egypt, Abdel-Wahab (2)
found a significant correlation between grade 1evel”and physics : ’ ‘
achievement. National Assegsment (220) data shpi a significant ' .
. difference between student achievement in grades ten,.eleven, and
. . twelve. An interesting pattern in these results- is the marked louer' )
performance of 17 year-olds in grade ten as contrasted with 17 year- . -

; olds in grades eleven and twelve. Thus, while &ge itself is not a - .

- variable in these™data,’ the grade level is. Van der Berg (311) dfd ' ,
find, “however, in his study of 66 high school and ‘cbllege stdﬁents, . e
that, older students did better in tests of propositional thinking and -
analyticak’thinking. In aa interesting study, Lybeck (187) lgeked at . . . . .,

tenth-grade Swedish students’ understanding of a Cartesian Diver
demonstration. He.found that under}itanding was clogely associated .

with measures of the relevant school experiences ‘'of students, ¥ . '_ .
. F Within the narrow band of age differeqces in the high school, age’" ' J e
per se does not seem to be a significant contributor to acﬁievement o o
\ outcomes. But, when the natuf® of past expetiences are- considered.” - 3-

especially those experience indicators that are closely, related to. - -
the instructional context, certain past experienc@ indicators of -
students are.useful predictors of achievement -in science. f

. i
a R i*

v An.

-~ 1

. While the felationship between pad% experience and achieVement may
have a substantial base; a similar relationship’ between experiem:e and
W attitudfnal outcomes. is not as cléar.b In a study with 143 tenth and |, - b
'w " twelfch’ graders Kuhn (167) found no’ évidencé of a.relatfonship.between
student age,’.grade completed; or ndebér of high séhool scipan courses
and. interest in energy-related topics.:f
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S Quint (246) found that student age did not seem td relate to the
" " {mpact on parent attitudes, With.a sample of 122 high school biology
’ ‘ students, Kudlas (166) found no evidence that age was’Ttelated to
L iﬁattigude change3s.
“‘ These studies may be indicators that attitgdinal outtomes at the
hikh school level are relatively stable and not ‘subject to the age~
E relateﬂ fluctuations obgerved in younger students.«
- D . Lt a ‘.,t .
}' .. At the secondary level, a student’ é‘previous experience rather N
than age appears to be a contributor to success in science achieié
Tt ment but neithei. age nor experience appear to be related to attitudi-
ndl. outcomes. -

RN . - -

Py

. W
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fu What Ways Are the Outcomes of Science Learning Related to the Student’s Environmentai
“ Blékgronnd Variables? s
T - Of the 11 studies im which: ‘hfgh school student's environmental
i N background such as sbclo-ecomomic or ethnic origip were .considered as
. -a varisble, only four looked at the contribution of this element to .
T achievement.4‘hitional Assessment (220) reported thatf, in 17 year-olds,
o . ;face was a gnificant variable in.all categories: whites did better
than did Hispanics who did better than blacks. Kishta (158) used a
sample of 129 tenth-grade’ students to see if United States and Jordanian
. students differed in their cognitive development performance. He
v found United States students gignificantly more advanced. than Jordanian,
-, and urban more adwance® than wural students in both cultures. In his
’ =hstudy ‘of 81" Saudi Arabian students, Mulla (217) found that urban and
rural students'did not achieve differently wvhen the indicators of
achievement were teachers’ gradés. Stitt (283)- found. no—evidence
- that socio-economic status was related to achievement in dhemistry. ’ -

s.

. L )
% .odn 1979, researchers hypothesized’ a relationship between this .
elemént and a variety of attitudinal cutcomes. Gay (103) found more { . L7
whites selected physics than-Blacks. In his study of students' atti- ’
-tudeg toward socialli-related science issues, Uzzo (309) foygd that
Puetto Ricans were more conservative than were whites while blacks were
the most 1ibera; in their attitudes. Speece (277) looked-at factors

A that appeared to. influence students' decisions to partfuépate in" . N —

B . -science fairs. She found that both te cher and parent interest in™ )

* *  sclence fairs were sigq@ficant factors. Quint (246) found that socio-P

econdmic .8tatus indicatoga and pqrent occupations seemed net to be ; '
? related to changes in parent's dttipudes toward ehergy consérvation ,

. : when their children reéeived special,instruction. Both Kudlas (166) o~ ’

- .+ and Stite (283) found no evidence thie soclo-=economic status was ‘r .

w telated to attitude changes, Tamir (291) did find that United States

e 2 Sgudents uénded to be more curiouq than vere their Israeli counterparts.
) Yo
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. The ‘complex nature of this’epyironmentally—oriented element makes
D - ¢ explicit conclusions, difﬁicult“ In most cases, however, ethEic and ., -
\\cuktural backgrﬁunds seem to prOduce pronOunced differences iIn achiéeve-—-

1 -

menﬂ’or attitudinal outcomes. T ' . ‘ ’ v
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v In What Ways Are tlie Qutcomes of Science Learning Related to Stndent Personalogical
V&l‘hblﬁ" ’ - e
. ' By the time the student is in high school many researchers erpect
that cognitive develépment may be nearing its highest level and that
learning styles are established. 'In most of the studies reporg ing on

the 34
turing
sample
formal
ment .

Holden
formal

. * thesé variables, the hore advanced"tﬁb\tevel of cognitive development,.
the better the student's achievement.

ormack (333) found that of

high school students in his sample, those who had higher_struc-

ability did better on a criterion achievement test.. Using a .

of 110 Nigerian\high school students, Ehindero (39) found that

students did bet}er than concrete students in.biology achieve-

Lybeck (188) foumyl a similar relationship. for physics ‘students-

(126) studie high school biology students and found that .

students outperformed concrete students on an achievement test -

in.ecology. The students seemed to show no difference in their atti-
tudes taoward the environment. Cobérn (49) also found formal students . '
doing better in blology, as did StepHenson (282) in a study of chemistry
- achievement. However, two studies yielded contrasting results. .
Collins (54) studied 100 tenth and twelfth graders and found no evidence
' of a relationship between their cognitive development and achievement in
° physics. Grant (107) used a criterion test of problem solving and found
that students of different cognitive development achieved similarly.

Tho,dimensions of learning sty were reported in ékué&es of high

school students.

The influence of

ield-inddﬁkndenco and fileld- 3 o

dependence was examined in two studies.

Douglas (76) foynd that field-

dependent students did better on a criterion blology test.-

ecological knowledge. ; . ,

e

In contrast;

_ Holden (126) found that field-independent students acﬁfeved more

-+

“e

Three studies reported investigating .the dontrsst between ’u.
. “internal' and ‘lexternal learnins Styles Long; et als. (11BY found;.” |
' .no evidefnge that "internals” or externals“'learned more, biology.
Holden (126),’ houever, found. "internals” did leafnamore 2cology than., . -
did "externals,"ﬁand that they had s sioré positive attitude toward
their enviromment. -Ebeling (87) slso .found,that Minterndls!_had a more,

- o positive attitude toward the edvironment than did "externalsi" L
KnQWing a student's level of cognitive dGVelopment provides ‘sub=.
stantial infdrmation that helps understand a student's achievement or :

-+ " lack of ,1it. Khowledge 6% ‘a student's cognitive dEvelopment or learning 5

style provides iittle help, houaver, in understanding attitudinal - B <

s ‘outcomes. )

] At the aecondary level othe: Personalogicai vgriablgs inciuded

n cogpitive preference, study habI%s, ‘motives, self evaluation and N
- interests, and téme spent- studying. Theobald (293) found that cogni-

. tive pteference, i.e., openmindeﬂnes&_contributed significantly to : ;

- achievement in biology. Dekkers (63) also found cognitive preference v )

‘5“‘ >, ‘.\_ . . L Fi

] to be an imﬁortant variable. 2vi’'et al. (340) found a student's cOgnif
4 tive pxeference Bo be rﬂlated ‘to achievement 1in chemistry. *e‘&
w, e N Tt ' oy
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Commitment of the student is another personal factor related to
success in achievement. In a study of 28 Mexican high school physics

- students, Jimenez and Rosendo (140) found achievement to be related

to time ‘spent stu:;lyinﬁ In a Study of 81 high school students in -

* :Saudi Arabig, Mulla (217) found a significant correlat:Jn between

student .motivation, tolerance for ambiguity, anxiety apd self
evaluation, and thelir science gradgs. He did not find evidence of
a similar co?;elation between student attitude and study habits.

4

Stephenson (282) found no evidence that student ‘{titude influ-

“énced chemistry achievement. Kuhn (167) found a similar lack of

evidencq for: student qttitude and interest in energy conservation.
Speece (277) did find a correlation between student interest in -
sciénce fairs and willingness to participate. Gay (103) also-found

a correlation between student interest and enrollment in physics
classes.

interest, and motivatfion can be useful improving instruction.

Summary

Thus,'knowing S;Pething about a student's self peréepti&n,

Science learhing is dccurring in high school. Based on the 75

- 1979 research Studies that dncluded an element of the student filter,

it would appear that boys and girls do not consistently show differ-
~ences in their achievement; students with higher aptitude -do better
.than those with lower.aptitude; students with relevant previous exper-
iences rather than mere age do better on achievement but variance in
attitudinal outcomes is unrelated to .age/experience; environmental
variables such as home /background and ethnic origin are significant
contributors to outcomes of the science learning context; variations
in personalogical variables such as cognitive deévelopment level,
learning-style, motivation, and attitudes show trends of being useful
predictors of achievement. ] . .

L3

+

The Teacher Fiiter :

- . - —— -

*  Within the science learning context of the high school, 13 of
the 1979 research studies included an element of the teacher filter
as an ifdependent variable. 1In these €lements. indicators were how
either a teacher’s knowledge or pedagogical skills influences student
achievement or attitudinal outcomes. ' .

T

In What Ways Are the Science Le:frning Qutcomes ¥
(lnﬂuenced By A ‘Teacher’s Knowledge? .0 :

The depth of knowledge ¢of a teacher was ‘reflected in two sfudies.
Spencer (278) surveyed British science teachers as to the source of
Scientific information they used.. He found that most British science
teachers depend on cher teachers for their information rather than on

—~ -
- . o . b : -
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published sources or professional organizations. Bruno (33) also noted
that teachers in rural areas usuvally taught a wide range of courses and,
*by implicétion, had little time for adequate in-depth excellence’ in any
single science subject area, Toews.(300) found a significant correld-
tion between the teachers' knowledge of the structure of the subject
they were teaching and their students' achievement. In his study of
78 superior science students, MacCurdy (190). noted the highly important
effect on students of a scienceé teacher who was a person to imitate. . /
However, Romano (253) reported an interesting study of 35 biology
teachers and their students.’ He found no evidepce of -a relationship -
between teachers' performance on the National Teachers Examipation and -
their students' gain on a different standardized achievem ¢ examination. -
He did find that 46 percent .of the classes showed a_negdf%ﬁe gain for
the year--that 1s, the higher the teacher's score, the less the students
gained.\

The precise redationship between what a teacher knows of the science
content to be taught and the intended\gutcomes o6f science instruction
jthus has received a littke attention in°the research of 197%. However, -
it appears that student learning is influenced by teachers' knowledge.
Why this silence in our research?

Ll
L]

In"'What Ways Are the Science Learning Outcomes Influenced By A Teacher’s Preacln eand
Interactive Pedagogical Skills? -

Preﬂctive pedagogical skills of high school scienne teachers were
the foci of four, ‘research reports. The_ opportunity a teacher has to
reflect on the methods and materials for instruction seems to be the
most frequent concern. Welch (325) reported that teachers believe they

‘neéd inservice and curriculum development under federal sponsorship. - In

his study, the teachers’ principals agreed with the priority of need,
but believed it is best donme at the locad school district_level rather
than external to the local context. .In contrast, Moore (216) reported
that 80 percent of the ‘science teachers in Tennessee had not partici-
pated in an inservice workshop since 1972--and that most of them were
gatisfied with their present g‘ogram. In her needs-assessment of
science in Tennessee, Crockett' (59) found that parents and students
thought teachers needed new ideas. ~In the results of his survey of
Nebraska science teachers, 8runo (33) showed that they were still using
conventional teachin%}getﬁods'hnd materials--and were quite satisfied
with them. - .o ' ’

- At the secondary level, scant attention seems to be given to pro-
viding the science teacher with fresh curriculum.materials and strate- E;
8ies. Is this yeflected in the current decline in the science
performance of ‘secondary students?

That the teacher's behavior in the classroom (interactive peda-
gogical skills) 1is a significant factor in student learning seems

"logical, but empirical evidence that links specifie teacher behavior
* to student behavior or student outcomes I's not easily found/ Manley

(194) did study the extent to which teacher behavior in the learning
environment influenced students' attitudes toward chemistry, He found

S SR
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that the teacher's verbal behavior in interpfeting key ideas in chemis-
try was a_s;gnificant contributo;:to«student ' positive attitudes.
.. Bollinger (25) found a significant correlatidn between a teacher's
J verbal. Behavior in the Bcience classroom and |student attitude toward
science. ‘He did not fihd evidence for a similar relationship between
teachers' nonverbal beHavior and student\att tudinal outcomes. How-
. ever,lpogitige teacher$ tended to have a greater variety of instruce,
tional activities. , -

-

adequacy of the science learning environment pnd found that principals
tended ta rasg it Much higher than did teachefs most of the time.
Hassan (119) studied how students perceived the classroom environment
when they had teachers who had quiterdifferent’ interaction control
strategies. In his study of Sudanese high school students, he found
no evidence'of differences in how students peyceived the classroom
when they had a.teacher who demonstrated custqdial or humanistic
_  management strategies. . .
Does a teacher's actions in the classroom make a difference in '
student achievement andattitudinal outcomes? | Different groups think
80,. but evidence 1s needed to clearly support this assumption: '

A -
Ay =
]

The Instruction Filter ) . . \
«F 7
. A third gpntrtbutor to the differences in{student science achieve-
ment and attitudinal outcomes is the instructiqnal context. Within
+  this context, both the substance or ideas or cdntent and the instruc-
. tional strategies or methods Vere examined in the 1979 science education
research. Some studies also dealt with the intgraction of elements of
‘the student filter or teacher filter with- the ihstruction filter. Thus,
\\\ " by letting the "order of things” emerge as founfl in the 54 studies that
. ‘ exahined some aspect of instruction as an indepéndent variable; the, N
"order of ideas" or elements are as follows (see¢ Table 7):

-

what ideas, .
what 1deas with what students,
what 1deas with what teachers,
what instructional strategies or tactics,
what curricula, . ,
- what curricula with what gtudents. :

From these sgudies, the evidence 1is rather slear that variance in
student achievement can be modified by changing dlements of the
instruction filter. . .
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4  Table 7 ‘
Summary of Number of Studies in the Instruction Filter
", ' - = *> ] :
Element . : No. of Studies
X ‘ Content .
N What ideas? . . . 16

Content + Student’

.

What ideas with wh;t gtudents? ‘ T4
) Congent + Teacher ) : ) - ‘ -
' What idea$ with what teachers? ’ 6
Method ] .
What instructional strategles or tact fes? 13

+

-

Content + ﬁzthod

What ' curricula? . . " . 4
Content + Method + Students .
’ What curriculum with what students? 11
_ - 54
5

3
)

-In What Ways Are the Qutcomes of Science Learning
Influenced by the Content of That Learning?
. ] —_—— - . -
In the 16 studies that report results related to the content or
. 1deas that are or should be in the-science learning instruction, there
are four types of answers: a) what should be based on a philosophical
- stance, b) what should be based on analysis of current practice,.c)
what should be based on patterns of curriculum development, and d), what
should be based on empirical studies of the impact of specific ideas.
on student outcomes. ] ‘ . -
Two studies included a philosophical orientation tS’whatﬁshould be. °
_ Munro 6218) developed an argument that science Instruction is educa- |
. tionally valuable to the extent that it is consistent with the mature
of science. In Crockett's (59) Tennessee survey, she found that parents
believed science should be' included in-the high school and that they,
-the parents, should be inVolved in.curriculum development for these
sclence courses. g @
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_ In the six studies that described the current. content of science,éix‘
a range of-questions weré explored. Levin and Lindbeck (177) surveyed
biology textbooks to see the extent to which they included such contro-
versial lssues as evolution disease, drugs, environment, human .

s genetics, humah reproduction, origin of 1ife, population explosion, - )
radiation, race, and mah in nature. They found no text that included : -
all the issues. Skogg (274) traced the inclusion of evolution in high
school textbooks. In his survey of 92 texts published from 1900 té
1977, he found little attention given to the topic prior to 1950, a
high emphasis from 1950-1970, and a significant decline in emphasis
since 1970.

Roy (255) presented a similar analysis of what has been empha<’
sized ingngth science concepts. Jones (143) designed a scheme for
analyzinf a bilology text. In a survey of current practices in
Nebraska, Bruno (33) found that five of the Ney secondary materials

" were being used, few advanced science courses.were being offered and
that there werg very few efforts to update or‘modify the content of
the science curriculd. . . -

. . . o
J ' . One way to influence qr update the content of cience instruction
ig to develop new or modified cyrricuia. Four Teports describe the
.efforts to do this, e.g.,~Jasim (139) developed ‘a chemistry course’
for students in Kuwait, Dienye (?3) designed a population educatién.
curriculum for Nigeria,- Foster (97) designed a curriculum in ecology,
and Marathe (195) described a model for curricolum development. -
\\ ° e
A fourth dimension.of this element of what ideas will influenoe /é§
student achievement and attitudinal outcomes consisted of the.experimental -
' - studies to evaluate empirical evidence :ha: specific ideas or content
' does make a difference. In a study with 276 -students, Tamir (291)
found that inquiry as a topic of study made a significantudifference
in students' curiosity. Gibian (105) found that instruction on a.
specific problem solving model produced §ignificent achievement and
attitudinal.changes. Polland (243) looked at how instruction with
analogies would influence achievement. TIn his sample of 129, one
group received highly complex analogies whiIe a second group had lower
complex analogies and a third group had no %nalogies. Only those
students wWho had the hishly complex analogies showed differences in
N achievement. Bullo¢k (35) found that including water models in
N physics instruction influenced:students’ physics achievement. But
Lawson et al. (175) found-that biology instruction did not produce
an increase of correlational reasoning. - ot
r.f‘ - '3 "
National ‘surveys show thaq the textbook 1s the overwhelming’
powerful source of content for.secondary classropms. Students are wy
not likely to learn ideas for which they have no instruction or .
. . experience. These studiés would suggest that the content of secondary
” . ~ gciénce classes 1s not being substantially*influenced by currenc
scientific thinking or social concerns.
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. gsion in the classroom.

In What Ways Are the Outcomes of the Science Learning Context L .

Influenced by the Interaction of Comem and Students of
Dil‘fering Chnraclerlstics?

: Nhen tq;icontenc of .§cience instruction is considered eithert
through the eyes of high school science students or in the. light of
student characteristics, a valuable 'source of information .is available _,
to the: teacher. Dekkers and Allen (68) found that student preference
for specific ideas could influence school practices, Adbel-Wahab (2)
found that older’students achiev@ﬂ more than did younger ones. Tavlor
(292) reported evidence that physics textbooks were blased against -
However, Unan (308) found that, given the same biology contedt,
31r18 achieved more on a criterion test Chan did boys.

B ) -

AW

Is 1t possible that the same conzenr will not fit each student
equally well? If so, what student characteristics should be gon-
_sidered in modifying the content? This question remains unexplored
“in the 1979 research reports. -

. .
In What W?S Are the Outcomes of Science Learning lnﬂuenced by theln te)'action of Conten\
and Teachers of Different Characleristics"

Ih this elemenc; teacher characteristics such-as background know- -
ledg ognitive development, and teachiug strategies have/ been
examinéa‘ Toews (300) found that che Ceacher s knowledge/of a .
subject-centered curricylum or a unified. science curriculum was 2 .
more powerful determinant of scudenc achievement and attitudinal -

outcomes than was the curriculum’itself. und, that the

Tighe (29?)

teacher s major (English, science, or social science).

as a signifi-

canc contributor te his/her expectations for students/in the use of

iglish in tritten reports. 1In contrast, Carparelli¥(42) did mot

nd evidence that a tedcher's level of cognitive development (formal
or concrete) was related to the cognitive level of /the verbal discus-
Lamb (171) did find that the more the teacher
structured a8 lecture, the greater the students' athievemenf. Manlev.
(194) found. that a significant contributor to stident achievement and
attitude was the teacher.’s interpretation of thé curriculum rather
than theé curriculum itself. Bollinger (25) found that a teacher’s’
verbal behavior in the classroom and his/her persenal attitude toward
science had a clear impact ‘on student attitude t ird science. He
found no evidence of a similar relationship
uerbal behavior or acéicUde toward teachi

o

Teachers do make a difference. Giveﬁ imilar 1nstruccional

student accicUde.

that identifies Specific ways teachers

growing body of evidence-
n enhange the outcomes of

settings, chese studies report spme Of/ﬁh

instruction. -

%‘!}E' .

2
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etween the teacher's nons
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In What Ways Are the Outcomes of maoana Pn-.:.:u .

- .

—.5..282_ by the Instructional Strategies or Tactics? .- :

The instructional amnonOwow% that is reported in the 1979 reseatch
tends to be elther a globsl strategy characteristic of an instructional
course or a specific tactic used in instruction for a given period of
time. In 9 of the 13 studies in which instruction methodology was
examined;- the independent variable was.a more global setrategy.

Raghabir (247) compared the impact of a laboratory-investigative
strategy and a laboratory-lecture strategy with -34 twelfth graders.

Be found the laboratory-investigative strategy produced greater learn-
ing and more positive attitudes. Caple et sl. (41) described how the
size of the instructional group can influence the amount of on-task
behgvior and student achievement. Grant (107) found that students who ,

L

-

Gahan (203) found that small groups got more work done but did not
Aind any evidence of differences in achievement and attitudinal out-
copgs when small group activities were compared with individualized-
ructfon. In a study of 98 tenth graders, Wallace (320) found
that students in individualized study were absent more and that those
\\ _ students in grpoup instruction achieved more.
In addition ¢co the group size aspect of this element, other stuthles
looked.at an inquiry mode of teaching. Marek and Renner (197} found
that an inquiry teaching mode resulted in incressed student achievement
and advanced cognitive development. Hughes *(136) found that twelfth
grade students in a teacher—directed strategy did significantly better .
than those In a student-directed strategy. onwﬁno e {226) did not
find evidence of s difference in achievement vmncmma mcnnon inquiry,
" an inquiry role approach, and conventional instruction but he did find
that the students in the conventiondl instruction had a more positive
umﬂnmxnﬁbb of their mnwﬁm<maw=n In a mﬁaﬁwmﬂ outcome, Salib (258} was
unabld fo find evidence of differences in student achievement or, atti-
tudindl outcomes crmnamﬁmno¢mﬂw and mxdommnOﬂw instruction were nosvmﬂmn
“~
. xbo:ﬁnm,eﬁbn aspect of these instyuctional strategiles are impor-
nmnn/waﬁf1rmn outcomes remains a rmw\hwrmnﬁon that :wmnm further study.

The wncauwm involving nmnnﬁnwxﬁﬂ@mmnn a nwmmﬂmﬂ plcture. In his
study of 62 eleventh grade blology students, Raghubir.(248) found that
providing students with objectiyes helped them achieve &ignificantly
more than those who did-not haye the objectives. Kahlg (145) however,
found thar while objectives did not help students, adyance organizers
did. Hicks (122) studied the impact of providing pb sicer students
with graphs or mathematical formulas as a tactic¢ to /help them under-
gtand physics relationshifs. He found no evidence that the tactic
made a difference. Ray (249) studied the impact of level of teacher
quest loning on 54 nrmmnmnnw students. He found that the higher the .

greater the abstract reas :anm and critical

questioning level, Mv

thinking of 2:.. mS ents. 0y
nwmonpw. th Hnmnncnnﬁonmp strategles and tactics have been shown

to correlate with increased learning. oonnﬁammn mncnw Hm rieeded to

.
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Adentify crw or ermn.mwvmnﬂa of mﬁnmmsn wmsbcﬁon or Hmmﬂaﬁ:n these .
strategies are ﬁsmpcmsnﬁsw,mo that wr/m nOaﬁnﬁcm impact can be -
increased. -~ e ~ . . . "
. h.\_. . n;— * - . ﬁ.w_ .J . i :. ..“”..v/wh ., )
In «e-.n. Ways Are the O:._oo:.ﬂ of mo_onoo roe.u_aw _.E:o:n&,uu .:o Oo:.a.:& _au»n_ o_w .
Content’ and Eo:.on or the n:.in.._..aq , e
' A acvwnmﬁnﬁmp ncmmnﬁos nopmnmm Lo this mpmshbn fs: Does a. total ﬁm

. course make a difference? 'Kudlas' (166) found that a high school ‘biology
" eotitse d1d indeed influence -student at¥itudes. h»smsmu and Rosendo
(240) found a siiilar regult: fn that aﬂqdmaam crﬁ;:bm a high school:- -
physics course knew more: w:wmﬁna and :ﬁ& a moTe ‘positive m titude than
those who'had not taken the coyrse. rooxwzm at a mvmn»mwn part of a
course, the impact of field trips, mmsmnnm# (137) found that they.
seemed to influence student attituded’ fHowever;. mnnnn '(283) found.

that nmmnsﬁsm a course through the umm,dm toys did "ot mwms.no help nsm

w T

\.._

achievement or attitudes of studerits. - : -t i

‘s - - 2
_ Inquiry about a total .curriculum may- ¢m Qﬁdmmﬂﬂwmn value »: help-
ing teachers know how to enhance the outcomes ofthe’ mn»»ﬁnm.wmmnspam
context. Knowing that curriculum "A" is better than currit cpca,Wm:
wnﬁpw leaves the acmanﬁoshavmmtrcrw‘ﬁm it umnnoan Vs .

. o a..
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In What Ways Are the Outcomes of mae_.oo ran..azm 5:..283 3 in Interaction of
Curricula with Students of Differing Characteristics?

In these eleven studies, clear evidence for a,student s .
characteristic/treatment »:nmnmnwuon is found--even when the treatment -~ |
was_a global ‘instructional strategy. - ucgmpmmm (75), compared the:¥ela-
nﬁqm impact of an inductive/deductive teaching strategy on ‘students of
differirig learning style (global-or analytical). Using a sample. of 627 S
blology students, she found that" msmnwnwnmw students did bétter with i
an inductive. strategy and that global students did better with a
deduc tive strategy. 1In another study, Douglass (76) found.that field
dependent students did better in a deductive strategy and field inde-
pendent students achieved more in an inductive mnnmnﬂﬂ%; :dﬁpm Long -

et al. (181), with a sample of 93, Found that students in teacher--
- managed instruction achieved more than those in mncnm=n1amsmwmn
instruction, nsmmm.nﬁmmmﬂmanma did not seém to.be correlated with
- studeng mvnhncnm or bﬂmmmnmsnm.mon »:mnncnn»onmp strategy. ILm contrast,
.. Theobald (293) found that dogmatic students achieved more in a group-
centered instructional strategy and openmipded students achieved more -
in a student-centered individualized strategy. Dunkum (80) found no
, evidence that a computer-augmented lecture produced different results
than did the simple lecture., Ebeling (87) found, with a samplegpf 120
_high schoel biology mncamanm. ﬁMMa those in the lecture-§@ecussio
T - treatment achieved more enviroumental knowledge and had a moke positive

- ’ whmmmcam sthan those in the wmnnoﬂmuﬂorm playing or lecture-project

trea F,—.—n m .
© "externa

He found that, ﬂmmmnaummm of the teacher, the more -
a -student was, n:m more positdve his. attitude toward the

m:cﬁnouam:Mfmmsnmn to be.

»

"With a sample of* 95 high school physics

* "
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. student s, Quint (246) compared the impact\qf aésigned gtudy at home
» T4 with only in-school assigned study on parent attitudes toward energy
conservation. He found that the in-school group had parents with the
greater attitude change. Collins (54) found that the level of instruc-

. tiof was correlated with achievement {(formal instruction with formal

24 achievement tasks) but that those correlations seemed to be independent -
of stuﬂent aptitude scores.

. .. - It a study of the impact of the tactic¢ of using diagnostic tests,” .
Brown and Butts (30) reported that, with 60 high school physiology
» students, no evidence was found that the use of the tests made a '
‘difference in, achievement, Higher aptitude students, however, had a
) . more positdve attitude toward the tests. Jones (142) compared the
' impact of using advance organizers with high achieving students and
with low achieving students. They helped the former butt not the latter,

) adolescent were studied, variations in these outcomes were found to be

described in tcrms of the elements of these fiiters. : e

than lower ability students ~ . -
. ‘€. Previoéus Experience -"experiences re;ehantiib the instruc-
) . ' J’ tion rather than just age, are
- ) related to achievement outcomes.
. ! . . . ‘“
D. Envirommental Variables ™~ - ethnic origin but not home -back-
ground is clearly assoclated with
- achievenient and attitudinal outcOmes/
. > . ; . ) .
x - ) E, Personalogical Variables - - the more Advanced the cognitive
. . S development .of the student, the
E ' better ‘the achievement; learnin
. N styles and other persomality v
T ) < bles were found in too few st‘dies
to establish a pattern

% “, A . - . ¥

* 7 ¢ gy Lueckemeyer (184) fourd that using the mastery 1earning/remedia
* tactic with 185 tenth graders produced significant achievement gains
and that these gains appéared to be independent of studenZ aptitude.
Based on thesé studies, exciting relationships betweén students
; and instruction begin to emerge. Careful and thoughtful pursuit of
= ‘hypothesized relationships can help map out the complexities of
instructional interactions.
Summary ’ N i . .
In the 142 studies in,which the science learning ‘outcomes of the 8

The Student Filter (n = 75 studies) . < '
» - . A. Gender * - o consistent differences found
- " B. Ability/Aptitode " - higher abflity students do better -




N

The Teachef Fifter (n =13 studieé)

A. Teacher Knoﬁlédge'

3

!
B, Teacher Pedago

-

The Iustruction Filter (n = 54 studies)

A.

Content
B. Method
LS »
- G .
- / *
1
1 * -
I ‘

4
*

!

&

ﬁical Skills

W L

- too” few studies to establish a
pattern

- too few studies to‘estabi%sh a“

pattern
S

- current content in secondary

. science is largely undisturbed
by current scientific develop-~
ments

+

- specific instructional tactips or

strategies do make a différence

in achievement
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SEARCHING THE SCIENCE LEARNING CONTEXT
OF THE UN DERGRADUATE COI.I.EG[AN

i
._/;\’-, - . '

College is the context for the completion of the academic foundation
of the student. Science knowledges, skills, and strategles are polished
through extensive- -systematic surveys of the science disciplines

In this ‘section, the research %tudies will describe new evidence
that the collegiate context is ome that 1s undergoing -a rapid trans-

formation, .- . . i “
. . A

The Student Fi:tei-‘ - . . .

I the sclence education research studies reported fn 1979, 79
studies included ‘elements of thé collegian student filter.',These
‘elements have been categorized as gender-related variables,. ability/
aptitude, age/previous experiencey, envirommental variables, and
personalogical variables. 1In Table 8 a summary of the findings related
to the colleglate student filter are gjiven. |

1 ) ¥ ' B i|
In What Ways Are the Qutcomes of Science Learning
Different for Boys Than for Girls? ¢

. Gender-related differences in achievement and{attitudinal outcomes
at the collegiate level were examined in 11 studies. In 9 of the'll
studies ‘boys' and girls' achievément and attitudes vere similar. These
findings geem to hold consistent for a variety of subject areas, e.g.,
chemistry (Andrews, 8; Petrich, 239), biclogy (Bailey, 12 walker, nn,
and pHysics (Krishnan, 163;: Pridmore, 236). When MacCurdy (190) studied
78 superior science achievers, he found an equal representation of boys
and girls. Killian (153) also found no evidence of a gender-related
difference in cognitive development. In a study of 1,014 nonscience \
majors in college chemistry classes, Helms {121) found that boys and
girls had similar expectations of science.

In two studies, gender-related diffexences were found. Vicks (314)
found that males did not show significantly different achievement in '

- biology thian females, but they did score higher on career motivation.

Kifklgnd (156) also found that males had higher achievement than did
females, but that the females had a significantly more positive attitude
about audio--futorial instruction than males. .

/
At the collegiate level, .the evidence indicates that boys and
girls wi}%/prbbany achieve about the same. . »

In What Ways Are the Outcomes of Science Learnmg Different

for Slud?\ls of Differing Aptitude or Ability?
This element of the s;udent filter has been described or measured
by general aptitude tests,” ACT scores, SAT s%pres I1Q, reading ability,

and mathematics/spatial reasoning tests., i /.
1 . .
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nost atudias at the collegiate level haye searched fox an aptitudef
" achievenefit Tink although one study’ (Dapper, 64) did not look for evi-

-dence of such a link. <Using the' “BAT as the apt itude measure with a

[y

[y

Age or Previous Experience? ~

“college science achlevement.

'::sampbe of-304, he "found no ‘evidence.that aptitude -is reLated to attitude

toward sciences ) . do et .

In using the ACT score as the indicator of'aptitude, Killian (153)
found a signifIcanE‘correlation between it and the student's level of
cégnitive development. with a. sample of 139, Fletcher (96) also found a
significant gorrelation-between ACT scqres and achievement in chémisrry,
Eilson (94) did not find evidericé,for a relationship between geheral
a?tftude,and achievement. in geol gy.. Barnes (14) failed.to find a
predictive relationship with the verbal scores of the SAT and achieve-
ment in cheémistry. - Howevet, she did find a significant eorfelation
between, the mathematics SHT'score and chemistry achievements Bailey.
(12) used th¥ verbal SAT as an indicator and found it correlated signi- -

. -ficantly with critiecal thinking in biology. * Pridmore (236) ‘also found

the SAT to'cotrelate with achiévement in physics in his sample of 117
collegian students. Andrews (8) found that mathematics SAT scores
correlated with achievement, and ongomongan and Loptus. (231) found them

‘correlated with chemistry achievement. +In his study with 303 college

64

students, Dallam -(61) did not find evidence that reading ability was L

associated with successful scien’g,achievement.

N In two studies, student Iq&was used as ah indicator of ability.
MacGurdy (190) found no evidencé that IQ was correlated with superior
science students but Cole (52) found that science achfevement was signi-
ficantly correlated with IQ.° In his study of 196 students in computer
programming, ‘Schroeder (264)° foundﬂthaf\mathematical reasoning ability
was not related to achievement. ~ ’ i )
' . . -
. The trend is not ugexpected. College students who do well on \
standardized aptitude t sts tend to achieve'better in college science
classes. . .

A : .

[ . ' r . v . _- ' ‘-‘ : ..
In What Ways Are the Qutcomes of ScienceLearning Different for Students of Contrasting
~

The collegiate student’s previous eiperience was included as an
independent variable in 19_ studies. In three studies, age was the
indicator while in mdst of the studies high school or previous college
performapce was thought to be’ related to -achievement outcomes. As an -
indicator of the element, no evidence was found that age was related
to chemidtry achievement {(Petrich, 239), bilology achievement (Vicks,
314), physics achievement: (Pridmore 236) or student expectatiomns from
sciencz (Helms, 121)

courses were expected to be related to
I a study with 130 college chemistry
students, Fletcher (96) found ®hat the high school chemistry grade.
was a significant predictor of college chemistry achievement. A -
sihilar ‘relationship between high school physics grades or overall

High 8 1 érades a

-high school ‘grade point average was not found. As was theé cade in a’ .

'{;%// = C * h - . ‘ .
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.no evidence that high school mathematics courses,

. college chemistry, .

.

.
~

study by Andrews (8), Ozsogomogan and Loptus (231) also found a
significant correlation between high school chemistry grades and
college chemistry achievement. In conerast, Bailey (12) found no
evidence of a relationship between the number of years of high school
science and achievement in college biology. Barnes (14) also found
general grade point
average, science classes, or science grades were related to achieve-
ment in chemistry. In a sample of 117 students, Pridmore (236) found
that high school mathematics and general grade.point average were
significant predictors of college physics achievement. -Kamchaturas
(148) also found high school science ﬁoﬁrses to be relateq to college‘
biology test results. ’ r e _
The mathematics skills that a stqdent possesses have been used as"
an indicater of previous learning. ' Champigne et al- (44) found no
evidence these skills were related to.scyucess in college physics. But
Trummel (307) and Pridmore (236) both found mathematics skills to be *
significant predictors of success in college physié¢s. Bardole -and

Bardole (13) and Barnes (14) also found mathematics skills to be a *

good predictor of success in college chemistry. Champagne et al. (44)
did find that a student’s misconceptions (acquired in earlier science
courses) were a significant predictor of poor physics achievement.
Ozsogomongdh and Loptus (231) were able to use a chemistry pretest

. (also-a measure of previous science learning} to predict success in
Helms (121} found that students' nonacademic or
nonscience reading interests were correlated with'what they expected
from science. ._? K ) *

Ll
<

Previous college experiences as indicators have also been explored.
General gradf point average was found by Filson (94) to be a significant
predictor o£ success fn geology but number of quarters 1% college,

" college s¢iénce courses, or college mathematics ‘courses were not,

Vicks (314) and Pridmdre (236) also Tound college GPA to be.a signi-
ficant predictor of success in biology. Previous college biolegy.
classes did not seem tg help students, in Brumby’'s (31) study, their
understanding of biologica& evolution. With a sample of 298 college .
student s, ‘Kirkland (156) found that their academic standing as upper
level or lower l'evel was significantly related to bBoth student sgience
achievement and attitudes toward' science. %ith 88.students in his:
sample, Hill (123) found no evidence rhat GPA was related to a ..  _
student 's ability ‘to_ visualize solutions to science pyoblems. “
Based on the fumerous studies reported in l219:~clearly'one'would
expect students who kaye had excellent high school instruction-in
closely related subjects and who.are doing well.academicallx«in coliege
to achieve well in college Bcience courses..

v -

L .

L

In What ‘Ways Are the Qulcomes of Scrence Lesrning Relaled to lheSluden t's Env lroﬁmen la}
Backgrounds" ) . .

. u - . .

B Two dimensions of the environmental background’ element were .
examined in five research studies with cdllége students in 1979. ,
" No evidence:uas found in two studies that home/family variables were
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related to achievement in biology when these variables were estimated
using size of home town or ‘type of high school attended (Bailey, 12)
or where family size or income were used Vigks, 314)+

On the other hand, when ethnic origin or a related variable,
primary language, was examined, significant relationships were found
in physics achievement {(Krishnan, 163), chemistry achievement
(Petrich, 239), and biology achievement (Noble et al., 222).
. The3e five studies underscore this potentially powerful element of
the student filter. This element needs much more careful study to
comprehend the meaning of this limited number of studies.. :

d ' -

In What Ways Are the Outcomes of Science Learning Related to Student’s Personalogical
Variables? i ,
. '/,J f— ) . '

Logic would seem to indicate that ‘level of cognitive development
and pattern of learning styles would be key factors that could be
expected to influence student achievement and possibly attitudes toward
science learning. Although this element was included in 17 studies of
collegiate science performance, in 11 studies no evidence was found to
Support a hypothesized relationship. )

_ . Relative to cognitive development, Walker {(317) studied 44 students
-.dn a genetics course and found 2 significant correlation between formal
reagsoning zbility and genetics achievement tests but a similar relation-
ship between cognitive development level and course grade was- not found.
With a2 sample of 60 students, Davis (67) looked at the relationshib
between students’ cognitive developmental level' and their'achievérent
when the structure of the communication was the key consideration. He
found that formal students did well in low structured contexts.and
concrete students did better in higher structured contexts. -Schroeder

. {264) and Ward (321) both found formal students' achievement higher than
concrete students. In their study of 60 college physics students,
Liberman and Hudson {(179) found that concrete reasoning was a'signifi-
cant factor in predicting failure in physics achievement.

In contrast to these studies where.the cognitive developmental level

"of the student was useful in understanding achiievement, no evidence of
such a2 relationship was found by Pallam {61) for 303 students in a
natural science courge; by Champagne et al. (44) for achiévementlln
classical mechanics; by Filson {9), with 170 students in geolog
Charoenpit {46) with I76 students in chemistry and Williams {328
861 science majors and nonscience majors in chemistry; by Hill {
with 88 students in a problem-solving achievement test; or by Cole,
in a. general science achievement test. . .

&

A possible reason for these contrasting results of the influence
of a student s level of cognitive development on achievement’may rest
in the closeness' between the }level of reasoning required for. successful

-pe_rfﬁrmance on the achievement measure.” s 1llustrated in Walker et al.

66

(318), the cognitive demand of the criterion measure may be more readily -

visvalized in a specific test’ than in a geheral criterion measure of
total course grade. - .

t

' . . ‘d \ )

A




Learning styles have been described as the "internal/external"”
dimension of students’ preferences, their "field-dependence," their
factual versus conceptual preference for course organization or a
f€neral cognitive style as defined by Hull in Holm's "(}129):study.

Yeany et al. (337) and Dapper (64) found no evidence of a relationship

- between "internal/external” preference of students and either achieve-

ment or dttitudinal outcomes. Mackie (192) did find that field
dependent students did better on both achievement and att itudinal

' outcomes than did field independent students. In a study with 121

students, DeLuca (69) found that students who were classified as

factual rather than conceptual in learning preference did better on

an astronomy criterion test. .
Learning style illustrates an element of the student filter that

needs a much more careful delineation and search before clear patterns .

of its influence can be described.

Other personalogical indicators included collegian's attitudes.
self perception of preference, and motivation. Students’ attitudes
toward their institution, the subject, and teacher were found to have
no significant correlation with biology ac evement in a study of 208
community college students by 'Mitchell (211). But Kamchaturas- (148) *
and Cole (52) both found significant correlations between student
attitudes toward science and their achievement ‘in bielogy classes.
Students with more positive attitudes tended to achieve more. -7

-In studies where/this element was represented by self-reported
perceptjon or preference, Brush {(34) found no evidence of a relation-
ship between a student s self image and eitHer achievement .or atti- ™

. tudinal outcomes.’ Crawley (55) also found that a student's preference

g

for a course did not seem to be related to attitudinal ocutcomes.

Hﬁile Vicks (3143 found no evidence that motivation as an inde-

pendeft var ible was related to achievement in bioclogy, Dallam (61) .
found.that /a measure of applied motivation-~the student's study

.practdces<-was sigpificantly related to achievement measures in the

natura};éciences.
e "no-difference” findings related to this element may be an
indicator that these variables are more closely associlated with what
stzdents do in learning science rather than the measures of the
oytcomes .of that "doing."™ That possibility needs study, s T

T-Summary ‘ .A ) tl ’ . . ‘ ’

Study”of the collegian interaction with science learning 1is
producing a substantial addition to our knowledge of students and :
learning. Based on the 73 1979 research, studies that included an '
alement of the ctollegian student filter, it would appear that boys "° ’
and girls-do.equally well in science; students who do well on stan-

- dardized aptitude’'tests tend to achieve more; students with-highef

achievement in related high school courses do bettér in college ’ ' .
. N - N - 2 - - .,




achievement: environmental variables such as home background appear not l
to be related. to college science achievement but ethnic origin is; '
variations in personalogical vaﬁdables such as cognitive development
level, learning style, motivatioq, and attitudes do not appear to be
related to science achievement.* .

-

The Teacher Filter

Little is reported in the 1979 science education research about
collegiate science teachers. McKenna et al. (204) did find in a survey
* of 1l4 college teachers that those in small schools (less -than 3,500
students) felt they were isolated from colleagues with similar
. scholarly interests and needed more communication. 1In another survey
of astronomy instruction in California, Eaton (86) found that astronomy
instructors at,colleges and universities usually had theit doctorates
in astronomy or physics, while less than half of the astronomy
instructors in community colleges had a degree in the field. When an
instructor did have a degree in astronomy or physics, the instructional
and observational facilities tended to be better; however, no similar
trends in curricula or library resources were fGund. s completion
of graduate study a “simple prerequisite for effectiveness in influencing
college science outcomes? Boghal {(24) studied the achievement of 310
college chemistry students in two instructional settings..-He found no
evidence of any differences attributed to the instructors. Martin (198)
surveyed the results of 1,000 students’ ranking Of the effectiveness ofH\‘f

L

their instructors and the students’ grades as a second indic of the
instructor’s pffectiveness. _He found no evidence.of a relat ons
f
Thus, only a brief hint is found in these studies about how a . «.r
cgilege teacher s knowledge is, indeed, "an influencing factor on L -

student learning outcomés--and an assessment of the college teacher's
pedagogicalxrﬁills is an unaddressed question.

Tﬁe lnstmction Filter , "

N A third perrful coritributor to the collegian students' achieve-

\ ment and attitudinal outcomes is instruction. Fifty-eight of the 1979
research reports deécribe the impact of the content methods. and their
interaction within the college.-sclemce -learning classroom. Most of
thesé studies dealt with the development and evaluation of courses or

.explicit instructional strategies. A growing number of studies also ot

examined the relationship between instfuction.and student characteris-
ticg in an effort td better understand observed variations on the

o
impact of the college science learning context on desired outcomes. &

Table 9 summarizes the studies in the six elements of insfructional
filter. . . N 3&3
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- Table 9 . ' ’
° _ Symmary of Number of Studies in the Instruction Filter !
. - - - : t -‘
! ) Element T . . Number -
' Content o - . ’ v
. What ideas . ) ‘ : : ©19 ‘
8 Content and,Studénts . - '
‘ What .1deas with what Students ) 3
Cdntent and Teacher‘ M 1 : . e
Method . SR ' 20
Content and Hethod ., . ) : € 3
Content” + Method + Student : 13
. o
. L1] : 58
k r

» .. -

In What. Ways Are the Outcomes of Science Lenrning . .
Influenced py the Content of That Learning?

L4

+ of, specific content available for st?dents, Kyle et al. (16
’ Shymansky and*Pedick (270) described the contrast in studept behavior
o ~in the laboratory as a function of the science disciplin and level of
the laboratory. vannan (313) described the impact of cluding suggest-

ology if science courses on the achievement of studenps. -Hill (123)

_ found that adding sSpecific contentrrelated to spati visua}ization
B enhanced students problem-solging achievement. .t

[ d 'l
1 ' .
o In the development of science courses, re¢éearchers have- designed /

. many courses to accomplish a variety of obj tives. 1Im Table 10 a /

- summary of these developmental efforts indfcates that ih these studies; T
four dimensfons of curricular developmept’ can be observed. In all thd =~ =
studies' there is a: description of the goals for the course.*® In addi~/ ° ‘
tion, two studies illustrate hew these goals can be established. - Hohly

. (125) did an analysis of® problem sdlving in. physics, separated into ¢1ix . ) .
skills, He then surveyéd curre progfams to see which skills were - . '
present and.which needed to be/taught--as a -basis for establishing .
‘ * framework. Eanes (85) surveyed college instructors to -secure a fs 70 . »
consensus as'to what topice and objectives shouldgbe included in an-
anatomy and physiology cdurse. In.addition to establishing the thfust - ;
‘of the courses, the regports described the specific materials That were - . .
designed to be uséd to help students reach the~gpﬁigf‘ A third aspect o
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1 L Table 10 .
L Collegian Science éourse ngelopﬁtent in 1979 Research Reports ./’
- . ] Framework Materials . Documented/ Dissem-
Researcher Purpose Objectives Developed Evaluated inated
Collea & Nummeral (53) Course on Abstract Thinking x ' x ? ?
; < Halyard & Pridmore {116) Natural Science Course x X X ?
. Knochedt (16Q) «© Practical Application Physics ' .
- 1-’,,-" ; ]
, ;!A , Course x x . x ©
Molluira’ {(213) " Conceptual Based Physics Course X X ? ?
Gerrigh- (104) »»  Course on Air Pollution x x ( ? ?
Dunn {83) Course in Ecology* for Non- Ce .
e Science Majors- x x X 9
. St. Johns (257) Introphysics Lab ) x x T, X ?
Moore (215) - ‘CAI for, Lab Experience X //( X X T
- ! . B
Meyers (208) Y PSI Chemistry Course . x /S ox x - » ?
Lorenzo-0'Neill (182) Bioclogy Lab for Bilingual . :
=& Students x x x ? P
' ‘ Kales (147) Modular Chgmi'stry Course x 7.
San Julian (239) Ecology Couree X x T x 7
Dubravcic (79) Basic Chemistry Course x x x 7
. ‘;‘-\— ' -A = n '
: > }}’ . . .
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Yts docdmentation and evaluation. In some

-post comparison. 1In others, a contrast
group's performance was included. . The fourth aspect 1s the description
of how the course will be shared with others. In none of the.13
development studiea was this. information included.

2 ! - 5

While the content of college instruction is an_essential and well

document ed focus for study, the apparent isclation of these development
efforts and a resultant duplication of efforts are a real concern.

of the course development
studies, this was done by a p

-
* .
E}

" In What Ways Are the Outcomes. of the Science Learning Cc'mfexl Influenced by the '
Interaction of Conlent and Students with Differing Characteristics?

In an interesting study with. 93 students in two Intact-classes, Scott

-, (265) faund that student note-taking skill was positively coxrelated with
" academic achievement. Enhancement of student study skills may not have.

a high academic priority but it may have a gsubstantial influence on

academic success. Eisenberg (91) found that student achievement in a

general science’course was correlated with the interest in the contént.

But, Haley (114) found no evidence that studwmant.involvement in the course

was related to either achievement or attitudinal outcomes.

T

. £ . .
'L'” : . How students can best relate to the content &f college instruction
‘ "(and the, extent to which that content should be modified to fit the
students is basicaIIy an unexplored domain of the -science education
reseerch reported in 1979

T oA

e ' . 1In Whal WaysArethe Oulcomes ol'Scnence Learnlng lnﬂuenced by the lnteractlon of Conlent
- "~ and the Teacher" < . @

. In the 1979 rep¥rts of science education research,‘this element was
. not found. 1Is this because we -expect all college teachers to be experts
“in all courses they teach as well as experts in how to teach them?

In Whal Ways Are the Outcomes of Séience Learning Influenced by the lnstructiﬁnal
Melhodologies" ; '

How teachers structure or- present content continues to be a topic’
. of high interest to researchers. Some of the studies examined a global
or course¢0trategy while others tended to look at the influence of a -
specifiﬁ{tactic on student ocutcomes. ~ Studies of specific tactics included
" one by Beasley (17) who questioned the impact of physical or mental
’practice on psychomotor skills as enabling factors in.chemistry achieve-
_ ment. In his sample_of 400 stuQents he found either type of practice
. their combination resulted in significant achievemént differences
* aien comgared with.the control group. With 103 students, Blum (22)

’ found that ‘the "use of a structured game situation helped them overcome
laciy of esdential knowledge. 1In a study, of 15 deaf college students,
.« °  Braverman ‘et al. (28) found that using visual rather than verbal Clues:
. helped ‘these stgpents acquire information on the human circulatoty system

L3
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In examining the impact of visual clues, ntgomery (214) found that

photographs, rather than shaded diagrams

r outline drawings, ‘helped

the achievement of college biology studgnts.

Kennedy (150) centrasted .

teaching anatomy and physioclogy with vddeotapes and conventional

laboratories with no instruction.

groups did better than the comntrol, te
simulated videotape exper’iences &
* found,

Stout (286) studied the
chemical unit in organic chemis

While he found that the .treatment %

ence of a dif ference bétween

hands-on labowatory instruction were

e of demoristration models in a ster
y and found that it helped increase

o0 -

achievement.. Noble et al. (222) compared the effects of using a slide/
tape or cine-~loop presentatio of.a microbiology laboratory skill and
£Dund no evidence. of a diffetrence ¢gn the -impact,

‘f

0 percent for students tested after the demonstra-
tion and discussionperiod. Yeany et al. (336) also described the
impact of a modifigd instructional procedure., With 95 cvollege Biology

, apd timely feedback did significantly better on both

: Mattox (199) found that providing students with
ance objectiVes or topic overviewss séemed to influence

their achievement. . . N -
/ , . : ‘ . -
Thy's, the studies involving instiuctional tactics seem presént 2
a positive collection of empirical evidence that sources of information .
e students and the organization of that.iaformation are powerful
infYuences on the '‘coliegian's achievement and attitudinal outcomes=-
when specific charactefistics of the studants or teachers are not

nsidered as variables in the study. ; .

o

The- studies in.which instruqtional st tegié$'wefe'the kef'inda- Lo
pendent variables seem to fall in two grbuzg—-those that dxamined an

aspect of information source for students, expository lectures ar + - B

direct experience laboratories and those in which the control of the
ipformation pace was a factor, i.e.)} student control or teacher co?trol.
. - -, N ?

In a study with 500 college students, Saunders and Dickinson (261)
ared-the achievefient and attitudinal outcomes of students who had a .
lecture-laboratory, Strategy _with those who had, lecture-discussion. -
The¥ found that while both groups-made significant gainsg, there was no

")

,attitudinal outcomes than those who had .performance e SR

. - (
. . LAY

evidence .of a difference between treafaénts7~lﬂgksgfs(205) compared the

achievement and attitudinal outetomes ofy105 physic

tudents when.they-
were in.lecture-laboratory or lecture’only treatment- aﬁaﬁ?bu no
evideride of a difference in the outcomes of these two groups?dhﬁaﬁtaﬁﬁ\ ‘
(235) contrasted lecture~laboratory with lecture only and a’lecture with-. /7
delayed labogatory. Those students who had the laboratory did signifi- ..
cantly better on their achievement. Williams (327) contrasted present-

ing a problem and procedure before lecture with the conventional pattern

of lecture followed by the laboratory. He.found that the experimentar
treatment students did significantly -better on both achievement‘aad
attitudinal oupcﬁme measures of  genetics. Qggigg_é£§} uséd a case-s:udY

—~ L . e
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) { appréach as a guided discovery'for‘a_treafmenc group and compared the ¢
outcomes with a conventional biochemis;rg class. She .found signifi-
cant differences in student attitudinal outcomes in four of the treat-

ments but no differences in final grades.

o

/ - The ‘pattern in these studies sukgests chat when students and "
I content .and teachers gre not isolated as some of the variables expected
J to influence outcomes, most students benefit from having access to both
j .. - expository and hands-on sourcep of information. -

j The extent to which the studenc,is in control or managing the pace
P of information is another topic researched. Schlenker (262) inquired
into the impact of AT chemistry and found that students did not appear
to be’interested in acting in the role of pace managers. When Gillespie
! " (106) compared AT btology with conventional lecture-laboratory courses,
i he found that student-managed instruction Yielded higher- achievemenc
/ . (more C's and. fewer D and F grades) than did, teacher-managed instruc-
: - tion, but no evidence of a difference in drop-out rate was found.
; » i Kirkland (156) found positive.correlations between AT instruction and
achievement in_genetics in a self-paced course but not in conventional
lecture courses. Cise (48) reported chac‘in a studen;-paced PS1 physics
course ' achieévement was significantly higher than in a contrasting ’
instructor-paced course. Ozsogomonyan (231) alse -found that student
pacing of instruction in chemistry was superior to teacher-managed

instruction, . ..

-

! O +*

Wich the geveral studies as‘%.basis,’che importance of: students
pacing their informa%ion flow seems to ‘he a greater influence in their
achieévement than their source of information.
active in the decision-making process of when to learn really results .
in more accual learning time--which is reflected in higher .achievemenct.

’ © « Study of the relationship between learning time and outc®mes needs to-

be iniciated in.order to ag;ertain if the impact 1is realiT che.sc‘fCegy

-

» or a resultant increased learning time. - -

_ InWhat Ways Are the Outcomes of Science Learning lnﬂuenced by the Interactian of Content -
" and’‘Methodologies? . .

Global descripcions qf che impacc of the total curriculum at the
college level were less frequently repowted in the 1979 studies than
at.other levels. Trowbridge (306) did describe the, resu of “inter-
views with 300 ppysics students and their reflection on the impact

. their total prograhs had had in helping them to understand physics. ~

— Hameli {117) described contrastingnimpacts of tofal instructional
. sequence in laboratory courses in engingering and Rinsey 155) found

? . that a course designed to have an impact on enviconmenCal knowledge

? .and’ attitude was successful in influencing -the knowledge of 141

atudents ‘but‘not their attitudes, - R ..

1 LR

- .

. -
S Research SCudies on the'impacc of.COcal curriéula_ac the college --
= L level may bg- of ;nteresc toesoMe decision makers, but the practical
usefulness of res€arch for the fnSCruc,mr may be so limicede chac few 4, .

A ]

! are aCCempﬁing studies ofﬂfhis elempent. ~ P .

.
I + - L

d ST - - - ) + ’
Coegt L L

Maybe making the student -
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In What Ways Are the Outcomes of Science. Learning Influenced by the
Interactions of Content’ and Method with Students with Differing

Characteristics? ‘

. Consideration of the impact of instructional tactics with students
of contrasting characteristics was found in four research reports.
Lucas (185) found that when all students' achievement was considered,
using advance organizers did not seem to influence achievement, but,
when student cognitive structure was matched with the type of advance
organizer used, significant differences were found. Students who
function at a factual level did better with factually designed advance
organizers and students who functioned at a conceptual level did better
with cdonceptually-oriented advance organizers. Davis (67) found that
formal students did better with low complexity problem-solving fasks
while ‘concrete students had difficulty‘ﬁith all problem-scolving tasks.
BaiYey (12) found, using a model of problem salving as ‘a tactic, that
the student's high school experience and apt itude showed significant
interactions with the achievement variables., The teacher was much more
effect tve with students 'who had had a better background and had higher
aptitudes. Petrich (239) examined the impact of specially prepared
material to.augment ‘lectures and found that while general results
showed little difference, consideration-of the ethnic background of the
, student ‘showed significant differences. Some students seemed to be
aCtually hindered by too much organized information about the lecture.

When more global instructional strategies are considered, Yeany

~ et al. (337) found that the learning styleé of the student internal/
éxternal” did not seem to help explain the significaamt differences they
found in achievement between e diagnostic/remediation-strategy.and
“using objectives only. Filson (94) reported that students of higher
' process achievement had better attitudes in geology classes taught by
either expository ot gulded inQuiry but that no evidence was found -

., that either the treatment or treatment plus student characteristics’
‘analyseg showed differences in achievemept. Charoenpit (46) found
that an inquiry strategy rEGulted in significant differences in college
_chemistry achievement by 176 freshmen bug that studenf cognitive
" development was flot a useful prédictor of success. Mackle: (192)
studied the usefulness of provxding college biclogy students with
behavioral object'ives (they were useful), especially when the learning
style (field dependent or independent) was considered. She found that,
with a sample of 316 biology students, the field-dependent stud%nts had
better attitudes toward‘the instructor; but there was no evidence of a
learning.style/achievement relationship. Boghai '(24) found that
laboratory before-lec¢ture was more effﬁctive than laporatory after .

discussion with chemistry studefiés of low ‘aptitude.

Mith the higher

aptitude students

difference.

; Ward (321) experime
found that,
achievement a treatm

e -

ed with a specially designed laboratory and '
while the t eatment seemed to produce no difference in
t by cognitive develop

L3

Formal students did Ketter in his laboratory se

the treatmeut strategy appeared to_make. little

t variable did.

ence.

Cole (52) algo

' found that student

with higher aptitudes and mpre positive attitudes

- -




When Vicks (314). compared the relative’ effectiveness of a PSI
course in college blology with student characteristics, she found that

student, aptitude was a significant’ factor in explaining success, , S

‘Trummely (307) found that the mathematics background of the student

_was a significant predictor of success when Gtudent-related discussion .

was controlled with teacher interacrion discussion in physics class.
The treatments were most helpful for students with weaker backgrOuhds.

N []

Summarjr L e s . .

- -~

In the 141 studies in which the science learning outcomes of the,
undergraduate collegian were studied, variations in these Outcomes
were.found to be described in terms of the element of these filters, °

The Student Filtgr~(n = 79 é?u@iés)
A: Gender . = no consistent differences found-,
B. Ability/Aptitude » higher aptitude students do better
than lower aptitude students . W
C. Previous Experience ~ excellence in figh school expers’
: . . ience clearly is related to success.
(A\M~<> - in college achievement N
. ) D. Environazental.Variables - et‘hnic origin may be relat e@to
: : . ST achievement but too few studies
. - ¥ were reported to show a claﬁr
' ' pattern e
E. Personalogical Variables - no congistent difference foale ) /

The Teacher Filter (n # 4 gtudies)

-

A. Teacher Knowledge’ - too few studies to establish a

- S
S T . ' pattern _
. B. Teaphaf Pedagogical Skills = too few studies Eo establish a
) T N  pattern - .
‘ The Instruct ion Filter (y = 58 studies)
, { & . v .
A. Content - (A ' - content Of instruction is clearly
' . * - related to specific achievement
y - Lo . . outcomes
- *B. - Hethod - . -,‘ex;;ositofy_and hands-on strategies
a :\\ o | . are both effactive
: AN L _ ) , |
" ’ R‘ B - . - -
l‘ + = : -, ] * 9“
e . " ' L] - u‘:
. » - - - Je - - L - &
. 5~} LT p . b N [ -~
[ { 8:" ) ¢ vt
- | “} " , . . . "
-_ - L B - ) Lﬁ X 3 - . ' .l‘
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. SEARCHING THE CONTEXT OF THE SCIENCE TEACHER .

b .~ A somewiat unique. context of interest to researchers in science
4  education goes beyond the usual K-12 aﬁﬂ collegiate contexts to those .
‘learning éxperiences.in which the preservice and inservice teacher is
" the learner.  In this context, a number of studies were reporced in
© 1979 in which the ‘teacher was the, student and explicit achievement. and
. attitudinal outcomes were expected. How this ' acquisicion phase” of
teacher education is related .to the sclence cldassroom or "application
\ . -phase™ fs reported elsewhere. In ‘this ‘section, the research studies
" will describe the 1979 evidence thatsthe science teacher's pedagogical
2 development 18 a significant topic ﬁ\gc ience education research
-interest., ' : .

o -

~ o The Student Filter . . R

> In the science educatdion research studies reported in 1979, 33
studies included elements of the student f:l.lcer.‘ The students in these
studies may have been the preservice teachdrs whose experience in the .
classroom was’ prirnarily that. of informal periene’e or of some.form of
field-based instruction. -In some of the studies,’ the studest wWas an
inservice teacher with quite a range of teaching experieneé Studies
in this element were grouped into the categories ofgendery ability/

"apt itude, age and previous exﬁrfence, environmental variables, and
personalog ical, . -

-

: A ’ - -

“In What Ways Are the Oulcomes of Scmwe Teaching Pedagogy Dafferent for Men T.han for
, Al
. women - . 5 . ‘:- " "‘1_--. .

In four s_.cudiqs, the outcomes. 'Bf;p’édagggical instruction compared
men with women.  In only Qge study was' evidence of a signifidant
relationghip found. Marcum (196) found that women ledrned more aero-"
space information than did men, but their wﬂlingness‘o use thac
‘Information was similar to.men. In cot asc, Bhrlich (90'1%&:?51 not
find evidence of a gender-related differ nce in achievemen knowledge .

related to energy conservation. Halversgn (115), MacMillan

L)

! ] att i.cudinal out comes.c._\

* . 1In this limited Mber of st:udi W gewder Qoes 510t appear _to be a’
variable of importance. In the one case of difference it may have béen
a function of lack of preyious experience or a measure of lack of know-

\ ledge that reSu],ced in the significant difference.’ N i .
. . .' e r;‘ N a .

+ * ¥

" ln What Ways Are the @utoomes\of Scneuce\l‘uchmg Pedagogy L .
Different for Students-of Differmg Aplitude or "Ability? - . . : :

. No. scudieg. ue‘re é in the f‘?‘?9 re&rcs of research in which .
N apcicude or abilicy ® su;eq' weré included, Is this because of ‘the
N m\expetted homqgeneit_y»\o the preservice or imservice teacher popukation? ™~

. .
. " ¥ [} * m "h'
’
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B : Table il : ' .
i Research St-trd:l.es Related.to the Student Filter in the Science Teacher's -
. ) ] ‘ Pedagogical ‘Development COntext : * s
] ST s e T - > Findings -]
e o No. of - Related tc! ‘ ~ RéTated to
s Element . =~ . * Studies * Achievement Qu®omes Attitudinal Qutcomes
: \ . e : @ A>B A<B ND A>B A<8B
Gender - , _ R 1 4 - -
 Ability/ Aptitude , . - .- - . Z
. . % N - - ) ) ) - - -
‘AgefPrevious. Experience = . .- SRR ¥ R 2 - mw 3’ 2
L] ’. . :‘ u‘ . - “ ] . .
Envirommental-Vdriables T 5 ‘ - 1 ‘- 4 -'.. -
.Personalogigal : 5 - 2 - 2. 1 = .
i 1 ta - P . ""N. ) .
: - 33 : ’
N ry BTN ,\/ ’ .
. * * $ - m’: )
- ‘ ”'P .
ot - -~ " ’ - L] *
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Have the usual-- screening procedures resulted in\a de-facto reduction in
the variance of this element of the student filtier ‘to the extent” that a

" . study of this elefient is of lirtle interest? Or-are researchers afraid

r

e

.

that. the distribution of" ability levels that would ‘be found would be too

low and thus worrisome? - L
. rl )

In What Ways Are the Outco)nes of Science Teaching Pedagogy - .
Different for Studehls of Dlll‘erent Age of Previous Expenence""

In addition to.a teach’er s age and previous. sciencetourses, an -
indicator of this. element has frequently been’the number -of ‘years of
teaching!experience. As an indicator, a preservice or inservice”
teacher’s age has been reported an independent variable in throe- L
studies. Cunningham and Blankenship (60) studied 96 preservice
teachers and fouqd age to be a significaﬁr predictor of the maturity
level of concerns they had about teaching science. With a sample of
138 inservice teachers, Halverson (115), however, did not .find.evidence
of a relationship-between age and attitudinal outcomes, Krustchinsky -
(165) found similar results in his study of 154 preservice teachers.

. A second indicator of previous experience 1is the collegiate back—
ground &f the studénfs., Tolman and Barufaldi (3013 found.mo ‘ évidente

of a reaktionship between college. science hours and experienced i .
teachers' attitudes toward -seience.- .Riley (251) found similar results_ '

in a study with 90 preservice teachers. He did find, towever, a signi- )

. ficant positive correlation between the preservice students and their
achi‘ﬁement 'in understanding science and-in ‘performance of process
ski} - Halverson. (llS) found a significant but negative correlatfon
bétwden inservice teachers? college .science backgronnds and their
attitudes toward science.. ‘Krustchinsky (165§ found né evidence ot a-
relationship between college grade péint average or number pE- hours’ of
Sciencé or mathematics and attitudinal outcomes. MacMillan (191}, .

L -

‘weaver et al. {(324), and Gates (162> also found no evidedce of rela;ion-f

ship between college experience, grades or courses and attitudes zduard :

science, or science teaching. - - B

» -

, A third indicator of the*previous experience element is the pre~
service or inservice si
Shaffer (266) studied 37 preservice teachers and found that, thiir .-
level of moral Teasoning-as an outcome measure was significantly
associated with their pre-measured moral stage. In a sample of 138 /
inservice teachers, Halverson (115) .found a significant correlation”
between the teachers’ pretested knowledgé of Science Improvement -
Curricylum Study and their attitudinal*outcome changes. ',

LY
-

Yo The Iourtp, and more firequently used, indicator of this—tlement is
the teacher’s years oI teaching experience. Cunningham and Bl keqship
(60) found that years of- teaching experience was correlated: wi N
maturity bf ‘concern inservicé teachers had about science. gganhing. Vot

, Tol}man and Barufaldi (301)'“‘2:EEEF’ found “no evidence of a reIation- .

sh¥# betweén teaching experjenc and -attitudes toward science.
Strickland’and Staver (287) studiad 4§10 preservice and inservice
teaqhers and. found 2 negative correlation between both achievement

L , '
- . f’ - __‘ﬂ N e -

.
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achers' prior knowledge as asshssed.fn pretests, {f"
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and attitudinal outcomes. Those with less experience’ gained more know- ¢
ledge about. ecology and changed their attitudes the most. In contrast,
Halvegson (115) fdund that“the mpre teaching experience, the greater

the attitude change. 'In three other studies (Gates, 102; Marcum, 196;
Ehrlich, 90) no evidence of relationship jwas found between gither- - h L e
- knowledge or skill gained or attitude ‘chgnge and number of years - : . &
teaching experience. v '

&
-

s In_reCrospebc, this element/may be an importang Jné,for some °
specific outcomes, but the general pattern suggests that, age or past L
experience need not be considefed a limiting factoer in enhancing the
pédagogical skills of science téachers, . . . !

-
v
L}

In What Ways Are the Quicomes of Science Teaching Pedagogy Related ) o ‘
fo the Teacher’s Socio-Econonnc Enavironment. and Ethnic ckground" . i

" In addition to convencional indicacors of pects of the environ- - ,
mental element of the science Ceacher——race and geographical location, 4 ’ \
the grade level that a teacher teaches is included as an envirommental ’ :
factor thaqght to influence achievement or attitudinal outcomes. . . )
MacMilian (191) reported the only study in which the teacher’s race
" was an ipdependent variable. . Re found no evidence of a racial Q
difference in either self éoncepc orf change in dogmatism in 4 study ® , \
of preservice tegchers. Scrickland and Staver (287). comgared Indiana \-ﬂ
. .and Florida teachers’ ecologichl knowledge and attitudes toward a -
‘ecologys They found Indiana teachers surpassed Florida ‘teachers on - -
both ouceomekmeasures. Why this was CrueﬁsepresenCS an unanswered v ; R S
» questign. Grade level” tayght’ was  reported in three studigs (Cunning ;

gnd_ Blafkenship, 60; Tolman-and ‘Barufal ,.301, ‘and Hdlverson, 115). ° .
" In all‘§hree, no evidence was ‘found to support the hypothesis that * . AU
, . . ., grade level is a useful predictor of attitudinal outcomes. However, e
v i ‘-Cunningham and Blankenshgp (60) found that .the subject a Ceacher Ceaches )

’ : was not related to the maturity "of "their concern about teaching. The™ o
mTe cqﬂpetenc or comfortable teachiers are wit subjecC, g .g., read- ‘0‘:

T ing, the more mature are- their general coficerns. sbotit teaching. « " ..
. . o :

) S e, Tﬁus, it appears that environmental factors in.gene 1 ares not ..
a T productive predictors of success of limiss to achieveme in pedagogi- .
cal a¢Velopmept. S - 4 . . e C e
. 5 : . . .
{ . v In.What Ways Are lhe Otilcomes of Scignce Teachiug Pedagogy . — S R
SRR _Rtlnled to lye”l'eachers Personaioglcal Vq,riables" ’ L
SN Tuﬁ smdies were ﬂ:nm.d that ‘explored aspecw of this elemenc.
- '“ﬂs A Shaffer (266? studied 56 prEService“science teachers and found %
A /( those who weré at the formal thinking: leveI of. cogpitive develdpmen .
. = _ achieved-a higher. Ievel of mor_al reasoni He- found, ‘However; that ® - .
Hi'f,‘f_ .? "the learning style, (in;ernal or exCerqaiizgid nQr seem’ to show”h N L
e s . similgr pattein. ‘Tn 4 sample of 139 pr vice teachers,’ Ptt (24A) LT o
2o . also folin® no evidenée that students’ l&arning styles (inCerna 2T . I o
Y27 .7 extefnal) were related to their perception oﬁ what, they thoughc ﬁhould ' -
ERA T % - be chg role of afgcience -teacher, . ~ \ . p L
N ) T . ‘ 3. PR . * ) . - =
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, as contrasted with closed-mifidedness or, dogmatism is unclear, Weaver . .
- tive teachers were, a$ measured by a dogmatism scale, the more positive

". seemed not.to be related to the science teacher role as perceived by ) ~

'-contentﬂor more, global,cntricqla for‘peaagegical outcOmes, with some

. uere not. studied,

.knowledges and skills teacher educators neéd to be successful in

" thé 1979 research rep0fts.: As: summarjzed in Table ‘12, these 32 studies °

In the three studies that included this element, it was indicabed ~ ‘
by ‘self concept, attitudes, or dogmatism, Shaffer (266) found a pre~ . . "

service teacher's self concept and attitude significantly related to
achievement,. The precise usefulness of .the Andicator of openmindedness

et dl, (324) found that the more intelligent, assertive, and {magina=
- their attitudes’ ‘toward-science. JPrice (244) fognd that dogmatism

preservice teachers. e

-

- How perqpnalqgical variables influence the outcdme of pedagogy
ﬁs arl area that remains largely unexplored. .

l\" .' . “." - Lt e “

* . il ‘. N ' . . .
Snnnnuuw '_ A - ) o . .

E Elements of the student filter that appear to influence teachers’
acquisitiqn of’ knowledge and §kills .in science teaching were reported
2 4n 33 ‘'studies.. - In; these-studies men appear to do as well as women;
.ageé or past. experience is- not a Arsefu) pnedictor, neither 1s an PR S
environmental factor, dbilitie aptitudes and pgrsonalogical var1able§ ‘ o
A ) . . ‘e . H .
. W - _-‘ ST P, : ) . e,

- " 1

'!'hé"feicher Filter .- 7’.1 _ ) C

. Science Geachers are Ehefgi;dents of science teacher eﬁucators ) . T
The‘?el?&rch,of*19?9 is quite‘qu about -the influerice of these
edocatbtacm ‘olrtcomas, ,WillwﬁFd\t{rn €329) did report that teacher, - ”
educators ﬁyre auch more ideali tic akout- wbst could and should happen  ~ ". ¢
in theé science. r_ghssroom than were high sehool science teachers, They

ued Bcience qy-a ‘less practical sense than did teachers. In a *
gurvey by Ouens (230); a similar resuit was ‘bund--a much more T .o
1dedlistic view was -held b§ science teacher educators than by .high

school pcieqce ‘teachers in|his Téxas sample. Price (244) reported ,
n interesting study in witdeh he found the preservice teacher's percep-: . -
ion. Zf the role of a scien e teacher to be significantly “influenced :
by the tgacher ‘educator’s’ perception of that role, ,

We have very scant evidence on which to base inferences abon;;:pat
k

-

ing with science teacher development . 5"
. e

. . _ ‘ . . .
The Instruction _Filter”“ , R . /_,/ J

.The stﬁdy of ways in. whiclt science teachers can improve their _ . .
%edasosical skills continues .to be. a—higﬁ-interest area reflected in . . -

were mostiy'direcﬂed toward Adentifying. thb-impact of either specific -

actipg with’ the student fi{fer. o ,F,A. - . S

Fa -

ateﬁ;gloh to how elements of xhe.insbructional filter may be inter- P § !
af
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Table 12 . L

. -

Smary of' Studieés of the Instruction Filter

o

.
- ) N
- L
. .

Elements . \ e No. of Studies .- p
- ] -, j . — ' . ’J‘)//
Content . '. ' . w( / .
What fdeas? , - ‘ T 10 e
. L. , . //- 1
Content -I-étudent " ‘ : ' . o
What ideas with what students? - _ ) 1 ) g ’
et ' ). ! Lot
Content + Teacher . ’ R N ' r .
' What ideas with wiat teachers? " . C -1
Méthods ' ¢ - - *
. ‘y . .'v
What instructdonal strategies 3
! . % . .
_Eontent 4 Method \ . . > <
'v-'hat curricula? * .. i - . 10 .
Content + Hethod + Student S B

Uhat curricula with what students?

e

.In Wlﬂ Ways Are the Oulcoma of Science Pedagogy lnﬂ enced by the ontent oh
Instryetion? )

While most’ ofﬁ? studies relating to the conten’t of the pedagogi-~
cal "instructional ,ﬁilter related -to evidence that specific knowledge ) .
.or pedagogical skill cquld: ‘be successfully acquire . ,one study ‘reported .
what high school biolegy teachers thought should bg taught to prospec-
tive sclence téachers. Jamgs and’Stallings. (138), reported a survey of
* 200 -science teachers in which they described what they belieyefi 3
teachers ndéded- to know in.order to introd'uce laboratory. exercises,
‘cate for-and.use the terravi,uni and aquarium,:construct biological " - , ¢
mo;léls procuré and ase low’ budgat equipwent, maintain laboratory RN
facilitigg, comstriict. ho,memade equipment gnd*to be familiar with the - N
. 1oecal flors dnd fa;ma. T€ wpuld bé interesting if there were more
studies ‘of* th:La nature to prévide a pool of practitiorer-generated goals |
with.' whtch*grogram content coold.be con‘trasted This goal delineation ©
18 a first step 1i-a: model for Hévelop’;ng an uripsual program as des--
eribed by Butler "¢38)~. Other studies were an examinatign of specific . . -,
“teaching. skills.- These ate- Bumparizéd in Table 13.- Belng able to
prov:[de emp:l:rical' evidence that a spec:l'.ffc aapect of pedagogy can be '

- e -
.

J .
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" Table 13 . . ) i
Summary of Studies on Content of Pedagogy R ' ‘
< — : :
Investigator L Population e . 8kill
N . PR . L -~
Crawley & Krockover (56) Secondary Preser{ioe- Use of higher and lower ordér questions,
Wright (334) Elementary Preservice Using cues to help solve pml;lems.
. ) “ AN . . "
Dreyfus & Cohen (78) ' . ‘Secondary Preservice Using an obseryation scheme to understand °
. - . classroom, student behavior. . s
< | ) ) .
Lamb et al. (171) f Secondary Preservice ‘Using higher kiﬂetic students in lectures.
(57) Secondarj} Pr._-es;.-.rvice . 'Distinguishj.ng ﬂ;u:gative from positive student

Crawley & qu:c’:kover

-

classroom behavior.

ar

' ke s N boa .
Bowden (26) , . Elementary Preservice . Using an observation scheme to understand
- . }' . . . c'lassroom s@dent bebavior. g
Lewls (178) \ L Secondary” Inservice Using student feedback and self analysis to
N ¢ - 4 \ change teach:l.ngf behavior. . _
Sym@gtﬁ-_(wo) Elementary Preservice ‘ Ways E.o present problems to students.
N ‘ - . . s . !
] ~ - - £
- ) . *"" ' ’ - :
& ‘ b £, -l\ - R I .
ra - , . ‘r‘ ‘- o
. L 9{‘\ :
L4 - g - he
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acquired is an important first step. Being able to show that it Should
¢ be acquired because it faeilitates productive student behavior or out-
. comes is a second question unaddressed in the science education research .
" repogts of 1979, © .

»

., In What Ways Are lhe Outcomes of the Pedagogacal Science Learning
A, Coptent Influenced byan Interaction Between Conlenl and Student
i WP
” Differences" : - . A ]
-In the one study.related to this element, Campbell (4€) studied 40
preservice and inservice elementary teachers' reading comprehension to
'\ see 4f instruction in process skills would influence their performance.
He found that, ,while instruction did make a difference, no evidence -
was found that the amount of teaching experience was related to the
achievement outcome,

14

-

S
- : 1

In What Ways Are the Outcomes of the Pedagogical Scnence Learning C(mtenl lnfl/ﬁhced by

an Interaction Between Content and’ Teacher Characterisfics? o et

)
A [ -

S .In the one study related to this element in the 1979 reports, Price

™ (244)" studied 232 preservice elementary teachers' perceptions pf what
was the appropriate role of science the cldssroom. While .he found _
«~that this role was significantly different fot field-based versus Ton- L .
field based methods instructiory he also found that the methods course ° :

— instructor was a significant & ntributor. Intuitively, we believe that

. - what instructors value will influence their teaching. How powerful PR
this influence is remains an area of challenging research. r o

r - .
-~ P 3 -
- .

t ~o

ln What Ways Are the Outcomes ol‘ the Pedagogical Science Learning Contexl Mced by .
'the Instructional Slralegies" e . =

4

In the three studies of aspecta%?f this filter, investigators were o
attempting to show that an instruct¥onal strategy could produce a" : b N
desired outcome. Bluhm (21) usdd a sample of 54 preservice elementar A
teachers and found.that a hands-on instructional strategy wAs mQre
effective than was an expository stratégy in helping students acquire
and use process skills. Horak (130) ontrasted field-based etperience -
in open and self QzﬂF31“Ed classes ‘with on-campus experience only)l
found that each wad effective for different objectives. DeTure (72). -~
. in a study with 42 preservice elementaty teachers, found that, through

- video and- audio modeling, teachers can acquire better wait- tilﬁe .
performance. ’ ‘

&\ _ Although’ the studies of this element are few in number, they do o
show evidence that how teachers have the opportunity to learn new .
skills cah indeed be an important factor in their acquisition of ‘
those skills. ‘To what extent is the method used”in acquisition, also
an impdrtant factor in the teacher's application of those skills?
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In What Ways Are the Qutcomes of the Pedégogical Science Learning Context Influenced hy
_ the Combined Content and Methods — or Curriculum?

In the ten studies tplated fg this element, res
on the cumulative impact of a course or a workshop
achievement or attitudinal outcomes. Koballa and Coble (161) found

* that when professionally relevant,agtivitieé weréd included in a biology .

/ course, preservice teachers' attitudes werebmoye positive. Krammer
(162) also found that the inclusion of activifies in a blology course .
resulted in improved ‘attitudes toward scienfe teaching. Piper-and ,, ,,
“Hough' (241) found preservice teachers'- attitudes after a methods ar

. course Gbre‘pignificantly different .frop/the attitudes of those who
"had not taken thescdurse. Dunn (84) spiidied 59 préservice elemenCary

° teachérs and: found that the methods« urse helped them, to use problem-
solving strategies. .

rchers reported
n, specific teacher

P - e

-

) When inservice workshops wefe evaluated, Shrigley‘Et al. (268)
found that teachers had more p sitivefattitudes toward .science and
heir role; Spooner and Simpgbn {272) found teachers had more positive
ttudes toward teaching gséience. Myer (219) found that the teacher
took more time for the sylject (envirommental education) and scheduled
~more.field-trips; Dalton”{62) found teachers made greater use of the
- -7 curriculum' materials nerqueducal:ion) and valuéd them more; and
o~ Gabel and’Rubba (101) found o ‘evidence of ‘attitude or performance |

. 07+ o~ differences. . N . )
._:_'/ o . . . ' . (S A . . ‘ x . - -
In*Gabel ard Rubba (101) anh 0'Sullivan's (229) studies lthere is

] -]

a somewhat _unfque aspect. The outtcomes they looked for were more than
activities pfid attitudinal changes. 0'Sullivan found- that teachers
knew more but also used the skills in their classgroom. These studies

. show th -cdunges and workshop ticipation are reflected in acqui-
- =8ition omes. More research §s needed to show 1f these outcomes
“ are lated ‘to, what. teachers.do In the classroom, to what their .

ents do, and to what their students”learn. .
%

Iy
-

+

in What Ways Arethe Outcomes of the Pedagogical Science Learning ' o

Context Influenced by the lnteraction ol‘ Conlent. Melhod and Sludenl

Characteristics” . . : L

. C e ; .

-, ' The seven studies in this element diﬁier from the curriculum

element mainly in their added dimension of askin% with what kinds™

+ of students are courses or workshops effective. ‘While Weaver et al.

.© (324) did not find evidence that fi€ld experience irdfluenced achieve-
ment and attitudinal outdomes buf when péfsonality factors were
considered, a different effect was observed.,. The more dogmatic pre-
service teachérs were, the greater their benefit from field experiences. -
Krustchinsky {(165) diﬂ t find similar evidence in his analysis of

student characteristics on the' impact of field experienck with pre-

service teachers. In his sample of preservice teachers, MacMillan

{191) found that the course itself 'was a factor in influencing change

in their gelf concept and dogmatism scores. Shaffer (266) determined ~

that knowing students' cognitive levels and attitudes was. essential

- - .
L] 3 [] -
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" to finding how much & course

of 138, Halverson (115) fou

Lo .
influehced their achievement. 1In a sample.
& negative relationship between teaching

experience,

college science batkground, and how much teachers gained

from an inservice course.

‘Marcum (196), however, found tha

a teacher's

grade level was not a helpful predictor of "knowledge acquisition in a

workshop.

Gates (102) described a model for an inservice

kshop wheh ¥

teacher characteristics were correlated with| outcomes.

He‘f und' that
all teachers ‘seemed to gain equally well. :

AR

’ Lo ¥ -
Summary . - - . y
- - In the 68 studies in which the=science learning - outcomé% of the
context of sclence teacher preparatioh were studied, variations in
these outcomes were found to be described in terms of the element of
‘these filters. / . )
The $ nt Filter (n = 33 studies) ) .
A.. Ge e T - no, consistent differences were,
e =5 fwnd A
.ﬁ. Abllity/Aptitude. *° - fo" studies were found of this
~ . . element .
. . - ' 7
C. Previous Exafrience - as indicated by courses or number
. . of years of teaching experience
T does not seem to be associated -«
- -, .with outcome varigbles" -
"D. Environmental Variables , - no consistent differences found
» J s
E. PgrsonaIOglcal Variables', = too few studies to ﬁstablish a
‘ * pattern
The Teacher Filter (n = 3 studies) ‘ ‘if .
P "A., Teacher Knowledge ~ too few studies to establish a/, P
O S : pattern .

B. Teger "Pedagogical Skills

-
LIS

E]

’ - - L
The Instruction Filter (n = 32 s
W ‘ ~ "
Content” - i - teaching Sk.ilrtan be acquired '
B. Method ‘= how teacHers Yre taught is an
) . . unexplored area of science educa-
tion’;research
" ’ £ . " R .
N he K ¢ ) \‘ ' < A -
* v s [} . . tﬁ
F A . P L]
* L 93 - . . ’
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MEASUREMENT INSTRUMENTS FOR ESEARCH: IN SCIENCE S
EDUCATION : E

In the more than 340 research studigs’ reported in 19?9\ 18 .des-
cribed efforts to deve p of improve the \measurement tools ‘researchers
need, A hypothesis that an element of a filter is related to or is
influencing the outcome variahles must be \tested with valid and
reliable instrumentation, SiEEe most of the independent and dependent
variabley in science education research reqyire inditect measurement,
the instrumentation needed to condugt research in science education
becomes even more critical. While other studies did include the devel-
opinent of an instrument as part of their prockdure, the studies described
in this chapter include those for which measu 'ment development was the
primary purpose: of the research, * |

Of the 18 test development stbtdies reported in 19?9, 9 dealt with
the measurement of achievement and attitudinal oytcomes; & desgribed,
measurement of elements ofi the student filter; and 4 focused on an

emerging variable: teacher behavior in the learning context. .
To p ovide the information that a user needs a stud¥y 8esc;ibingjg
measurement.scheme should include: . \ \ .
‘a) An operational definition of the construct ko be méasured; \
b) A discussiyn of the alternative means that cquld be us?d to \

measure tha construct; -

¢) A descriptioniof the test strategy used includ ng directidns
for its administratlon, \

: |
d) The estlmation of'the validity Fthe test'in.m@asuring the
construct;

+

.) The estimate of the reliability of the test in measuring the
construct; and

£) A description of the people for whom the test would be useful .

In Table 14 the studies reviewed in the chapter are summarized .a%s
their reports reflect these 8ix criteria,

Tests Related to Elements of the Student Filter

In four studies, instruments were described that can be used to
measure the cognitive development functioning level of studies--part
of the personalogical element of the student filter. DeLuca (69) dsed
384 elementary through -high school students to establish the needed
documentation of a test of” comblnational reasonlng; He used an elec- .

. tronic simulator to measure the construct rather than a, more conven-

tional ¢linical interview technique. No report was given wf _the
,validity or reliability estimates.for the test. Staver anquEBé+th80)

9%

ta

L
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. . Table 14 . s
o ) . ’ - -
N Summary of 1979 Research of J¥nstrument Development
' ~ _ Are ' . 1s o .
. altetnatiy L potential
What is the measurement © Yo usefolness
CONSTRUCT strategies - Is the test . * Validity Reliability  of tes"Ej»‘
* Study _ " meaéur%\gl\? described? described? pstimate estimate described? -
N N R s ) NE . NN
A. Studegt Filter "N - ‘ .. N
‘ DelLuck (69) éognbfnatori-ai—- " yes ')"es (ET). " no .no. : yes
reasoning ° . ‘ ., ) . ,
Stayer & Gabel" .formal thdught .yes ) yes (PLOT} t.orivergence‘.l inEer:nal con- . . yés .
(280) ° © ot . discrimination sistency . - 2 '5
1Walkey, Hendrix  fotmal thought .yes yes (PTL) © comstruct ."'_no' no:.l .
. & Mertens (31()"‘3‘“,?| o N X . e A B ‘
, . Milakofsky §e “logical t}'iqught ‘ yes yes (IPDT) .concurrent test/retest yes "
Patterson (209) n : - . . .o ] .
B.'-Qutcome Measures. - ) _ .
-* 1. Athievement - b : ‘ ‘_ i . ‘ .
Wolfe & Hiek~ higher cognitive - ° no yes (THCLC) . construtt " 'inte'rnal con~ j',res'
, kinen (331) learning in o convetj’éerlce. sistencyqs . ¥ | - ‘
.- ' chemistry . e ‘js ’ : L
.Alani (6) scignce no yes (ASAT) ¥  intefnal split/half o .
.t achijvement - ) condistency J ’ Vo
Lang (172) metric skill yes yes (TOMS) < interda_l con~- yes, R
achievement sistelrcy. , .
Torrence, et science process yes yes (TTSP) w . 1o ‘ ‘
al, (302 skill achievement r . : ‘-
. r * £ ! 0(-\" ) »
N L . W - . (‘
. * E ! - '
- [ v
‘ 9\} \h:\\‘ 4 ." -
: L I /




P T 2t et bl b itet

. Are = ¢ . T Is ‘
) alternative 4 ’ potential
What 1is the measurement | . . usefulness
_ GONSTRUCT - ' stiategies | Isthetest Validity - Reliability of test
Study measured? - described? | described?  estimate estimate described?
- i . L
. ! ey A
2. Attitude L i =
Downs '(_?‘?.) ’ student- attitude . n/a 2 n/a - nfa ‘n/a n/a
_ o toward classroom ' ' o 4 .
Shrigley & teacher attitude " yes ; yes (AS)° contact no no
% Trueblood _(269) toward metrics ' § - validity
C. Teaching Behavior : ‘ “ o
DeLuca & Downs '((?0) teacher behavior yes yes (ESTP) ° content & n/a yes
. preference - - predictive
. ; { ‘ oy . - ! ) Validity .
Suchareekul (288) -  teacher inquiry n/a yes' (IPST). content Cronbach apoao‘\ no
behavior preference i ’ Lo “yvalidity N
Fuhrman et al?. -(99) jstud’ent behavior n/a I yes (LSTAI)  n/a . n/a nla
.+ h laboratory - f T e
Shyma.ns.ky & ‘Penick 1nsfru!:l:or &t no J yes (SLI@):’_ no . " no yes
(270) student behavior i R
’ in laboratory | . - o«
Yeany & Caple : instructor & no f yes (ﬁPOG)‘ “no o " no - yes .
(338). . student behavior { c "
. ' with process skills l - . . e
* ! N “. 4
i L
- - ! b ." -’_— <
™ - ;:1 " -
- ' . Q{ i .f ’ 1 O.t.
i" . o
- “ 4
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Hesigned thé Piagret ian- Logipal Opelgat ions Tast (PLOT)v.as amylt iple-choice _

- © group-administered test, ‘as an .alternative to clindical Interviews. They : -

7 'reported'eseaﬁlishing both convergencé'and discriminance validity and @2 - . -~ = -~
- reliabiiity eStimabe of .85 based on internal consistency. With 86 e T

. college students, Walker, Hendrix-and Mertens §319) also developed a - : - , )

. , ~test of formal thought. that incldaed,progosxtional and ¢ombinatorial s L
e logic and. ﬁypotheticoé&eductive reasoning tasks. For their Pragetian’ . SN

' Task Instrument -(PTI) they reporteﬂ a construct validity it, no . e

- _reliabgés_f.‘ty estimates were’ given. wfth £ sample of 5?0 elementary : . -
through cq,llege-aged studentg, Mil‘akofsky and‘ Patterson, (209) dEScl’led ’
another grouﬂ\ adminrstered ‘test of  fotmal thought. Their report-
included & description of’ concurrent validity for the te~st

’ - . £

. ¢;/5gtest re}iabili:y“of ,ZB : / ] . i

- . .
. . -

:’4— - L - *

T ‘I'ests Relat.ed to Gutcomes of. Scnence Learning
a . . ' - . - j
. Four tests of,achi,e_v‘ement outcomes~were foun in the 1»979 reseatch

Teports. . Wolfe and HieKkinen' (331)-described a teést to megsure student . Cav
aqhievemeng.oﬁ‘higher cogniuiv earning in chemistry. They reported . AL
_ a construct validity estimawe” for the test ‘and a réliabiliry ‘es imat R o
" based on test homogeniety. ‘Alani (6) deveIOped a tast “to )
: 1m ct of an ‘eleméentary. science.CUrricu(um n Irag s <grade students
. - ‘Lang GI?Z) designed a criterion referen d test to sure metric skill :
’ hchj.eveme t .t'or use with handicapped fudents. frence et-al.. (302)

attitudes toward the classroom an
d metrics~

tudepts to :tdentify [
i;foﬁogee questions w; n/pi
yiggzthe @rrect Tesponse Pined that ) . E
e foru of a fest _/ul’t e-chdice or essay--did not alter the gpudent . -t
" a?/w:‘rlrgnt ‘but that ti e-choéce t;&szwere easier to grade. L. * ,/
11iday -ahd Partridg 'TEB) foun at s;;ﬁgﬂfg did betthr on tests ) H/,,»/’f "
“in” difficukt?7 rom_sifiple bﬂ hard €fan on tests © . -7 |
r/ﬁs were rand 1y -sequenced, ’

‘Warten (3230 deté/

\
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Tests Related fo. Teachmg Behsmor- T T S

In four studies,{teaching behavior and teacherfstuden

were the constructs ;hat were measured. Deluca and Downs {70) described

" a strategy for .measuring a teachers' preference for’ high, teheher contrel

or high*student control of the classroom learning context. uchareekul
'(288), also*developed,a fest to measure a teacher s,prdferénce for using..
inqqfrz,teaching strategies in the science classroom. . "

. - - 1
. ft E o . N
L Ed o

-What .students- do in the.science, classroom or laboratory 18 in part
‘a "function'of.the teacher--?ﬁhrman et al. (99) described a way to !
.mégsire the, -student's hehavior in the labsratery. » Shymansky and Pen;dg'
(2?0) developed a saheme to analyze the teacher and student 1nteractions
in the college’science laboratery. Yeany and Capie (338)‘des;gned an
‘observational scheme to assess the teacher!student interaction related

Fl

to specific procass skills., . . . e A

L L .

interactions ~

— e




'l‘rénds in Res'eal"chnl)gsighs for Finding

.‘_-; “o 'f. In 1979, the research de
. searched to"find an "order
A

C ideas"
"a. creat;l\fe diversity.

. . strategy categories w
. five studies weré th
' ¢ possible. .

ported. - In these studies,

at was the order-of things of t

Table 15

% * L0OKINGBACK 0 LOOK FORWARD

in thé

data fr

’ ‘ om pastevents were recorded.
S and intérpretat ion.made based on patterns ‘observed in these data. 'Know-

he past

.

e Order of Things’”

ns by which.science egucation researchers

"order of things" illustrates

ndicated in Table 15, five of the’ s1x~$eseanch
represented in 336 of the 340 studies.
design descr1pt10ns so sketchy as to make their

~In only
/’_ )

/f

al and survey type research accounted fof/l& percent of the .

s one udeful way to

erate a basls for action about” what can- be aone to nurture sc1ence

Categorisation of the Research Design Used in
of Science Education Research

the 1979 Report 8.

Il
LY

o~ L " ' ) 4 ﬁ

B i

L] b4 .
-

%

ﬁumber -

[

H N . 5
p .gercehtage

‘Descr;bing St{ategies
1. Historical
| 2. Futurdstic L
3. MNaturalistic

}Eﬁ ving Strategies '

Exploratbry
*Experimental
. Bngineering

- = - N . . [T

Unclassified’ ; “ ‘

= * b

-

y

. - AlthOugh futuristic research has

"f

. . C what is and what should ‘be, no studres were found. i'n the. 19?9 researth

" reports that fit this category. .

b
- Naturalistlc research illustrates a'category of study whlph has’ higﬁ-
An. indepth-descriptién of a science .
classroom-6r learning event . from the perspect ive of many observers can
rich basis of’ hypptheses about that event.
or 2 percent of the 1979 research reports

potential but infrequent usage. .

{‘help provide

- /

we

.
L
”f"

‘Six studies, -
re naturalistic studies.

N ) "‘.‘x T
; ; T fr
. w n i
. / .

potential for he1p1ng idcntxfy

-
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' " theé\game curriculum deveZIopment

/*... + - £ ' N I
e i;/// T In the 94 st ies llustrate explordtory research three
’ research designé were” usea for data collection. In 66 studies a’

posbeSt onI§ design was used,.i e,, data were collected from a given’
., . Sam at a given point of time and thep cofrelations obtained between
S & e obSéfyations and ‘specific student or teacher filter variablés.
////;/’/ n"thesé’ gtudies the” ‘basic question was "Are student or teacher
a variables c arrelated with outcome variables?" 1In 16 of the explora- ° .
studies a posttest data collection, followed a specific-instruc~
X onal . reatmenf; making the. question thereby, “"Are student or teacher
variables correlated with outcome variables when they ‘have a specific
instrucfional program?”" No control groups or random selection of
, studénts are found in studies of this group nor in the 13 studies. .
where a pretest ‘was added to the design, In the 13 pre-post test
. &esigned studies, ‘the research question was "Are student-or teacher
R varisbles correlated with changes in outcome variables when they have
¢+ ’..had*a specific instructional program?" From these 94 studies, resear-
chers searched to find an."order of things" on which to hypothesizé an
"order of ideas." . ) .
. : —— .
In 132 experimental studies or 39 percent of those repdrted in
- 19?9 a variety of designs were used by researchers in the attempt to
L vekify an hypothesized “"order of ideas." Figure 4 illustrates the
* key differences in these designs--the' strategy of selecting. subjélts’
, - (random vs. nonratidoin) and the use of control groups. The strength
of the conclus ons--the\“ordef of ideas"--that come from these 132
studies £it the extent to which ‘the design lends credibility to the ,
outcdmes and generalizability E{Rthe findings. While many studies

’

. %

B did. use intact classes or nonr&Xidom selection of subjects, the pro-
nounced reIiancé dn control grouks does strengthen the generalizabil-
iﬁies that are described. ‘ a R -

AN e
) P’{/ ' \Engineering stydieS'inciude those that described the development

‘- " of a curruculum, a coutse, a teést er an instructional, module, In the

e . B4 ‘studies in this category, subbtantial aftention wag given to-the

-
Y

o wlear deseription éf the goals of the product and the means for

‘ achieving those goals as well as some documentation of how well learners
. did when provided with instruction based on 'the product. A dimension
that 'is needed is: attention to*the task 'of dissemination of these pro-
ducts (especially ‘4t Eh“ ”-lege level).  In the 1979 reports, the
lated‘fragmentationao&‘e ts may well encourage duplication of
forts. Sustained efforts in dealing
ut this product?" will help link

3

. with the qugstion "Who should know
“-the producer and the confgger ofrthese portant research products.
. e / . :
While the obvious emphasis, in the 19?9 rgsearch reports was on/
. exploratory and: experimental research (6? percent), the results make

oL ,‘.gansobering obseTVation neEEssary.' We know/ a little more. about the
"Stder~of ideas based on our search in the "order of things." Could
T e learn more if we were ‘to spehd a higher amount of our time in-,

describing‘what is—-a higher risk rﬂsearchr-rather,than in ocur current:
emphasis in attempting to show‘uhat eleméntgxcauSes what outcames and

o /" thén finding that no difﬁe;gnces anesobservable? Do we need to
‘: . . o ' LI -.\‘ ! : * "’ "
. . ¥ ‘:\ . LI . L et ™. L !
- oA . N ‘ ' ‘
" * I4 ! ' oy Y

m
r
4
v
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93.

more effort in finding the Yorder of tﬁings rather than attempting to
prove that our "order of ideas" is indeed correct? In our search, are
we attempting to make the "order of things" fir our "order of .ideas”
and ‘the "no signlficant differences" are a message that communicates
that our "order of.ideas" do not fit the real world “erder of'things?"

L

After an 1ntensive examination of the "order of ;hlngs depicted .
in the science education research reported in. 1979, an “order of
v ideas" emerges. - Generalizing from the studies relafed to the 'learning
context of the elementary school student, the eme ing adolescent qf
the middle/juniar high,school, ‘the. adolescent of the high school, the
collegian in undergraduate science classes, an he teacher, am order
of ideas" evolves abbutxvaqiablés,that have a %’!ential for 1nfluencing
achievement and attitudfhal outcomes. The challenge now remains for
. this order of ideas to be Subsumed the relevant cuee\gircelved, and’

_appropriate responses made

¥
T
-

Based on oné primary . source of cues,, the student filter, Table 16
: illustrates the extensive attention this ftttEr has ‘received. .The.
order of ideas that this search-describés is that boys do about as

well as girls at all levels. Consistently; students with higher ability o

or aptitude do better: than Eheir peers of lesser endowment. lnitially,-
previous experience serves §o make little difference in achievement

‘or attitudinal outcomes but, as the student progresses in school, there
appears to be a cumulative impact of experience on- schooling outcomes.
While many environmental variables haye"been. briefly examined, ethnic
origin is the one that consiztently SE

tor to achievement. In every, study i which this variable was examined,

e , white students .do better .than| Hispanic students, and bhoth of these
» groups dg better than blacks.| The personalggical variables.are a mixed
) ' . . ' . \ .

.
-

. ’ “ ' ) " /‘/l,»} w - - .- T
. . . . . o R
" o - . - . ;o . . - . ’JE B b ot

: . Selection of Suﬁiecgs
T Random Nonrandon
: @ntrel Group 34 ‘ 42
7 { Pre/Post:est
' No Coptrol Group 0 2
Control .Group 25 24
1 Posttest Only * 7 -
- » No Control CGroup 0 O
? Soloman d-Square . ) 2 1
\ i - . ' ' ’ . e
A NP R x . ‘.
’ . Figure 4. Categorization of experimental research studies. . ,}
. . l el - . ..' ' o :
3 B Vo . - . - o -
) Trends‘in the “Order uf ldeas” Based pn the “Ortter of Thmgs” S

(\

ows to be a significant contribu- ‘
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’ \ . ‘Table 16 ' |
- ” " Y f
. . Sumary _Qfﬁzgoth}sized Relationships of the Student Filter with Achievement and -
v _ - Att:i_tudinal Outcomes CoL g )
b T ° ].
: T - Juniox ‘Seni;;r | 1% Tgache;:};_'
- Element ‘Total- Elementafy " High High\ _ College Education'’
. . . B o - : . . i ’-»'
o -Gender ' 60 . 11 ‘16 NS I
! " Ability/Aptitude ‘st - 1w 7 127 10 13 o
- * \1\___, ' ."- ’ v s - / 4 -
. Previous ‘Experience * - 80 9 \13’ 16. 24 187
. \ w - »*
“ . Enviédnment.él : . ‘31 ' 4 6, 1" . .5 5% -
. ; ’ ,’ . “ W’ ¥ N
- _'Pefsonalogical - 74 2. 17 21 26 - 3
' 296 45 - 75 79 . ° 33
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wnmsm unovmvww due- no nrm few studies in which. the mwam variable was -
Hbowcama A mnﬁamsn s cognitive developmental, level does appear-to '

be a, mnm:»munmsn ptedictor of academic success in ‘'studies where there ~
+3s a clear parallel Between the oom:unuqm level expected in the
achidvement ontcomes. Learning style, e. 8., "internal/external,’

' "field amwms&msnxuaamvm:nmzn " Moematic/open mindedness” was vﬂvmmpw .

.mvaOHmn in a few mncmwmwrlen too few to establish a Bmm:»smmcw pattern. .

i zﬂnr the -examinat ion of elements of the student filter in no fewer

" than, 296 hypothesized "qrder of things” in the 1979 research reports,

“ why are so few definite oosownmvoam or statements of the order of .

Ammmw vommpvwmo oo&umnﬁvmnrmnnrmHavmonommwmamsnomnrmmn:nmsn ‘\
filter ds td be, more nwm»nw%&mm@ﬁ in Hsnmﬂmonwoz of students and .
. nmwnvmﬂm in the instructional oovnmxno Should we turn-to these inter-
n»osm - mhomﬂnmps what- $tudent. nTMﬂmonmﬂvmnpom seem to be related, .
no what W es on’ in the npmmmnooao Hm we had a set of "order of ideas" :
about, this aspect of Hmmﬂsvnm. e’ could have.a, basis for describing - '
how nmmn:mnm could smnnﬁ.nwmmwnooa interactions with students to . .
enhance their Hmmﬂswzm nvsm::msﬁtcansmnmww. their achievemest and e
attitudinal ocnnoamm. U P .
A secord. source of primary cues Hm the-teacher filter. Hmvwm Hu .
wacmnﬂmnmm the lack of attention this filter has received in the 1979' i
“order of things.” 1In contrast to more than '296 hypothesized relation- AR .
ships between student characteristics and science learning context out- -
comes, there were less than 40 hypothesized relationships between the
teacher's ‘kmowledge or pedagogical skills and -achievement outcomes.
zwhwm other research underscores the importance- of teachers in their
role in the learning contexts~-this Bas been’an area of remarkable
silence in 1979’s science ‘education research. Our oammﬂ of dideas
about what nmmnrmﬂm.zmmn to know about their mcvumnn and about teaching:

remains 8 c¢hallenge to be explored. .

A third source of primary nnmm is the instruction filter. Table .
18 illustrates the extensive attention this filter has received, nearly
the same as the student filter. Based on the order of things observed,
the order of idea$ emerges. The heaviest attention has been given to
the sqlection and design of curriculum, especially at the college level.
ncnuuncwca development has usually been based on an analyses of what is
: needed as defined vw the developer. A few studies did Hsowcam a needs -
.assessment to secureé a consensus of what .a wider mmauwm\om “opinions .
described as the ocmrn|n0|vmluzowcnma ideas. In only’'a limited number ’
of studies were student's interests in the context (13 of 210) even
considered. The 1979 research "order of ideas" wouild seem to indicate .
that concern for the interaction of mnnm:nm .content and student -
interests is either of little importance or annum interest to secience _
education researchers. All students are expected to .be equally inter-
ested in all content at-all times. Based on only 8 of 210 hypothesized
relat’ionships, a similar statemerit relative to. teacher competence is
also true. .All-teachers.are expected to be mncmwww competent with all .o
science content at all times. Does the quietness’ of nrmgmouo "order of S
nrusmm: observed indicate that this is the science educators' assumed’

. "order of Hammmzliom should this mmmcawnuos be nrmwwmnmmaq

~ -\ -ll

. e . Y

b
<
Gt

-
Q
ERIC

E




", Table 17 C ' o

: . Summary of Hypothesized Relationships ‘of the T,eacher Filter and Achievement/
’ 'Attitudinal Qutcomes
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ﬁ? . When method or_.instructional strasegies and tactics are examined,

. the "orderiof things" observed strongly suggests that the "order of
ideas' can be more preclsely astablished where specific tactics are
related to outcomes rather than in the case of more global courses or
course methodology studies. Unexplored in these studies is a key
question about how specific insttuctional strategies can enhance what
a student does 'while in the classroom. It is in this domain that the

. greatest and possibly most exhiting research potent}al exists,
Establishing an "order of ideas" from,observed "order of things"
is a challnge, for in it we can describe ways teachers can enhance
student' learning time which in turn will fﬁggease student achievement
and attitudinal outcomes, *
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