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findings. The body of the repor¥ presents the integrated results of

all the experiments and what aject staff thinks the results

mean. Major findings ar;g‘(k) tudents respond to naturalistic and -
laboratory tasks differently; (2) differences in expectations about

the task variables account for much of the variance between

laboratory and naturalistic tasﬁg; (3) subjects learn what they are
taught about, controlling variables and -about expectations, but .do not
readily deneralize their training to new situatiofs; (4) scientific

. ~reasoning overlaps extensively with general ability, but also

@ overlaps with an aspect of field-dependence-independence identified

in the studies. (DC) g . o> .
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* . Final Report: Evaluation of Scientifi¢ Reasoning Abilft? in
. , , ' Naturalistic and Laboratory Tasks
. e . 9
R Overview

'. - . R " * .
This report summarizes the work of the Adolescent Reasoning Project (ARP)

.conduc ted for NSP-RISE grant SED 77 18914 entitled "Evaluation of Scientific

" 4

Reasoning Abildity in Naturalistic and Laboratory Tasks." Project work is -

. summarjized in two ways. The sections called 'Major Findings" and "Conclusions,” .
integrate our results and indicate vhat we think they mean The appendix e } N )
called "Con Proposed Research" describes the subjects and the experiments

, The final report also includes a project bibliography and select project publica— .
tions. ,‘ > ! _ ‘ -

'Proé!ect Personnel . ' ) (c/' B Lo
le. M. Laetsch, Principal Invéstigator l ’1978—'1?9?86
,Harcia C. Linn | Director, Adolescent Reasoning Project& 1978~1980

; Steven M. Pulos ' Research Psychologist C l97é~;980
FCathy,Clement . J f{eseérch Assigtant > 'i97§-1980
Miohael Miller ' Research K.dsistant I ' 1978~1979 ,
Jerie Robertson ’ Research Assistant - ) \1978-1979
Christine Bradford " Research Assistant ~ o ;‘ : 197.8-1979'
Kevin Delucchi Reséarch hssistan{: 3 1979-1980
Tina de benedictqs’ Post Docto;al Feldow' . o 1959—1280 i J ..
Janet Rocha ‘ Undergradua‘te Assistant' o 19-79-’-1930 S
;iarbbhr Fraser ‘Undergrachxate Assistant , .i' f ,1978-1979 -
’ Lois Fole?r DR - Assis:ant Researchegh ] # ) ‘1978‘-—1979 ’ '
Diane Alexander Secretary-—Ix’}terv,g.ewer L ) 19731-197,9,
Gale Lambert Secretarlenterviewer v R r§78—1979 .

' / 14 ) - v ' ' A .‘ ) - - ’
Pat Sullivan Secretary-Interviewer \ " 1979-1980 ‘




? . . T, © Major Findings h . : , . /
’ 3 B o - (3 .
, ~ . : : . : - , . v .
The Adplescent Reasoning Project (ARP) was funded by the National Science

‘ .Foundation (RISE-SED 77-18914) to invfstigate the role of naturalistic and

' laboratory task content on scientlfic reasoning.” Most science instruction

uses laboratory problems. We set out ‘to determfne whether inherent differ- ]

1 ¥
ences between laberatory and naturalistic problems would limit the impact of .

classroom sclence instruction on naturalistic problem solving. ' =

L]

P |

We conducted eleven experiments; administering over'G,OOO hours of group \

and individual tests to over 1,500 subjects. Over 35 artjcles and over 15 ‘)
[ 4 J 3 . +
<:: meeting presentations summarize our findings. v
\ . Our major findings”are' a) students respond to naturalistic and labor- J

atory tasks differently, b) differences in_ Epeltations about the task vari-

ables account for much of the Variance between laboratory and naturalistic

tasks, ¢) subjects learn»what they are taught about controlling variables o

‘ and about expectations, but do not readily generalize their training to new
“ 1]

situations, d) scientific reasoning overlaps extensively with general ability,

but also overlaps with an aspect of field—dependence-independence-identifiedj
4

-
- . ~ -t

in our studiesg,

_These results suggest that subjects often fail'scientific reasoning tasks
by considering o/ y the variables 'they think are important. Subjects ignore
variables mentioned by otbers,.or present in, the enperimental’situation which~
they'consider unimportant. Instfructidn can help'subjects develop betterjeXpec~
tations about the variables and con;equently perform better..

Scientific reasoniné appears to be composed of.general abilify and an

*

aspect of field-dependence-independence which we identified‘>a11ed Familiar

”

' ,' Field. Scientific reasoning may be difficult to teach just as generalﬂability

-

-

P « &

is difficult to mddify. Familiarifield appears to measure the ability to ‘

N 5
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»select from among fdniliar competiﬁg strategies, Scientific reasoning inétrpc-

tion ﬁight focus on techniques to help studeﬁta select from among plausihle.

’
N

alternative strategies; . - v . ‘ .
\§ . ,Ve elabofate‘our majdr'findings in the next sections. Implications of"
; theae‘findings are also presented. - P R
‘L ‘ . '
. Naturalistic ahd Laboratory Tasks

Our research. revealdd overall differences in reasoning on laboratory and
B B J - - .7 .
. %aturalistib tasks (e.g., Pulos. & Linn, ARP-8; Clement & Pulos, ARP-ZQI). Once
.general effect$ were established, specific explanations for these effects wete

L. R P
sought. . ‘ ‘ ~

~

Role of Expectations in Reasorting Performance T
X © L [\ 2

A

We found that subjects’ expectations about the variables in laboratory

and naturalisgtic tasks differed and these expectations acc%unted for much of

the difference ,iﬁ performance. By éxpectatidns, we mean beliefs concerning ,

whieh factors influence problem outcomes and how that influence occurs. For

Y
%

exampe, mahy adolescent reasoners inaccu atel expect the weight of the bob
{ , 5 y

to influence the ogcillation Jf the pendulum. "Thus, reasoners' expectations
. 1€ o3¢ : ,

about the penduluh inflyence performance. |

1
’

A k .. Qur emphasie en expegtation$ coptrasts with Piaget's emphasis on logical

. strategiee‘(e g., Linn, ARP-28). Our research éxamined how expectations influj/)
ence' gomplex reasoning‘taské such,as those studied by Inhelder and Piaget

(1958)., We are concerned-with when an available logical strategy is applied

and with x available logicairstrategies are not always applied.

’ -

“Our conteqpion is that errors in reasoning often reflect expectation-

based misunderstandings. Subjects fail to control for the material of the
‘q ' * ) ~ . f 4 - . L]

.
i , N -
T « . e “ -

N .
» 1 ?roject publications are referred to by ARP-numbers. These refer to
project reports 1isted by’ number in the Adolescent Reaséning Project List of R

blications which ds attached.
[ch*——* . . -6

wll Toxt Provided by ERIC <&
»

\




t , ) A3.. 4 ’

rod ‘in Beﬁding Rods because they expect "all metal rods bend the same". We
. / . 4
4 /l - ~
have identified specific expectation-based errors:in reasoning and used these.
i .

to gain a precise understanding of reasoning performance. (See Linn, ARP-28,

for a mbre detalled discussion of this point ) S \ B
In contrast, PiagEtian research and most replications confound task expec-
) . ~ v
>
tations with.strategy, e.g., using a balance beam to measure proportions and

bending rods to measure controlling variables. 'In addition, studies of-scien-
ti{}c reagoning have, by and 1arge been conducted using tasks from physics,
thus ignoring possible expettations associated with physics knowledge. Expec-

tations are real, but not frequently investigated in Piagetian—based research

M .

In these studies we refer to the variables that the subjects consider in

.$olving the problems as the subjects’ expected variables, The variables
\

included in the task are called the experimenter's comprehensive variaples.

Responding to evidence (e.g., Lovell, 1961) that formal reasoning was
{ less prevalent than he anticipated Piaget (1972) suggested that individuals

*

might exhibit formal reasoning in thelr area of expertise. Piaget duggested
that, for a given problem, experts in the ﬁield would reason better than
novices. Applying Piaget s notions about expertise to our ideas about expecta—

L tion—based influences on. reasoning, we hypothesized that experts would expect
more variables to infldEnce the outcome of a problem.in their area of expertise
than would novices. We investigated this hypothesis in a series of studies”

) Pulos ‘and Linn (ARP-8) investigated the influence of expertise on reason-
ing. An_ ecologically valid comparison was possible. One group of subjegts
were experts in fishing becguse they liygd adJacent to a river delta; for them,
variables influencing catching fish were familiar Another group were experts .

in solving physics problems because they ﬁud téEen eXperiential science courses, )

Q .
for them, variables influencing a physics task like Bending Rods were familiaT.

Both groups responded to controlling variables tasks about fishing and tasks:
/

w 0 L . ' N
\ ' ‘ ) N ;'~ :
LS A ,
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. - ’ < .

about physics. * For each group,.one task had®familiar ya}iablés. In addition,

. A - . :
both groups took ‘a third task which was parallel to the other two but had arti-
ficial content involving space people‘on a fictitious planet. Variables in

! . ) I
_this tagk were dhfamiliaf for both groups. In each task, subjeéts designed‘

" controlled exgeri&ents. All Lhreé tasks could be solved without any exXpertise
. v . )
in the area. There was a significant effect for expertise on performance:

.

- -

/Fiver delta subjects performeé.bettef on Fishing than on Beﬂding Rods while

experiential science subjects performed better on ﬁeﬁding Rods than on Fisping.
There were no differences in performance on the artificial task. If we assume

that expectations vary with expertise, these results suggest that expesfations

«

influence controlling variables performance.

™~ .

Linn and Swiney (ARP-22) investigated the relationship between twelfth
‘rgrader's expected variables and the v%riables they correct1§ utilized on ;‘con—
trolling variables tasglr The subjects' expected vérigbles were measured by
having subjects examine the/task apparatus and name the ;ariableé th;y expected . '
ﬁquld influence the outéomé. Subjects were presumed to name their expected
variables. Subjects were then told the experimenter's comprehensive variables

(variabples the experimenter thought were-important). The variables correctly

s

utifized by.the subject were those variablles correctly controlled or investi-

. ) .
gated in three experiments. Comparison of the'subject's expected variables and

the variables the subject correctly utilized revealed that subjects utilized
their expected variables significant}y.more often than other variables. Sub-

jects appeared to answer the controlling variables questions as if only their
. ° .

expected variables were important--subjects ignored the_ei?erim;gzﬁr's compte-

hensive variables. ’

Linn, Clement, and Pulos (ARP-29) extended the findings of Linn and Swiney
. . ’ < -
(ARP-22) using seventh, ninth, dnd eleventh graders. They hypothesi#¢d that

expectations would vary with task content. Naturalistic task§ have content from

»

- g




.frequently encountered situations such as determining which is the best tooth-

< paste to buy or, determining ‘how to get the best gas mileage. . Laboratory tasks

-
~

C s generally have content from physics such as determining what makes rods bend.
- ¢ 4— -4

In the naturalistic tasks as in the labqratory tasks, subjects were asked
' [ [

about the design of controlled experiment34

~

L]

&inn, Clement, and Pulos (ARP-29) measured eXpectations and found that‘

- © . N

% thcy differed for laboratory and naturaljistic tasks: subjects expected to con~
F

- BTN
sider more laboratory task variables than faturalistic task variables. Consis-

Y

tent'with}thf findings of Limm and Swiney (QRP-ZZ), subjects performed best on :

- controlling varidbles questions when their expected variables closely approxi—

* ”
il

mated the experimenter's comprehensive variables., The subjects performed .
- '

better on controlling variables\for laboratory than for naturalistic tasksq

- -

because their -expectedvariables were more comprehensive than for naturalistic

tasks. Expectations strofigly influenced reasoning performancef’ between 8%

and 20% of the variance on controlling questions was] associated with content.
In general, it appears that subjec;s reason about their expected variables. .

Pulos, and iinn (ARP-8) 'found that subje&ts reason bettér in their area of exéer—a

tise presunably because they know more of the'variables. Linn and Swiney.(ARP-

,22) found that subjects control their expected variables. Linn, Clement, and

Pulos (ARP-27) found that performance on controlling variables tasks reflected

the magnitude.of the subjects expected variables, .

‘ Instructional Interventions U N

" " Many programs to encourage better reasoning about complex math-_and sciende-

related prohlems have been tried with liguited success (gZe Levine & Linn, 1977;

Linn, ARf—l6). Teaching new strategies has been much less successful than teach-

q

ing new ways to use existing strategies. Piaget (quoted by Hall, 1970) has

remarked that instruction in the content-free strategies characteristic off formal




Yeasoning is useless. Many tinsuccessful studies attedt .to this assertion
‘ a" ¢ k N
(e.g., Levine & Linn,\igzgs Linn, ARP 19).

4 v

. ' In contrast, subjects have been taught to control variables on a wider
varfety of pfohiems (Lind, ARP-16), or to apply prbportionél~reasoning more . |\

*

consistently /éﬁurtzjjl(arplus,\l979).t Thus,-it is poseible to differentiate
. .

. between téachingipreviously unfamiliar strateéies and teaching new applica-

tions of’ available strategies. We’inveétigated instructional integrventions o

designed to alter inaccurate expectation—based rule usage and therefore en- |

‘. ~

hance application of available strategies, . ' L

) . Of course, strategy application cang@t occur unless the strategy has

‘been acquired. /Instruction which combines strategy training with,applita—

x L

1

tion training succeeds more consistently than either one by itself (e.g.,_,

Linn, ARP-16, ARP-19; Kuhn & Angelev, 4976; Linn, Chen, & Thier, 1979).
) Methods for teaching strategy application are not well'established. -
‘ &ronbach and Snow (1977), in their book on aptitude treatment- interactions, .
report, successful instances of teaching st:etegy application which they\call
tuning. Tuning 1ér; form of instruction which helps subjects recognize

when to’'use an avaflable complex reasoning strategy. Examples .of procedures “".
- &

which can be classified as tuning include: a) practice items, b)%instruc-
Al

tions which note the similarity between new items and familiar items,  e.g.,

saying "These»items‘involve computation or proRortipns", c) instructions
fwhich spgcif; what ebuut the prob}em 18 most important, -e.g., saying, "In
hese‘items,ifirst figure out what variahle is beiné‘investigated, then .
~Zigure out which variebles need to be kept the‘same."
Results of our studies to chanée expectation-based rule usage were mixed.
. , :

Linn and ,Delucchi (ARP-32) attempted to increase the subjects' expected varia-

bles. Their "variables training" explained that people only controlsvariables

)




o B N ve
[ -t [
¢

they expect will influence the outcome, yet other va;iableS'may also-be impor-

~

- ¢ -
tant. Subjects did not change their expectations. Subjects probably need , lw

r

-

more direct evidence that their expectations are incorrect before they will

[

¢ .

change their expectations. | , ~

/ in a series of studies of the pendulum (Linn, 1977; Pulos & Linn, ARP-3)
& ‘ 0

direct evidence for inaccurate expectations was given. Many subjects based

- . ]

, responses to Pendulum on expectations that the Geight of the bob and the .

'

height of the release point influence oscillatdon rate. During gxpecte;ion '\

training Subjects conducted controlled experiments‘to investigate each varia-

-

- ] M

& . [y ~ i -
ble. This direct evidence of inaccurate expectations enhanced pgrformance on

the Piagetian version of the Pendulum. ' ‘

.

. -

5 Clement; Linm, and Pulos (ARP-33) attempted to alter expectations about
Fi . -

“the factors which influerice one's ‘blood pressure. They had three conditions:
- N . ' .2
1) no training, 2) a weeg—long cYassroom unit'on blood pressure variables,

¥ 4 N

'

anﬁ,' 3) a 40-minute individually tutored unit on strategies for controlling
. 4+ ’ Cop

variables. They found that the’classroom ﬁnit on~vériables chanééd ‘the sub-
» - hd »

ject's expected variﬁbles and that the cladsroom unit on yaiiqbles plus the

£

individual unit on strategieéxenhancei the squect'é abilfty to control vari-

ables having to do with blood pressure. Performance oh related questions

.

suggested that the instruction had-rather narrow effects.. ¢

«In stumary, instructional interventions may fail because they do not

clarify th strategies can be applied to new problems. Conceivably, subjéctg

need ingﬁrﬁction in both variable selection and strategy selection to improve
, ¥

-3 &~ . B -
reasoning. Research on tuning and research to alter éxpectations suggast,

g - ]

dirdctions for design of in§tructionai'interventiops which enhance'sp;ategy

i

application.

.
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What Does Scientific Reasoning Measure?
v = - v -,

We eatabliébed:relationshibs between‘scientific reasoniné and.commonly'
,studied aptibudés and !Bilities in order to place our tasks, in a broaderocon:
o ' .
test, An aptitude model emerged fro; our work and that of others (e,g , Snow,
-et al., Note 1 Linn &zfyélqnen, 198lk Witkin & Goodenough Note 2). We -

w
Vo

describe the model and then show how it applies to gur me?sures of scientific\\\\‘/ .

' b

S

reasoning. .

' . . p
;} Our research and that of others supports ‘an aptitude model related to
/ . . - .0

Horn dand Cattell's (1966) conceptualizatlon of General f}uid ability, General
crystallized abill%y and Spatial v1suallzation, augm ted ‘by measures of field-
,? dependence—independence as described below. Snow (1980) has done extensive.

research to show‘the value of this model[ﬁp research\on reasoning By esta-

' blishing the relationshig between these commonly studied- aptitudes and our new

Y

] v . .
measures we cam validate our measyres. .

~r'.r~‘ P , ) ‘ . ' o )

- " Cattell (1971) and Horn and Cattell (1966) id d General crystallized .
,‘ and General fluid ébility and later included Spatia ization; Spatial
visualization was thought ‘to be distinctqfrom, but Correlated vith, éeneral - ; ¢
./ crystallized and Gerieral- fluid ability for adults.. ) Tests requiring identifica-
ition ef.new relatio;abi;s, such-as Letter Series, measure General fluid ability'
~ r(Gf). Tests measuringitggjextent of and retrieval of overlearmned information, .

such as Vocabulary, measure General crystallized'ability (Ge). Tests requiring
L N . t i . . - .
) mental manipulation of figural material] such as Paper Folding or Paper Form

‘

( - Board (e.g., French, et'aéi. 1§62), best measure'Spatial visualization (sv).
Snow et al. (Note 1) attempted to replicate Horn and Cattell's (1966) work on

R

‘they labeled"the»coMQined dimeneion General fluid visualization (Gfv). Thus -

. : . . -

, . . 1 R ’ * ¢
Spatial visualization for adolescents, but dbuld\not.separate Gf from Sv so
* < - . :

Spatial visualiaation and General fluig ability formed a single dimension,

.

¥ * . : N - .J' - ~
. + ’ . .




S ' ) ) \( . . , \ ,
. : ' ‘ K ' ~ : . - : .
defined by tests requifing méntal manipulation of figural or non-figural
) < N : L ) . o, T
mteriél’ ) , . . . "
1 N\

\ "~

‘Linn and Kyllanen (ARP-21) clarified the relationship betwéen va and
Witkin and Goodenough s (Note 2) concepf of field-dependence- independence .

(FDI). Witkin.and Goodenough (Note 2) had identified two FDI dimensions.
\ -
One, cognitive restructuring," was measured by Embedded Figures and closely

L d

resembled Snow's va. - The other, Perception of “the Upright,,was measured «

hy'thﬂﬁRgi and Frame test and appeared to differ from va Linn and Kylonnen

. .

.(1981) combined measures of Gfv and both aspects of FDI. They identified two
~C .

dimensions. One was similar to Snow's Gfv and included the Cognitive Restruc-

turing testscggd was still labeled Gfv. The other was characterized by
Perception of the Upright but also includedthe Weschler Picture Completion

test; they labef?d this Familiar field (F£). The Ff dimension was hypothesized
. 4 )

to measure strategy selection in familiar situations when competing strategies

were available. Thus, two unique dimensionsl}herged from among General fluid '

» [

abiIit&, Spatial visualization and field-dependénce-independence--these were

o, . < A - ]
Gfv and Ff. : v C ) s,

. . - . -8 .
Qur aptitude model includes ®fv and Ff as well as General cyystallized

(Gc). which remained distinct from the other Two. To investigate our task

lanalysis of‘expectation~based reasoning performance, we examined how«va'and
Ff relate to reasoning performance. The reldtionship between odr aptitude
model andjscientific reasoning~was established in several studies (e.g., Linn,
Puloe? and Gans, 1981, ARP-11; hinn & Swiney,.ARP-ZZ;‘Linnj ARB-5). All these

studies revealed a strong overlap between scientific ’easoning and general

e

ability (as measured by Gc and Gfv)., Several ofthe formal measures were
- . *

related to Ff. Two questions emerge: a):Is scientific reasoning a unique

-

ability? and b) What is the role-of Ff in 3cientific reasoning?

-

.
.
» .
.
- 1 q '
. .
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\ Some writers (e.g., Humphries & Parsons, 1980) ifeel that reasoning about

7 4

Riagetian ~tasks overlaps completely with general abi&ity while others feel

. ~ 4

.L\’that there is unique variance An scieﬁtific reasoning (e.g., Linn,aﬁRP 9; Linm_
& Swiney, ARP—22) * Our studies suggeést that some aspects of scientific reason~
ing performance reflect unique knowledge. As suggested by Linn and gwiney

(ARP-22), unique aspectg of scientific reasoning nay, refiect specific content,

knowledge. . : ' K
“ ¢ A ‘ . - »

<. Many studies have shown a relationship between field-dependence~indepen-
~ , . -

dencé and scientific reasoning including several done by our project (e.g.,
Linn & Swiney, ARP-22; Linn, ARP-5J. Our studies refine understanding of FDI*
. ' ) —

‘by identifying the Ff dimension and showing that it measures strategy selec~
tion in familiar situations for both controlling/égiiables (Linn, ARP-5) and
oroportional reasoning (Linn & Swiney, ARP-22). ; ' *
Strategy selection.is 4 common component of scientific reasoning% Rela-
tionships between Ff and scienfific reasoning ms§ reflect strategy .selection.
éWe Jfound that Ff only contributes to performance for formal—reasonfng tasks,
lwhich are difficult for most subjects, Familiar field appears to tap an aspeZ%é o

+

of identiflcation of new relationships. As scientific reasoning gtrategies

] R ~
develop, they come td& compete with other incorrectﬂstrategies. .Thus, Ff ' /}'
appears to be associated with s?ientific reasoning tasks when there i; competi-~
tion among familiar strategies. r ‘ .
: ‘t' 4 £
Implications 7

Foilowing the tradition established by Piaget, research on scientific
reasoning has focused on factors emphasiaed by the theory rather than on expec~
tations about the task variables. Our research suggests that expectations

deserve, more careful scrutiny. Our research has shown that specific expecta-

tions, individual aptitudes, and instructional interventions can all influence

Y
& *
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performance. Each of these aspects of\qsientifiggreasoning suggegt directions

for educational intervention. Researchers interested in education are. encour-

~

aged to fotus their efforts on thé¥e aspects of scientific reasoning perfor-
mance. For extended discussion of the implications of our findiﬁgs, see’ the

attached project publications (ARP 19; 21, 28, 36). ' v

e
-

These fi&dings, takué t?gethéé, sugéest that researchers should analyze
pegformance at a more specific level than the Piagetian stage. Expectations
" about task variables arg not a part of the Piagetian stage, but influence
classroom éerfonmance. Diagnosis of sp%cific reasoning errors based on ex?ec-
tations suggest how reasoners progress within stages. Aptitude differences
among learners may clarify why some individuals achieve scientific reasoning
and others do not. Finally, design and/;vaiuati?h of instruction focused on

specific Yeasoning errors may clarify why scientific reasoning is so difficult
&

to teach.
L3 ‘ . »

. Expectations

-

- . /
Investigation of the expectations about task content in scientific reason-

L - .
ing chn validate and clarify Piagetian theory. Although Piaget has not focg%ff
. .

on specific errors, our research identifies specific errors based on expecta-

tions and gives a more precise picture of how reasoners move from one stage to

’

another. Establishing the effect of expectations on reasoging may Qimplify

investigation of theoretical’fa;ii:ii//?ontent—free strategy acquisition must

be separated from the effects of-cofitent to be investigated clearly.
The role of expectations in formal reasoning deserves scrutiny by science

educators because these factors are likely to have practicél implications. Edu-

carors. frequently use research to design curricula. Research which helps curri-
culum developers anficipaﬁé and remediate reasoning errors will enhance science

education. As an ultimate goal, research on expectations might help teachers

-

o | o
[RIC SRRk




the"role of expectationg would enhance scientific literacy. X

\_,
» ) -~ 7 f -
»

o
£
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. P -.‘ . .
develop sKills in diagnosing errots made by students in their classes.

’ Expectatiqn effects clarify'fesearch findings of pervasive inagcurate

“ . b - -
physics reasoning._$McDermgtt (Note 3) reports inaccurate reasoning,fbout

a4

acceleration, Clement (l979);reports inaccurate reasoning about force;

/ .
Champagne, Klopfer, anH Anderson (1979) report inaccurate reasoning about
/
mechanics. 1f subjects hﬁve inaccurate expected variables they might iea-

g,
7‘) s ?ﬁ

’son inaccurately because they only reason about their,expected variables.

J 0‘\
In the research reported here, subjects considered only their expected

variables, thereby 0mitting important variables, In other situations, by
! Ap et X
reasoning about their expected’variables, subjects might include unimporw~

S

: tanégvariables such as weié tras a variable in the oscillation of the'pen—
dulum. vThus, studie ,n%Einaccurate physics reasoning may reflect e

-

. =
imaccurate gxpected variables. =

a . - - - o .
‘Our’ research alsdf;uggeéts that instruction in lagboratory problems is

unlikely to generalize to niﬁfralistic problems. Naturalistic tasks.are

" important to insure that science education fosters scientific literacy.

Instruction using naturalistic‘situations would enhance ghe relevance of

the instructional pro\ram, It 1s essential to provide instructién that .

-

' helps students evaluate expectations about naturally occurring problems

Laboratory tasks may not require such evaluations. Since it is apparent
. toa \ .
that evaluation of expettations is very important for naturalistic problem

. Ld
bl

solving, efforts to chwgse problems for science instruction to illustrate

~

-
4
These results suggest that educational implications generated from

Piagetian theory may be incomplete. Expectations require more emphasis.

Coﬂéistent with Duckworth's (1979) suggestions for younger 'children, vari-

i ability in perfprmance on%reasoning problems may not be due so much to lack

R T |




~

o) Agtitudes .’ : ' ‘ . N
: RO " T e : “

Capitalizing on aptitude—treatment interactions may enhance the effec~-

tiveneSS of instruction. For example, the Linn (ARP-S) study suggests that

S v
in problems without iprelevant'information.and then specifically taught to

identify and e1iminate.irfeleqant information. "By carefully selecting exam— .

« t

. ples'and in other ways specifically modifying science instruction, educators

T

will ultimately help students of a variety of aptitudes p!rform bettes in

X math and science.
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' APPENDIX ’ o .
. . * Conduct of Proposed Research ' . ‘ . .
‘- Our research project conducted eleven experiments ﬂ!yplving about 1500 ;

seventh, ninth, and eleventh grade subjects in three school distrid%%
administered 4090 hours of gtoup and ,individual tests, analyzed theé results °

and reported our fiﬁdingSVih ovet 35 articles and over 15 presedtatione at

»

‘meetings. » \

t,

, Subjects - . o a '

.- . ' Subjects were 1500 seventh, ninth, eleventh, and twelfth grade students

_.from Bay Area schools.¥ Our main sample.of 900 subjects consisted of approx-

s
.

imately 100 students per grade for seventh, ainth, and eleventh érade in
../a * F]
' three schools. Each study used 90 or more students, ten from each grade in

each echool. Schools véried in socioeconomic status, proximity to an urban

¢

S .area, and sophisticaﬁion of course offerings in ngth and science.
Experiments
(\ ) 1]
L We proposed and carried out eleven experiments. The results that we

. . ‘ ; y, .
: ‘ anticipated did not always coincide with the reSu%ts that we collected. Some

of our anticipatad results did not materialize while other results fit differ-

ent interpretations than we efpected. Publications describing each experiment

‘vhave been- produced by project personnel,, In this section we deséribe the
3 \ .

/ . .
. relationship between our proposed research and our experiments. In the section

[y

called "Major Findings.and Conclusions," we give our current interpretation of

Bur ﬁindinge. s ’ ’
T

Design of Instruments - . ' ’

X

‘ The_project has-deeigned, pilot tested, and validated a wide range of

e

tasks. , We have.devised or revised over .20 measures of controlling variables

G T P -




in Linn and Pulos (ARP-27). Our measdres ! of abilitiesand aptitudes are

. , )
.He found “that expectations diffeted for lgboratory and naturalistic tasks and

_ Experimenss III and IV

T LN
Experf%gnts v, VI, VII, VIII

-

-~
I3
o

which are described in several of ouf reports (e.g., Linnm, Clement,’ & Pulos,

ARP 29). Two of our reports focus on our controlling tasks (Linn:\ARP~1; »

-

. - %
L#nn & Rice, ARP-2). Our measuxre of pnedicting displacgd‘Volume is described

described in %inn and Pulos ( and. ARP-25).
, | ' R

Experiments I and II:

« Our first two experiments documented the effed4ts of expectations on . .

naturalistic content and laboratory content controlling variables tasks. By

expectations we mean beliefs. about how task/variables influence task outcome.

-

that content accounted for between 8 and 20% of the variance. This research
. : -] L
is reported in Linn, Pulos, and Gans (ARP-11), Linn and Pulos (ARP-14) and g

Linn,,CIement, and, Pilos (ARP-29).

> ' ’ hY

B . - Y R - ’ t
. f . ,
Two of our studies focused on reasoning in game-lfke and informal settings. ;_
e . . -, > *
.t r e, [
We found few content effects for ggmes with imaginary'content. Thése-studies
L

qre reported in Pulos and Linn (ARP -6), Pulos and Linn. (ARP =7, Pulos and Linn o

(KkP-S), and- de Benedictis (ARP 23) N ] ,ﬁg . ." i L, v

L

L 4 g‘;

%
Wy

A
#

’

¥ . . R » - . . -~
These studies focused on factors that might ffluence reasoning perfor-

—

mance,,including “the effect of tite number of ,variables in the problem (Pulos

& Linn, ARP 31), the effeet of the salience of the variables (Linn & Swiney,

3
- L4 4

ARP-22), the effects of precopceptions about the. variables (Linn & Pulos, -

ARP-27), ‘and the eféect of complexity of task format (Linn & Pulos, ARP-ZS'

L4

* |
Ligh, €lement & -Pulds, ARP-29), ’ . : . CoL T .

Co19en
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¢ " Taken. together, these studies suggested that expectations about problem
I . .,( .
" variables (including salience and preconceptions) consistently {nfluenced -

performance. Subjects foilowed clearly definable rules to generate both

their correct and their ﬁ:correct responses. F\rmat effects such as the

'~number of variables in the tasgk, or the ease in designing a faiy experiment

\
also influenced performance. The effects of format were less dramatic than

ol 4 < 1
the effects of expectatlvns. ) L \ <

A v

" Experiments IX and X ] ' / .
/ ’ . ~ .
n . . . .y *
These experiments were preliminary studies of how reasoning about con- ’
~ * -

trolling variables could be enhanced. Pilot work indicated the difficulty

& )
in changing expectations (Pulos & Linn, ARP-3) ~A-stud of training on

strategies versus training on expectatiofis met with limited success (Linn

& Delucchi, ARP-32). k large—scale study comparing'training to alter expec~

tations and training on the design of fair experiments suggested directions
A

¢

for future stddies (Clement, Linn, & Puros, ARP—33 de Benedictis, ARP- 26)
Two reports integrate current and' previous studies of instructional inter-
I3 .

‘ventions to suggest how scientific reasoning can be altered (Linn, ARP-16);

, iLinn, ARP-35). ° ' '

-

» v ¥ N - \
Experiment XI ® S
‘ .
This study focused on the aptitudes and abilities required to solve com~

&

plex-reasoning tasks. We ifivestigated the field dependence—indépendence con-

3

,struct (Linn, ARP-5; Linn, ARP 4; Lifn & Kylonnen, ARP-21)., VWe related

measures of previdusly studied aptifddes and abilities to a variety of reason-

ing tasks (e.g ,» Linn, Pulps, & Gans, ARP-11; Linn &° Swiney, ARP-22; Linn &

-

r

Pulos, ARP-25, ARP-27). Aptitude and ability measures clarified what our new

tasks measured and Suggested why some tasks were failed V
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