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Pormal reasoning has been studied exéenéiﬁaly‘wich tasks that have

physics or laboratory concaﬁt-this raaenrch-luveatigatea tha effoct of con-
L
‘tent on‘tormal reasoning. Ninaty. thirteen, fifteen. and ﬁevnntucn«year~olda

received boch laboratoty and naturalistic content tasks which tequtred abllity
vté control variablea. Expeccations about the variables in each task were.
meaauted. Results revealed that 8% to 15% of the variauce in performance was

aasocianed with task’%gntent. Content effects were shown to reflect expec~

.

Mo L i . .
tationa about task variables. ‘ v
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. ‘Yormal raaaoui has been studiad predominacoly with taaka that have ?

phyaies (or laboratq y) contant. ralsing the Quaation: Is it formal if it a not

phynica? Inhelder aphd Piagat 8 (1958) monumental work on formal raaeoning focused

'on ths strstagiea refjuirad for formal renaoning, such a8 the atrategy for ‘won~-

\,
trolling variablea, ot on the tapk content. In this-paper.'we examine how ~°

[ ¢ N “ .'1 P

‘laboratory and naturglistic content influence the applicatigri of formal reason- '~

ing strategles. | o _ : e o N

"

‘Inhelder and PiaLet (1958) hypothesized~that content would unsystematically . b

. influence'?,performance; their research den‘onatrated li’ concern for content.

-

] domains. Second they confounded strategy'kdth content,

strategy and another ( alance beam) to. measure the proportional reasoning strategy.

T Piaget has written very little about content{%indicating his limited conyern.
In 1971, ha discussed "resistances" due to content which influence performance. .
He said that effects of resistances were easy to explain after they hadnjccured
but hard to predict. Piaget believed that content idiosyncratically influences .
pérformance. One idiosyﬂcfatic influence described by Piaget is expertise: To
explain why form&l reasoning was less prevalent than he hypothesized Plaget - . .
(1972) cited the effect of expert content knowledge. Piaget said individuals

‘} were more likely to reason formally in their area of expertise than in other

areas. For example, an autJ‘mechanic might display formal reasoning when diagnos—

_ing a defect in an ayto but not when diagnosing a child' allergy. X S
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xi .' f‘I‘n \;‘o'ntmat "to Piug«at?who: dﬁf ,not‘ research contient: and thought ronteuc T
4 ' eﬂchhﬂ ware 1d10uyueratic. we hypntheatzed Lhat vontant ayatematiqally influencen
Eﬂ pavlotmanne. Fov. any taak. tha auh]act axpemte thar certaln vartahlea need tn
ba conaidared. wa call thesa Lhu "aubjeutui expaccnd vnxiahleﬁ” The vnvluhlea

e |

?ﬂ’ that the experlmenter salects fot a task (the "experimentays' ecompreheneive varr |
iablg;“) mux differ from the adhjectar.expected varlahlea. Ve. hypotheelzed{thut

content will influence fnrnml ruaaonlng task - performunce,bedﬁudﬁ for a glvun

J

5 L : '
. ¥Syatemat£é d

e

content, subjects P?ye phrtlcular expectationa ragardlng the varinhlea..
' ‘ &
1f erenhea between the aubject 8 expected vaniablea and the ex—"
perimenter'a qomprehenaive variables.can influence performance in the following‘u

ways' Subjecte may consider fewer variables thaﬁ the experimengpr. Expectations
. . W .
' may also be inaccurate, for example, most~§fople inaccurately expect the weight

J, ) .
o of the bob to influence the oscillation pf the pendurum because weight influences

T

other phenomena. 3 _ .
oy "» While Piaget only studied taskj&kith 1aborafory or physics codsent, such as
] Bending Rods we vestigated content effects by comparing a variety'of laboratory
g and naturalistic tasks. Naturalistic tasks have content from frequently encoun—

v

tered situations such as determining which is the best toothpaste to buy or how

‘,r to get the best mileage. In the naturalistic tasks asrin the laboratory tas7s,
L “.
we asked subjécts about the design of controlled experiments. ,

® 5

1;3 ‘We hypothesized that the completeness and accuracy of the subfects' expected"
‘\ -'1 o b
- variables would be influenced by content. Specifically, we anticipated that the

»o*

'subjects expected variables for laboratory tasks would differ frém the subjects'

4 N
¢

expected variables for naturalistic tasks. We planned to demonstrate systematic

'content effects by .relating content djgferences in the subjects' expected variables
. : Ty : I

e

" to content differ: :ces.in reasoning.

@
¥
~




-

. o .
B
n'&m : !

i ' 1

Y *
y

P

v Laboratory aud” turaliatia taaka aasaﬁsed a aingls formal wﬂsuoning gtrategy!

vy

the cantrolllag varla les atrhtany. (Uuluu the cnntrolllug variahles utrategy

" maaus daaignlug experime Laxwhara one varlabla at a lee is manlpulatad whlla

othara are kept che aama ) ﬂubiscta uas "of cnntvolltng vurlablau utrutagy was

asseasad hy Queacloun whlch involvad conutructlna, crlthvtziua. planning, and

'analyalng axperimanta. Pravioua raaearch (a.g.. Linm,- 1978) hasa ahuwn that thease
-4

Al

quautlonu rsvuul diffarant aﬂpstcs nf atrutagy knowladgu. Tn hilp study, qucs~

A

tlons about thn controlling variablea ﬂtratagy wera aeluctad to &evsal chs influ~

3

PN X
‘different levels of expertise for controlling variablqé%ﬁasks with fishing and

ence of tha ﬂubjects sxpscted varinbles on strutcgy use. v

- . . ‘ )Ja ‘
Preliminaxy Studies of Congént Effects P E o

L' 1 ‘ - -

Two preliminary suudies of ‘content. effects in fdrmul raasoning lay the ground*

‘work fo% the hypotheses invﬂstigdted in the prese gapaper. &Tb“investigata Piaget g

(1972) statements that people are mo:é 1ikeiy tqg. ason Jbrmally in their area of.

. .W’aa’*\

:expertiae, Pqus and Linn (1978) studied two. &roups of‘seVenth graders who had

‘ ’ .
science'content. One grqup lived on g river delta and often went fish—
’ ,« '3 ¢ (
The(other\%g'up-was enrol d in an ekperiential science program.

\ W “~ - / Jw ‘(1 R
hypothesized!that tge subjects' ‘expected variables wou]bd be most a‘bcurate and

Ag .
Most com%;ete fh their area of expertise and would lead tG superior performance
A v - 8

by experts. They found that gpbjects perfo

[y

ed better Qn controlling variaglﬁs

\ IS

task where neither groug wgi(expert. Prelimiﬁbry evidence for a\rg;akfbnshiplﬁé

tweenusdbjects expected vari bles and subjects perﬁGrmance was found. These

results suggest that expertise influences the ab%}ity to control variables. R
. L

Iinn and Swiney (NOte l) in a second study. of content. effects’ with eleve

_graders, investigated'the relationship/between the subject 8 expected variablee;
X :

and the variables the subjeqt actually utilized on a lab*”atory controlling

w

awauggors |
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task, Thaey manaufad the suﬁjact‘a eiéaccad varighlea by bay;ng subjects axahine"
_chﬁlcnﬂk-apparatua ane“bame ths vartiables they axpSQCad”wauld influence tﬁa 6u&7
coma{ Subfwcts were preaymed to name their axeeutad variablas, atheQCa wara then
told the expavlnmurdr'g namprahanalvu variables, Subjects daﬁnnurvurud‘rhur rhdy |
utilized a vattahla by uorracrly controlling op tnveurtgatlng 1t tu an axpullmantﬁx
Compurlaon of the aub]euta“expaptad vurlablaa und thu uubjactu' utilized var- T
iablea revealed that auh]acta utilized thatr expaorad vattablea algnlflvantly move
'ofCen than other varlubles.. Subjects appeared to anawer Lhu contno11lng vuLLnbleu'
questions as LE only Lhutr axpactad variables were important J~'uub1ucta Ignured

the experimenter's hypothuticul vuriabluu.

Lo
N

The Present ‘St:u_dy
The study'reporteﬁ'in this paﬁer exteedﬂ:the 1nvencigutioﬁ‘ef content effecta
) fg laboratory and natufaliatic tasks. Lf the accuracy and completoness of the .
aubjects expected variables ig related to content, Lhen performance on laboratory
and naturalistic tasks should differ systematically. The subjects‘expected var-

iables were measured by having- subjects name variables and by a group survey called

What is Your Opinion? Use of the controlling ‘varlables. strategy was measured by

four questions about construc&ing, criticizing, planning, and analyzing experi~

—_—

mental results. In contrast to earlier studies which used a single age ahd

-~

. . -~ ' - ‘
‘sociloeconomic group, this study used three ages (13, 15, and 17) and three 'schools

»
v
1

differing in socioeconomic status.

\ : : ¢ i} . .




Ninety 13, 15, and 17. ya‘ar olda 'in three Mﬁﬁéﬁn:'mhmi diastriota (ten per
“‘age par district) parﬁ?mtpacud. Paur eubjects moved during the study leaving a
}fldkl ﬂamp;(ﬂot 86. The d;aﬁrlmta rapraaanﬁad three sociowconomic status (AES)
groupsi upﬁ;r middle éluua. middle clani;, andfiowar middle alass, The upper
middla clAua diatrict waws uubuiﬁgn: families owned theiv own‘howaa and mﬁﬂy atu-
dents-drove their own cars to dchonl. Tha hlddla’clana diatrict was urbani

il

families lived in sinslé family dwellinge, apartments, and condominiums. The lower

middle clase district was semirural: families lived in small single family dwel-
lings, apartments, and condominiums, and many adults were employed in adjacent
. .

factories, Quality of the science. programs in the three districts correlated

~ directly with SES.

¥

The What is Your Opinion? survey of task expectations was administered to

a larger sample (N,~.900) of which the subjects in'this'atudy were a randomly
} - S . 5

gselectad subsample. ,

Controlling Variables Tasks

Six naturaliétic and four Laboratory'taéks were devised. The laboratory tasks

.
R 4

had apparatus but the naturalistic tasks .did not.. 'Formats to communicate natural-

istic tasks were pilot tested and three were selected. Some or all of the five

~

questionsd(constructing, criticizing, planning, analyzing, naming) were asked for

éach}task. Scoring was pass/fail, although for some questions, additional record
yhs made of specific responses. Table 1 sﬁhmarizesvthe %ormat used, type of ques-
:tions askéd, and number of quesfioné asked for each task. Tésks were admiﬂisterea
in two fofty—minute ihtervie&s;.in thé.first interview, the order of the t;bks

was Systematically varied across subjects; in the second interview, order was con-
- . \ . i ‘ .

stant.
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'tha avitaria and varlables for each of the ten Caska were aw Follawei

Labupatusy Lasksi
1, nﬁndxng Rodu, & taak adapted from Inheldar-and Plaget (1954) and daﬁu:lbed

.\
A

\?y Lina and ﬁwinay (Note L). allowas anaﬂtlgntton of chq handahtiliey of voda,

Thu five vartables are: the matartal of tha vod, the thicknaws of the rad, the

] ah;pe of the rod, the langth of the réd. atd the sise of the wolght hunyg from the
rod,\\ |

23\ Bpringu. a task describhad h& Linn and Rice (107Q), ta parallel to Bending
Roda, b&% subjects tuvontigate the expannion of wpriugs. Varfables arve: the
material éf tﬁn spring, the croas~saction of the spring, the length of the apring,
tha thlcknaaa of tha wire, and the- Qgighc hung. from tha spring.

3. Spi&hing Wheels,’ a task adapted by Case (1974) from Inheldor and Plugat
(1958), allown ;nvaatignplon of centrifugal force. $pharea are placed on a wheal
which can be rotAgad; the question to be answered (s which spherce will fly off
the yheel f;rst. The variables are: the size of thf sphere, the material of the
sphere, the size of the héle iq_which tthe sphere rests, and the distance of the

"~ hole from the center of the wheel.
4. Rﬁnway, allows investigation.of linear forces on a toy sled traveling -

' , ®
down a ramp. Factors influencing the distance travelled by the sled which is

-

pushed by a marble released from the top of the ramp are investigated. Variables
include: the type of passengers,. p_ number of passengers, the type of sled,
the size of the marble used' te%ehled, the weight of the-marble, and the

height of release of -the marble.
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8, aubjecis liveatigate what pellos touthpasce,  The variablas

avei  the presence ov abasiee arf Flowvide, the Flavor, che graéauca 0Fv ahaence of
a dentiat's pagommendat ton, the cuat, and Che amaount of advari laling,

0. I Autod, aubjects laveat bgate factoyvs nfluenving the gas wileags « cak
gata.  The vérldhlnu ardi new ov ald dpark plug&,‘tha jivedence ur ahdsnce aob 8T,
vagulay or vadtal tlvea, vegulay ﬂ; 5;aphilu uil‘”?nd tha h;und uf ganoline usaed,

I. Flahtng, a4 variatton of the anaturalistde task vaed by Pulos amd 1o (1v}u),
allows tivaatigatton of factord fufluanclug the mumber of Flah caught . The vay-
fablen ave:  the type of batt, locatfon, the presence or absenca of & bobber, the

“

type of real, and the presencve or abaence of a radto, )

8., In Pounds Away, uuﬂ}untu lnvegt tyate factors (ifluenctng wetght losa.  The
varfables ave: tha type of foad eaten, the type of axarciaa, the amount of wlewsp,

r

thae amount of wuﬁar consumed por day, and tha number of meals saten per dny.

9. Soaps, allnwu tuvast Lgat ton nr the whitenens of clothes coming out of «
washing machine. Vartablea ava: brand of soap, presonce or abmonce of bleach,
the water temperature, the presonce or ubuuﬁou of fabrfe softenar, and the type
of washing machine unéd. -

" 10, Runaround 18 a naturaliatic.task about running speed. Varfables are:

running location,’ running surface, clothing worn, amount of sleép, diet, time of

day when running, and type of shoes worn. - S~ -
Questions . .

The five questions in the controlling variables tasks are described in this

section. The constructing, criticizing, planning, and analyzing questdons measured

reasoning about the controlling variables strategy. Two of these questi&ns, con-

structing and criticizing, were combined to form a controlling score for data

I

o .
analysis. The fifth question, naming, measured the subjects' expected variables.

—~— -
(< ) . l O
ERIC -

Aruitoxt provided by Eic:
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1. topstruceing wsaaured ability €0 cunabsuce & contiulled sapes bt fur o
pﬂﬁ;hzﬂulﬁt‘ vastatile, Subjpcta alau vaplatisd theli fcopuiasa. P seaigle, 1i
Bending Hoda, aubjecta were Luldi “ba & mgm_umuuvt Lo aleie tChal thickiigas uf the
vird makea @ difference (i how Far duvar (e cad beinda, * aid veve aaked “Why J0d yuu
du 10 that way?" Bubjects pessed 17 all v tabilea vavapt the vaslable winlay L
vaallgat ton were hept tlie sanc fi Lwa or wee Cvdala. Palluies werw valegol Laad
tata twn groupa hidded wi aubjecta’ cuplanal tons.,  Thede weia:  (da) auliject declayved

thiea vartable was uue tinparEant |, did wlicd piatiad, fudtoatad thial ttie dilcantiol lad

[
f

B ) .
vaviablesdtd nol fieed to he cantvalled ar (1) anbiovto gave atiy ather redson auch
He potiuting out that they had contirol led some vartablens ur bad toavest {pated tlig

corttact varfablea,
N \ ' '
2. llt'l“(‘h’-‘ﬂina meanuved ab ity to vilttoise the procedure for o hypot haet h-#m

»

uncont rolled expertment . Subifects padned 10 they fdent L led the conFouml,
1, Plauning metanurved how aubjectns would tnvest Igate cach of (he oxpar fment ar'n

comprehenstve vartables.  Por example, ta Spvtogs the nterviower asked, "What

exparimonts would you do to Fiad out whether cach ot Hm:iu‘l,hlnp.u (potntiug to

N ~

Lat of experimenter's comprehonatve vartables) actually makes a difference (n
: . ,
13

how Far the Spriogs expand?”  Sabject povied HE they conductod one or more con
troll‘ed experinents.

4, \@‘}uglyl‘xz‘gjil& meu‘ﬂur'ud uhll,ity. to crttfclze an experfment when shown the
result but not told the procedure. For example, in Beuding Kods, two rods palinted
different colors and made of different materiala were placed at unequal lengths
protruding from a wooden atand. Hanging equal weights on the rods, the experi-

menter demonstrated that the short rod bent more than the long rod and asked,

"Is this a good exporiment to prove that short rods bend more than long rods?

Why?" and "Do you have any questions to ask about the experiment?" The length

v

variable is called the alleged causal variable {n this problem because the .

i

11
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» g

sxperiumnt alleged ;ha& leigth caused (he &q&é;wﬁi Subfscis weis a@l Cald Ches
the swda diffeisd Ly waberdal.  Qubjscia pasasd 1 Chey. ladleated shat oume wai-
table wight be vncunbsuliod,  Guidedl Teapunacs weie cebsguilésd sither () aubi-
ject atated a canitvalliug vailabilea rule, auch aa “ﬁ\m(‘v&hing clas lisa (4 fic the
mams ! ol (W) aublect puluted gut 4 puasibile veinnfuoumed, 6., M Junti Rt 1t thie
biada ave wade af tlic adme wateital .Y

thig apecldl analyéing queat bin, called (he v trulle

RS- A J Y o

#
ddmintalerad (i (Hhae auloo §dok. thia quesation vas bdent loal feai A rdguldk‘ aiialyé-

Lisg quast ton erveiit that ssvesal polent tal aap baviat Latis FOvE e ey Pt o

t ,
tume weie v‘«ltmmawdai' (For emaigile, Tov an eapertusnt ahout the affcis of type
uf ganollie an wllcays #ubleito were tuld that fhe twu casrs wese diiven ver ihe
sama toadal .

Y. Nnml‘ua meanvted the aubjecta' expoctad vay lnh;cm, Fov gaample, fn Founda
Away, the Interviewer ankad, "1 vou had to lose we lghit, what  would vou do Jdi7-
fevently than vou do npw!  What might scmeone elas do? What élse!”  1a Bending

>
.Hmlu the appavat va wa pum}m(cs'd and the tateivicwss anked, "Pell we what you think
might l;mka a differeica 1 how far down heas rads bhewd. . What o lae?" All var
tablen In laborvatory tanks were. visahle. The sopre wan Che nuwber of vaviabloes .

L 4
named.,  For all taska, after the Naming question; “sghblectns were given a card li{st-

{ng the experimenter's comprehenslive variables.

Formags of controlling tasks

a

Four formats were used, one for each controlling question as shown in Table 1.

1. The open format, used for Spim\lng Wheels and Runway, allowed all !q-%,xwlsa

......... 3 :

of each varilabhle to be comb tned. "’l‘ha;' s, for Splanting wh‘t.'t?;lﬂ a ~larg.e :sphn:-‘n.&

c‘ouvld be p‘l.m?ed, in any dize hole at ahy' distance from the center u'( Lh\o wheel . )
2. The fixed, format, used for Bending Rods, Springs, Auto, and‘ Toot:hgpzmm,

limited ch‘e possible combinations of variables. For example, there were eight

19
A r
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s ' &% it ! T ’
'springs and eight autos (with their characteristics described) 80 some combinations

of variables were omitted. Thus, in fixed format it was not possible to investi-

hd - - -

gate the matenial of the spring using short springs with thin wire because both
_materials wg?e not available for”s?ort springs with .thin wire. Fixed format was
rthought to be more difficult than ope format because experiments must be’designed

:,to £i£ the available choices.cs‘ L

3. The Record sheet format, used fof Soaps, Pounds Away, and Fishing, allowed ..’
each condition of all variables to be combined, similar to the open format Natu-~
ralistic tasks did not have objects to. manipulate but the record sheet represented
the’objects pictorially.f (e. 8. rather than actual fishing rods, there.were pic-
thes of fishing rods.) Subjects indicated how they would design each experimental‘
trial'on_the sheet. Thus, for sgagg, subjects indicated how‘they would wash two

“-loadsbof equally soiled clothes to deternine whether bleach makes a difference. v%_
They indicated which soap they-would use for the first load and which they would

?

use for, the second load,'etc._ ‘ : : . n
‘ 4. A unique format, similar to the open format, was used for Runaround. &
Rather than a record'sheet, a chart with the alternative,conditions of each variable
was used; experimental trials were indicated with red and yellow chips.‘ The
subjeCt designed two runs (on different days) to find out 1if one variable, e.8.,

sleep, influenced running‘time. "The subject chose a condition for each variable

for each trial. The successful subject changed only one- variable at a time

"Group Measure to Elicit Subjects Expected Variables

A paper—and-pencil group—administered survey, ''What is Your Opinion?" assessed
expectations about each variable in each task. Two questions were asked:' (l)
) Which condition of the variable do you think will'have the greatest effect on the.
outcome, e,g(, will the heavy or light weight make‘the'spring expand the most?‘ and
_(2) How much difference do you think the variable will make?° a big.difference, W

a little difference, no difference, or don' t know.

13
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R Results and Discussion
, . ! }

_ TN

N . . '

Responses were analyzed to reveal content effects on reasoning. Contents

employed were laboratory and naturalistic. Questions guiding the analysis were:

1. What is the interaction between measures of expected variables and lab— i
oratory versus naturalistic content? 4
x
A 2, What is the interaction between each of the four controlling variables

—questions and laboratory versus naturalistic content?

3. What is the - interactibn between the three task formats and laboratory
versus naturalistic content? . , I

4. Are age, sex, or school'related to performance?

Interactions of the subjects expected variables and laboratory versus naturalistic
content ' ' : 7

" The What is Your Opinion? survey measured both the accuracy and the confidence

'of ‘the subjects expected variables. Accuracy of expectations'was measured by ask-
ing subjects‘how each of the experimenter's comprehensive yariablesvwould effect
.the outcome,xefg., do heavy or light weights make rods bendfmore? For laboratory
tasks 77% of the answers were correct and for naturalistic tasks 81% of the answers
were correct, indicating no significant differences in - accuracy of expectations.
Confidence of expectations was measured by asking whether each of the experimenter s
comprehensive variables would make a "big difference" in the outcome. Subjécts
edpected laboratory variables to make a "big difference" (65/ of the time) signifi—
cantly more often than for naturalistic variables (47% of the time) (t = 8,21,

P < .01). Thus, subjects had stronger expectations'about.variables for laboratory
than for naturalisgic tasks.

) The subjects expected variables for each task were measured in the interview
by the naming question. Subjects had . significantly more expected variables for lab-

* oratory than for naturalistic tasks (Table 1), consistent with the stronger expec—-

tations mentioned above. "The number of subjects’ expected variables on one task

!

AN

.b‘ )
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did not correlate Wwith the number on other tasks to a high degree as reflected in

" the low reliability for naming. S ' .

~g
Questions aboyt'the controlling variables strategy and ?aboratory. versus naturalistic
content ’

Interactions ‘of the: four controlling variables. questions, constructing and

criticizing, were combined because they correlated highly (.§2), replicgging,previOus

—~A

studies (eg., Linn & Rice, 1979; ‘Linn, Pulos, & Gans, in press). Together they

form what we call the controlling score.

d

. Content effects for controlling, planning, and analzzing questions were assessed

'using average scores for each laboratory and naturalistic task. Means, standard
deviations, and reliabilities are given in Table 2 for each content. Reliabilities
t

are generally high; slightly higher standard deviations for naturalistic control-

ling tasks reflect a slight ceiling effect for laboratory controlling.

Recall that this study included two separate interviews for each subject.
Analysis was done separately for -each interview and for both interviews combined.
No interview effects were found.

Content effects were analyied using a repeated measures analysis of variance.

Results (Table 3) are discussed for controlling, planning, and analyzing questions

below. Since male/female differences were never significant, this variable was

dropped from further analyses.

Insert Tables.2 and 3 about here '
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Content ‘effects on Controlling:qpestions. Recall that controlling includes

construction questions and criticdzing questions. Subjects must design or criticize

experiments. * " ) ' L o . >
] . . ] . . .

lwe found that content influenced controlling.\‘Laboratory tasks were easier

v

' tnan_naturalistic'tasksqa;-shown in Table 2. ‘Success was high (65 to 80% correct
reSponses).- Using analysis of variance (Table 3) we found that more than 12% of
. » o . o :

the variance in‘controlling was accounted for by content.

7
¢

"~ Controlling performance reflects differentes in the subjects’ expected variables:
they control more laboratory than naturalistic variables and also expect.more lab-

~

i . ' .
.- . v

‘oratory“than ngturalistic variables to- be- important. | - E
. Explahations of-errors éh controllihg varied for the tWo'contents. Unsuccess-
ful s;bjects were asked why a specific. variable in their experiment was not con—._
trolled. If this variable was not one. of thelr expected variables we anticipated
-the explanation would be "I don't think that variable in}luences the%gntcome : ‘Con-
sistent with the smaller number of expected variables for naturalistic.content, . 2
these responses were twice as'freinent for naturalistic (10%) than for laboratory
.tasks (SZ), a significant difference (t = 2:93, p <:Ol). Thus content effects for
‘controlling reflectAdifferences in'Subjects'bexpected‘variables: snbjects con~-
trobéfd more laboratory than naturalistic variables. When they failed naturalistic

tasks they were likely to claim that the variable omitted did. not influence the

. outcome, presumably because it was not one of their expected variables.

Content effects on planning questions. Recall that planning questions*request

the subject to plan a series of ekperiments. As expected, planning is more difficult
‘ than controlling: 28/ success for naturalistic, 537 fﬁf %5boratory.
i,‘(-
Content effects for planning replicated findings for controlling. ~In repeated

measures analysis of yariance, content accounted for 10% of the variance in'plan-

ning, with laboratory content easier than naturalistic content (Table 3). As for

b
Ce
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® ' controlling, content_effects_reflect differences in the subjects' expected variables:

a -

‘subjects control more laboratory than naturalistic -variables.

‘ v
‘ ’ v b ’ o -~ . ‘».

Content effects on analyzing»queStiqns. As described above, analyzing ques—
tions require subjects to criticize experiments where they ére told an alleged:

caysal. vaf&able but are not told whether other variables~were Controlled. Analysis 3.,

, e .
- 18" more difficult than controlling but easier than planning (SZZ Success on analyz-

) . 3

Al
*

ing compared to. 72% suqcess_on,controllingfand 41% success on planning). o

. Content effects for analyzing were found: . naturalistic tasks were slightly

@
easierothan laboratory tasks (Table 3) Content effects for analyzing questions

A
were consistent with differences in- the subjects expected'variables. Successful
; responders could ques‘ion the alleged causal relationship, saying "That experi-

ment is bad because some dfher=variable probably causéd the outcome"k Subjects hhd

-
P

to expect that some other variable caused the outcome in order Eo question the

causal relationship. Subjects who questioned the alleged causal relationship prob— |
‘ably did so. becadse the variable alleged to cause the outcome Was ndt one of their

expected variables. Naturalistic tasks had fewer expected variables than labora—

tory tasks.‘ In fact, alleged variables in analyzing'questions were subjeéts expected
‘variables, 927% of the "time for laboratory compared .to 497% of the time for naturalistic

analyzing questions (t= 8168 P <,01). Therefore, questioning the alleged causal_!

relationship should have'been more»common for'natutalistic than for'laboratory

tasks; because_the alleged variable was less likely to be one.of theﬁsubjéct's : Coe

expected variables. |

We verified the impact of the subieéts expected variables on performance by
examining reasons for correct responses. Two types of correct responses were. pos—
)

sible. One response was to question the alleged causal variable (e.g. ''It may not

be the%length of ‘the fod like you said, but the material that caused the effect™).

3

[
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Another response  was to citeia‘rule about controlling, saying: "I don t know if
- , . - B 5

all the other possiple influences were the sameﬂ.' Questioning the alleged causal

1
' 1

vl; variable was almost twice as likely for‘naturalistic analyzing questions (43%) as
\

for laHbratory (267%) analyzing questions This difference was significant (t = 4.3,

P <. OI) In contxast, . for botH contents, citing the rule"everytéing else should

»

be the same" was eq ally likely and infrequent (SA of responses}’{ Thus subjects

criticize analyzing question results more frequently if theﬁelleged causal variable
’ !

‘ _ !

s\was not “one ofvtheir expected variablés
L ) .
What happened when the subjects eXpected variables were nottavailable to ex-

-

. plain the analysis q#estion\outcome? On the controlled analysis question, subjects

were told that expected variables could not have caused the outcome report\d in the -

- question Thus, likely answers to the question were eliminated gn the controlled » h

, - “ B

analeing question, subjects were dramatically less successful (19% success) than.

: fon the regular question (4d§§sucCess) Few successful respondersmsuggesffd that’
T - - - g\:“ ‘ : ~

. another variable caused the outcome since most alternative causeswwere eliminated

. ! J oo
by the quesfions. Successful responders, instead, stated the controlling variables L
rule. The rule was more likely to be usedﬂfor this specific question (14%) than.

for any other analyzing, constructing or criticizing question. It appears that °

the rule is available but is not usually the first response generated

Relationship Between keasoning{Qgestions

e

‘.. Scores for laboratory and naturalistic versions of each question were reasonably

y‘frelated: Controlling =".75; Planning = .73; Analyzing = .56. The relationship’

among controlling, planning, and analzzing'was generally high (average correla-
¢ . o . 5 . .

tion = +65). These correlations suggest a common factor in' all the reasoning-ques—[

~

~ . tions. s

T
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| with thickness for brass rods.  In open or record format subjects can choose con-

- Effect of-sex,fage;/énd school on performance

X least in the controllin;$>suggesting that'planning was more influenced by avdevelop—

'ditions for each variable and alWays»find unconfounded tests.

.. < As noted above, there were no significant effects for sex so this variable was”

'dropped from further analysis. , _ . g-ig.

?

Interactions between task format and laboratory versus naturalistic content

-,

We hypothesized that fixed format would be:the most difficult, and ‘the results

bear this out (Tables 4 & 5).- The fixed format requires keeping‘more information

in\mind than does the open or record format: variables cannot be controlled se~

quentially. In Bending Rods, for exapmle, the-subject-might have chosen two brass

rods ‘to investigate cross~section only to discover that cross section is confounded

LS

. . . j’/ . »///ﬂ 1 \,-

- Ingert Tables 4’ and 5 about here

P 1 S
14 e ‘x .§~, ,

Fixed format is more difficult' does format interact with content? It aéﬁééis
not. Content effects performance on fixed ﬁormat about the same way~it ef{ects-per—‘i/l
Yormance on ppen and record formats. | ‘ K o

a

N

: : -] s
. . . . \ :

A

)
e
oy

,\!‘.
.' °

The age related improvements in performance on all reasjning questions reflected >
N

r

a developmental trend. Age ‘accounted for the most variance in Qlanning and the

mental mechanism.‘ We"inVestigated three explanations of these findings" (1 across,

‘the board acquisition of a formal reasoniﬂE?strategy; (2) changes in processing

capacity as described by de Ribaupierre and Pascual-Leone (1979), or (3) increases

'

in content knowledge. o ' . '

h

‘

The first explanation, acquisition of formal - reasoning could account for

improvement in controlling,_planning and analxzing with age if some SUbjects at

each age acquire formal reasoning. How can acquisition of formal reasoning be

established? We could consider a é%bject formal if they correctly used the controllihg

% » ' ' ' . . .. ) 1
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strategy at’ least once but then all subjects w%uld be classified as formal.‘ We

- L @

‘\ gould consider a subject at forma} if they responded to the planning question

\\

correctly since planning resembles the controlling task used by Inhelder and

Piaget (1958) The p ning question required a more complex strategy, keeping
%/ 3 .
track of several experiments there were subjects who failed all planning questions,'

suggesting that planning may develop in this age range. Thus some support for an

'increase in formal reasoning is. possible if the definition of formal is choser

correctly. . ‘ ,\’ ; 'i
“ ﬁ u ,_ g ) & ", .
Processing 3§pacity explains age related cha ges in performance by an increase <.

.: in the amount of information:that can be prOcessed. The increasing difficulty

9
of controlling, analyzing, and planning questions reflects the increasing need

for processing capacity. As discussed hy Linn & Levine (1978), analyzing requires

more processing capacity than controlling because the resu lts of the amalyzing

' question must “be kept in mind. Planning? since it requires designing a sg;ies

EN

~e

of eXperiments also requires more processing capacity than controlling. Thus, an

_increase in processing capacity may explain the age related increases in’ reasoning ,_'

.\*')

~ performance as well as increases in the difficulty of the. reasoning questions.
Age related incyeases in content knowledge are reflected in increases in

Naming and theref e in the subjects expected variables. Thus, older subjects *
. BN
might perform b ter'because they have more accurate expected variables thang ——

younger subjects. Further evidence for content/knowledge effects comes from the

oo

o Y ‘
relationship between school and reasoning performance° Students in high SES .
schools outperformed those in low SES schools (Tables 4, S) School accounted

for about 10% of the variance in each reasoning question. Increases.in content
. ‘ . : “e . oo

knowledge areuassociatedVWith better performance but the causal role of content

* 18 uncertain. ,

~ Acquisition of formal reasoning and processing capacity could each explain
.age effects;.their relative importance is difficult to ascertain. Content/

Q k ‘ . . ‘ . o _:2()
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owledge, however, clearly plays a role. Content could have a direct effect or
COntent could indirectly influence performance by influencing strategy application.

Another possible indirect content influence could be a reduction of the processing

y

capacity requirements of a task accompanying increases in content knowledge. -
In summary, we found that content influenced reasoning The subject s ex— .
pected variables influenced performance on controlling variables questions.

Subjects expect to consider more laboratory task variables than naturalistic task

-

variables.
-\Performance on controlling and planning;controlling variables questions was
more‘successful for laboratory than for naturalistic tasks. Performance on

analzzing controlling variables questions was more successful for naturalistic

\

v than,for laboratory tasks.
N 1 N :

“A

:{t appears that performance on _controlling and<pganning questions is directly
!

related to the subjects’ expected variables. SubJects tend to consider their

<

expected variables in designing experiments, and they have moré expected variables
]
‘ for laboratory than for natufalistic tasks. In contrast, it appears that performance

on analyzing questions is inversely related to the subjects' expected variables.
If thelalleged causal relationship'in.the analyzing question is not - about one of

the subjects ‘expected variables then the subject (correctly) queries the causal

a

elationship Since the alleged causal relationship for- laboratory tasks 1s more

likely,to be. about a subjects expected variable than it is for naturalistic v
tasks, analeing questions are more difficult for laboratory than for naturalistic

tasks.

/



\ ' . Implications

N

These results reveal the strong influence of content on reasoning performance'
between 8% and 15% of variance on- the controlling variables reasoning questions

was assoclated with content. Contrary to some of Piaget' s;writings, content effects
were systematic. In particular, the subjects' expected variables did influence

. ’: : . " . 3 -
- how the problem was solved.

7
4

; . . ( ' ' .
At the onset we asked: Is it formal if it's not physics? We&fhund that by -

choosing physics problems and questions which deemphasized content Piaget avoided

-

many of the content influences. Piaget chose laboratory tasks and since most.

laboratory variables are part of the subjects expected variables content affects
/ A -
accounted for‘little variance. Piaget chose questions to assess the controlling

variables strategy which emphasized the procedure for a .controlled experiment and

B—s

minimiged content. ‘In contrast, ourdanalyzing questions required reasoning about
the procedure for a controlled experiment but also required reasoning about the
vexperimental outcome. In analyzing questions when the experimental outcome was
Ahemphasized we found that subjects frequently considered the content in their
g response rather than applying the controlling variables strategy.
A Content effects explain why certain reasoning problems are failed by Subjects
" who know the controlling variables strategy' Subjects only consider their ex-
pected variables in-applying the.strategy. ’Thus,.subjects.apply the strategy
correctly to their expected variables but do not consider other variables: In ..
lf‘explaining why they did not control a variable, subjects frequently said, "That
variable does not make any, difference," suggesting that the variable was not one
of their expected variables.
Content effects c1arifybresearch findings of pervasive inaccurate physics
reasoning. ~ McDermott (Noted2) reports'inaccuraﬁb,reasoning about acceleration;
Clement (1979)Xreports inaccurate reasoning about force; Champagne, Klopfer, and

Anderson (1979) report inaccurate reasoning about mechanics. If subjects have

a
<2
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y
inaccurage eipec;e& var éblés. hey might reasgon inaccuratély because' they only
.reason_apout their éxpected variables. In‘the reseé;ch feﬁortéd here, éubjects
pénéidered only thieir expected variables thereby omifting impo;tant variables.
In sther situations by reasoning abeut fheir expectedyvefiab}es, subjects might

: .o » '
include unimportant variables such as including weight as a variable in the ,

oscillation of the pendulum. Thus, studies showing inacé@réte physics reasoning.

may reflect inaccurate expected variables. ,

Task Characteristics

Our laboratory_and ndturalistic tasks differ in importaﬁ; respects. These
differences are largely ecologigally valid. Our laboratory tasks invqlve.;pparatus,
répreseﬁt c;ésed systems, and involve some vériables, $uch as weigh; and length
‘on.bendiné.rods, whose effects are well understood by subjects. .¥n contrast,

our naturalisti¢ tasks involve printed and verbal information, represent open

 systems, and involve some variables whose effects are poorly understood by subjects

like,.the effect of amount of water consumed and type of diet on weight loss.

. .

!

Laboratory tasks such as bending rods are usually.encountéred in science
classes accompanied by apparatus. Usually the task variables can be manipulated

by using the apparatus. In contrast, naturalistic tasks such as determining how

3

best to lose weight are encountered in a wide range of situations and are not

necessarily accdppaniéd by apparatus. Usually the task variables.can be'manipu-

+

lated but may be difficult to s?stematically»~iﬁvestigate becéuse\they covary
. b ' : R ‘

- with othef\variablfs. For exafiple, weight loss may occur when the subject 1is.
A~ .
feeling optimistic and eating less.

By closad versus open system we mean specified versus unspecified limitations

on the task variables. Laboratory. tasks are often closed systems where only

-

¢ertain variables can be investigated and where the choices about how to conduct

the investigation may be limited (rods may only have two possible thicknesses).

In contrasf, naturalistic tasks are usually open systems where the possible 4
. ; \

y - o na.- '
v~ | ' ' S~ : B
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“variables and choices for those variables seem fairly unlimited.

. We have shown that subjects' expected variables differ for laboratory and

/’ .
naturalistic tasks. These tasks differ in important respects. Subsequent research

could clarify the precise role of apparatus, openness of the system, and under-

standing of the variables in laboratory and naturalistic task differences.

Question Characteristics y

"By adding the'analzzing questions'to those\traditionally asked about the

. | ~ > :
controlling variables strategy we found interactions between content and question.
Controlling,was easier for laboratory tasks while analyzing was easier for

~

naturalistic tasks. Analyzing is an important question because it more'closely
mirrors Vhat happens in naturalistic problem solving than does controlling or
planning. Reasoners rarely set up contfolled experiments to test their ideas
because they don't haue the time or resources. Instead they are likely to analyze
incomplete information. Even in the controlled analysis question subjects only
mention the controlling variables strategy when they cannot generate an alternative

variable that could explain the outcome. Thus, performance on analyzing may more

closely resemble naturally occurring problem solving than does performance on

controlling. N .

Expectatiogg

Our hypothesis that expectations influence reasoning performance is.supported
by this research. We found that the completeness of the subjects' expected
variables influenced performance. How.dogthese expectations develop and how can

i

Subjects deVelop expectations from experiences with the variables. They

they be modified?

’successively refine their expectations as new information is encountered. Ex~

pectations become situation specific only when forced by pervasive evidence.
For example. in the Pendulum subjects - e;pect weight to influence oscillation rate
(although weight does not influence oscillation‘rate)'because weight is influential

-

r"lﬂ

A X
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(A% .
in most situations (like the Balanc; Beam). Research has shown that most subje;ts
expect welght to influence the oscillation of the Pendulum and are not easily
.altered to be situation specific by evidence from controlled\éxperiments (Linn,
. 1977).

i The refinement of expectations could enhance reasoning. E§pectations about -
laboratiyy and naturalistic tasks are verifiable but rarely verified. Encouraging
suﬁjgcts ;;'yerify.their~expectations mighﬁ enhance reasoning. Obvioﬁély, it 1is
inefficieqt to‘verify all expectations so a procedure to aid recognition of |
potentially inaccurate or incomplete expectations might foster reasoning.

Expectatioas sysfematically affect formal reasoning. Subjects may'not
consider the experimenter's comprehensive variables if they are not among their
egpected variables. Ex;ectations are difficult to‘modify since they are rarely
verified and are refined by many experiences. One counter experience does not
change an expectation, Improvement in formal reasoning may occur when subjects
verify their expectations. |

Philosopher of science Thémas Kuhn depicts two types of scientific reseaqch£
normal science and fevolutionary sclence. During normal scicﬁce, research is

-
guide@ by a paradigm or thgory which describes the expcctations of the researchers.
Normal scientific research follows the pafadigm; researchers gather information
té augment the par?§igm ;ot to Ehaﬁge it. 1In cont;ast, during the revolutional
sclence, there is a paradigm.shift. Revolut&gﬁgry science occurs when the previous

(r;up and &new baradigm emerges,

During these times, expectations are not universally agreed upon. Revolutions

assumptions, ideas,.and even problemé are gi

involve questioning“of expectations; there is controversy in the field about the
1ﬁportance’of'each variable.

If our tasks can be thought of as exemplars of normal science and of revo- -
lutionary science, our-laﬁoratory tasks resémble normal science while our natural-

istic tasks resemble revolutionary science. %For our laboratory tasks, expectations

E\‘l‘ l. 25
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are strongly held and there 1s consensus about the procedures for gathering

3

‘additional information. In contrast, for our naturalistic tasks, there is vari-

i

ability in the\expectations'about the variables, few variables are expected to

influence the outcome, and procedures for gathering"new information are contro-

“versial. Thus our naturalistic tasks may more closely resemble revolutionary

.sclentific investigations than our laboratory tasks. Naturalistic tasks simulate

creative scientific research because there 1is controveréy about expectations for
the variables.
Classroom instruction ﬁigét employ naturalistic rather than laboratory tasks

to simulate creative scient research and to motivate students to go into

science. o~

on;ﬁdé nst necessarily lead to superior logic
on tﬁe part of the.3cientists who participate. Of céurse, revolutions_ér paradigm
shifts do result in s e ‘sorts of intellectual gains. Tbese gains may be in the_
contént or knowledge of the area not in the logic. Siegel (in press) points out
that revolufions do not imply logical development as Piaget defined it; increases
in content knowledge do not imply increases in formal reasoning ability, for
example. However, revolutigns do imply changes in expectations about the variables
in a particular problem. During revolutions, researchers evaluate their expecta-
tions and change some of them. This progression of knowledge may occur in addition
to the progfessionfin iogic described by Pilaget. If reasoners can be taught to

go through normal and revolutionary periods then instruction which encourages

revolutions may be helpful. Adolescents have many inaccurate expectations which,

if invesfigaﬁed, might be altered. Thus, instruction to encourage révolutiong‘

would encourage verification of expectations.
Naturalistic tasks are impértant to insure that science education fosters
scientific iiteracy. Instruction using naturalistic situdtions would enhance
N

the relevance of the instructional program. It is essential to provide instruction
g ,

g
<0
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that helps students avaluate expectationa abnut naturally occurring problems. e

C Lnborstory tasks may not require auch evaluations. Since‘it is apparent that

)

evaluation of expectationa is very important for naturalistic problem solving,
efforts to choose problems for science instruction to iliustratc the role of
'e*pertntionn would enhance scientific 1iterscy;- g
These results suggest that educational implications generated froQJPiagetian
theory may be incomplete. Content effects require more emphaais. Consistent ' ; A
‘with Duckworth's (1979) suggestions for younger children, vsriétility in performance

on reasoning problems may not be due so much to lack of developmentally based

istrategies.as to lack Qf instruction in how to combine expectations and’ strategies.

>
N
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Controlling Variables Taska

Number of Questions
‘ o ‘ ‘ . | Number of . o o .
| Tasks Interview | Format | Variables | Naming Planning Controlling Analyzing
B — _ . T
Laboratory . ' |-
i . : _ :
" Bending Rods’ 1L Fixed 5 1 0 3 1
Springs . I | Fixed 5 1 1 2 1
~ Spinning Wheels| II Open’ 4 0 0 1 1
A‘ Runway ' 1 “Open- 6 0 1 2 0
*f’: ' oo § : ' Y
° ¢ q
Naturalistic | o
Toothpaste 1 " Fixed 5 0 1 1
Autos | 11| Fixed s } o o 1 1
. _ | Record ‘ : | N
Fishing : II | Sheet 5 10 . | 1
CoeL : Record| , .
Pounds Away 1I | Sheet 5 1 0 1 I |
. I - , Record S . e . e
Soaps II Sheet 5 0 0 o1t 1
Runaround . "I . | Unique 7 0 1 : 2 0
&

31




.

fFi»- . 2 . AGR . | scuooL

1 ’ ‘ K ' ' ' Upper T | Lower
9. 11 | Middle | Middle | Middle

| question T ep| K sn| X so| ¥ sp| X 80

‘»‘v(:om:.t'ol:u.‘m;~1

" Laboratory I a3 17| 88 15| 91 13| 76 13 |70 26°

79 23| 89 16| 90 16| 80 24 69 28 '

‘Laboratory 1T

‘Naturalistic 1v 4 65 a2 ﬁéé 3| 65 36| 78 24 | 82 26| 65 32 | 46 30
Naturalistic 11 4 (| 67 35| 584 36| 68 35| 74 34| 87 20 67 37 | 47 35
1 Total | 16k . 72 26| s9%20 ] 74 23] 83 20| 87 14 |"72 26 | 57 26
Reliability | 89 015 | 91 | 87 86 95 85
?lanningl “° v
Laboratory I 2 53 40 }434 35:?.5ov 30| 73 37| 67 ab| s7- 41 35 37
Naturalistde'1 | -2 | 287 39| 17 31"219 ‘34| 48 44 | 43 42| 20 40| 13 29
Total | 4 4 3% 2 23 35 '32‘*L61 ‘365 s6 34| 44 36| 24 25
Reliability o e | m 9o |92 90 91 77
| . | | -
Ana-iyzing_].- ‘ o o I . R
Labé;at;fy i |2 42 42| 26 82| 41 ;éz- 57 45 68 39| 32 39| 25 35
Naturalistic TI| 4 °€ 57 38| 44 40| 55 40 7T 29 | 68 35| 56 38| 46 40
Total . | 6 52 35| 38 '33; 5135 633{31 68 33| 48 33| 39 35
Reliabiliey | | 82 | ss | 83 H 72 |8 | e 85
Laboratoty 3 [2.86 .69 [2.59 .64 F.74 .69 3,24 .57{3.06 .57]2.81 .87| 2.70 .55
waturaldstic | 2 [2.20 .84 [1.89 174 2.16 .76 2,55 .§%v2143..89 2.16 .73| 2.02 .88
Total 5  [2.60 .63 2;5i_.;g'2.§1 -39 Qgggghfsﬁag.él .59/2.55 .66| 2.44 .60
Reltability | © | 59 | 31: _ 32, ' ﬁ‘.'E,:;?; 47 62 64
. - 4 Vg N :‘U ;. ) '
lMean percent success, decimals omitted . - . ‘, o
El{fcan number of"varivab]v.es na@gd | ‘ : 3 2“ R A

IToxt Provided by ERI . . Sgeit ) ‘.,‘ o
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Table 3

Analyais of .Vurimga

L]

Oomparino?f of thorat:ory and Nacumlinciu Content Using

| : Bffactn
Queations S
TR o Hignificant
@ Contam: Age School ‘Interactions
Sig. wz F S:Lg.‘ 'w2 S 8lg. w2 ¥ Sig. (;f"
35.64 <01 .14  6.44 <0l .08  7.44 <0l .11  3.06 <.05 .02*
24.33 <.01 .12 2,38 ne 9.24 <.01 .18  3.80 <.05 .02%
44.48 <.017.20 445 <05 .02  B8.71 <.0 .15  5.07 <.01 .03
31.42 <.01 .12 4.38  <.05 .02 9.27 . <.01L 16
28.68 <.01 .10 "9.83 <.01 .17 6.32 <.01 .11 none
14.70 <.01 .08 6.11 <.01 .11 6.61 <.01. .12 none
46.06 <.01 .21 7.13  <.01 .13 2,27 us none
\ \
I:School X Question Content
3

[&]
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: , . ' :
Performance On Controlling Yuestions in Bach Format
, ‘

v . t <§§ '
— ™ .
¥ Aga 8chool
: — - - W Ty — R
» ‘ , per = Lower
Mk B Y Ml edle | wddie | uddle
; _ X 80 } R s | % s (X s | % s [XR s |% sp
‘Laboratory A v s : _ _
Fixed Format | 7.88 2.34.0'6.50 2.91 [7.70 2.05 [8.68 1.47 | 8.82 1.39 |7.71 2.44 | 6.50 2.49
" Open Format |" a\:"?; 2. '17.08 3.12 1.79 19.07 1.75 19.35 1.13 | 7.96 2.47 | 7.74 2.94 |
AN | -
Naturalistic - /‘\\ ‘ g
Fixed Format 6&5 3.3’)? 5433 3.33 |5.89 3.38 | 7.18 .3.07 | 7.96 2.40 |5.96 3.16 | 4.44 3.42
v ‘ ) . X, _ o ,
. Record Format [ 6.73 3.71Y.5.67 3.63 {7.10 3.70 [7.36 3.73 [8.79 2.20 |6.75 3.86 | 4.64 3,72
- iﬁ&. Yy ” e o
‘ I / 7 .\u.‘? .‘
, e & K 7% .
- Ky /
.:' ?":‘ -
. N
" .(*
N4




! Table s S
! . ' Comparimon of Formate Within Laboratory
and Naturalistic Content
wem ; . ————" 7 J{ : -
' ~ - Bffacts L R
Pormat Age | ) fchool | g::“t!i:?ﬂh 1|
¥ s8ig. 2 ¢ 8ig * TR ¥ oSig. -
~Laboratory ’ . & : e
“Controlling _ . : . n
Questions . . - : Lo %
Fixed versus h! ' - , : o
Open format . 47 < .01 5.46 " <.01 .10 5.86 <.01 .11 ' none |
' Naturalistic : : -
- Controlling , , | - ]
“Questions O ’ o _ ' 3
" Fixed varsus ‘ . ) ) _&5'
Racord format 3.96 <.05 * 1,85 ns 10.70 <.01 .19 none . ¥

;lonly-thoae accounting for one or-more percent
" of the variance are noted. :




