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ABSTRACT
The purpose of th1s study was to determine whether an 1nstruct1ona1 un1t

on 1nvent1ng affected the 1nvent1ve ab1]1t1es of fifth and s1xth graders and

1nvest1gate the poss1b1e effocts of the 1nstruct1en unit on students'

creat1v1ty scores and attitudes towards science. eéﬁééaiéaﬁéiy; this study

attempted to determine whether relationships existed between students’

1nvent1ve ao111t1es and the fu]]ow1ng achievement, 1nte]11gence, creat1v1ty,
and creat1ve 1nterests. One hundred seven f1fth and s1xth graders in three

e]ementary schae]s were randem]y ass1gned by schee] to exper1menta] and

contro1 groups; The exper1menta1 groups rece1ved 1nstruct1on in the process

of 1nvent1ng followed by part1c1pat1on in a Rube Go]dberg lesson and

invention fair: The control group part1 1pated only in the Rube Go]dberg

lesson and 1nvent1on falr. A posttest only control group des1gn was S’d
hu1t1var1ate ana]ys1s of covarianceé was used to adJust posttest scores us1ng
pretest sceres, achievement and 1nte111gence test scores:

Analysis of the data revealed a number of significant interactions. For
the measure of inventing, instruction by sex and school oy grade were
significant interactions. Achievement as a covariate was also found to be
s1gn1f1cant. The 1nteract1on, schoo] by grade by Sex, was 1gn1f1cant for

creat1v1ty. There were no sign1f1cant correlat1ons bétween 1nvent1ng,

creat1v1ty, and att1tude towards sc1ence, as measured by this study, although

changes in creat1v1ty scores and att1tude towards sc1ence scores occurred
The results of this sfuay suggest that instruction does increase

jnventiveness for some students.



[y

Introduction

Invention is one of the strongést dr1v1ng forces in human affairs and it

is the very foundation of civilization. Unless there is an understanding of

1nvent1on, there can hard]y be any comprehens1on of the past, present, or

future (Sh]es1nger, 1973) Inventions cause change, deve]opment, and

evo]ut1on in world affa1rs. Invent1ve thought shou]d be encouraged for the
purpose of so]ving prob]ems for humanIty since the key to many new products

and 1nvent1ons wh1ch W111 transfonm the env1ronment and supp]y many of the

needs of soc1ety may well be the knowledge of how to invent:

It is poss1b1e that any prob]em for which no so]ut1on has been found may,

in fact, be 1nso]ub1e. More 11ke1V, the means for so]v1ng the prob]em is

wrong or %néaéauéié and; therefore, some new and or1g1na1 approach %g

necessary. Progress and perhaps mankind's existence itself depends on such

new and or1gina1 approaches to solutions which come #rom the creative or

1nvent1ve process. These new 1deas do not come from comp]ex mach1nes,
ultramodern fac111t1es or do]lars, but from people (McCormack 1981 G11more,
1959);

Purpose

The purpose of this study was to determine whether an instructional unit

on 1nvent1ng affected the 1nvent1ve ab111t1es of f1fth and s1xth graders and
to 1nvest1gate the poSS1b1e effects of the instructional unit on students’
creat1v1ty scores and attitudes towards science. Concomitant]y, th1s study
attempted to determine whether re]at1onsh1ps existed between students’
inventive abilities and the following: achievement, intelligence,

creativity, and creative interests.




Methedology

Sample
The stcd& involved 107 elementary school students enrolled in three

e]ementary schoo]s WTtth one midwestern; rural school eaipaiafian. The
samp]e cons1sted of aTT fifth and sixth grade students, each schoo] hav1ng

one c]ass at each grade TeveT The schools were randomly ass1gned to

experimental and contro] groups. The experimenta] group con51sted |of tuo
schoo]s ktwo cTasses at each grade Tevei) and the control group con51sted of
one school (one class at each grade Tewel In the eipériméntai grodp which

received 1nstructiona1 treatment were 38 ‘fth graders and 41 sixth graders.

In the contro] group which received np instructional treatment were 19 fifth

graders and eight 51xth graders. The toto] number of students participating

at sometime during the study was actdally 217. Due to experimental

mortality, ten sﬁﬁjects were eliminated from the study. The students

eliminated from the studi were distributed anong all three schools.

A two-day in-service program was conducted to familiarize all of the
teachers (K-6) in the three elementary schools with the instructional unit
used in this study.  Information concerning the type of activities

appropriate for teaching inventing as a process, as well as the thinking
skills necessary for the deve]opment of inventive aﬁilities; was Eiéééﬁééé;
Most of the time was spent doing the activities inc]uded in the instructional

unit. The investigator eonducted the in-service program and served as a
model teacher
ﬁuring the last two weeks of the first semester, three pretest measures

were administered, each given on separate days. At the Sééinniné of the

6]
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Sétﬁii& SéiliéStéi‘; the éxp’ertmentai §rou’p 01; 6185353 éxbéi‘ién’te’a thé
instructional treatment. The control classes received the science
instruction which was nc’rinaﬁy a part of the curriculum. The 1nvest1gator
met with each of the teachers reviewing the information provided during the
in=service and answering questions regarding specific lessons to be taught
and materials to be use:.
Treatment
The instructional treatment involved the imi:?émentat%bn of an

1nstruct1ona1 nnrt uhrch cnﬁststed of 14 lessons that st1mu1ated é?éééiyé

thinking, v1sua1 thinking, invent1ve thihking, provided a science knowledge

base, and encauraged the deve]epment of manual sk1lls. The unlt was based on
a model of instruction which requires an active role on the bart of the

student and emphasized the science process skills. Some of the lessons

included in the instructional unit were orig1na1 activities while others were
e1ther taken or adapted from a var1ety of sources. Each 1esson was ass1gned
each Tesson var1ed from 30 to 80 m1nutes. The tdtai estimated instrdctiénai

The instructional unit was submitted to a panel of three science
educators. Each pane] member 1ndependent1y rated each lesson w1th1n the un1t
on its appropr1ateness for deve]opment of various Sk?]]S sueh as v15ua1.
creative, and inventive thinﬁiﬁﬁ; Panel members agreéa that each of the
lessons were h1gh1y apprOpr1ate. This consensus was used as evidence of
content validi :y

The 1ast 1esson in the un1t presented 1nformat10n regard1ng Rube Go]dberg
1nventions. That 1esson was presented to subJects in the cantre] greup as
well as subjects in the experimental group. At the conclusion of the lesson,
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all subjects were given a challenge to individually design and construct an
inventwn to wake themseives in the morn‘ing. The tﬁVEﬁtidﬁé; in the true
tradition of Rube Goldberg, were to be as comp11cated and as humoreus as
poss1b1e. The invent1ens were dlspiayed at 1nd1v1dua1 sch001 invention fairs
and evaluated by three 5dd§é§ ﬁéiﬁ§ the Invention Evaluation InStrument. The
three persens who Judged the 1nvent1ans were graduate students in science

educat1en. The time between the 1n1*1a] student 1n>truct1on and the

invention fair was approx1mate1y six weeks. The time between tne final
instruction and the invention fa1r, appr0x1mate1y two weeks, was ailowed for
the iaaéaéiiaéﬁf construction of an invention. Some school time durmg those

two Weeks was e110cated to 1nvent1on design and censtruct1en. Subjects were

a]]ewed to w@rk on the1r invent1ons at home, as well. The total amount of
time involved in designing and constructing the inventions varied according
to individual subjects. :

Estes Attitude Scales. The Estes Attitude Scales, E]ementary For (EAS'

cstes, Estes, R1chards, & Roettgér, 1981), a dev1ce for measur1ng students’
cons1sted of three 14-1tem Ltkéft-type sca]es. The EAS results in the form
of scaled scores pfuv1de a means of 13 est1mat1ng how att1tudes of greups or
zndav1dua]s compared with s1m11ar aged peers, 2) determ1n1ng magn1tude and
d1rect1on ef attltude ehange over a per1od of t1me, and 3) compar1ng re]at1ve
att1tudes of groups or individuals toward the subject areas surveyed. The
sca]es, 1ntended for use w1th eh11dren fram grades two througﬁ s1x, requ1red

no read1ng. The entire battery was administered in one session tak1ng

approx1mate1y 20 m1nutes, elthough on1y the att1tude towards science pert1en

7
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was utilized in this study: The reported reliability of the Elementary Form

ranges from .76 ta .88 on all three scales. The internal consistency on the

science scaTe, 51363;; ranges from .82 to .88. The r\.hab111ty for 105
subjects used in this study was .90 established using the equal iength
Spearman-Brown spht ha]f corre]atwn.

Group Inventorx for Fmdmg Interests. The Group In entory For Fmdmg

fntevests (GIFFI, R1iiiii & Bav1s, 1980) was used to 1dent1fy students with
attitudes and interests usuéiij associated with éreétiuity; These attitudes
included 1ndependence, perseverance, flexibility, curiosity, breadth of

interests; sense of humor; and r1sk-tak1ng. The GIFFI Level 1 instrument
conswted of 60 1tems marked on a L1kert-type sr.a]e takmg approxmate]y 30

m1nutes to adm1n1ster. Curve Equiva]ent scores prov1ded results in f1ve

dimensions: 1) creative art and writing; 2) challenge-inventiveness; 3)

confidence, 4) imagination; and 5) many interests. Us1ng Hoyt re11ab1l1ty

t::Brrt:eTétwns, the internal cons.stency was reported to be :88 and By
corre]atmg 1nventory scores mth outs1de measures 'o? creativitij the

Purdue Creatinty Test The Purdue Creatwity Test (PCTi Lawshe & Harr1s,

1969) was used to measure ereat1v1ty. The purpese ef this test, er1g1na11y,

was to f1nd out how "f'luent, flex1b1e, and or1g1na1" eng1neer1ng personne]

were in their thinking. The test consisted of 20 items, each reduiring two

minutes. There were three kinds of items, all based on énréé-uiﬁéﬁsiéﬁéi

dravnngs. The f1rst e1ght 1tems asked for a 11st of possible uses for a

s1ng]e obJeet. The next ﬁaur 1tems asked far a 11st raf poss1b1e uses fer twe

objects together. The last eight items asked for a list of possible
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1dent1f1cat1ons for an obaect From the three types of 1tems, two subscores
were obtained fluéncy and flex1b111ty. The ?1ex1bil1ty scores were based on
ltems one through 12, a comb1nat1on of the f1rst and second types of items.

From the th1rd type of 1tems, the f]uency score was obta1ned Two

reliab1l1ty estimates were reported for the ?1eiibiiity score: The

1nterscorer corre]et1on was 87 and the sp]it-ha]f re].ab111ty coeff1c1ent

was .86. For f1uency and tota] scores; respect1ve1y, the sp11t-ha1f

reliabilities of .93 and .95 were reported For the total score, the

1nterscorer corre]ation was .97 (tawshe & Harr1s, 1960)

Since the PCT was not originally designed to be administered to
e]ementary school students, it was necessary to determine whether the PCT

could be ef?ect1ve1y administered to fifth grade students éﬁé whether the

test discriminated between fifth grade students’ responses to the items. A
p1lot study was conducted wh1ch 1nvo1ved 26 f1fth grade students. The PCT

was administered and scored as indicated in the d1rect1ons. The resu]ts of

the p110t study showed that the students, within the 2 minute time per1ods,

cou]d produce a number of responses for items one thro:gh 12 11vo]v1ng each
of the 12 estab]ished categor1es. Two responses, those referr1ng to 11v1ng

th1ngs, cou]d not be classified 1nto one of the 12 categor1es and were

e]iminated.

To conf1rm the accuracy and conS1stency of scor1ng, an 1nd1v1dua1 tra1ned

By the 1nvest1gator in the scor1ng procedures, scored ten tests random]y

selected from the pilot study. After estabiishing normaiity and homogeneiti

of variances, an ana]ys1s of variance was pérforﬁéd ind‘"’f’ﬁg the

9
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was s1gn1f1cant at the 0.61 1eve1. Examination of the data revealed that, on
test 1tem number four, the two 3udges consistent]y c]asS1f1ed two obaects
1nto two d1fferent categor1es. when that test item was removed from the data
and a Subsequent ANOVA was performed the d1fference between Judges was found
to be nons1on1f1cant on the f]ex1b111ty subtest.

Further analysis of the PCT was performed using the 107 subjects involved
in the study. Re11ab111ty on the tota] score for the pretest, us1ng equa]
1ength Spearman -Brown sp11t half was .72. Condescr1pt1ve ana]ys1s revea]ed a
mean of 53 53, variance of 316 73 and a range of 88 0 for the total score on
the pretest, and a mean of 69 14, variance of 432 70 and a range of 127.50
for the total score on the posttest The PCT manua] (Lawshe & Harris, 1960)
1nc1uded a tab]e, Norms Based on Profess1ona1 Eng1neers (N 106), which
1nd1cated the range for 1%ile to 99%ile as be1ng 30 to 105 with a mean of
63.0. Other figures in the manual, emp1rica1 individual expectancy charts

for product, process, and proJect eng1neers (N 194) 1nd1cated ranges from 30

to 119.
Invention Evaluation Instrument. The Invention Evaluation Instrument was

- —— = —

deve]oped by the 1nvest1gator to be used by Judges to eva]uate the students'
Rube Goldberg-type inventions displayed at the invention fairs. Numerical
scales were provided for assignment points to each invention in the following
ééééééiiéé- 1) the number of steps 1nvo]ved in the 1nvention, 2) the number
of d1fferent sources of energy, 3) the success of exeeut1on, 4) the degree of
humor iﬁvméa in the invention; and 5) the degree or aﬁgiﬁamy in the
materials and steps involved in the invention. The first three categorfes
were obJeet1ve in the1r measurements, to determine the score for each of the
first two eafégaries, steps or sources of energy were counted. The third

10
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category was scored according to the number of times the inventor assisted
during the performance of the 1nvention. In an attempt to make the fourth
category as obaect1ve as poss1b1e, the Judges were 1nstructed to evaluate the
degree of humor involved in the invention as a reflection of the reaction of
the crowd present dur1ng the performance rather than a personaT reaction to

the 1nvention. To aid in the scor1ng of the fifth ééiééé?y, the juaééé

surveyed all the inventions; assessing the var1ety of materials involvec in
the 1ndiv1dua1 1nvent1ons, before the formal Judg1ng commenced.
The Friedman Test a form of ranksorder ana]ysis of var1ance, was used to

determ1ne the re11ab111ty of the Judges us1ng the IEI. The results showed a

eh1 -square value of 0.000 and a sign1f1cance of 1.000 inaicafing the

di fference between the Judges was not s1gn1f1cant. The rank1ng of 1nvent1ons

using the IEI, was therefore, shown to not depend on the person do1ng the
§éaiiﬁ§;
By definition, a Rube Goldberg invention must be complex and humorous.

éompieiitj was measured in the first two categor1es on the IEI humor ﬁaé

measured in the fourth category. The fifth category was 1nc1uded to measure

the degree of 1nvent1ng invo]ved 1nvent1ng being defined as a un1que

combination of materials and processes. The th1rd categor? was 1nc1uded as

incentive for the subjects. The students had cop1es of the IEI previous to

the construction of the inventions and each student evaluated his/her own

invention prior to the official 3udg1ng by the three 3udges. The third

category has been considered unnecessary for both the definitions of

inventing and a Rube Goldberg invention. After the analysis of the IEI,

itself was completed, the analysis of the data in this study was conducted

two ways, 1) using the sum of all three judges scores on all five categories

11
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in the IEI and 2) using an adjusted total of the sum of all three judges
scored including all except the score on the th1rd category. The rationale
for adjusting the total IEI was based on the observation that inventions
which were very simple, one or two steps, involved little risk; it was
essentially impossible for the 1nvention to fail to perform. On the other
hand those inventions which were very complex, five or more steps, involved
considerable risk in performance. The incl usion of cate’gfory three tended to

Other_Instruments Used in the Study

Achievement and intelligence test scores were secured from Student

records. As a measure of achievement, all three schools had administered the

Iowa Test of Basic Ski’ls (ITBS) As a measure of 1ntelligen*., some of the
had taken the Cognitive Abilities Test (CAT):

Testi ng Procedures

biiér to any student instruction in %aeaaéiaa; the EAS, the GIFFI, and

the PCT were administered to each class involved in the study. The tests

were administered on separate days. The EAS and the PCT were used as pre-

test and post;test instruments. The second administration of the tests

followed the invention fair. Time involved in testing was not included in

the instructional t1me.

Research De51 gg

l’his study used a2x3x%x2x?2 nested Factorial, posttest-only control
group design with instructional treatment as the first factor. The second
factor was the three elemntary schools. This factor was nested within

instruction, and, therefore, insfrﬁction and schools ware confounded The

[N

)
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third factor was the two grade levels i?i?th and sixthj and the fourth factor
was gender (male and female): Subjects were nested within each variable:

Method of Ana1y51s

Mu1t1var1ate anaTys1s of covariance (hhhéé?h) was conducted on the

results from each of the post-measures to determine what effects the

1nstruct1ona1 un1t may have had The resu]ts of the three post -measures were

used to establish four dependent variables: 1) Invention Evaluation Total
based on the IEI, 2) Attitude Towards Science based on the EAS 3) CreatiV1ty
based on the teta] score for PCT 4) Flex1b111ty based on the subtest score
of PCT.

Using MANCOVA allowed simultaneous evaluation of the four dependent

variables while taking into account any initial differences between subjects
thrpuéh the use of seven cpvarfatesé ij Achievement test scores; é)
iﬁiéiiiééﬁéé ééééiéﬁi; 3) Creat1v1ty interests (as measured by GIFFI), 4j
inventiv 1ess (1nterest measured as subscore with GIFFI), 5) Creat1v1ty (as
measurad by PCT pretest), 6) Flex1b111ty (as measured by a subtotal of PCT
pretest), and 7) Attitude (as measured by EAS pretest) sy us1ng epvariatés,
s1gn1f1cant resu]ts were not repressed due to 1nd1v1dua1 d1fferences.

First, multivariate F ratios were examined. Where the multivariate F
ratip was siéniticant, separate un1var1ate F rat1os for each dependent
v&ii&61é were éi&ﬁ%ﬁéa, The means, standard dev1at1ons, and adJusted means,
uS1ng the seven cnvariates, for each dependent var1ab1e are presented in

Table 1. The means and standard dev1at1ons for eaeh ef the covariates are

préséntéd in TaBTé 2* Thé adjusEEd means of eaéh giaup 6? suhjeéts nested

of the dependent measures.

13
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The results of mu1t1var1ate tests of s1gn1f1cance for each of the

dependent var1ab1es is presented in TabTe 3 The effects of grade and thé
interaction between schooT and grade were shown to be s1gn1f1cant at p <.01.
Examination of the univariate analyses will further illustrate the importance
of these two effects.

The results 6? Eﬁé un1var1ate F test for the &ependent var1ab1e,

inventw‘oni as reported in MANCOVA are presented in Table &. éender, as a

main effect is s1gn1f1cant at En‘ 6 ;;65 level. The mean scores for males

Instruct1on, as a main effeet, appears to be s1gn1f1cant at the p< .05

level. It is 1mportant to recogn1ze the confound1ng of schools within

1nstruct1on. The exper1menta1 group 1nc1uded two schooTs wh1ch aTTowed for

compar1son between schools: The control group included one school and did

not allow for comparison between schools. The difference in inventiveness
may be due to instruction.

ATthough not statistica]]y s1gn1f1cant at g < .05 TeveT, the 1nstruct1on

be noteworthy. Table 5 presents the adjusted mean scores of the IEI for the

effect of 1nstruction by gender and Figure 1 displays the same 1nformat1on

graph1ca11y; Scores for the students in the exper1menta1 group are h1gher

than scores for students in the controT group. The difference between the

controT group were much greater than the dif’=rence between the scores for
the males in the experimenta] group and the maTes 1n the contro] group.

The interaction between school and grade is significant at the p < .05
level. Scores on the inventions for sixth graders were higher than for fifth

14
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graders in the control school and one experimentai schpai; In the second

exper1menta1 school the scores on the inventions were h1gher for the f1fth

graders than for the sixth graders. Achievement Was the pniy covariate which

The resu]ts of the un1var1ate F test for the dependent var1ab1e,

flex1b111ty, are reperted in Tab]e 5. The 1nteract1on of school by grade by

gender is s1gn1f1cant at the 2 <:05 level. The mean scores for fifth gradérs
were h1gher than the mean scores for s1xth graders on both the pretest and

posttest for flex1b111ty. The ga1n between pretest and posttest for fifth

graders appears to be essent1a11y equa] for a11 schoo]s suggest1ng the gains

have neth1ng to de with the 1nstruetien; The gains between pretest and

posttest scores for sixth graders were not as Targe as the fifth graders but

a similar pattern exists. The scores Show signi?icant increases in

fTex1b111ty between pretests and posttests for females and little or no
increase in scores for males. The only exception noted was one experimental
group school where the gain scores for iiiﬂéé and females were éggéﬁﬁany
equa]. cOvariates fpr flex1bi]1ty which were s1gn1f1cant at the p <e 01 level
were the pretest scores on the flexibi]ity subtest of the PeT and the pretest
scores for the total PCT.

The results of the univariate F test for the dependent variable,

creativity, as measured by the total score on the PCT, are presented in Table

7. The resu]ts are very s1m11ar to the resu]ts of the flex1b111ty subtest

level. The pretest of the PCT was the only significant covariate and it was

significant at the p <.001 level.
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The results of the univariate F test for the dependent variable,

attitudes towards science are presented in Tab]e 8 No effects are
significant at the p<.05 level. The main effect, school nested with
instruction is significant at the p=.061 leve: and may also be noteworthy.

TWwo schools, the control schocl and one of the schools in the experimental

group, showed 1ncreases in mean Scores while the other schoo] in the

measures. The school which demonstrated no change had the highest mean

scores at the beginning of the study. The schoo]s which had 1ower pretest
scores showed the §reatest increases resoitiné in similar ﬁosttest measures
for all three schools. Since the pretest scores of 26 students were at or

near the EEiTihﬁ for the test; the EAS posttest was not sensitive to
increases in attitudes towards science. The EAS posttest was administered
after the invention fair in each schools. Therefore, the posttest was most

1ike1y influenced by the Rube Goldberg act1v1ty and invention fair and did

not trui& measure the effect of instruction.
Conclusions

fhis study has shown that instruction has affected the inventive

received no instruction. Females who received instruction had much higher

mean scores on inventions than females who received no instrnction;

néiéé in each of the three schoo]s had higher mean scores on 1nventions

than females in the same schooi— but the males in only one school which

received instruction showed ﬁigher mean scores than the ma]es in the schoo]

16



14

which received no instruction: Instruction was apparently more important for

the females in this study than for the males. The implications of these
results are very important for science education at a time when educators are
looking for ways to encourage science achievemert in females.

If inven%inj were an inherent aﬁiiiiig i:i’rii;il those students with Eiéii

degrees of inventiveness would consistently score high on invention measures

and students not inherently inventive would -onsistently score low on

invention measures. Instruction would not affect changes in the mean score:

when classes were compared. The results of this study indicate that

instruction does increase inventiveness for some students. The fact that

instruction enhances inventiveness supports the suggestion that inventing is

a process skill which can be learned and ihai; pérﬁaps, inventing should be

included in the 1ist of science process skills associated with science

education.
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- Table 1 I
UnadJusted and AdJusted ‘Means ana. Standard Bevwat1ons
for Dependcnt Variables

Dependent Instruction ~ Schools ~ Grade “Gender_
Variable No Yes 1 2 3 5 6 f m
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adj. means 51.
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. Table2 .

Means and Standard Deviations for Covariates

20

Covariates Instruction Schaols “Grade _ Gender

= No. ____Yes 1 2 3 5 6 f
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IMaximim possible

score
score
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99.

9 as measured by one dimension of GIFFI. o
67 as measured on Science subtest of EAS, pretest.
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... . Table3d .
Wilks' Lambda Multivariate Test of Significance

ilks'

iﬁdependent

Variables

Lambda

Approx.
: F

Instruction

School_within

Instruction
Grade

Instruction by
Grade

School by Grade

Gender
Instriuction by
Gender

School by Gender
Grade by Gender

Instruction by

Grade by Gender

School by -
Grade by Gender

*p < 0.001
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Univariate F Test for Adjusted Invention Score

Table 4

Independent Variables

F value

iﬁétructiéﬁ

School within
Instruction

Grade
Instruction by Grade

School by Grade

Gender

Instruction by Gender

School by Gender

Grade by Gender

Instruction by
Grade by Gender

School by

Grade by Gender 0.06 1,65 0.815




.. . Table 5

Adjusted Mean Scores for Inventions

(Effect of Gender on Invention)

23

Schools

Control ~ Experimental

Female

35.13 (n=5) 60.17 (n=13) 59.75 (n=13)

56:75 (n=15) 61:76 {n=19) 70.24 (n=14)

26



Table 6 - - -
Te

est for Flexibi

lity

24

w

iﬁ&ébén&éﬁi Variable

Instruction

Schools within
Instruction

éra&e

Instruction by Grade
School by Grade
ééﬁaér

Instruction by Gender
School By Gender
Grade by Gender
Instruction by

Grade by hender
School by

Grade by Gender

0.81

2:51
23.39
0.25
1.45

0.21

0.32
6.27
2.85

0.55

5.99

i;és

1565
1,65
1,65
1,65
o
1,65
1,65
1,65

1,65

% oooLIIIT
p <0.001



. Tapble7

Univariate F Test for Creativity

F value

d:f:

Instruction

Schools_within

Instruction

Grade

Instruction by Grade
School by Grade
Gender

Instruction by Gender

School by Gender
Grade by Gender
Instruction by
Grade by Gender
School by
Grade by Gender

2.96

4,02
20.58
0.66
5.97
0.02
0.10
4.00
0.42

1,65

O
Qo1



Univariate

N

Independent Variables

Instruction

Schools within

Instruction
Grade

Instruction by Grade
School by Grade

Gender
Instruction by Gender
School by Gender

Grade by Gender
Instruction by
Grade by Gender
Sgﬁaél b:y I
Grade by Gender
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