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Abstract

This study made use of data collected during !98f—82 frqm a random
sample of 1,960 nine-year-old students from 124 elementary schools
tnvolved in a national assessment of eddcational progress in science
;ponsgred by the National Science Foundation. This dafa base was used in
secondary analyses which probed the validity of a model of educational
productivity involving a set of nine aptitudinal. Instructional, and
environmental variables which requi?e 6pt1nization to increa;e student
learning. When' contrplled for other factors.'abiliff. moti;ation, class

L4

enVifonment. hogf environment, amount of television viewing (negative

. * k3
direction), gender, and race were all found to be significantly related
to achievement. For an attitude outcome, the factors 1inked with

attitudfnal attainment were abiiity, motivatidn, class environment, and-

-1

race. These results for 9-year-olds weére compared with those emerging

f rom iecondary analyses of data provided by 1,950 17 .year-old and 2,025

l3-yeqr olds participating in the same national ass:!sment. Overall the = ,
findings ;upported the model of educational prodﬁctivity and suggested

that science students' achievement and attitude are influenced jointly by

4 number of €actors rather than one or two dominant ones. Also the study
attests to the pnfentia} value of Scieﬂce educatton researchers

performing secénddry ?nalyses on the high quality random data basex

qenerated as part of national assessments. s
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Given the 1ink between $clentific literacy and economic productivity,
it is highly desirable that the scientific literacy of American youth is
o high. But the current level 1s a mafter of grave national concern
because sclence and mathematics achievement scores have declined over the
last decade or two and because they have fallen behind those of youth in
.otqer 1ndﬁstrﬁaldzed nations (éomber & Keeves, 1913;‘Husen, 1967 ; Jones,
1981 Walberqg, 1983; National Commission on Excellence in Educatton,
R 1983).. Consequently, concerted efforts need to be made, first, to
tdent1fy through' educational research those factors which lead to

tmproved scientific 1iteracy and, second, to change schools to optimize.

the factofs which will enhapce the science performance of students.

. /

. i -

)

Thé present research aims. to identify factors which are linked to the
sfience achievement and attitude scores of.stpdents at several different
— age levels. [In particular, based on many comprehensive syntheses of
6r10r re$earch, a model of educationdl productivity 1s proposed which
incorporates a set of factors which powerfully and consistently predict
student outcomes. Firstly, this model 15 tested with data collected from
a Iafq% sahole of 9.year old students involved in the National Assessment
in Science, Secondly, the results for 9-year-olds are compared with
those for 17 and 13 year old students involved In the same assessment.

Ihirdly, implication$ are drawn for ‘mproving scientiflc literacy.
g MODEL OF EDUCATIUNAL PRODUCTIVLTY

According to Walberqg's theary ot educational productivity, nine

bactar:, require optsmtratinn to increase student achievement of rognitive
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and affective outcomes (Horn & Walberg, 1984; wWalberg, 1981, 1983, 1984a,

b; Watberq, Harntsch & Tsat, 1984;.Ha}berq. Tsat & Harnisch, 1984

Walberg & Shanahan, in press). These factors are the student aptitudinal

variables of (1) abiltty or prior achievement, (2) age, (3) motivation or

self concgpt as Indicated by personality tests or wil!ingefss to
persevere ;n learning tasks, the instructional vartables ;f (4) quantity
of instruction, (5) the quality of the instructional experience, and
educattonally stimulating psychological aspects of the (6) home
environment, (7) the classroom or school environment and (8) the peer
group environment, and (9) the mass media (espec1aily television). This

model recognizes the complexity of human learning but st111 }s

parsimontous in fhat 1t converges on the least number of.fact;rs which

powerfully and consistently predict student outcomes. A major strength
of the model 1s that the nine productive factors largely were identified
from syntheses of about 3,000 individual studies of factors related to
student learning (e.g., Frederick & Walberg, 1980; Graue, Weilnstein &
Walberg, 1983; Iverson & Walberg, 1982; Uguroglu & Walberqg, 1979:
Walberg, 19843, b; Willtlams, Haertel, Haertel & Walberg, 1982).
- N
few prior intensive experiments and quasiuexperiment; are nattonal in

4 scope, and most analyse only one or two of the factors and sample 1imited

populations within a school or community. They are often étrong en‘

! observational technique, measurement, verification, and random assignment
to treatments (in skhort, ‘njernal validity), but they are often weak in
Jeneralizabtitty or external validity since they do not sample rigorously
from larqge, well defined populations Survey resedrch has complementary
Wtrengthe, and wesknesses- 1t often draws large, stratifled, random

amples of ndttonal populations and measures more factors but sacrifices
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internal vafidity since the factors are usually measured

cross sectionally and perhaps superf;c1atty uith only a few 1tems. Also
survey research can contr&% statistically to some extent for muitiple
causes and can be more causally convincing than quasi-experiments
controlled only for one or two Covariates. Consgquently._the

complementarity of intensive and exten$ive studies ts important since

powerful effects Should emerge consistently from éithef form of research.

As most of the available evidence was assembled from data gathered a
L]

decade or more aqgo, 1t was considered useful to test the generality of
the results with more éyrrent data and to exteqd the set of variables
Yncluded. Thus, the purpose of the preseqt study was to compare
regressions of National Assessment in Science data recently collected in

‘ 1981-82 with prévious regressio'ns and syntheses of smaller-scale X

experimental and. quasi experimental studies.

NATIONAL ASSESSMENT IN SCIENCE

<
The Nattlonal Assessment of tducational Progress (NAEP) was

estSblithed'<: the USA In 1969 to assess periodically students’ knowledgg
of various school subject areas. ‘In gkience, national assessments were
conducted by NAEP in 1969 70, 1972-75; and 1976-77. But, because of
legislative decisions and financdal constraints, (the/f}ational Institute
nt tducatton postponed the next fully fledged NALP scilence assessment

. dntil the late 19805, thus causing an anticipated gap of approximately 13
yedrs between <uccesstive assessments. Many science educatars were

concerned that this htatus would permit emerging prablems to qon

unchecked . Consequently, during 1981 and 1982, the National ¢ ience
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» Foundation funded a scieﬁce assessment under the direction of Wayne H‘lch

P .

& at the University of Minnesota to fi11 this void. The project involved ,
the collection of a data on many variables including student cognitive
and affective outgdimes and characteristics of the home, the community,

and the school (Queftle, Rakow & Welch, 1983; welch, 1985).
’ . . . , P '. -

&

i ‘This National Assessueﬁt in Science involved a natiohal-random sample
of'approximately 18,000 students of ages 17, 13, and 9 in about 700 -
schools in the USA. In order to minimize testing time pér student, the
total tést battery for 17- and 13-year-olds was divided into Four
separate test booklets.'eicﬁ containing nearly 100 sepaf&te"itens. In
the case of O-year-old. tudents, there was oniy'one booklet ana this was
responded to by all stu]ents in the sample. To ensure a broad séup}é of

'schools. an average of 16 students per school hnsuered a-particular'test-

booklet. The size of the subsample respopding to any given test book let

was approximately 2,000 students. v

The 1981-82 assessment was in many ways different from previous NAEP
assessments. It was funded by NSF, not NIE. It focussed on achievement
in the sclence-technology-society realm and contatned a large number of
attitude 1tems. Because 1t was designed to satisfy some science

education research purposes, more information than usﬁal was qathered on
student and school characteristics (e.g., science anxiety, clas§
enrolments, parents' occupation, and computer usage). Furthermore, the
grant was made to the Unilversity of Minnesota which subcontracted to NAEP
for test printing, sample selection, test administra?ion and ttem

scoring; staff at Minnesota were responsible for 1tem selectidn. writing

background questions, data analysis, and reporting. Despite those
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differencesy, ﬁpﬁever. the 1981-82 assessment contained many of the, items
. o W '.. - . N
used 1n, rev?ousdkssessments. thus reducing costs and permittinhg

longitudinal comparisons. . '

L4

Because the main purpose;'of.this and previous large-scale
asses§Tents were to assess the status of sclentific literaey among
varfous groups and to gompare this with data from past asSessments, some
oé.the-key 1nforma§fon is the proportion of respondents answering each
item cdrrectly.’ Theke'proporﬁions typically are reported for different

_éubgroups of ﬁtudéﬁts representing different geographic regions, genders.
‘réces.~ah¢vtype§ bf community. Often item means in a particular area ‘
(e.g., physics, a;titude to sctence) are averaged and changes betdeen
successlve assessments are noted. For example, Rakow, Welch, and Hueftle
_ (1984) report this type of data and provide the interesting conclusion
that, whereas 9-year-olds increased a small amount in their science
achievemént over the past five years, 13-year;olds shbwed essentiaily no
" change while 17-year-olds experienced a decl1ne.~‘Als§ Welch (1985)
reports generally low attitudes at aﬁl age levels.and declines An
attitudes over the last fiJe years in several areas among both 17- and
13- year olds. Other examples of the use of data from the recent
National Assessment in Science include eiﬁmdning.secondary schoal science
y[r:lments in the United States (Welch, Harris, & Ynderson, 1n press),
inequities 1n“opportun1t1es for computer usagghin scﬁools ( Anderson,

Welch, & Harris, 1984), and perceptions of secondary school students

toward women in science (Welch, Rakow, & Harris, 1984).

Because of the large number of i1ndividual test 1tems answered by

large numbers of students, the National Assessment in Sciehce data
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provid: an extremely uSeful basis for perfbrminq secondary analyses
(Fraser & Tobin, 1985) which inter-relate variables (often defined 1n
‘terms of subsets of individual 1tems): In fdct. as noted above, one of
- the specific purposes of the 1981-82 assessment reéognized by the
. Nationai Science Foundation'was the provistion of a data base for sc1éﬁce *
education research. Some examples gf secondary analyses of these da}a
already completed are investigations of the stability of attituqes to
science between junior and seqior high school (Hof;tein & Welch, 1984) ‘QZ;
and the influence of class attitudes and teacher image on stud;ﬁt
outcomes (Tamir, Hélch & Rakow, in press). In particular, as the
National Assessment in Science data included t1tems which could be
interpreted a;-measures'of most o; the f@cfors in Walberg's educational
profucttv1ty mﬁdel. the present author; conducted secondafy analyses for
- | the purpose of probing the validity of the productivity model.

»

SECONDARY ANALYSIS FOR AGE 9

Operationalizing Variables for 9-Year-0lds

s » L] -
~Data from the natlonal assessment In science were used to

operationalize two .measures of student léarning. namely achievement and

. .
attitude, and at least one measure of seven of the nine fac¢tors in the

productivity model. Age was excluded because the sample consisted only

of nine-year-olds and no suitable measure of peer group environment was

- available in the national assessment data.

The achievement measure consisted of 29 multiple-choice items .

covering science content, inquiry skills, and sclence-technology -
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society interactions (e.g., heelth lard use, pollution, computers).
The re]1ab111ty of this measure was 0.79 (Cronbach alpha coeff1c1ent) for

f

the sample of¢'1, 960 students.

The attitude outcpme measure cqns1;ted'of 23 Likert-type 1tems
assessing opinions about the value of science, science careers. and the
‘resoldtion of persistent societal problens (e.qg., food shortages. energy -
waste disease). Items were ssor na three point scale (3 - positive
response, 2 - neutral, l‘- negative response),.thus the range qf possible
scores -was 23-69. The alpha reliability’of this scale was 6.69.

=

Abi1ty was assessed u1th.a set of five multiple—choice items
measuring reasoning, cle§s1f1catton. and napping-skills;'the reliability
of the>scale was 0.61. Motivation was measured'w1th 21 ttems abdut

‘ student involvenent in science related activities (e.qg. . working with
~ magnets, seeds microscopes, thermometers. batteries); scale rejiability

was 0.77.

b/ ¢ 4

"An Indication of the quality of instruction was obtained by divtding

the science teaching budget (as reported by the sc&ool principal) by the

number of students in the school. - Quantity of instruction was assessed
N .

by two variebles, namely, the average number of hours of science taught
each week in grades }hree and four and the number of hours per day spent

on homework .

Class environment was measured by five items asking students how they

felt during science classes (e.g., *happy®, "iInterested”); the alpha

i0
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reliability of the scale was 6.60. An indication of home environment was

(] v N .
obtained in terms of the higher of either parent's education (using a

6-point scale ranging from "did not complete etghth grade® to “graduated -

from college®). The mass media environment was assessed in terms of the

number of hours of television watched during the previous day.
. ' ) RN

In add1ts$n-to the above fattors in the productivity model, the
present study Involved the two extra variables of gender and race because
\ they have been found tolme.good p‘redi_ctors of sclence learning:fn other
studies. If the extfa variables of gender and race prove to Be . t
T. significani independent predictors, this would suggest an omission in the-
| original.productivity model. . , .- -
o A —
- Apperidix A contains more detailed 16f0rﬁat10n about the definit;ons
S of all the variable Yncluded in the-study. Table I summarizes the means

» and standard devlgtions obtained for each learning outcome measure and

f

productivity factof for the sample of: 9-year-olds.

. - . &

- e et . e S S g ok St Al A e A e Mt Cum e R Gt S A VR A Sy i S A S .
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As can be seen from the above descriptions, indexes for several of .
the prodhctivity factors are coarse, incomplete, and have 1imited
relfability. This is a common.problem facing the secondary analyst -
factors must be operat\onalized from the available data. However, use of

v crude indicators for some of the factors would tend to lead to an

underestimate of the magnitude of their associations with learning. . It

.

\‘l. . ‘1
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N
ts 1ikely, therefore, that studies involving better measures. of the

hypothesized factors would yield'even-sfronger relationships than those

r

found 1n thts study. - . -

DescriptTJn of 9-Year-0ld Sample

AN

-

A stratified random sampling process was used to select the 1,960
nine-year-olds invqlqu in the national assessment in science. The
multl-staged selection process ensured proportional representation by

region of the USA (namely, Northeast, Southeast, Central, "and West) and -

¢

" size of community (ranging from large cities with more than 200,000

population to extreme rural areas of less than 10,000). Students were
selected at random from thé 124 randén]y selected schools. -Approximately
16 students 1n each school were tested under uniform’ testing conditions.
Students were.given ;est booklet; with one‘?xercise per page and a paced
audto tapé wa; used“to spesk the 1£eus aloud and provide a uniform time

for answering.

.

. R
Approximately two-thirds of the nine-year-olds were in the fourth

érade at the time of testing, while onthhird were in the third grade.

About 80 per cent of the sample was uhite( with about equal numbers of
. ‘ .

boys and girls. ' ¢ _ _\

Tte response rate among the students initially selected for testing

was 91 per cent. National assessment samples are among the most

°

ca chosen avatlable to researchers, and test administration

c s are excellent. Research findings for the present sample, g
1

!
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>, ~ therefore, should be gemeralizable with confidence to the population of

»
.

nine-yedr~91ds in the USA. .

Analyses and Results for Age 9 °
; Lo '

) \
c ? . 1)

XA . o S
= © - Intbrcorrelations among the two dependent variables and the 10 .

-t

-

predictor variables are shown in Table I together with means and standard
. , - v

© ] ' deviatians. ' The correlation of“0.45‘§etueen the outcome measures,
achievé;eét andfatt‘tude. 1s considgrabl; highér than values reported in
recent @etafanalyse;{'?HilISﬁp.(ISGS) reported a mean value of 0.19 for
the 48 studies, of elgnen;ary children he t’:lysed.‘uhile,ualadyna and
Shaughnessy (1982) reporteé a median correlat}on of 0.15. Our higher

vq.]ﬁprobably due- to the simlarit'y of focus on socio-scientific *

topf@®In the atiitude and achievement measures we used. ~ -

‘ '.Tﬁe sfudéntﬁiﬁtﬁtude tndicaXors of ability and_ﬂotivation also were
inod{iatgly felateq to achievement (witq correlations of 0.48 and 0.25,
rgspective]y).'as was race (correlation of 0.31). The §O(relat10ns of
. achievement with qdalify and quantity of instruction were essentially
zero, while the environmentaﬁ factors bore mo&erate positive
re]atiqnships to achievement, eicept for television v}éwing which uas-in
the expected negative direction (Hiiliams.-ﬂaertel. Haertel, & Walberg,
- 1982). __—
\‘ -
Tp? highe;% simple correiations_uith attitude touérd science were for
class environment (0.36).‘mot1vqtion (0.31)..and ability.(0.23). As with

achievement, the instructional factors had negligible correlations.

“ !

na
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A muitipie regression analysis was used for tne achievement and
attitude outcomes to examine simultaneously the effect of the full set of
productivity factors. Because of collinearity among predictors these
multiple regression anaiyses p}ovided the advantage of a multivariate

test of tHe joint infiuence of the- set of all factors on an outcome and .

an estimate‘of the éffect of each iIndividual factor when all ‘other
. . . Y -

-

| factors are held constant. Raw regression weights and their associated t

ratios are reported In Tabie II for "full® and 'reduced' modeis A -
I
'backwards elimination method was used to generate the reduced nodei by

dropping nonsignificant predictors successiveiy until all-variibles

renaininéxnad.regression,weights significantly different from zero.

~r
A )

Raw regression weights are reported because they indicate’the change

in the number of points on an outcoue measure assoclated with a one-unit

increment in each predictor variable when the remaining variables are

held constant. For example, Table II shows that an increase of one point,

on the abiiity scale 1s assoclated with an increase. of i.Q} points in

. ", achievement, while a decrease of one hour of televisionfCiewing is

assoclated with a.0.13 point increase in achlevement.

e e -t - - —— —— o # W S AR = A A —

!or binary vartables coded 0 and 1, regression weights can be

PR

N ; " ‘
sinterpreted directly as group differences. For instance, on achievement,
boys scored 0.74 points higher than girls and whites scored 2.56 poipts

higher than non-whites when all other factors were controlled. -Thus, the

[ 4
« L
"

-

boe s
S4N
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gverage white male score‘5.30 points (about twofkhgéds af a standard
deviation) hiéher than non‘white females. (Standardized beta weights for
each factor can be calculated using (the standard deviations provided in
Table II by multiplying the raw regression weights by the ratio of the
standard deviation of the predictor variable to that of the outcome

measure). ' , o
$
S

The multiple correlation for the full set of predictors was 0.57 for

4

acﬁievenent and 0.50 for attitude. The number of significant independent
prediétors was seven for the cognitive outcome and four for the affective
'outcoee. wWhen controlled for all other.variables. ability, motigation,
class environnent. home environment, amount of television viewing
(negative direction), gender, and race were all significantly'related to
achievement. The variables related to attitude, when controlled for
other variables, were ability, novitivation. class environment, and race.
It Vs «interesting to note that, anonq nine—year-olds. quantity and
quality of schooling factors are not important Predictors of science
learninj. Rather it is the individual and environmental characteristics
that are most highly related. . This may not'be too surprising given that
these students have only been 1in school three or four years and, ‘
furthermore. 11ttle science s taught in the primary grades (Heiss.
"1978). The euphasis on reading and arithmetic seems to croud .science out
"of the curriculum at this age level. The national assessment in science
revealed that students in Grades K-2 on average spent only 64 mingtes per
week on science related activities as reported by school administrators.

, .
* The sample of nine-year-olds used in this paper had a mean of 86 minutes

*(1.43 hours) of.science per week (see Table I).
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Variation in student cognitive achieveuent at this age level appears

1argelv a function of student aptitudes (ability. motivatt?g?. the
Influence of the class, home, and mass media environment, and the two
additional vakiable of gender and.sex (see Table II). Although 1t 1s
somewhat disappointing to find that instructional quality or quantity
bore such weak relationships to athievenent.;ieveral of thersignificant
preqiqtors of achievement are alterable. In particular, motivation,

clas$ environment, and television watch™ng habits .could be changed. It

appears ‘that cognitive learning could be enhanced through attempts to

' improve student motivation (indexed'by‘involvenent in science related

activities such as visiting ZooS or museums), to create a more positive

claSSroon environnent and to encourage students to watch less

hanging each of these facfors by one unit would be

telfvisi
associateo th an ingrease of 2.52 points in achtevenent which 1s mo Jr'
than one- f a standard deviation Put “another way, an increase GE:
deviations would place a student originally at the 50th
percentile at the 69th percentile.

Attitude toward science is related to ability, motivation, class .
environment, and race when other factors are constant. Wotivation and
classroom environment are school-alterable factors to some extent, and
unit increases in each.would be assoclated with a'gain in attitude of

4.98 points (about four-fifths of a standard deviatioa).

-~

1
This study suggests that race and.gender need to be Included n a

model of educational productivity, at least for science learning among
elementary school students. Both were significant independent predictors

of achievement and race was a predictor of attitude ir’the present

'
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k' research. A]thoqu these factors are not alterable, the results support
. ~

the claim thit special programs méy be needed to overcome the

differengial science achievement that starts appearing among girls and

-

non-white§ as early as the third grade.
: ) 4 & L -

B Y/ The present findings suggest that, -in the early grades, the 1mpac? of
schoq]ing lags behind the 1nfluence of aptitudingl and environmental
factors Anong nine- year—olds. the influence of qualwty and quantity of '
1nstruction'1s virtually zero. It seems that students must be in gph;el -
for several yearf before it 1s possible to detect the 1upact of ‘schooling
on science learnﬁng To sone. this'Tinding mith be. construed as a |
fatlure of our priuary science programs. We prefer to view 1t as an
opportunity. If society deems 1t important to deve}zz scienée.learning

in tﬁe:eariy years of schooling, there is room for this to occur.

SECONDARY ANALYSES FOR 17- AND_13-YEAR-OLDS

~,

z
'y

Whereas the previous section reported the results of a test of the

model of educational productivity among the 9-year-olds involved in the

\
National Assessment in Science, the purpose of this section 1s to compare

the findings for 3-year-olds with the results of analogous secondary
anaiyses performed on data obtained from 17- and 13-year-old students

fnvolved in the same 2}tional assessment. As with the 9-year-old sample,
‘w
y the first step 1n the secondary analyses of data for l]- and 13-year-olds

involved using the data base to operationalize two measures‘of student

outcomes and at least one measure of seven of the nine productive factors
in Walberg's model. Appendix 8 provides detalled descriptions and

. -
operational definitions of each of the variables involved at these two

&
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age lev‘. Operationalization of several of;these factors was guided
by Rakou's (1984) definitions of variables tn a study of inquiry skl
knowledge among the l1-year old sample involved in the lational
Assessment in Science. Table III provides descriptive information fon
each variable ior the two age groops including thg number of 1tems, the
alpha rellability (where applicable), the mean, and the standard

L J
deviation.

T - 0 WD o A S e R = . - — " W = = v - ———

- °  Insert Table III'about here

s o T ————— - —— T - = —— - . - = ——— -

The cognitive achievement measure consisted of 49 multiple-choice
1tems covering content topics inquiry skills, and understanding of
socletal issues (alpho rel1ability < 0.87 for 17-year-olds and 0;80 for
13~-year-o0lds). The science attitude measure consisted_of 19 Likert-type

ttems witly five response altornatives assessing opinions about.the value

of}%tience and willingness to solve societal problems (alpha reliability -

= 0.72 for i7iyear—olds and 0.68 for 13-yearolds).

Ab11ity was assessed wit; a self-report item asking about students'
previous grdqes in schoo?. Age uas'exciuded because each of the samples:
consisted of students ;li of the same age (namely, either 17 or 13 years)
and therefore age exhibited'iimited vartability. Motivation was assessed
with 8 itemsqosking about.the frequency of Qoluntary participation in

science-related adtivities (alpha re)labiiity - 0.82 for 17-year-olds and

0.78 for 13-year-alds).
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Quaiit! of instruction was as;essed‘by;two different vafiables.
Fiést. the average science teac?ing budget per pupil (as reporfed by the
school principal) was uysed. Second, students' attitudes toward tpeir
science teacher were assessed by § Likert~type,1tens with and alpha -
relfability of 0.72 for 1i-year~olds and 0.66 for 13-year-olds. The

quantity'of iastruction also was q;sessed by two variables, namely, the

_amount of science and the average number of hours of homework per day.

The amount of science was defined For 17-year-olds in terms of the total
number of senesters of different science courses taken in Grades 9-12,
and for 13-year- olds in terms of whether the student took 0 1, or 2

science ctourses over a two-year period.

-
-

The class environment was measured by 6 items asking students how

s

they felt during science classes (alpha reliability = 0.78 for .

17-year- oldéland 0.68 for 13-year-olds). Hone environment was assessed

in terms of the higher of the ratings for father s and mother's education
coded on a scale of l to 6. The items included in the National
t

Assessqent in Science did not permit thé peer group environment td'be

assessed at any age level. As with the 9-year-old sample, the mass media

env[ronment uas'éssessed in terms of the ﬁunber of -hours of television

watched during the previous day. and the two extra variable of gender and

-

race were 1ncluded

The multiple-cholice achievement medsures uséd in this Study are dbt‘
without controversy. For example, they emphasizg.fégognitlpn more than
recall of the best answer, and s;nd@nt§’;ho'hé§élve higb scores of suth
tests are not necessarily anle‘to apbky fﬁeir‘knowledge n the real *or]d
or to create’new knowledye. qfﬁ:thelegs; such tests ﬁrovide at least a

LTl
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h ]
broad’, reliable sauple of what students know and, without such basic

knowledge or iiteracy, students cannot be expected to reach high thought
levels. As well, testi;g authocjties generally agree that objectiveJ
tests can be used to 3ssess. ‘mportant understanding and critical tbinkinq
capacities.
- . ,
The sample of 17- and 13-year olds, like the sample of 9-year-olds

previously described, was drawn using a stratified, tuo—sthge probability

design. The sample provided probabilities proportional to si1zé to

represent all regions and community sizes. Dversaupling of Tow-1income
and Fural arees ensured adequate representation of these groups. In the
second stage of sampling, 125 schools werevrandouly chosen with |
probabilities proportional to the size of the school. Finaily, random
samples of about 16 students were selected From each of these schools.
In an attempt to ensure uniformity of testing conditions, ;uain test
administrators visited each school to give the instruments using a timed
and paced audidtape.' ‘ R

¢ -

The total sauple I1ncluded approximately 8,000 l?-year-oids in about

300 schools (with approximately 2,000 of these students responding to
each of the four separate test booklets used ;L part of a matrix saupling
plan) and approximately 8,000 li'year olds in about 300 schools (again .
with approximately 2 000 students responding to each of four different ’ :
test booklets). For the ourposes of testing the educational productivity

)

model 1A the present study. a choiée uas made from the four separate test .

booklets answered by 17- and 13- year olds of the one which contained the

L) “
)

most apprOpriate items for assessing the variables included in the

productivity”hodel. In fact, Booklet 21 was uspd with both of those age

7
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groups. The exact sample sizes for the analyses reported below are 1,955

17-year-olds and 2,025 13-year-olds.

COMPARISON OF RESULTS FOR AGES 17, 13, AND 9

Table IV compares the results obtained for 17-, 13- -and 9-year-olY
students when the effect of each productivity factor on student
ach'leveaent'aﬁd‘, attitude was 1nvést1gated using multiple regr;ss'lon
analyses jn which the whole set of predictors was regressed on
achievement .or éttitude'. “The information reported for each productive
factor is the raﬂ_re‘gres"sion weight, b, t:gett_ner with s'lgn'lf“lcaqce Tevel
from of a t tes€ Of'meth‘e} the mgn"l‘tude 'of ithe regression weight is Vl
greater tﬁan zero.y, The bottom of Table IV also shows that the multiple
cofrelat1ons. for the whole of a set of predictor variables ranged from

0.50 to 0 59 fdtf':,d fferent age groups for different outcomes.

- —— —— . Sy (s 2t S D e D D S A S WD A - D - - - - - . -

- i P Sy WD (o S s S d G Sy s o Sy o S A W S G Ak

In Interpreting consistency across age groups of the multipie
regression results in Table I_v. 1t should be remembered that certain
differen®es exist between .the thre;e age levels in the definition of .some
of the variables. The results for 1l-year-olds in Table IV show that,- of

the 11 predictors of science achievement, all 11 were(found to have

‘ "
.
, v
" 4 .
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statistically significant regression weights. In the case of
la-year—ofﬁs._lo of these predictors (with the exception being attitude
to the feacher) again were significant 1hdep;;deﬁt predictors of
aéhievénent. Of the 10 predictors of 9-year-olds' aéh1evennnt. Table IV
shows that 7 were significant when other 1ndepéndent variable were held
fixed. Overall, then, there 1s quite high consistency of achievement
results across the three different age groups since.statistically '
significant regression weights were found for all three age groups for as
many as -seven of the productivity factors, namely, ability, motivation,
\Zlass‘envqrongent. home environment.-te}evision‘viewing. gender, and rice.

-

For the science attitude results reported in Table IV, again there is
good consistency across the three'age groups. I; fact, there are four
variables which proved to bé significant independent predictors at ,all,
age levels; these are ability, moiivqtioﬁ. attitude to the teacher (which
was measured at ages 17 and 13 only), and class environment. As well,
there are three other independent variables which were found consistently
to Qe_nonsignifiqant independent predictors at'each of the three ages}“
these are scfence teaching budqet. amount of science, and gender. Ffor
the remaining four productivity factors, significant relationships' ‘
emerged at one or two age levels, but not at all three. In particular,
amount of homework was a significant independent predictor of atfitudes
for 1k and 13-year-olds only{ the home environment was a significant )
ndependent p:edictor for 17-year-olds only; amount of televis:;n viewing
was a significant predictor (in the negative direction) at age 13 on)y;

and race was significantly assoctated with attitude to science only

amoung the 9-year-old sample.
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In the paragraphs below, the results for each individual productivity

factor are disdussed in turn. g !

&

. 4 o
Abi1ity. As expected, ability 1i1s among the strongest and more -

consistent predictors of both sclence achievenent and attitude In fact,
when al) other factors were held constant, abi)1ty was found to be

/
significantly related to both achievement and attitude for the 17-, 13-‘!

. and 9-year-old samples. <

Motivation.- Sinilary, as would be anticipated from reviews of the

effects of uotivation and achievement (Uguroglu & ua]berg. 1979),

motivation also was found to be a significant I1ndependent predictor of

both achievement and attitude at all three age levels.

Quality of 1nstruction " The first measure of quality of 1nstruction

namely, science teaching budget turned out to be a relatively weak
predictor of student outcomes when other variables ‘were held constant.
Science teaching budget was found to be a significant independent |
predictor of achievement (p<0.05) for 17- and 13-yeer-olds. but ;ot for
9_year-olds. Also teaching budget was not significantTy related to
attitude scores at any age level. The }egression ueights for achievement
suqgest that ~with other factors fixed an increase of $1 per pupil in
the scdence teaching budget 1is associated with an increase in achieveuent
of only 0.06 points for 17-year-olds and 0.04 points for 13-year-olds.
The second variable assessipg quelity of 1nstryction. namely, student

attitude to the teacher, was a significant independent predictar of
. ;-
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achievement among 17-year-olds and a significant independent predictor of.
& 1 ;
attitudes among both 17- and lB—year-glﬂs (and attitude to teacher was

‘not measured among 9-year-olds).

<

, e %
Some cdution needs to be exercised in interpreting these finding for

- Instructional quality, hhuever.‘betause the preséht stbdy'g fuo measures
of quality (damély..sgience teaéh1ﬁg"hudge& énd attitude. to teacher) are
not ideal indicators of qualify of 1nstruct{on. Consequently, fhe use of

- other indicators of Instructional quality ahd variation - such as those ¢
:1dent1f1ed as reasonably strong correlates of achievement 1in Halbergfs

(1984a) study - could{prov1he sfronger 11nk¢ between instructional

quality and student®achjevement .

7

Quantity of instruction. It is salient that etther or both of the
variables measuring.qusdtity of }nstructién -~ namely, the amount of /
science studted at.school and the amount of honerr‘ - tuened out to be
sign{fic;nt independent predictors of outcomes among 17- and
13-year-olds, but not among nyear—ojgsf In fact, amount of science ;és
3 significant independent predictor of.science achievement and the amount
of hdmeuork was a significant independent predictor of bbth science
| achievement and attitudes among 17- and 13-year-olds.

The simple correlation (not reported in this paper) between science
achievement and the number of semesters of science'taken bj students 1n
the 17-year-old sample was found to be 0.31. This is comparable to the

correlation of 0.38 between achievement and instructional time in

Frederick's synthesis (Frederick, 1980; Frederick & Walberg, 1980),

24
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although i1t is considerably lower than the correlation of 0.73 between
mathematics achievement and the number of semesters of mathematics
instruction found among a sample of 17-year-olds 1nv61ved in the 1977-78
NAEP assessment in mathematics (Welch, Anderson, & Harris, 1982). In the
prusent study, an increase among 17-year-olds of one semester in the
amount of science.taken was associafbdawitp-én increase of only 0.57 of a
point on the science achievement tes o£her_¢5ctor5'uere-ﬁbid
constant. One possible explanation for the low correlation between
quantity of instruction and science aéhievénent. relative to that for,
mathematics achievement, is that there are more opportunities for
learning science out of school than for mathematics (e.g., through zoos,
museums, television, and magazines). On the other hand, amount of
homegork was a strong independent predictor for 17-year-olds so that‘an
increase of one hour of hdneuork per night was assoctated with an
increase gf over three points (over one-third of a.standa;d deviation) on
the science achievement measuré and of over fgur points (about half of a .
standard deviation) in sclence attitude scofes. (In other Qords. a
17-year-old student at the‘SOth percentile on achievement could improve
to the 65th percentile through increasing homework by one hour per
night.). Furthermore, the results for 13-year®olds' homework in Table IV

are reasonably comparable in terms of numbers of standard deviations with

the results for the 11-yea§-old sample.

Class environment. It is noteworthy that the nature of the classroom

psychosoctal environment emerged as a significant predictor of both
science achievement and attitudes to science at all three age levels when
other factors were held constant. These findings replicate individual

studies of the effects of classroom environment on science achievement

.
25
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and attitude (Fraser & Fisher, 1982), and are consistent yith Haertel,
Walberg, and_Haértel’s (1981) meta-analysis and Fraser‘§ (1985) recent

comprehensive review. : - .

L N
st *

Home environment. Table IV shows that home environment was

§1gn1f1cantly reiated to séqence achievement at all three age levels when

other factor; were fixed. On the other hahq. Table IV shows that home
. environment was a significan; 1ndepeﬁdent prediitor of science attitude
for the 17-year-old sample only. The siuplé cérrelations betweén houf
environment and cognitive achievement (not reported here) were somewhat.
weaker than in some past research, possibly due to the fact that home
environment was assessed in terms of parental education and not directly
in terms of measures of 1ntellectual stimulation by adults in the home

which have been found to correlate 0.37 on average with achievement

(Graue, Welnstein & Walberg, 1983; Iverson & Walberg, 1982).

Television viewing. The results in Tables IV suggest that the amount

of television viewing was significantly and negatively related to science
achievement at all three age ievels and to science attitude among -
13-year-olds when other predictors were held constant. The negative
relationship between science achievement and amount of television viewing
at different ages 1s generally consistent with the negative correlation
found at different age levels in a variety of content areas in' a

"~ meta-analysis of 274 correlations from 23 studies, surveys, or reviews
(Willlams, Haertel, Haertel & Walberg, 1982). It s interesting to note
from this meta-analysis, however, that the negative relationship between
television viewing and achievement was stronger for'boys than girls and

‘J was evident only in the range between 2 and 8 hours per day (so that a
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deleterious effect was not evident.under 2 hobrs per day and increasing
viewing bé;ond 8 hoJrs had no édditional negétive effect). The beta | "
uetght; in Table IV suggest that a one-hour decrease’ 1n television
viewing per.day is assoclated with an 1ncrei¥e on the achieveneﬁt test.of
0.16 points for l7-year-oldsj?0.09 for.lafyear-olds. and 0.10 ;;r © -
9-y;ar-olds. ' . | ‘ ;o | |

P , o

. Gender. Prior research generally has reévealed gender differences in

‘ ) L .
> both science achievement and science att%tq!’ with boys scoring higher

“than g)rls on both cntem (Gardner. 19745 Keeves, 1973). The results 4
of the present research in: Table IV \pdicate that these gender _ \
differences were replicated for science ach)evquent at each‘of the three T

age levels. ‘However , génder differences I1n science attitudes .did not
emerge at any of the age fevq]s as significant predictors when other
factors were controlled.(see Table IV).' Begause gender 1s a Sinary’
variable coded 1 (male) Qnd 0 (feuple);'Teéresston weights can be.

| Iinterpreted directly as group differedées. Table IV ;hous that, on the
cience achﬁevenent test, boys outscored girls by 2.30 peints at age 17,

,

by 1. 56 points at age 13, and by 0.74 points at age 9.
* " o f
> :
. Race. Table Iv shous that race was a significant 1ndependent

predictor of sclence achievenent ‘for all these age groups, but was
significantly related to science attitude only among 9-year-olds. The ~
interpretation of these results for the pinary coded race vagﬁibfe 1s
that Lhe science achieveﬁent of whites was superior to that of non-whites
- by 4.88 points (oven half a standard deviation) among l7ryear—olds. by
4.13 p01n£§ (almost tuo—thirds of a standard deviation) among \

13-year-olds, and by,2.60 points (over half a standard deviation) among
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9-year-olds. On the attitude criterionm, significant differences emerged
only among 9-year-olds; whites scored 1.96 points (almost a third of a

standard deviation) higher than non-whites.

ot

-~
-

'CONCLUSION AND DISCUSSION - )
¢ ’ t &

.

The results for the three age groups show that a number of factors,

-

previously revealed to be consistent Correlates of achievement in

" syntheses of small-scale bivariate research, were found also to be

significant predictors of science students' achievement and attitude when
mutuaiiy'controlled for each other in a large national survey. This
suggests that national achievement and attitudes are Jointly influenced
by a number of factors rather than by a single doninant one. ' The o
secondary analyses reported in this /pdper generally support the validity
of Walberg's model of educational productivity, which involves nine 4
factors which predict student learning. In the present research which
involved at least one measure of seven of tpese'productivity factors -
namely, ability, motivation, quality of iInstruction, quantity J} !

s . :
Instruction, class environment, home environuent. and- the mass media

environment - 1t s noteuorthy that -each of the seven factors ele(g;d/;?

a statistically significant predictor of both science‘acnievenent_jnd
sclence attitude at one or mbre of the three age levels when other
factors were held constant. Among ?hese\seven factors, ability,
motivatton, and class environment were the most consistent predictors of
student outcomes as they were, significant indeoendent predictors of both
science achlevement and attitudes at all three age levels. However, that
the two variables of gender and race alg; emerged as significantly :

ge levels, as well as race being

/

related to cognitive achievement at all

28 | L’
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a predictor of attitude anbng §-year-olds when all other factors were
held fixed. These f1nd1n§s. If repl1éated in hther studies, would
suggesf.that the twd variables of gende! and race omitted from the
original productivity model could be included in the model to improve the

prediction of achievement in the area of scilence.

The present research has identified four relat1vely-unalterable

-

factors - namely, ab1l1ty. home environment, gender and race - which are
s1gn;f1cant 1ndependent pred1ctors of science ach1evenent/and attitude at
one or more of the three age levelg. St111, five relatively ;
schobl-alterable factors were significant independent prediétnrs of
science achievement and attitudes anong at least oneifge group These
alterable factors are motivation, quality of 1nstruct1on (1ndexed by
science teach1ng budget per pupil and/or att1tude to the teacher).
quantity of instruction (assessed in terms of amount of science and/or -
amount of time devoted* to homework), the class env1romht, and the
amount of television viewing (negative relat1bnship). It 1s encouraging
to find that the present results suggest that there are numerous

school-alterable factors which teachers cin work on 1f they wish‘to.

improve the achlevements and attitudes of their science students.

This paper attes®& to the potential usefulness of secondary analyses
6? data from large-scalg assessments (Boruch, 1978 Bowering, 1984;
Frasér & Tobin 1985). C(learly, there were important advantages in using
the National Assessment In Science data base in the present study when
compared with collecting pr1mar; data to investigate the same questions.

These include the reduction in response burden on students and schools,

the low cost of data, the quality of the large, national, random sample,

3
4o
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and- the possibility of future replications. (The data tape for the

National Assessment 1n Science 1s readily available'together with

~

documentation at a cost of "$125.) - But also there are potential

8
0

disadvantages facing second?ry analysts of large-scale datalrases. These .
include limitations imposed by the quality of the primary data,- the
problén that the data Ease may not contain good measures of the variables ,
of 1nte(gst. and difficulties 1n understanding and usin§ he- data bééause
" of 1ts complexity or inadequate documentation. Fortunately, however,
many of these potential problems have béen overcome with the Nationaf’f
Assessment In Science data bggause of thorough.dochuentat1on. careful
sampling and test aqninistrhtion. and use of a.varilety of quélity checks
"at every stage of assessment and analysis.
//) The findings emerging from the present analyses refute several claims
made 1n'relation to school learning and assumptions made in educational
research. First, although nuch prior research has been bivariate n
nature, this ktﬁdy‘clearly 1llustra§es that no single factor alone can
produce harked increases th learning. Improving all the productive -
factors using scarce resou[ce;. including human time and effort, as
éfficiently as possible would seem a more advisable p;licy than 1mprov1n§
only oné. Sesond. the resulfs are at variance with another Eomuonly held
view that school learning}is too complex to.be und;rstood in terms of a -
re!at1vel§ small number of underly1ﬁ§ factors; The third notion
dispelled by the present findings is that the only important factors 1in

predicting student outcomes are those that cannot be altered by teachers

or the school.

7
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Pt " APPENDIX A
. y

Descriptions and Operational Definitions of Varilables .

For Age 9

Achievement Outcome o | .

29 multiple-choice items covering science content toﬁics (e.q.,

evaporation, speed, 11ght, germs), inquiry skiils (including
: 1
1nterpretat?on of data and tables, experimentation, use of controls), and

an appreciatton and understanding of socletal issues (including health,
nutrition, first'aid, pers%stent wor18 problems, use of couputérs).
. ‘ o

Maximum.score = 29. Alpha rellability = 0.79.

Attitude Outcome : // o
.o . . [y N (ﬁ/ Q
23 Likgrt-type ttems assessing students' opinions about the

-

usefulness and value o sclence, attitudes toward science careers, and
willingness to solve social problems (e:g.. by using less electricity and
A heafinQ). Each item is respdnded to on a thrie—po1nt scale.. Most items
are scored:

1 = No .
2 = I don't know _ .
3 Yes
. : 98 N
Some items are scored in the reverse manner. Range = 23-69. Alpha

rellability = 0.69. A

Ability hS

~
-

5 multiple-choice 1tems assessing classification and mapping

abilities. Alpha reliability = 0.61.
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Motivation

Mean of 21 itens assessing whether students have ever been involved
in a varthy of science-related activities and experiments (e.g., working
with magnets, seeds, microscopes, thgrmoneters.,batteries).

Range = 21-63. Alpha rellability = 0.71. Each item is scored:

1 = “0 §
2 = I don't know S .
3. = 'Yes : ‘
f
- t, : 3

LY

Science Teaching Budget ” \

Sclence teaghing budget in dollars per student obtained fron a
principal's questionnaire requestiﬁg Information on the schocl'sltotal
instructional] budget, the percentage devoted to science, and the number °
of students in the schosl.

-

Hours of Science‘

An Y1tem on the principal's questionnaire requesting information on
the number cf hours per week, averaged across Grades 3 and 4, for which

sciqnce s taught. Coded as-: : .

0 y Less than 0.5 hours per week
’ 1 = 0.5-1.5 hours per week
2 = 1.5-2.5 hours per week -
3 = More thanm 2.5 hours per week
Homewo fk .

An item asking students to indicate the average amount of time per
day spent on homework (all school subjects). Coded as:
None ‘ L
Less than 1 hour per day

Between 1 and 2 hours per day
More than 2 hours per day

T

U Hu

.
¢
N~

¥
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Class Environment }

I

The mean of 5 ltems askiogxstudents‘if science classes usually made

; <

them feel "happy", "interested®, “dusb*® (reverse scoring)."gxcitedj; and
*successful®. Alpha rellabilitty = 0.',60,,' Except for the ttems with

AN M

reverse scoring, coding is: P
1 = No
. 2 = I don't know .
3 = Yes )

Home Environment .

The higher of the ratings for father's and mother's. education coded
- as:

Did not complete sth grade
Completed 8th grade, but did not go to high school

went to high school, but did not graduate from high school
Graduated ffom high school

some education after graduation from high school
Gradyated from college

N ) . N T -

N
rNaWN -

r
.

‘' Telpvision v1ew1ng | o ‘ .

An item asking students how many hours of TV they watched during the
previous day. .Coded as: ’
. %
Watched 1 hour or less
.2 haurs
3 hours
4 hours
5 hours
6 hours or more

4 n 4 ¥ M b

DN WN —-

Gender ' | ;
’ Coded as:

= Male
female

) -~
i
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Race

Student-reported ractal batkground with blacks, native Aae}icans.
hispaﬁics and astans included in the non-white category. Where 4 //
tnconsistencies existed in the student responses to two questions about

race, responses were recorded ai"other‘ and included in the non-white

-cateqgory. Coded as:

1 = White ‘ .« . ‘
0 = Non-white g .
” s
|

J4
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~

Descriptions and Operational Definitions of Varlables

~ for_Ages 13 and 17

gspieve-‘;;~ahtcone

49 multiple-choice items covering science tontent topics (e.g., 'energy.
s TN

14fe, changing aspects of -the earth), inquiry skills (including

exper imentation, data 1ntgrpretation. leasurenent: problem definition,

) . :
and solution), understanding of the role of theories in science, and an

~
appreciation and understandipg of societal issues (1ncluding health
. resource management, nutrition safety, and}the costs ‘and benefits
assJ‘;ated with applied science and technology), Max imum score‘: 49,

Alpha reliability :,0.87 for 17-year-olds add 0.80 for 13-year-olds. ,/

Attitude Outcome

»

19 Likert-type items assessing students' opinions about the usefulness

and value of science and w11lingness to solve social probleus (e.g., by

tgrniqg off lights when they are no longer ngeded) Alpha reliability = -

0.72 for 17-year-olds and 0.68 for 13-year-olds. Each item 1s responded
to on a five-point scale. Some items are scoredlin the opposite

v
direction. Maximum score = 95. Except for 1tems with reversz\polarity.

<

ftems are coded as:

Always or Strongly agree or Definitely yes
Often or Agree or Probably yes

Sometimes or No opinion or No response
Seldom or Disagree or Probably not

Never or Strongly disagree or Definitely not

Py

- N N
oW ououou
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Ability
A self-report 1tem asking students to describe grades in school so far
coded . as:
8 = Mostly A : [
7 = About half A and half
6 = Mostly B
-~ § = About half B8 and half C
4= Mostly C
3 = About half C and half D
2 = Mostly D
1 = Mostly below D

Motivation . - |

The mean of 8 1feas asking how often scieﬁ;eLrelatgd activities (e.g;,'

- reading scienc; articles 1{ magazines, watching science shous.on TV,
going to hearﬂﬁeOple give talk§ on science) have.beén done uhén not
required for sclence classes. Alpha reliability = 0.82 for 17-year-olds
and 0.78 for 13-year-olds. Coded as:

Of tef¥

Somet imes - .

No opinion or No response ‘

Seldom
Never

— W e
4 B W R W

Science Teqching_ﬂudqgg
Science teaching budget in dollars per student obtained from a
principal's questionnaire reporting the school's total instructional
budget, the perceq;ige devoted to sEJence. and the number of students in

the school. .
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Attitude to Teacher

The mean of 5 Likert-type 1tems requesting students' opinion about their.
. \

#  present or most recent sclence teacher. The items ask whether the

teacher "really likes sclence”, "wants students to point out

mistakes...", "makes sclence exciting”®, "is enthusiastic®, and *is

willing to share opinfons...* Alpha rellability = 0.72 for 17-year-olds )
and 0.66 for 13-year-olds. Coded as:

Strongly agree

Agree

No opinion

Disagree . . '
Strongly disagree M

- N WU

9-year olds. This variable was not assessed with the é-yggr—old sample. .

Quantity of Science Instruction

~ 17-year-olds. An item requesting students to indicate for how many

semesters (2, 1 or less than 1) they had studied each specific science
course (general sciencé. 11fe science, biology, health, eﬁvirpnuental
) s&ience. chemistry, physical science, physics, earth scienée. geology.‘
- other) n the 9th, 10th, 11th, and 12th grades. This variable 1s def;ned4'

-

as the sum of the nuabgr of semesters of each type of science course.

*

Range s 0-8.

13-year-8lds. Based on two 1tems asking students 1f they are taking a

Science course curféntly¥aﬁﬁ whether they were taking one at the same
time durina.the previous year. Coded as:

0 = Taking a sclence course in nelther years
1 = Taking a sclience course in dfe of the years
2 = Taking a science course in both years

hd




,1

Homework
An 1tem asking students to indicate the average amount of time per day /
spent on homework (all school subjects). Coded as:

None -
tess than 1 hour per day o

WU ou

Between 1 and 2 hours per day ,
More than 2 hours per day ‘ ' _ .

(2 B4 B~

C]ass Environment

The mean of 6 1}ens.ask1ng students 1f sclence classes made them feel
“uncomfortable® (reverse snor1ng). "curfous®, "stupid® (reverse scoring),
"confident", "successful®, and “unhappy” (reverse scoring). Alpha |
rei1ab1]1ty = 0.78 for 17-year-olds and 0.68 for 13-year-olds. . Except

for items with reverse scoring, coding is:

1 = Never

2 = Seldom

3 = Sometimes

4 s Often

5 = Alvdys . . v

Home Environment

-

The higher of the ratings for father's and mother's education coded as:
- )

Did not complete Bth grade
Completed 8th grade, but did not go to high school
Went to high school, but did not graduate from high school
Gfaduated from high schoo!l _
Some education after graduat1on fron high %chool

k |

W ¥ UM

DN &N -

Graduated from’ college

Television Viewing

An Ytem asking students how many hours of TV they watched during the

previous day. Caded as:

’,
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Watched 1 hour or less .

2 hours A
3 hours

4 hours

5 hours

6 hours or more {

NN N —~

Gender
Coded as:

= Male
= Female

) =

]

L)

Race
Ractal backgrounp with blacksa native Americans, hispanics and asians
included in the non-white category. Coded as: \/

| = Hh1te : ) 8
0 = Non-white ) :
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1
, TABLE I .
" Number of Items, Mean, Standard feviation, and Intercorrelations for e
s *farning Measures and Productivity Factors (N=1,960)
A | T\ | Intercorrelations* ,
! = . 3 .
'Y e > . : o | & o LaJ =
> > - [ ] »4 o l | .
No. 2 » = 2 & Y é " 5 @
of : 5 8 3 8 $ 38 § 2 §E - 5 8
variable Items Mean —_., SD < < . <, o x - © x . F
,j - _ L + ' . _ .
Outcomes g _ : " ’ ‘
Athievement 29 16.13 5.07 - \ . S
Attitude : 23 571.62 6.34 45 - ‘ -
Abi 11ty * 5y 2.90  1.43 48 25 -
“otivation : 21 2.28 0.34 2% 1 14 -
) {
Quality of Instruction
Science teaching budget | 3.21 3.36 0 04 04 56
Quantity of Instruction
Hours of sclence/week 1 1.43 0.82 00 03 00 -02 -5 -
'Nouewg;k | 1.21 0.80 83 03 08 01 -0% 06
Class Environment 5 2.45 0.50 14 36 04 16 -04 | 06 03
Home Environment ] 517 1.07 16 09 13 11 0 o 01 02 -
Television Viewing 1 3.06 237 -10 06 03 03 00 -10 -04 -05 -04
Gender ¥ S 0.5 05 06 03 .06 09 02 -04 -05 00 03 09 °-
Race (white, non white) ] 0.79 0.41 31 17 19 1 11 -06 -02 -03 05 -13 00
Q s —— [P ) .
ERIC - o 45

=flecimal points have been omitted.



TABLE LI

Raw Regression Weights and t Ratlos for Full and Reduced Mode!l of
. Produgtivity Factors (N=1,960)

4

e

‘ : Achievement Att1tude
Productivity 'Factor Stat- '
B Istic Full Reduced Full Reduced
AbiT1ty b 1.44 1.43 0.69 0.70
t 21.04* 21.07% . 7.63* 7.89*
Motivation b 2.22 2.19  -4.08 4.16
t 7.72* 7.63* . 10.73* 11.04*
Quality of Instruction A : )
Science teaching budget b -0.05 0.03
t -1.73 0.81 ‘
Quantity of Instruction . . .
Hours of science/week b 0.02 0.20
: ' t 0.23 1.28
Homework ‘b -0.03 ~0.02
\ $ t  -0.24 0.12
Class Environment S b 0.20 0.20 0.82 0.82
t 5.04* 5.13# 15.93* 16.12*%.
Home Environment b 0.33 0.33 0.18
t 3.65* 3.68* 1.56
Television Viewing b -0.13 -0.13 -0.07
t -3.16%  -3.22* -1.32
i P> 4
Gender b 0.74 0.74 0.28
t 3.90% j.e8* 1.12
Race (white/non-white) b 2.60 2.56 1.96 2.02
: t + 10.91* 10.81* 6.19* 6.51*
Multiple Correlation : 0.57 0.57 0.50 0.49
L]
* p<0.01
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. . | TABLE 111

Number -of Items, Alpha Reliability (Where Appropriate), Mean, and Standard
Oeviation for all Achlevement Measures and Productivity Factors
for 17-vear-0lds (N = 1,955) and 13-Year-Odds (N = 2,025)

17-Year-0lds 13-Year-01ds
Variable — : !
- No. Alpha . No. Alpha
.- of Rella- Mean S . of Rella- Mean Sp
. Items bility} - Items bY)ity
”4, —

Outcomes .

Achievement 49 0.87 33.20 8.04 49 0.80 28.56 6.84

.t Attitude 19 0.72 68.75 1.90 19 0.68 66.27 8.19

Ability T - 5.44 1.54 1 - . 5.80 1.60
Notivation 8 0.82 2.59 0.68 8 0.78 2.710 0.88
Quality of Instruction -

Sclience teaching budget T - 5.7 5.10 1 - 4.91 8.86

Attitude to teacher 5 0.72 3.0 o.Nn 5 0.66 ° 3.64 0.68
Quantity of Instruction

Amount of science . | 3.0 1.78 I - 1.63 0.64

Homewor k | - 1.39 0.82 1 - 1.53 0.76
Class Environment 6 0.8 3.33 0. 6 0.68 3.40 0.67

[
Home Environment | - 4.66 1.12 { : 4.88 1.1
Television Viewling 1 1.80 2.07 r - 2.80 2.09
Gender | : 0.47 0.50 1 - 0.48 0.50
©  Race (white, non-white) 1 - 0.81 0.39 1 : 0.79

ERIC 17

0.40
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. TABLE I¥

< )

Comparison of Raw Regression Weight for Each Productivity Factor for
Three Age Levels for Science Achievement and Science Attitude

Producf1v1ty Factor

Regression Weight
for Achievement

Regression Weight

for Attitude

Me s

gult1ple Corrglation:

Age 17 Age 13 Age 9 Age 17 Age 131
Ab111ty - 1.49%¢ 0.31** 1.44%% 0.52%%  0.38** 0.69**
Motivation 1.04%%  1.09%* 2 22** 3.02%*  2.51*% 4. 08**
Quality of Instruction ,
Science tgaching‘budget 0.06* 0.04* -0.05 0.03 9.01 0.03
Attitude to teacher 0.55*  0.00 1240 2.16% -
Quantity of Instruction :

Amount of science 0.57** 1.66** 0.02 -o.os' '-0.3 0.20 $
Homework 3.11%+  2.05* -0.03 4.06%* 4.30** 0.02
Class Environment 0.66%* 1.14%+ 0 20%+ 1.23%%  1.70%*  0.82%+

Home Environment 0.83%% 0.51%+ .33+ 0.48** 0,17  0.18
Television Viewing -0.23** _(.17%* _(.13%* -0.01 -0.21* -0.07
" Gender ©2.30%*  1.56%% 0.74%*  _0.60 - -0.16  0.28
Race 4.88+%  4.12¢¢+ 2.60**  -0.55  -0.10 1.96+%
. b.setﬁqq;;~so*' 0.57+* 0.52%*  0.51#%* o.so*;

* p¢0.05, ** n<0.01

Sample consisted of 1,955 17-year-

9-year olds.

4%

QJdS, 2,025 13-year-olds and 1,960



