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Abstract

This study represents on of the flrst major summative evaluation of
the Sclence Curriculum Improvement Study (SCiS), a federally funded, six-
year elementary sclence program. An Instrument was dé;1gned for measur-
lﬁg the effects of SCIS on the stated goal of the curriculum, the develoﬁ-
ment of sclentlfic 1lteracy. Subjects were rural slixth-grade children:
312 had studled SCI1S; 219 were otherwise comparable but had not studled
SCIS. Results Indicate that SCIS contributes to the development of scien-
tific literacy. Specliflc tasks which differentlated SCIS from non=-SCiS
students include the Identiflcation and control of variables, understanding
‘relative position, and explalning energy transfer. Regardless of SCIS ex-

perlience, the girls oufberformed the boys on the Sclentific Literacy Test

developed for thls study.



Int roduction -

The development of sclentiflc literacy among a1l segnents of i popy™
latlon has been a goal actlvely supported by many during the pas¥ tWQ decades,
Multidisciplined teams of currliculum developers, for eXample, wigh Ftnanclal
support from the federal government, jointly conce ived and Qa"'ﬁd g gx-
tensive research-development projects so that chijdren might grov/ ' théir
understanding of sclence, To ba sclentifically literate has con? ‘o meah
that one needs to have: (1) 3 functional understanding of the mpJor I deas
In sclence; (2) knowledge of the history of sclence; (3) curlos"y Pagard=
Ing materfals and events; and (4) an understanding of the |n¢#'r&'at‘onshlps
between sclence and socliety.

Serlous evaluation studles of the federaily fipanced c“l‘l"cu’um Rrojects
almed at developing sclent!fic 1iteracy are essential, Current!y % egtl=
mated thirty percent of the eleémentary school children In the un i ted States
are using one of three curricula developed with the alde of ﬂdef" Funds:
Sclence Currlculum Improvement Sgudy (SCIS), Sclence-~A Progess ﬁPPanch
(SAPA), and Elementary Science Study (ESS (Livermyge, Prlvate cor™ "Eeation).
All three programs use direct €xperlences rather than fexebeoks s the
prlmary media for teaching elemeptary sclence.

Although the materlals~centered appraoch was sudgested by Pes* 'Qezl
as long as 150 years ago, and mape recently by Mongessori and Dev®’s l¢ was
not untll the major curriculum reform effort of the 1960's that s teach-
Ing approach came to be used wlidely I elementary sclence educat 17" ypese
non-textbook sclence curriculs heed to be assessed to determgne M Chelr
potential for developing a scient|fically !lterate’Pop“'ﬂécs (2) thy k {nds
of sclence concepts that can be effectively taught to elemengary ’CHQO]
chlildren through hands-on expﬁflence, and (3) the gffect of ,;leﬂ“ Qn ¢the

devalopment of children's ablilty to think loglicalgy.
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S!S yas one of the ﬁajor elementary sclence programs to grow out of
the ea"v 1960's when understanding of the structure of a discipline was.
deemed OF yemost Importance (Bruner, 1963). The sclientists, educators,
and P5YC%holgglists Involved In the development of SCIS constructed a se-
quent'a‘ program for grades kindergarten through six which reflects the
basic PTinciples of sclence and yet can be taught by ordinary teachers to
ardina™ Studenté- The stated goal of SCIS Is the development of sclen-
tiffc “teracy (rarplus, 1964). An overview of the manner In which the
sciS “Tricyjum attempts to reallze thls goal Is described elsevhere
(sc1S TRacher's Handbook, 1974). .

EVa‘Uatlon studles concerning the effects of SCIS on children's reason-
Ing haV® ga11en Into two broad categories: (1) those yieldlng data use-
ful to tha desligners of SCIS In meking curriculum decisions and (2) those
qiving nformation cohcernlpg the cognitive effects of particular unlts.or
of ON® Or tyo year's study of the program.

StUdjee of the effect of one or two SCIS unlts suggést thgt positive
afffcggltan be measured In the areas of conservation (Haan, 1968; Stafford,
1969) s Serlal ordering (Almy, 1970), compensating varlables (Linn and Thier,
1975)' Qlassification (Linn and Peterson, 1973), relative position and
mot 107 (Batt,gllnl, 1972), and utilizling the processes of science (VWeber,
1972)+ However, these results cannot necessarily be generallzed to all
papu"t'ons. For example, the soclovec;nomlc levels of the children belng
stud1eds the teaching style used, and the particular concepts leng eval-
uated Pfoved to be significant varlables whon analyzing effects of SCIS
(LinD 8Ny pegerson, 1973; Linn and Thler, 1975; Haan, 1968; Almy; 1970) .

$¢ud12® assessing the cumulative effects of the total curriculum have been
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almost nonexistent because of the lack, untlil very recently, of school
systems that have used the program for six consecutlve years.

The purpose of the present study was to Investlgate some of the cumu~
latlive effects of SCIS on children's development of sclentlific llteracy.
Specifically, sclentific literacy In the area of functlional understandings
of major ldeas In sclence was assessed. It was hypotheslzed that chlldren
who had been exposed to SCIS would evidence a greater degree of sclentlific
literacy than those who had not been exposed to the curriculum. A sqleﬁ-
tiflc literacy test was developed and admlnlstgred to slixth graders in
rural chhlgaq.wgb had used the SCIS program for six years and to an equl-

valent control group.

Development of the Sclentiflic Literacy Test

Due to a lack of exlisting measures, a battery of tasks was desligned for
thls study. Seven SCIS staff, three of whom had been with the program
since Its Inception, contributed to the Inltlal phases of the test develop=
ment. The tasks flnally selected for Inclusion In the Sclentlfic Literacy
" Test were Just!fled on the grounds that they represented major scjentlflc
concepts central to modern scléﬁce and were Included In the SCIS currlcu-

lume The followlng criterla were used:

(1) tasks should be approprliate for eleven and twelve year old

childreng

(2) tasks should lend themselves to a pencll-paper, whole ciass

testing slituatlion;
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(3) tasks should form a representative selection of content-

process concepts taught In the SCIS program;

(h) tasks should involve demonstratlons, plctures, or other con=

crete referents;

(5) tasks should allow for open-ended responses, vwhenever pos-

sible, to permit evaluation of the children's reasoning;

(6) whenever possible, appropriate tasks already In existence

should be revised and used.

Pilot tests were carrled out In six classrooms. As a result, the
seventeen orlglnally.suggested tasks were reduced to nlne which composed
the flnal form of the Sclentlific Literacy Test. Although the test Is not
totally comprehensive In terms of the majJor sclence concepts measured, It
does Include a subset of basic sclentlfic concepts appropriate for eleven
and twelve year old chl)dreh.

' The nine tasks are llsted In Table 1. Tasks I=-1V examine chlldren's
thlqklng regarding some of the baﬁlc processes of sclence. Tasks V-IX
attempt to measure the children's understanding of some of the major con-
tent orliented concepts.

An example of task from the test Is Analyzing Experlments. In thls
task chlldren are required to critique experlment§ In relation to gliven
experimental questlions, and/or results. The Aniiyzlng Ekperlment Task
does noi resemble any SCIS activity In wording or equipment. A brief de-

scription of the p;bcedurc and one Item will be glven,
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" The following Instructions were alven to the experimenters administer-

ing thls tasks

'""Tell your puplls that you will show them an experiment using the
objects on your tray. Hold up the obJects one at a time and name
them (shoe box with a small hole In one end; one large balloon; one
small balloon; flfteen straws). Insert one of the balloon's neck
through the hole In the box so that the body of the balloon Is In-
slde the box., Partlally blow up the balloon; arrange-a track of
elght to ten straws on a table; place the box on the track, and In-
vite the students to predlict what will happen when you release the
balloon. Finally, let go of the balloon so the alr escapes;, caus=
Ing the box to move. MNow distribute the student page and explaln
that the plcture shows the top view of an exper!ment similar to the
demonstration. Read the questlions aloud, Invite puplls to get
clarl fication from you Indlvidually as you walk among them,"

One Item from the Analyzing Experiments Task Student.pages distributed
to each of the children Is shown In ?Igure 1.

On the average, each of the nine t;gks consisted of four ltems. Often
the 1tems vary within.a task in terms of the cognitive demands made of the
child. Six of the nine tasks require explanations to accompany dlscrete
answers; one task |s open-ended and allows the children to list as.many
responses as they wish; another glvés two distinct problem=solving situa=
tions assessed with a total of nineteen muitiple cholce questions.

All of the tasks chosen for Inclusion In the Sclentlfic Literacy Test
require tha chlldren to perform mental operations, In the Plagetlan sense,
In order to glve evidence of a satlsfactory understanding of the concepts.
This means that a memorl!zed answer or gﬁess 1s not sufflclent.' When writ-
ten explanations are required it Is possible to Infer something about the
chlldrents thinking processes relative to the speclific concept belng evai-
usted. The tasks, a description of what each measures, the specific pro-
cadures for administration, and the SCIS actlvity most closely resembling

the t’ulvc,“ are reported elsewhere (émr. 1975). 8



The valldity of the Sclentlific Literacy Test was estimated by match=
Ing the objectives of the curriculum to the test Instrument. Tahle 2
shows the relatlonship between the stated objectives In the SCIS curricu-
lum and the content of the Sclentlfic Literacy Test.

it will be noted that the Sclentlflc theracy‘Test measures more of
the stated currfculum objectives from the fourth, fifth, and sixth grade
units than from the lower three grades. Also, the test Is somewhat
welghted In the direction of ‘the obJectives of physical science units.

To determine the rellability of the Scientlific Literacy Test, test-
retest scores for a group of twenty-féur chlidren who had experlenced vary-
Ing degrees of SCIS but who were not used In the study were computed. The

‘correlation coefficlents ranged between .85 and .97.

Methods

Sub[ects

A total of 531 mlddle~class, sixth~grade students from 19 clas#rooms
In a rural area of Michlgan participated In this study. The experimental
group consisted of 312 children who formed the entire sixth-grade population
from two elementary schools; 196 of these students or sfxty-two percent of
the school population had completed the six year curriculum program In its
entlirety.

The 219 chlldren who served as controls“wnru selected from three schools
that were In close proximity of the experimentals' schools. The control '
schools for this study were chosen because they wéru educatlionally equiva~

lent In temms of soclo-economic status and Intellligence (Bruce, 1969).
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About half the sixth graée students In each school were tested. Princlpals
In both schools clalmed that classes In thelr schools were heterogencously
grouped and that the sfudents tested were a2 representative sample of thelr
sixth-grade student populations. The control children spent the same amount
of time on sclence per week, approximately one and one half hours, as the

SCIS chlldren. The text books used were: Concepts In Sclence (Brandweln,

1967) and Selence In Our World (Schnelder, 1961). Scores for the Michigan

State Assessment Tests (1971) for the two groups Indlcated that the abillity
level of the control group was slightly higher than for the experimentals
(experimental mean = h9.9;'standard deviatlon = 8.9; control mean = 51,.8;
standard deviation = 8.7). The average age of the children in the two

groups was the same: twelve years, three months.

Teachers

A1l the teachers In the experimental schools taught SCIS, hot Just a
selected group of better teachers. No systematlc difference existed In
the quallty or type of teacher hired by the experlmental and control school
systems. The children tested represented the flrst gfoup to have used
SCIS at each of the different grade.levels. it should be polnted out, how-
ever, that the teachers' lack of experlence may have Seen compensated for
by beélnnefs' enthuslasm. '

The two experIimental schools used In thls stu&f served as SCIS trlal
centers. These teachers (1) provlided feedback to the currlculum develoqers
for uﬁ; In revlslng.the program, (2) attended an Initial workshop prior to
thelr teaching the sclence program, and (3) recelved In-service tralnlng.

throughout thelr flrst year of using SCIS.

10



Task Adminl stration

The nine Indivldual tasks were organized Into flve packets, each con-
talning from one to three tasks. These were distributed In random order
to prevent any. systematlc Interaction effects from occurring between tests.
Four experimenters administered the group tests. The nineteen classes were
each tested In two forty-flve minute sessions on successlve days; \ The .
average amount of time allotted for each task was ten minutes.

The experimenters were each glven a standardlized set of directions for
the administration of the tasks. The recommended procedure for handling
student questions concerning test [tems was to answer each child Indivi-
dually at hls desk and refer him to the directions or questlions on the
student page. The experimenters were asked to record questlions the students
asked during the testing perlods. The only task which consistently ell-
clited questlions was the Histogram = Task Iii. On the average, seven chil-
dren from each class, regardless of SCIS exposure, requested information
regarding the test.

The students' reactions to the testing slituation rahgéd from overt
enthuslasm to adamant refusal to work on the actlvltles: Both of these
at.tltudes were rare, however, and were not observed more frequently In |
elther fﬁe-experlmental or control groups., The most uiual student re-~
sponse was a positive, cooperat'lvejﬁtltude on the flrst day énd. a neutral
resigned attitude on the second day.

With two exceptions (Histogram Task 111, Life Requlrements Task Viil),
the students elther first observed a demonstration experiment using mate=
r!a!_s relating to the plctures and text on the test pages or hear a descrlb-
t‘lon of an experiment accompanied by a presentation of assoélated data.

The experimenter then read orally the student pages to the entlre class.

11
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The time aliowed for each task appeared sufficlent for the majority of the
chllidren to cdmplete all of the 1tems. After the alloted time, the exper-
Imenter collected the papers or asked the chllidren to turn to the next task

In thelr packet and the sequence was repeated.

Scoring

Scoring criterla was established by the authors. Two persons separately
scored three control and experimental classes which served as the raw data
for the rellabllity coefficlents. Nelther knew the group ldentlty of the
papers scored. The remalning sIxteen classes were scored by only one per#on.

‘Scorer rellabllity was determined to be at the 92% level of agreement.

Résults and DIscussion

Individual scores from the battery of nine }asks (Table 2) glven to the
312 children who studled SCIS (experimental group) and 2|9 chi1dren who did
not study SCIS (coniro! group) served as raw data for a multivarlate sta-
t[stlcal analysls. Multlvarlate Analysls of Varlaﬁce was used In this study
because sclentlflc llteracy could not effectively be encompassed by a single
dependent varlable (McCall, 1970). The nine task scores were treated as
dependent varlables; sex and'SCIS experlence Qere the Independent varlables.

Overall, the chlldren with SCIS experlence performed better on the
Sclentiflc Literacy Test than those without SCIS experlence (F = 13.7;
df » 9 and 519; p < .0001), The results of the ﬂulflvarlate analysls are
shown In Table 3,

The tasks which accounted for most of the idlfference In performance

were Varlables, Analyzing Experiments, Relative Positlion, Energy Transfer,

.12 7
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1

‘and Solutlion & Evaporatldn. Each of thess tasks was slg@lflcant at least

at the p < .01 level. The Histogram task was slgnlflcané at the ,05 level

In favor of the non-SC!S performance. An analysis of thq SCI1S task score

means, according to the number of years the children studled the curricu-

lum, did not reveal any differences due to length of SCIS exposure.

SCIS had the greatest effect In these six areas:

(1)

(2)

(3)

(h)

5)

(6)

identifying significant varlables In an experiment (Task 1).

Detect Ing Inadequacles of Improperly controlled experiments

and suggesting |mprovements In an experlmgntal design (Task I1).

Explaining experimental results in terms of compensating var-
f
lables (Task 11). :

Mentally putting oneself In another reference frame to commun-

lcate positons of cbjects (Task (V).

Predicting amounts of transferred energy a§ Indicated by changes
In temperature; predicting and explaining femperatures of equal

mixtures of warm and cold water (Task Vil).

Ustng the solution concept to solve a slmple proportionallty

problem (Task IX).

A more detalled description of the data analyslséls reported elsewhere

(Bowyer, 1975).

13
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Sex Dl fferences

The glrls outperformed the boys on the Sclentific Lliteracy Test (F =
h,07; df -9 and 519; p < .001), The results for the differentlial per-
formance In terms of sex are shown In Table 4.

The tasks which accounted for most of the sex differences were Vari-
ables, Analyzing Experiments, and the Histogram Task which were slignifi-
cant at the .01 level. Further analysls revealed that the SCIS currlcuium
dld not affect one sex more than the other (F = 1.2; df = 9 and 5193
p < .28),

Research Indicates that girls are superior to boys In verbal skills at
the ages of twelve and thirteen (Maccoby, 1966). The verbal requirements
of the tasks In the Sclentiflc Literacy Test were aﬁalyzéd and the results
are shown In Table 1.

As can be seen, success on the Varlables Task | depended upon the form
and vblume of the written language. Analyzing Experiments Task 11 requl red
the greatest number of written explanations and the most reading. The .
Histogram Task I1! was the secoﬁd most demanding In terms of the reading
requirements. Thus the three tasks which accounted for the sex differences

w'en the most verbally demanding.

impllcatlions

The overall results of the study Indicate that northem rural chlldren
exposed to the SCIS program assimliate some fundamental 1deas of sclence
which are reflective of the basic structure of the discipline. Implicit In

this Is the fact that SCIS contributes to these children's sclentific

14

: !
. : . ) Ao e . N R A



e

«]2-

I1teracy development. From an educational point of view, these results
have Important Implications which need to be considered.

First, the data supports and extends the results of other studies which
Indlicate that it Is possible to affect chlldren'shthlﬁklng during the flve
to thirteen age perlod with carefully selected manipulative activities. As
a group, sixth gréders who had direct sclence experlences were more suc™

cessful In pencli-paper, problem solving tests requlring loglical and sclen=

tific thinking than those who used textbooks.

A second point Is the amount of classroom Input necessary to affect
children's scientiflc and loglcal thinking. The SCIS Intérventlon, though
extendgd over a six year time perlod, represents only about flive percent
of the total teaching time, the same amount of time devoted to the study
of sclence In the textbook orlented control classes. To detect effects of
SCIS on chlldren's reasoning abilitles, given the relative slize of the
curriculum Input, Is impressive.

A third educational Impllication concerns the fact that not all sclence
concepts are undekstood wltﬁ equal success. For example, although the
SCIS children as a group did signlflcantly better than the.non-SClS chil=
Aron on the Energy Transfer Task VII, half gave no evidence of understand-
Ing thermal energy transfer In splte of the fact that three SCIS activitles
In the flfth year directly relate to the items In this task.

In contrast, solution, another sclence concspt that was evaluated In the
Sclent!fic Literacy Test (Task 1X), proved to be very well understood by the
SCIS children. Three~fourths could predict and explaln what would be feft
after the I1lquld from a salt water ?olutlon evaporated. In additlon, two~ "

thirds could reason about the rolatlve amounts of salt remalning after the

15
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llquld from two solutlions evaporates. In contrast, this appllcatlon,of'the
solution concept to solve a simple proportionallty problem was attempted

" by only 47% of the non-SCIS chlldren. It can be concluded that direct ex~
perience with sclence concepts does not Insure understanding. '

A final consideration concerns the small absolute differences between
the SC1S and non=SCIS children on the Scientiflic Literacy Test tasks.. One
measure of the educatlonal Importance of the performance differences |s the
length of time that they can be déteuted in children's thinking. The data
from two tasks in this study (Analyzing Experiments Task |l and Relatlve
Position Task V) Indicate that curriculum effects in these two areas of
logical thinking can be detected for af'lgaﬁt;twOJyears after they weara
taught. o . v

Llnn.and Thier (1973) showed that rural fifth graders who studied the

Energy Source unit In SCIS are superior In using compensating reasoning In

variables problems than similar children not expoéed to the cu;rlculum.
One of the items In the Sclentific Literacy Test (Task.ll) also measures
this abllity and It was found that the curriculum effect Is stili evident
at the end of the sixth grade. Although the task employed by Linn and
Thier was di fferent from that used In this study, ldentical scoring cate-
gorlies were used.

In a second task, Relatlive Positlon, another example of sustalned in-
tervention effects Is evidenced. This notion has been extensively explored
from a devolopmgntal point of view by both Plaget and Inhelder (1967) and
Flavell and Botkin (1968).

. in an Intervention study, Batagglinl (1972) found positive transfer

effects of the SCIS fourth grade Relative Position unit tmmediately after it
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had been taught. Our research shows that children, two years after thelr
SCIS study of the concept, are still better able to describe positions of
objects from non-self reference frames than comparable chlildren who have
not had the unlit.

It should be noted that the results of this study are limited In terms
of the population to whom they can be generallzed. The group of SCIS chil=-
dren evaluated were primarily from a rural section of the northern Unlted.
States. It has been shown In other studies that rural children tend to
score lower In sclence than do thelr suburban counterparts (Linn and Thier,
1975; N.A.E.P., 1972).

Further research needs to be conducted to determine (1) 1f these find-
Ings can be extended to other populations of children and (2) whether the

SCIS differences are still In evidence In hligh school and college students.
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* Flgure 1. Student Sheet for Task Il
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