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Objectives and Rationale . . . ' o <iy.

In these days of detpated school budgets and demands for greater fiscal ‘

accountability, school districts are forced to investigate every ppossi-
ble means of conserving tax. dollars. A séhool system can no longer
afford to experiment with costly, district-wide trial programs:” This
1s particularly true in.the case of material centéred science curricula
such as‘the Science Curriculum Improvement Study (SCIS). The alterna-
tive to a massive ‘and risky trial implementation could 1lie ‘in a more
‘limited and carefully thought out approach,

r

The purpose of this study was twofold:

.

to identify which combination of preselected teacher and

Rl , o ‘'school variables had the most positive effect on student

>

~~ . outcomes in SCIS within a large urban setting, and

‘Wf,' v 2. to use thege- identified variables, i.e., success profile, o
oL as a model ¥or the selection of a few schools in which <l

. } . _ “the initial trial implementation of SCIS could Gecur.

. . . C &
8] e o o o o . _

' ' 'Methodology and Design e ,\~ , ; o : ,

—

/ ‘ - —

/’1 " ‘The' variables observed o 4100 fifth and s1xth grade S€IS students
Yo were: attitude toward SCIS, student achievémedt in SCIS 1ife science
- and SCIS physical science. - The: .variables observed on the 160 teachers
involved in the study were: the grade taught, '1f the teacher was °
: trained in SCIS methods and mater%als, the age of the teacher, years
\ng;,‘ - of teaching experience,'the numbet of college hours in" science content
: an@ -science methods, minutes per week spent on SCIS in the classroom,
_the’ number of ligf'and physical‘scdence chapters taught, Afhevteacher s
.atthtude toward SCIS, the teacher's scores eon the 1life, physical
- sclence tests. Other variables observed were} he SC cOnsultant's \
C perception of the school's interpersonal cli the p incipal' ’ '
‘attitude toward sclence;’ the school's size; 't chool s rac1al ratio.
"+ and_the school's sociceconomic status: as measured by Title I funding.

“ , 'Stepwise multiple regression analysis was used to’ initially clarifythev'{ ';

‘staedstical significance of the independentovariables in reference-to -
. the dependent ‘variables. The significant independe_;_variablés for
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't: {{ o "A, : ment variables training and Title I to create trait X treatment inter-

_— ) \\’ ;_- ".'-. ‘.fw

. each dependént v riable #rere then combined with,ﬂhexcategorical treat- T

action terms. Stepwise multiple ‘regression analysis was then used to

,determine which of the single variables and thefr interaction. terms
i A, were significant when considered together against eachfdependent

variable. : ‘ - e

,

v Iﬂsxruments and nga ‘ IR E . . e 5

) " 1_' . - . ., )

- The ceacher data was gatheredrby means of\a teaeher questipnnaire, an . 'k e

B att tude toward SCIS instrument, SCIS life and physical science igstru— )
* ments. . The stuﬂent data was gathered via a student attitude toward

SCIS instrument and SCIS life gnd physical science instruments. Other

- data were: obtained from school records.. _ ‘ . :

' ‘ ’ AU P I

" Results and Conclusions' ' ' . | o . n.\\.

o
th positive stndantvout—

. v

. Teacher age (average) =
Teacher's years experience

R
verage) = 9 years

e 3. School interpersonal climat ==positive,.cooper4Uive at all
. levels . ‘
"4, -Principal attitdde g%ward elementary science positive
5. School socioeconomic status'= middle-upper oci economic status, ‘!’
6. Teachers should.be competent in:SCIS conce ‘énd processes ‘
7. ‘Teachers should have SCIS training Cok > ¢
8

Physical science should be taught before the life scienceunit.\\\\;y/

In conclusion it is recommended that th above variables be included

- in a success profile mddel to be used- the, selection of schools, for - 2
an initial i@gl;mentation of SCIS in a large urban school district. AR
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E . THE EFFECT OF DEMONSTRATION-—THEORY VERSUS THEORY—*DEMONSTRATION
e SEQUENCES AND. OF EXPECTED AND DISCREPANT OUTCOMES OF A -

| DEMONSTRATION EXPERIMENE ON SUBJECTJS TEST SCORES AT .

i BLOOM'S KNOWLEDGE COMPREHENSION AND APPLICATION LEVELS
e v 8 ‘ S . o RO ;

- .
W . ’ - « ™

. Al Evans

N Georgia State University‘ . T
) Smyrna GA 3008Q, '
. ‘. ‘ : . EE R \l‘ - . - ‘ ™ .:.'
Statement of Problem o : v, . ' L
: A <. %
‘Dempnstration experime ‘are an important teachin tool in sciencp.

. There is a considerable body of anecdotal informatioh on how to dembn-
strate, when to degonstrate, what to demonstrate, and to whom to ~

- demonstrate. Much‘of this.information is‘contradictory. There are .
- two themes onswhich many\au%borities comment., First is that demonstra?\
‘tiqns are more effeetive if 'the outcome. is counter-int itive or, o
‘discrepant. The second theme is that one order ‘or sequencing of .

theory and demo stration is superior.. The recommended $equence varies

- from author td& thor. Authors’ supporn,their suggestions with,
‘rationales, b nbwexperimental ‘study using order and discrepancy
‘as variables has been . -reported., Demonstrations are” performed daily
in thousands of science élasses. Experimental evaluation of the
importance of order of pfesentation and disprepanoy of outcome woild ,

be useful to_teachers making decisions about: what type of demonstration '

«to present and how to sequence the 'materlal‘ .

R . . . RS ’ ¢ . .

a Des-ign . : . B ,' " - Vg o Y ‘\

A 2x2 multivariate design with three dependent v riables and two :
covariates andg’andom assignment of subjects was uBed. . ¢ ! .

" " P | . .

Independent Variables T
] ). "'n‘ T . [
1, Order of. Presentation (Two levels: Demonstration~lheoqy,

Theory-Demonstration) -

s

~ 2% Discrepancy of Experiment (Two levels. Expected outcome,
surprising outcome) _ ' : . .

P . ) . X
- . . [

: Dependent Variables . - _ . o ’ .

The three dependent variables werg test scores which were obtained from
the éubjects responses to multiple choice questions which werewritten
-at Bloom's knowledge, comprehension,‘and application levels.

1 . . : ] y : . 2
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o '%riates ‘ ] } K ' : S , " )
.n.': N - (SR . .‘ - . . o . - ’, . . .
1.. Otfb7ﬁennon IQ SR e ‘ "’,v- o ‘ ¥ .

!“ . ) < X . . ' o

*'2. Eighth gradejscience grade,

f

- -

Sex. The maior research hypotheses were that he;e would ‘be no signi—
ficant (alpha £ .05) differences between kﬁeﬁéﬁoups on the three
: levels tested. - Minor hypotheses wehi that no significant interac~
o tions\ff the independent variablas Q, or sex would be found A

o Classificatory Variable o

b
\ » . :
x. - ¢

,,,,,

The purpose of the study was to provide useful information to' teachers
: - using demonstrations, not to test any particular theory. However,
o~ - "Ausubel's advance organizer theory would predict that the theory-—-
. : :ﬁgonstratiqn order would produce higher test scores. Festinger's .
H

F 3

ory of cognitive dissonance would‘predict that the discrepant

erimenﬁ would produce higher test scores.;

S T ‘.'\,"-‘.f .
Procedure + ' : S '

r kS . :
, ;/ . A script was prepared for an expgriment demonstrating the solubility
. ,of gases-as a function of temperatdte. The script was written in | * - p°
two separate sectiops. The theory section was written on an abstract . -
. level and presented:cdncepts which explained the demonstration. The:’ - g
C ' demonstration sectioh was written on the concrete level and referred ;-
. ' to observable phenomena. Two different sets of chemicals were used
e to produce two demonstration tapes with identical scripts but differ— :

-

_\; . ent discrepancy levels. oY, . v“

Thg/scripts were performed by an actor, and were recorded on color’
.o = wvideotape. The tape was duplicated and edited to produce four five-

minute treatments. L e '

C A pilot study was used to evaluate and refine multiple choice ques=- ' .
tions on the knowledge, comprehension and application levels which .
were designed to neasure the learning outcomed of the videotape. = - .

- ' The final instrument consisted of 35 multiple choice ifems. I# was
. given to 113 average and above average eighth-grade gtudents imme-
diately after the videotape presentation. Twenty-eilght subjects . -
had. been randomly assigned to .edch oféthe four trea ent -groups.

.

- Results . ' . - o ' ) ] : : , —

-
. . . » . - »

A MANOVA analysis revealed no signiﬁicant diffe ences in multiple _
, choice measures of knowledgei comprehension, or lication scores
- a8 a function of different otders of presentation or of different -
levels of discrepancy for a videotaped demonStration of an experi~-

nent in sci,ence
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| THE EFFECT OF FOURC}ggés OF STUDY-GUIDE QUESTIONS AND
' STRUCTURE ON LEARNING- FROM WRITTEN TEXT

| Don Kauchak - s e
University of Utah B
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' J/ and )
"Paul Eggen ‘ .
Sandra Kirk ' o e o '
‘University of North Florida ‘ :

Jacksonville FL 32216 T

o . v} Objective o . . . _ s
{7f7 Co . The purpose-of the study was to investigate the effects of stuﬁ}~ques— -
. . tions in different forms (verbatim, true/false, paraghrasedﬁ\amg'open L
ended) on the learning of science content from written text. - Avsecond .
purpose was.to. measurg the effect of specifying answer locatlion on :
“question effectiveness. - . . ’ ; - //?-

-
-

L) . 4 . .
. . Ed o -

‘Rationale r R oo P N

. o . R . Y _ ‘ ‘ s w

. g - - Study guides in the. form of questions are often used to aid- students' _

. progrgss through science text miterials but variables determining their -~ . -,

. i -~  effectiveness ate Targely unmeasured.. Studies have shown that higher o _
. level questions producegdbétter scores on an evaluation level posttest -

. witho;} a decrement in' Knowledge level performance. In‘particular,

' Sne sHowed that subjects producing their own examples of a principle

"scored higher than' a control and recall ¢ondition (Watts and Anderson,
1971).  Verbal learning research supports these findings with "deeper
levels of processing" characterized y semantic rathér than.ortho-

. graphic pro;essin%\;esulbing in greater retention scores (Craig and

~~ Lockhart, 1972), ° 4 : * ‘

S

&

. ) ) ) - . ot ’ o .
An additional pracfice common to science classrooms is’'specifying the

_page where answé&s to study .questions can be found. The present study
investigates both these lines of research. I _ R . ,///
. _ Method and Design . N ‘, . : L\ /

Eighty-five foyrth grade studehts‘aere randbmlyjaséigngQ to‘fpur‘treét—
" ment groups. Each was given a passage from the students' weekly science//‘

. ‘ ‘newsletter. The fo .experimental’ groups:were giVen‘étudy guldes with AR
. (A\\g/, ' eight verbatim, true/false, paraphrased, gnd.openfenqed questions, /-
N, respectively. 'Half the students' study guides referred to’the para-

, nswer . for each question could he fbund‘(the_y(

graph number where the _
structured condition). The result was'a 4 x 2 factorial design. /

e -

P}
9.
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. Instruments

posttest consisting of two parts was prepared. The first bubtest
' had. eight questions identical to the verbatim questions in the study
\ ' guide and the second subtest “Had 12 incidental questions, which
co@ered the content of the newsletter but were unrelated to the
study guide questions. The Kuder-Richardson 21 reliability for the .

R posttest was .79. : o R
. ! 1 ’ . ' T ’ .‘ 4 \ ’ P

.Results

, Two<Wway analysis of variance was used to determine whether differ-
. <4 ".ences existed amorng groups, on'tocal'scoresmand on ‘the verbatim
‘ /7 «.and incidental subtests. : ‘ :
~ For total scores and fg},bOth subtests two-way interactions were
to be significant. For students not receiving answer location
unstructured condition), total scores~for true/false Ss were gnifd-
cantly higher. than both verbatfm and open €hded; on the verbafim .
subtest true/false Ss scored significantly higher than verbatjm; ., -
and on th® incidental subtest true/false Ss scored significantly
" higher than all three other groups. There weFe no significant

/

~differénces between groups of Ss receiving question locations. L -
fv{Fbr verbatim, open ended and paraphrased ‘groups, Ss not given loca- |
. ‘. tiong scored higher Eghp those given locations. : I 'y
Y . p& r . ‘l . ‘ ' . ) . . . ) .&
4 - . ' . . a .
o . L ‘ “ . '...’. ‘ K . .o v
.- \ Discussion. | L ' ‘ - o
‘Th sgsults iaisg questions about éﬂe_advisability of identify-
N ing janswer lodgtions in study guides. -Comparison by -treatment showed

the 'verbatim un\tructured group scored higher than the verbatim
_ tructufed group)on all, measures. Further, when comparisons by

» Structure were pade noigignificant differences were found for the

' structured grodp while there were differences among the unstruétyregd
group. Posgdble reasons may be as follows: Lack of structure’
required g/mdre. thorough scanning of the information dn the news-
letter resulting \{n more:careful stpdy of, the informatlon. Further,
‘the true/false quéstions\Fequired more tf rough processing than did

' the other question forms because “the learner -had to ascertain-the. .
veracity of. the statement which resulted -in hifgHer posttest scores.
. . g . ; ; . Y . .

. " The locating of thé answers for the structured group .essentially -

< neutralized tha.treatment effects. More careful analysig of forms .

- ~of questions are required to compare gheir effectiveness, particu-
wiangbﬁfor d;fferent age groups, before generalizations can be made.

. . )
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<’ /// DISRUPTIVE AND HELPFUL TESTING CUES IN SCQéNC
.

o (l97l)
“level’ r_quire formal operdtio

" cent of the time. - 2 I e

ey ot s
4

,\"ﬁ7_ INDEX BY INTENSITY AND FREQUENCY

R | 'William J. Kermis
Syracus

-

. !

conscious and become aMgious over testing Sarasonj Davidson, Light- "

" hall, Waite and Ruebush,\1960). Spielberfer, Anton and Bedell (1975)

. Wine[(1971) suggests that high test’

epggted that/ science tests at the college.
t anxious (LT ) students direct their atten-'"»

anxious

“tion to different testing cues. HTA sthdents attend to disruptive

.cues which debilitateq test completion, whereas LTA ‘stydents attend

td:'helpful cues which ﬁ;ilitate test comg&etion. Spielberger (1972)
and Anton (1976) state that. there is-a vital need to isolate actual

: wtesting cues,’ disruptivé and helpful by #ntensity and,frequency that
_ﬁstudents who differ in. levels of test anxiety direct attention to. -

Ralcd

'fNjThe primary purpose of this study was to devélop an objective measure
“"that will accurately asséss the types of testing cues’ by intensity

nd frequency for HTA and LTA students. s

'u¥~The State—Trait nxfety Iﬂventory (STAI) developed by Spielberger,
"~ " Grosuch and LuskK .(1970) is a self-report instrument that measures ° A
. -an individual's personality trait of test anxiety. ' A ‘median-split

was performed (Hays,/1973gigy-218) to obtain levels ' of test anxiety

f'(HTA and}LTA). Disruptivé: and-helpful testing cues were obtained

frqm an darlier study. At Uhae time, HTA and LTA students were
quegied as to the things they felt were exttemely disruptivéJand
helpful to their test performance. A list of 55 testing Lcues, dis-

' ruptive and helpful was obtained. The 55 esting cues were then used

to’ construct the.Test Cue'Identification Q estionnaige (TCIQ). The

- questionnaire was’ designed to explore the way HTA and.LTA stydents ;.

react, intensity and frequency, - to test-related cues, disruptive and‘
helpful A sample cue and response is provided: "If a-teacher asks
only* memory questions it is an extremely disruptive test Cue. lOO per—

P S T . - s

. ~Data was analyzed using a SPSS program for the basic statistics of fi\
-cumulative frequency and mean. The results produced Lgeleven signifi-

cant cueé; seven disruptive and four helpful, that were'identified
_by HTA and LTA stgﬂents. HTA students contributed more to the

‘-

.« - - 3 -

-X:The sample consistiﬁﬂuﬁ 400 students in tWo physital geologw classes.
.. “Data was collected during~fw0 sessions. The first session was
:ildesigﬁed to gbtain a measure-of test anxiety for each student. The
. . decond session was designed tS index testing cues by 1ntensity and
ﬁ%?frequencyﬁl A 42 percent return was obtained RS

- ) h
o .?'

~
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) . | . . . - v,
? - disruptive cues, whereas LTA students contributed movefto the helpful
- cues which is Supportive of earlier findings by Wine (l97l) o
e . Two major implications for science teaching are apparent in this B _ .
\ ' _ Q study. First the- elimination of disruptive éues and implementation <///”\\
' . of helpful cues will provide a testing environment, conducive to .
anmximum performance for both HTA”QﬁEILTA gtudents. Second research

N L 18 ‘needed to establish what gzrtign of the variance, in science grades - o
. o of. introductory/students is tributed to test anxiety levgl type
. o of testing cue ' o L . N
& . 6” ) 4 - ,,I . . ’ : ' S H
) o ' ' _ : ,,-;'/ el L T
. . ) . - - B ". ‘ "," . ' ) . ) -5 g ] ‘.:v - ; ; . JJ
/ - b . .. L.
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S e e e David VanHarlingen - ' ’ ‘
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'”. Formai hperaghonal thought in Pi an theory haS” stimulated consi— _
gfderable intere“t among science egﬁcigors. The theory describes formal el
4 thought in terms of increasingly integrated cognitive structures.and , '
st aga 'sequence cf stage culminating at the formal operational level.’
“ngperationally, ability to operate at this level is established,by per-_’
”formance on tasks'within schema sich as combinatérial, proportional,
probabilistic and correlational reasoning.. These’are also abilities
. quosely associated with scientific thought. According to” the theory,
. i T one's) ability to fufction at: the formal level s dependent upon the
w ',stfﬁfpresance ‘of a system of combin or 4l logic.’ The ability to use '’ . =,
;-~y __i»‘. L propositional logic, on the o "hand, haﬂ\traditionally been asso- . N
e '.‘éiated with formal thought and Success’ in Science..” . _ -
. / . - . 4 E -

R I This study examined how the ability’ to ‘use propositibnal logic was
T reldted to achievement in a university level physics course. The
¥~ < intent was to’investigate the extent fo which the abjylity to use
- ';.proportional logic is a predictor of physics achiev ent., X
[P . * ) -
R g,hThe subjects were,450 studgllg taking an’ in@roductory level physics
w. .. ' -‘course for science and pre—health professions majors gt a larg
..y 1" ' Easterm university. ‘A test. of, Jlog icai(operators was ministé?ed

. 7° _alorig with a ‘test for-.mathemati litxés:nd.a bgttery oflspatial—

o

.

visuai ‘tasks. ‘A~ factor analysis isolated-Sgrong logic andemathe-

matics factors which accounted/for over 50 Rercent of the variance.

In aadition, chi—square analysis suéEEfcs a hierarchy in the ability—

SR S to use certain operators an hat some subset’ of these are the major )

‘fjfjﬁffg! ~ ., predictors. of course succgss.. TRis result will be ‘compared to the '~ = #
g “-. . . results of another study which has been conducted relating these :

- dperators to Piagetian s%pema[ L _ S

“.The strong relations of 1o§ical operatbrs Lo achievement fn intfo-
ductpry level physics cOwgses suggests a task analysis ‘of semester- - ‘
-and unit examinations. This could provide significant infyrmation
) !elating ‘these: operators to particular, aspects of achieveme .~ These
e 4 ?;g results. suggest, more importantly, that facility with ‘such Operatdrs .
RO l may exisr as a precondition to achievement in such.a course. S \ %
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. . The main purbbse of the study yaé\to idenfifyha'lgérniﬂé hieraréh}; foQL
~ "the mol2 concept as it appears ip introductory high school chemistry.
R A secondary purpose was td®evaluate the relative impofti;z:qu develop~

mental level, fn the neo-Piagetian sense, and availabililty of subordi-
nate skills in the.acquisition of related superordinate 1s iQ\iy
hierarchy. e~ : . © -

¢

- ® . -‘An eight-element learning hierarcg; was ggnerated by task analysis and
: qnplrically‘va idated by application of three methods currently pro- .
; posed: for this hurpose'. The sample Consisted of 269 grade ten students:
- in & course based on'CHEM ftudy materials. In order to determine the
' - ~degree_of transfer from's ordinate to superorhinate skills, the sample
o was assigned by intact clfasses #o one of two -sub-groups. Each student
in the sub-group designated as remedial was required to complete. two v
- take-home remedial units prior to instruction’in the next skill. With -,
this exception, teachers were encouraged not to depart from their usual
" instructional practices. : . - B

-

Several days prior to the start of instruction relating to~the content
of the hierarchy, a set of neo-Piagetian tasks and a test of second- '
order operations were administered. Three quizzes on skills from the
hypothesized hierarchy were administered at appropriate times during
. i, instruction,:. followed by a final chemistry'test consisting of four
A s items on each skill. To estimate reliability of. the chemistry skills:
\g " § tests, phi coefficients between items testing the-g&me skill were com-
_ puted. Nearly all were significant (p<0.00l). Cohen's K was used
- to determine the consistency of mastery decisions for each subject:gn
A each skill. All buit one estimate of K were significant (p< 0.001).

~

& The White and Clark, order-theoretic, and Dayton-Macready hierarchy -
validation methods, when applied to.the final chemistry test data,
yielded an hierarchy considered to be psychometrically valid which
contained seven of the eight skills of the hypothesized hierarchy. -
The test of transfer revealed a .significant relationship between gain

- 1in subordinate skills and related superordinate skills. : A

o ~ In addition to their use as determinants of the mastery status of &\\,/’“

~ individuals, the chemistry tests provided achievement scores for use

in regression analyses. Parallel forms reliabilities for each skill
on the quizzes and final test ranged from 0.36 to 0.74 and, with the ,
exception of one skill, internal consistencies ranged from 0.72 to D
0.92. Significant but moderate correlations (the largest being 0,43) '

.
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were found between scores on each pf the developmental tests’ anll tests
for each of the chemistry. sk}lls. Collectively arid. with one exoeption,
the]iwo developmental level t&Sts acceunted f&'t’“N\to 18 percent: of ;
variance fot the tests of chemistry skills. When -the contributmns
from, the two developmental tests are entered imto stepwise;/e(gression .
quations after the contributions frofmdimmediate superordinate skills
(with R2's ranging from 0.15 to O. 51), the increthent in R% ranges from .
0.005 to 0.056. The reanlts ‘iupport the sbpe~ation that the avail—

"'abglity vels finate «gkills i » “tant than learner
develop. & lev: achievement - e zual skills
exa eu. , - . o j
¢ : X ' -~ . - ) A,
- B N R ~ < .
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AT -THE _EFFECT ‘\OF $TUDYNT MANIPULATION OF MOLECULAR MODELS ON' |
|  CHEMISTRY ACHTEVEMENT-ACCORDING TO PIAGETIAN LEVEL - .
' - Lor L - : - i
e ST a « PR
I, L L Dorothy ,Galaél' e o ' s
VoL oo " . Indiana Usversity ST - s .

Bloomihgton IN 47401 N

-

. a REREEY R S =
In th st few years sciemfe dgbatérs hhqe;@egérmined that .many Mo

+ students. enrolled i &k ~chool and «olleee « 7-r a~~~urses do not
1think on phe forgal cperativual*level (Chiappcitu, 12/0), Bgcause
a substantial number uf concepts presented in science courses requires
» formal thinking several investigators have sought methods that will -
‘make formal contepts more dccessible to-tonerete thinkers. One method
" that-has been tested ‘in chemistry course is the manipulation of cone -
i\ crete molecular models. " Results®f stu iesyin this area have been " [
. - mixed. Talley (1973) sHowed that college student chemistry achieve~.
. ment on high level questions was higher with the manipulation of models.
/| 'Sheehan (1970) found that both concrete and formal students profited
from the manipulation whereas studies by Drugge and Kass (1978) and
épodstein and Howe (1978) fail to confirm this. ' The purpose. of this
|+ study was to examine the effect of the manipulation of molecular'mgdels

| | on chemistry achievement according to the student's Piagetian level.

R 'The research was 1'onsored by the Proffitt Foundatien.

Jhe sample consisted of 238 students enrolled ih four ichools (one
~rural, one subpurban, two metropolitan) ¥n central and south central

' Indiana. Seven teachers and their students participated in the study.
- Teacher's classe$ were randomly assigned to one of the two treatments.

4  The treatment. consisted of studénts actively manipulating molecular
©~ Jwodels versus observing the teacher manipulate the.models . . Study
~.guldes for eight lessons were distributed to teachers tq provide a
®inimum treatment baEg and teachers were encouraged to use the same
modg-of instruction With their classes .throughout the year. .

‘j.>;. gt were classified as concrete, lower‘formél, and upper formal

.~ Via scores on a modified form of the Longeot test. This test was
'“;\\idministered'at the beginning and end of the school yeat in order-to,
.also determine whethee the treatment was effective in podifying
-students' Piagetian levels. . ’ S

' \\/ a' " The dependent variables in this study qonsistedagf the American Chemi--

. cal .Society (ACS) Achievement Test in High Scho Chemistry (reliabii-
- ity = 0.74), selected items from this same test. that directly related
to,the study. guides (reliability = 0.41), and a 39-%tem composite of
test items emedded in eight unit.tedts relating to the eight units
(reliability = 0.60). v \ .
» ' . - . - o s . : .
« Data were analyzed using 3 x 2's analyses of variances withﬂ;greé

>

lev of Piagetian developmental stage and two levels of tr dtment. T
The foflowing results were obtained. . ' ' '

I

|

|

1

1 .
| * 1

’ 112(&7'-. o,

. S . : . N _ a-

;. by high school students over a long period of .time (entire school year) -+



1. -Students %ho“were classified as formal aqhieved signifi—
! - cantly higher than those classified as concrete on the.

-“ ;% -~ - ' ACS tegtTat the 0. OOF'leve\ and on the content- test dt the
R\ S GTS level. - _ . e ':td . N

. 2. Students in the active manipulation group performed signi— S
ficantly higher than -those who observed mani ulations on » ,
e ACS stest qt thie G.003 level, on the ACS' Subtest at the. i///

. . » 0 5 level, and on the content test he 0. 055 level
o, R ' .. - . .V't /’%&.&

"L . o S , 3. {There were no s nificant interaction effectstfor the ACS
r 4, test or ACS subtiest by there was;p significant interac-
o \ tion at the 0.029 levek for the content test. Fortal °

operational students benefitted moge from active manipu~
’lation than did, concrete students S Y 4 }

Reaglts of this studyﬂconfirm Sheehan s f)hdings that manipulagion | D
: of modelss 18: ‘beneftcial for both concrete and formal students. When-
> : used over a long time period the manipulation appears to improve = _,

chemistry achievement.o N Lo ht ) v

N ' . : )
..‘ o - . ‘ e A ’ \\ . )
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. The 4nfluence of scfence education reSearch on’classroom teaching
' practice<qs not as great as manywould like it to be. 'This lack of
"4rfluencelinay be due to a number of reasons. Many feel that research
.findings and their implications are inadequately communicated to, the
.. classroom teachers. Iwaevqu thig-lack of influence may also be due
., to ‘the perceived lack of relevance for teachers as they look for
"guidance to deal with daily concerns and decisions which they facé {in . -
the glassroom. . o , o

C

A mechanism for two-way communication and cooperation between teachers
' and researchers is needed. ‘This mechanism should be designed to, facil-
itate the identification by teachers of research problems relevant to :
teachers needs, to- insure the .quality of the research in order give
valid-generalizable results, .and to help in the translation of the -
research findings into language that. connects it to classroom practice.
- NARST and NSTA, through the respective research committees, are .
involvéd in a cooperative effort devoted to identifying research
riorities and developing a mechanism for proposing, designing, cons
ducting and reporting research relating to clagsroom practice. Thig, .
vould serve to establish better credibility of researchers with
‘teacheérs-and of teachers with researchers thus making the ifipact of
‘research on clgssroom practice more likely.  This would also increase -
the probability that the ciag?room practices would produce .the L
desired science learning. . . . - - e
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THE STATUS OF rHRE-CULLEGL SCIENCE, MATH' 4 TICS AND SOCIAL SCIENCE.

. . EDUCATION, l955—1i§?: ENROLLMENT ﬁND FINANCING <0
L . Robert W. Howe - oot
S ,Ohio State Undversity. . -
' Columbus OH . 43240 D
- ( . /

_‘monies directly in.curricular and instructional concerns, The Elemen-

in the educatioqal community .Concern fo¥® the educational needs 6f
‘'students and for program effectiVeness evaluation was specifically. man-
dated within this Act. y . - ,/T

. . w " . S .

Data analyzed indicate enrollments in public schools ﬂncreased until -

1969 and then began to decline. When data for only grades K-6 are
analyzed, peak énrollment appeared to occur in 1968. Current projec-
tions for enrpllment will be discussedyand their implications for '
science education highlighted O .

When financing and school control are considered, a pattern of increas-
ing state control becomes .evident.  States vary extensively-in the
amount of control exerted over the science curriculum In addftion

’

. method of control varies in legislative and regulatory forms. Examples
L4 ggf state influence ‘or control will be discussed as tZese related to

séhool size and consolidation, school . curricul um, her certifica~
tion, textbook _and instructional materials selection, and minimum

competentices and_accountability. : : . ' L\;\

o ' i ] Y
.

.Tﬂ' two decades, 1955-1975 marked the first major investment of federal

tary and Secondary Education Act (ESEA) of 1965 continued the pattern of - -
direct investment,: infitiating proggams to deal with specedl groups with®

-



THE STATUS UF PRE-COLLEGE SCUIENCE, MATHEMATIGS ~AND SOCIAL SCIENCE ¢4 ——

. — " EDUCATION, 1955-1975: . E»CTICES AND NEEDS KBSESSMENTS ) ' -,
- C ’ ) @\ . Lo -
Ce e ‘ Stanley‘h Helgequ . . : Fooe
N s : “+  Ohio State University o ' - T
- ﬁ TR : .. Columbus OH 43210 7 T a2
»Y' \‘ : ‘ L ,
~ .~ This study was one of three funded by the ational Science Foundation

. in the summer.of 1976 to assess practicesin preacgllege educatioh and
"to provide, ba: eljne information.on needs so future programs in science,

- mathematics, And social ‘science edueation-can b4 targeted to méet. docu—‘

N . o , menteg national concerns. R N :

&2

- v s il
i o The spec;fic purdLse of the study wéf tor - « s\ - f ’

ng

-~ K _ -
. : 1. review, analyze, and summanize appropriate 1iteratu e(/ﬂ\\\'
J o i/ - related to pre-college scienc;;}nstruct n, to scietice ®
' yoL teacher ‘education, and.to needs assegSment efforts, and

-

2, identify trends and patﬂerns in th preparation of:
science teachers, science teachigg practices, currlculum
materials, and needs assessments’in science education

"

during the period 1955-1975..
- L B .

Because this was. anﬂarchival study, the procedures focused on identi—
fying, retrieving, and analyzing existing literature rhther than on
generating new information. Major-sources of information included
o _ the ERIC data baSe, Education Index, Readér's’ Guide to Periodical
I R Literature, Dissertatiop-Abstracts Interntional, published books and -
-G ' journals, feder ,age %eé' files and collections, state department N

y of education arc ves, poxts-from conferences and committees.
. « - Sele of documents or review was based upon: -

generalizability.pf r sults based upon size of popula-
tion, sampling techniques, and methods of analysisg
T . A} 1
_ - 2, summarization of ‘data ‘or research reports (e g.s reviews
¢ v - .. of research), o -

I : 3. ‘iﬁportance'or,si ficance as indicated by publication in NS
‘ a refereed journal or as a committee report; and .

e ' 4. representativeness of a type or kind/"f document (e. g}
’ e eurriculum guide). o . a \ .

.

‘The ‘reports willibe organfzed around four'nanr,considerations:

1. | Existing Practices and Procedures in Schools \\‘
- .. 2, \Science Teacher Education
) . ~ 3. ontrolling and Fihancing, Eduycation . .
N ' 4, Needs Assessment Efforts ' - <,

3
L

-

- . ' .
i . .
A ," » . " 4
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ture in each categoty will be presented. o
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This\ paper in_tﬁe paper set'w111~fbcus on prActices and needs assess-
ment/ efforts in sciegce education. (Eindings summarizing the litera-
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oy NG N
N %\v; ------- - The ‘two decades, 1955—1975 are unparalleled in the degree offaotivity «
in science education. Millions of dollars were-devated to athe cooper~
ative involvement of scientists, educators, .and learning ‘theorists in
I the development .of 'science curriculum naterials, Extensive progfams -
- ‘were', develOped and conducted. to upgrade and update the-science content
background of teachers and to train them in the use of the new curric-

- B L. ,ula. L . . e : S, . N ’ '
- 7 The fotus Of this project was a status report on the impact of such
‘\ _ 3 activity in curriculum- development teacher education, instruction,
~ and needs assessment. Specifically, the purpose of this project was
- ™ tO- . : . . T ’ . C H .
1. review, analyze, and summarize appropriate literature
. related to pre-college science instruction, té“sciente

.- ‘ P 'gr ~ teacher education, and to needs.assessment efforts' and
= ) ) oL v e .
-}9 _'? e ' T2, identify trends and patterns in the preparationlof science
« - o teacherd, teaching practices, curriculum materials, and
. O ;é; . needs assessments in science education ‘ o
* . during the period 1955-1975. ‘, o
o . v r . ‘
¥ This paper in the set will fogus on literature relafes'to science ..

e . teacher éducation: , pre-servide and in-service. Included in the o
' survey are documentk on guidelfines. for teacHer education programs = -»
in science, certification req irements, program descriptions,

research studies, and position papers. Findings summarizing the

' ,_;,V"““%i:erature in each ‘category will be presented : . _ . _

. o

.l :3_@
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of presenting new concepts in sciefice texts, it is surprising to find
: < ~ that most of the.research in analogica reasoning Has been with . formal
SN analégies of the A:B::C:D ;?pé;‘ a6t with the paragraph, form used.by -,
. sclence texts. Studies thaf have dealt with analogies of the latter
type have géperally arrived at the samé. conclusion; “e.g., -the use of .
* analogies does not-aid gomprehension of the desired doncepk. - -

.p-"'

T .““ - This Study was gesiéned'tg.invesfigate the following: - ., .
i s T : L g L a ) : x
PR U . ]*:l.’f}s interpretation of paragraph.anaLOgies‘a~f8;b of .
. . D ~ "analogical reasoning? . I LA
' N T N < Lo LT C -
" ''2.. When an S veads a paragraph, does he comprehend the .
.. analogy? Y . . - . N s /- .
. ] » R . ~ . . . - ; . - ) k
N N 3. Is 4 feeéssary to bé formal (Piagetian) “in order to
v ‘ . ' comprehend' an analogy,,regardléss of its form? . .
) . . .. - . . ) ‘. rd '\- L2
f-f . 4. 'Is analogical reasoning related to proportional reasoning?
J o . R . ) P o ‘”

, 5. 1Is physigs,é&ﬁievement reléted"to~eithét form of'analogical
A o - reasondmg., . - -, S
. . .« / o . ) . : - ;

Methodology and Design

. The sample consisted of 37 students enrolked in an, introductory physics
- course at a large eastern university. During a three~day period, Ss ™
- . were given tasks designed to measure analogical feasoning‘abiligy and\*
- Plagetian Level. ' Tasks and 'Ss were each divided into three groups.
- By rotating the order in which tasks were given to ‘each group, the
. researcher was able to control for possible learning effécts. Course
. ' achievement was indicated by individual Acores on theé midterm exam,
) final exam and total course score. ' S T

. . . . . . .
N . S v, . >

Insttruments and Data S R
LA i . . . o
Both clinical and non-clinical tasks were administered to detefmine
ﬁ&agetiah%Leve; with respect. to prfoportiofis, combinations, permutations
_ and probability. Analogical reasoning ability was measured using a
. ‘test cortaining formal analogies of -the type used in intelligence -
. T Qestiﬁg.vuAiseCOnd,test related to analogical reasoning required Ss - .-
. ‘ . . . . T - . ) . . .t 4?{ 'ﬂ . i ) -

) S . -.‘ B - - o . ) toe " 1 g .' N . ’ . PR < . . '
) N T ke - |

'S

B T R R T &

v Given the fact that the use-of analogies is one of the modt .common forms -



[

. ’ . - ' v ’ eov . : o .
. & -
N

(» -to read a paragraph containing an analogy that had been taken from
- their physics text, and ghen select the . correct analogy presented
' _in the paragraph from a list of four formal analogies which were
4 “similar in format to those in the first analogies test.
. - > *
‘ cL DataWwas analyzed us: Pearson Correlations, t tests and facto§}
1 analysis. - I . ) o

<, !

{ i .
. . a

) L . - . .
. . . . L -

s . . 4 - . . . \ . . "‘ . .1 3 . , . R . i" B -, ‘ .
ﬁ--.nA . Resulaé é\f_.v . : . _ . “l; L 7 a0
I ' o " $8 scores on the two analogical reasoning tests were signifi- :
R cantly, positively correlated (pS 001). ) -

. “ . . . /N .; , o . . I '4'
.E Do \_ 2., Proportional reasoning and formal analogy success -was signifi—- o
T ..+ cdntly,> positively correlated (p 001}*and loaded on’ the sa /;;"

| ' factor. ' : Se e s ; »

,.“ cLo . N

N | 3. Proportional reasoning and paragraph analogies were not o - ,
\ significantly-correlated and loaded pn different factors.f’ . T

~ . 4. Only analogies of the A B::C:D type req&ired the Ss to be. T e
., -formal in terms of Piagetianhgegel.' o ._ ) B ‘fb

3

5. Bothqtypes of analogical tasks had significant, positive SN
correlations with the physics achievement ‘measureg. - L
C e TS~
. l:v - - b, S8 were able to comprehend analogies when presented in para—‘,
graph form, : _ . ,

Y - v C. ¢ -~

... - .8 Lo Y -

:_b'v s

iConcluSions c - T | ‘: .- '4' o ~.3gj*' .
: , When speaking of analogical reasoning, researchers in the past ave
v o '~ .assumed there was a single set of abilities" ‘used - in- solving ‘problems
-~ of this type. That this' is ‘not true is- indicated by the fatf that _ ', .
) - a change to paragraph form.no longetr necessitates the: use of propor~ '
- ‘tional réasoning. Nor- is the paragraph form related ‘to, Piagetian T
"~ Level as.is the A:B::C:D type-of analogy. As. 1ndicated by previous.
" research, paragraph analogies ‘do not aid comprehension of a-concept. -
. It 15 not, however, due t6 the. fact that Ss 'do not- understand‘the..'-~-‘
e analogy being presented . . : -

s



> SPATIAL REASONING AND FORMAL THOUGHT AS FACTORS IN
s . SCIENCE ACHIEVEMENT FOR NEW ZEALAND STUDENTS

Michael D. (Piburn « ' ‘ P
Rutgers University" ‘

P ) New Brunswick NJ 08903

Y

Research suggests that Piaget's Balance and Shadows tasks require an f
element of spatjal reasoning for completion. It also seems reasonable
‘to propose that formal ‘thought and spatial reasoning may be factors in
science achievement. One test case is gender-related differences in

spatial and/or analytfcal tasks and success in science. This study
was conducted to test the hypotheses that: . \&f’////\‘/—
a., Spatial reasoning and suecess on Piaget's Balance and

Shadows tasks are related to one another and to science "\
achievement; and that

b. Sex-linked aspects of inteilectual functioning are related
to differences in success by males and females in achieve-
ment in science.

»

All 5th Form (year 10) New Zealand students take a national School

Entrance by a Christchurch
Certificate (Science)

i

; ‘Mea res were Piaget's Balance and Shadows,/Card Rotations and Surface
DeéeIOpment from an ETS factor-analyzed bdttery, and achievement on
' the School Certificate (Science) examination.

Success rates for: this sample were high. Subjects were nearly evenly
divided in number between those fully formal on either or both Pia-

. getian measure (Formal) and those less successful (Pre-Formal). There

- were significant differences between scores on the Card Rotations,
Surface Development, and School Certificate (Science) measures for
these two groups. Significant correlations were.obtained for the
School Certificate (Science) Examination X Shadows, Balagge and Sur-
face Development, and for scores for Balance plus Shadow X Surface
Development.

Males achieved significantly higher scores than females on the School
Certificate (Science) examination and the Shadows task. A Chi-square-
test shows females less successful in achieving Late Formal on the
Shadows task. Further analysis shows that the most favorable situa-
tion for male success on the School Certifica{g (Science) examination
is to be Formal and above the median on the Surface Development test.
In contrast, females are most seriously disadvantaged only by beingPre-
Formal and below the median on the Surface Development test.

J
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‘b "THE sEFFECT OF A COMMUNITY COLLEGE EDUCATION ON THE COGNITIVE
- - DEVELOPHENT OF STUDENTS IN LI%ERAL ARTS AND LABORATORY
TECHNOLOGY CURRICULA: .AN INTERVENTION STUDY

@ o X Alan Sherman-
’ Rutgers University -
. New Brimnswick NJ 08903

Mbst students who enter a community college do so to learn a profes-
sion. .It is also true that,a community college education tends to
focus on the achievement of specific skills. But does this type of

- " . education help the student to grow cognitively? It is the purpose
of this study to answer that question.
In order to answer the above question, two areas of cognitive develop—
ment were studied: combimatorial logic and proportional logic.
Piaget s theory of ‘cognitive development was used as the framework
to measure cognitive growth, The sample consisted of male students
. between the ages of 17 and 19 years old who were entering freshmen
when the study began. Forty subjects were enrolled in the labora-
tory technology curriculum—a career oriénted program, and 40 subJects
were enrolled in the liberal artg§ curriculum—a nonscience, general:
eéducation curriculum, for students who. wish to transfer to ‘upper divi—
sion polleges. o .

’

Each- subject was  pretested- at the beginning of the semester to obtain
a cognitive level in combinatorial and proportional logic Each sub-
ject was. posttested at. the end Of the’ academic, year. Twenty-eight

G laboratory technologx studentsiand 29. lih\ral atts. students completed
'Ng “g thfwstudy._ Vafiqus hypdtheseS‘were testéd to determine if the students
s giin these’two:cdrriéula-wefe at the. same-cognitive level at the begin-
s'i;vn:a, g ning of  the, ag@dpmie'&ear ;and to see #f cognitive growth occurred by
o ‘ the’ end of Ehe 8céd&h1 ear..” Tir this way it could be inferred that

’ it - as innerVentions to increase cognitive develop—

"Daﬁa anal?siaewas performed using Chi-square and other, 'non-
parame Tic stagiéfisf_”‘H- B :

‘. o - v ’

‘i\ An anallysis of the data showed that for pretests, the cognitive levels

' of both| groups of students were the_same in both combinatorial and
proportjonal ‘tasks. An analysis of the data showed that for the post~
tests the cognitive levels of both groups of students were the same
for the \combinatorial tasks but not for the proportional tasks. The
science group did much better on the postproportional tasks than did
‘the liberal arts group. It is argued ithat this is evidznce that cog-
nitive development involving proportional reasoning did occur for
those students enrolled in the laboratory technology curriculum.

~




: THE RELATIONSHIP OF PIAGETIAN AND PlﬁGETIANjLIKE TASKS
- : . TO PHYSICS ACHIEVEMENT '

% ‘ ' , : o ‘ 3
S - 7
. Dale R. Baker
David VanHarlingen
Rutgers University
New Brunswick NJ 08903
] . -.‘ ’
The purpoge of this study was to identify those Piagetian and Piagetian~
like tasks which are associated with success in physics so that the com-
petencies these tasks represent can be incorporated into course work or
a remediation program. ' It has been found that mathematical ability is
a necessary but. not sufficient condition for success in college physics
(Hudson, l977) , . .

Thirty-eight students at a large eastern university enrolled in an
introductory physics course participated in this study. The following
tasks were given: separation of variables (Kuhn, 1977), shadows

(Inhelder and Piaget, 1958), combinations .and permutations after .

Piaget, Mr. Tall (Karplus, 1970), proportional word problems (Peterson,

et al., 1978), a hypothesis testing task (Bady, 1978), and correlatioms . -
(Lawson, 1978). All tdsks were paper and pencil except the. shadows :
which was administered clinically to each student.

¢

- A factor analysis was performed on the data and it was found that factor |
: one accounted for 36.6 percent of the variance and was composed primarily%

-

PR
+

of the proportional word tasks. Factor two was sidentified as: hypothe~
sis testing accounting for an additional 19 percent of the variance,
for a total of 55.1 percent of the variance. It was not possible to.
identify any clear pattern .on the other two factors.

. Pearson correlations were also examined between the tasks, their com
ponent parts and- student grades on the physics midterm and final exam.
,The shadow task, proportions, permutations and "the hypothesis testing
task all had significant correlations ranging from ..62 (p<.001) to
4.28 (p%£.03). Separation of variables and combinations did not
“correlate with the midterm or final exam. No sex differences were
found . .

-
.

From the factor analysis and the correlations it can be seen that the
"ability to do proportions is related to -success' in.physics (Mr. Tall,
word problems and shadows). However, it remains to“be seen how much
of the proportional ability is a reflection of a broader requirement
of physics, namely mathematical ability. Formal operational thought
18 also related to success in physics (shadows and hypothesis testing

task) .
3
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 SEX DIFFERENCES AMONG EARLY ADOLESCENTS IN LEARNING

¢ e ) A SPATIAL VISUALIZATION SKILL ,
_ ‘ . ° . ' z -
Yo _. "" o R Bl :
e Walter S. Smith
' Cer 0 Cynthia I. Litman
S University of Kansa

>

Lawrence, KS 66

. . o v ‘ oo

Adodescent and adult males have consistently outperfotmed females on-
tests of spatial ability; but a similar difference, if one exists,
has not been so consistgntly found among children (Maccoby and
Jacklin, 1934). Although a sex difference appears to be well sub-
. stantiated for people at .some, if not all, ages, thé relationship of
sex and instruction to spatial ability has beéng}ittlg understood

" ..(Eliot. and Fraltey, 1976). Smith and Schroedef (1978) found that,

. fourth grade boys and girls-did not differ in a two~dimensional
spatial visualization task based on Elementary Science Study's Tan-
grams (1976); and both sexes improved sighiificantly as the result
of instruction. - : .. - _ :

'3

Objectives and Rationale

14

T ~ Since sex differences in gpatial abilify had been found among adoles-
-cents but' not among children (up through the fourth grade), and since
. instruction had been shown!|to have a positive effect ambng fourth
N grade girls and boys, the present ‘authors asked (1) whether a sex
» *  difference in spatial ability-existed” among early adolescents’{sixth
) atd /seventh graders) and (2) whether their spatial ability would be
differedtially affected by insttuction. - - v
. : - : * N

e _ . S A S
“i‘Methodology, Design and Instrument

In order to answer these questions, a 2 x 2 factorial design with
spatial ability as the criterien vapiikis was used. Main effects
were sex and instruction (i.e., whether or not.instruction was .
received prior to the érife:ion test) . Spatial ability was measured "
by the Spatial Visualization Abilities Test, SVAT (Smith and ,
Schroeder, 1978). -The SVAT presents the student with three pro- .
gressively more difficult Tangram puzzles and measures the total
time taken to complete the puzzles. Instruction in spatial visual-
ization toek place over four one-hour perdods on succeeding days
o ' . and” followed the description of instruction by Smitl$“and Schroeder
(1978) which emphasized skills needed to solve Tangram puzzles.
Boys (N = 32) afd girls (N =-27) were randomly assigned to the"
‘ 1instruction or noninstruction groups. The study was conducted in LI
a‘parochial school primarily serving*blue collar families in a” '
medium-sized *midwestern city. . R

”




w

‘Results

s of the SVAT data showed a significant interaction between
sex and instruction (F = 4.89, p €.05). Post hoc analysis, using the
,Scheffé'met,od, showed that noninstructed girls significantly opt-
performed noninstructed boys (F = 15.74, p<.05); add instructedl boys

* significantly outperformed noninstructed boys (F = 12.14, §<.05).
All other pairwise comparisons were not significant. .

. r

-—

Conclusions : , - g ; < -

Contrary to the findings of previous .studies, early adolescent girls
soutperformed boys of the same age in a spatial abilities task prior
_ to imstruction. Whereas Smith and Schroeder (1978) had found that
‘instxpction significantly improved the spatial ability of both male
and female fourth.graders, the present study found that similar
~instruction of slightly older students (i.e., sixth and -seventh
- graders) led to significant improvement only for'gpelboys. '

Implications ) n& ‘ ' ‘

The 'results of this stpa}, when ecoupled with the findings of ‘Smith
" and Schroeder (1978), indicate that instruction in spatial visual-
ization ought to be provided in the ‘fourth grade (prior’th adoles- -
cence), if both girls and hoys are to benefit significBBrly from
the instructfon.’ - ;o -

' L
R 3
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' THE EFFECTS OF SETTING NOVELTY AND NUMBER OF AVAILABLE RELEVANT, * ::

EXAMPLES ON FIELD TRIP BEHAVIOR AND LEARNING !

2 ) .

- \
John D.. Ballirg
~Johm H, Falk
Smithsonian Institution

2 . Ed%fwaier MD 2193] ‘ ' S S

The purpose of this study was to investigate the combined effects of
‘ two environmental variables——setting novelty and setting. relevance-—
. that are commonly assumed to be important to the educatienal process -
~in general and -that are often-used to justify field trips. .The ' /
relative novelty of the physical env1ronment for a learning task
has previously beerf shown to have significant effects on children s
overt behavior and cognitive learning, both in®the laboratory and
in outdoor settings (Falk,. Martin and Balling, 1978; Lubow, Rifkin
and Alck, 1976). Although rarply investigated, the relevance of the
setting for learning the materihl presented to the student s also
an important variable to consider, especially since the reason most
educators give for conducting outdoor based learning activities is
that' more concrete examples of natural phenomena can be disc¢overed
outside, rather-than inside, the classroom. Based. -upon Berlyne's
(1960) theorizing, it was hypothesized that students unfamiliar with
' complex natural settings, such as forests, shou'ld benefit most from
- ‘outdoor field trips to relatively simplified biological environments . ‘-
J with a small number of highly salient real-world examples relevarnt to -
- the lesson being taught. On the other hand, students with more' yﬂﬂ‘ '
N experience in naturgl environmentsshould perferm better in complex . .
s environments ‘that ecan remain’interesting with repegtedﬁexposure and - ,

Rt A where Some of the subt%eties of the naturai world can beﬁin to be. -‘fq';, R

S f/f/}'jfappreciated ‘.\ g R

*The activity selected for this study was designed to help children
.understand the diversity, structure, and function of trees in an
ecosystem. Children compared leaf snapes, trunk diameters, bark
textures, and bark colors among many trees. In .order to manipulate
the number of relevant examples,'three different settings, which .
aried greatly in .the number of trees they eontained, were used,
mély a small urban park on a busy street corner, a qulet su@urban
’ park and a mature forest area within a very large park. 'The rela-
tive nqvelty of the environment was varied by using subjects who, by
virtue'of their place of residence, were differentially familiar with
the erimental settings. Samples were drawn from urban, suburban,
v and rural populations of children, 'roughly equivalent in socio- i
“economic status.. Thus, three levels of setting relevance, as defined
. . by the number of examples (trees) available for study, and'three-
‘levels of familiarity with the setting were manipulated;in a fac-
torial design. The students in a total of 15 fifth and{sixth grade
classrooms were used as ‘subjects. Each class was divided into thirds,
. and the children in each group were assigned to do t ield trip
activity in one of the three experimental locations. For all sub-
- Jects, .the experimental  task was done in the .context of an all-day

. .2"“ oL K
. 718 o - :
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‘'were also taken. : ) =S

v
field trip away from school, Pretegt;>were given to the subjects

several weeks in advance of the trip 'in order -to determine their-
knowledge of the three settings and the material to be learned in .

‘the activity, as well as the extent ‘of their outdoor experience.
A posttest, which was designed to measure both cognitive learning

and attitudes, was given to the subjects immediately following the
activity. Observations of student behavior dturing the activity

. . L .
A discussion of results will be presented,; including the analyses
of the cgﬁnitive, affective, and psycho-motor behaviors of elemen-
tary schdol students on outdoor science field trips as a function
of setting novelty and televance. The nature of the interaction
of these two environmental variables will also be discussed.“ A

‘theoretical model that should provide pedagogical guidellnes for

field trip site selection 'will be presented.
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- /SEX-RELATJD DIFFERENCES IN RATE OF CONCEPT ATTAINMENT

'..,p. o,
o Ann C. Howe T . <
Syracuse. University
Syracuse NY 13210
Rationale
-\

Sex differences in performance, favoring boys, have been reported for
several Piaget tasks which are closely related to concepts and topics
in the scf!ﬁce curriculum. The poorer performance of girls may be
interpreted as reflecting.an experienﬁlal deficit (an enGTrénmental;

- factor) or a slower developing mental structure (a genetic factor).

. Objectives ) -, _ . . L {.

- month,

If the difference is due to a lack of necessary experience on the:.
part of girls, then they should perform as.well as boys on the tagks
if they are given the prerequisite experiences. If, on the other

‘hagld, they lack the requisite mental structure, then the provision.

of/ experiences should not make a significant difference in their
performance on the tasks. . : . "'

t

Y

The purpose of -the present study was to- find sghe evidence which might
be brought tqg bear on the issue raised above. :Answers were sought. to
the following, questions: (a) Is there a sex-related differerce at,
ages 9-11 on response to a volume-density task? (b) Will performance
on the task be affectgd by classroom instruction? (c) Will perfor-
mance of boys ‘and girls-be affected similarly? * ~ i

D - | | : | . ) | |
Method ’ ’ . ‘ ' - ) \L\ o

Data collgcé%ﬂ from two groups  of children were uged. The 64 chilﬁren‘
in Greup I were pretested, taught a series of lgégbns which previded .
what was thought to be relevant experience, and posttested. .The time
which elapsed fyom pretest to posttest was seven months. Their post~
test scores weré compared to scores of children of’similar age who had

.mot received the specified instruction. The 96 children 4n Group II

were divided into experimental and control groups, pretested, taught *

a series of lessons simila; to those taught to the children of Group
I, and posttested. The elapsed time from pretest to posttest was one
. . & . \ A

. . s

o

Instruments - s o ’ \
Similar tests of conservation of volume and density, composed of -items
derived from Piagetian literature, were administered to the two groups.
The experimenter demonstrated- the tasks to pne class at a time; chil-
dren marked answers dn response sheets, Test-retest reliability and
item analysis data are available for both tests. The data were analyzed
by means of analysis of variance and correlational techniques,

-\ .
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.Résulés and Conclusions'

N
. ’ . o
2 .
. [ ./ .

i

1‘,AThe previous findings of significant sex differences were confirmed.

A significant training effect, as shown by’ improved,performance of

those who had received instruction, was also found. The scores of

bath boys and girls improved after instruction but, altheugh the

‘;;girls scores” improved more than the boys', the difference was not

statistically significant. The girls were at approximately the same
level after instruction as the boys had attained before instruction.

-

Results are interpreted as favoring an interactive model of d velop—

" ment in which experience and structuTe’ cannot be separated since
‘structure is built as a result of experience and the manner 'and

degree to which experience is assimilated is determined by the
‘structure already present. Implications for curriculum development
will be discussed ) ) . , l
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Objedtives and Ratidnale o : "_';f' . o

'.The objectives of ‘this study were to determine the effects of diag—
nostic testing folldwed by prescribed remediation on:the'immediate
.v and retained science achievement of middle school’ students, and to
determine if effects of treatment were consistent across student s
-race and locus of control (LOC)‘levels.; . : :

v

In the main, achievement tests are .used’ as summative meas /es for
.the purpose of . determining what students know and for assigning
grades. An equally viable purpose of testing is to provide diag—
nostic information to guide remediation activities. Formal '

¢ -diagnosis cam pinpoint’ misconceptions and .learning-difficulties

4 and allow for'presdribed remediation prlor to summative evaluation.

'The degree to Which a student acts om. the feedback fnom diagnostic
testing and attends to the remediation mgx_depend on’ special char-
acteristics of the learner. One of" these,is locus of control.

! It 1s possible that "internal" individuale will act more readily

‘upon the feedback and opportunity for’ remediatlon, while "externa

.+ persons might view their Tearning success as being more controiled

, -by othets and not attend to the feedback o <

r

Methodolggy gpd Desigg _3 - T, ’\ ] ..-‘k

b

The three independent Variables in this study were:, type of. diag—
L _nostic-remediation treatment, level of locus of control and race
of student. Three intact classes (N 76) ‘were randomly assigned
to the following treatment 1eve1s. . .

‘
$ ¢

v .COMPARISON LEVEL' DBJECTIVES ONIY gubjects in this group
o 'received-a set of 27- objectives followed by three weeks of
s o " instruction (oﬁ the first 15 ebjectives), the first summa-
_tive test, two imore’ weeks of instruction, .,then the second-
_ summative test.. Instruction included lecture, reading, and
viewing filmstrips and slides, and observing laboratory
_;demonstrations. ‘

: 7. EXPERIMENTARLEVEL I: DIAGNOSTIC LEVEL. These subjects
3 . " . received same objectives and instruction as the "objec~
’ ' tives onl group. ‘In addition, this group received a
- dlagnostic measure after each set of five objectives. -

3
- -
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_ i Students who failed ‘to masqar an obJective were . so inf rmed'
"and required to take.a second parallel diagnostic_meas re f:
AU = - two days later. " No suggestions for remediation w(\re”g ven.

_EXPERIMENTAL LEVEL II: ,DIAGNOSTIC/REMEUI'ATI'ON LEVEL. Sib-
- ‘ «,Jects in this group received  the same treatments -as the )
M .. first two levels with the exception that students who falled .
*+ -+ to master an objective on the first-diagnostic¢ measure were
given remedial signments to complete befor'e taking the
second diagnost measure ‘ S .

Data were analyzed using ANCOVA procedures in a 3 x2x 2 (treatment

. x'LOC x race)’ factorial design. As mentioned above, there were two -
experimental groups and .one comparison group. In add1t10n, each
group was stratified on two levels of locus of control (internals-
and externals) and two levels of race (black and white). Pre~
treatment achievement data were used as the covariates.

. . - k\ b - . . .!

L Instruments and Data ';.;_'5 (f L e

A series of parallel~items was: developed for use as diagnostic,
. achievement and retention tesF‘items. No item was used twice. The
! content validity of "the items was, insured by 4ombaring them to the .
* specific objectives. ‘The KR21 reliabilities of the. three achieve- -
.ment tests were .94, .74 and .94, The first summative test was
. administered after thre “weeks of instruction and ‘the. second at
. - the end of five weeks. The retention measure Was administered to ¢
v all three groups one month after'the end of treatment. - .
. o
, Prior to treatment, data on the locus of control variable were
*  ‘collected with a mod1fied Rotter LOC measure. Student s att1tude
. o -toward the use of objectives, diagnosis ‘and remediation was ) °
. . measured using Likert scale items. : :

: Resuits : ‘. - . . . :
N N ,
N Although immediate achievement was not significantly increased by _
diagnostic remedial treatments (p £.05), the students who exper-

v '

greater retention of science concepts (pﬁ 05) ‘
: AN
Also, n the second summative measure and on the. retention measure,

internal LOC studeﬂts scored significantly higher than’ external

(ps .05). ‘ ) “"h . ‘
students showed greater retention thén blacks but a. signifi—
‘cant treatment by race interaction indicated that these. differences
S . were reduced through the ‘'use of diagnostic remedial instruction
.. (ps5.05). : : _ -
N o . . .7 )
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‘ Although there was no affective impact of treatment, race, or LOC,
the attitudes of .the students were positive.

(4

Conclusions

Béth internals and externals, and blacks and whites, benefitted
from diagnosis, and diagnosis and remediation. * It should also-
- be noted that retention differenceés between blacks and whites
A were reduced by the use of remediation. The use of diagnostic
S . remedial strategies proved to be more effective than not using
BN them} therefore, these methods should be considered as a means

. of dmproving retained achievement in middle school scie -
v classes, ' nc&\\\
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R THE EFFECTS OF A DAGNOSTIC-PRESCRIPTIVE TEACHING STRATEGY _  *

P e ON THE ACHIEVEMENT AND ATTITUDES OF HIGH SCHOOL
| | ~ BIOLOGY .STUDENTS

»

‘Joe C. <long
Northeast Georgia Cooperative
Educational Service Agency
b Winterville GA 30683

" and

. * : - James R. Okey

" ' o Russell H. Yggny

' o -+ University of Georgia S,
S _ Athens GA 30602

Objectives and Rationale

* - In order to provide instruction based on individual ‘need, teachers
* ~ .. . can empldy methods to.determine the entrp level capabilities of
' pupils before instruction begins and to monitor pupil progress as
instruction proceeds. It is further suggested that teachers then
- prescribe instruction based on the needs identified rom diagnosis
- . of the individual learner. This7strategy is defined as 'diagnostic-r
Ju . prescriptive (d-p) teaching. ’ : L :

Variations in types of a—p assistance give rise to a variety of
. questions or concerns. Can the task of d-p management be delegated
to students with effectiveness, comparable ‘to a teacher-managed
strategy? Although diagnostic-prescriptive learning assistance . s
may be shown to effect significant increases in achievement, is
administration and management of the task an obstacle to large~
- scale implementation? NI -
: & RN R .
The degree té\zhich a student is a successful participant in a
‘ diagnpstic-preScriptive environment may depend in part op spetial .
“ ' . characteristics of the learner. The begsonalogical variables
.examined as main effects in this study are aptitude and locus of
.control (LOC). It is possible that those individuals classified

.

I “nternal with regard to LOC or high academic aptitude may
7 extifbit a greater willingness toward, participation in the d-p
/ classroom. , . : . ' = _
. o " ' : Y. ' e x ' <
L The, objectives of this study were: o

~

1. To measure the effects of thfee'ﬁariations in the use
of diagnostic-prescriptive teaching, locus of control,
and aptitude on the cognitive and affective biology

- achievement of high school students. , ~

o LT . . ’ 4
2. To determine if the effects of treatment (diagnostic-
«  prescriptive teachidg) were consistent across levels -

e of student aptitude and locus of control.

€y
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- aqsesaed by ‘administering the Rotter,IfE’Scale;

v

-
. i

‘Methodolegy and Design R - - v

!

‘'The experimental sample consisted of all students ‘(N = 93) enrolled ‘

, in three Biological Sciences Curriculum Study (BSCS) biology classes.
Intact classes‘were randomly assigned to the following treatment
levels for the six weeks of this study: '

CONTROL LEVEL: No Diagnostic-Préscriptive Assistance. This
level included.subjects who received instruction, but did
not receive diagnostic tests or any remediation prescribed

* by the iInstructor or required by virtue of objectives of
the course. A o, Lo

. EXPERIMENTAL LEVEL I: Teacher Managed Diagnosis and’ Pre-

scription, This level included subjeécts who received i N
diagnostic tests, feedback on_ performance, and prescriptive’
remediation from the teacher.

lEXPERIMENTAL DEVEL IT: Student.Managed4Diagnosis and.Prefc_"
scription., This level fncluded. subjects who received _
diagnostic tests from the teacher. Scoring the diagnostic .
test, assessing progress on current objectives (i.e., feed-
back on performance), and undertaking remediation was a .
ponsi ‘ty. delega ) ' ent, - ’
| respons %!Ei.ylle_?gated to the student | |
Diagnosis was conducted through the use of objective-referenced,
brief, pencil and paper inst?umentg named progress checks to convey
the notion to students that there was no penalty .for the identifi-

“

cation of their learning problems.

\

“'All subjects, were stratified on measures of aptitude'(high, ﬁiddlé,-.

,and low) and locus of control (internal and external). This per-
mitted measures of the dependent variables to be analyzed within a
3 x 3 x.2 factorial design which consisted of three levels of
treatmgnt, three levels of aptitude, and two levels of locus of

A control.

Data were analyzed through analysis of varlapce,- analysis of
covariance, and selected multiple comparison pracedures. Pre- . ° ”7%7.
treatment achievement data_were‘used as the.covgriates. ' -

~ 'vr ',/
. > A\d ' .
. .

R A

Ingtruments and Data - - .
Three measures pertaining to.biology achievement Weré‘&séd in the b
study: _(a) pre-treatment biology aghievement, scores,to be used as
covariates, (b) treatment-périod biology achievement scores *to, be -

used as criterion variables, and (c) a measure of ,attitudes toward

biology content and instruction. ‘Content validity of the cogni-

. tive tests was -established by comparing-itéms to the specific

objectives. KR20 and KR21 reliability estimates of the varioys
measures ranged from .71 to .91, ' L s

Prior to treatment; aptitude data was collected by ﬁse of the School -
dnd College Ability Test (SCAT). Locus of Control orientation was

* ‘.
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‘Réédlté and;ConCIusiohs . K x

‘Significant treatment effects were detected on all four measures.
‘The effects of aptitude and locus of control, when adjusted for
pre-treatment-differences, proved to be non-significant. A
sjgnificant treatment by locus of control,interaction was
'd‘&ected on the first cognitive measure. The group receiving
tedcher-managed. learning assistance scored higher on all cogni-
tive measures. On the other hand, those students managing their
own. learning-assistance system held a more positivye viewpoint in
attitudes toward biology content and instruction.
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.Objectives and Rationale

In the main, achievement tests are used as summative measures for the
purpose of determining what students know and assigning grades. An
-“equally viable purpose of testing is to provide diagnostic informa-
tion to guide remediation activities. Formal diagnosis carf pinpoint_
misconceptions and learning difficulties and allov for prescribed
‘remediation prior to summative evaluation.

- * The degree to which .a student acts on the feedback from diagnostic
- testing and attends to the remedial assignment may depend on special
‘characteristics’ of the learner, One of these is Locus of Control.
- It is possible that the "internal" individual will act more. readily
. . upon the feedback- and. opportunity for remediation, while an
) +  "external- person might view their learning success as being more
~ .controlled by others and not attend -to the feedback

"’ The objectives of this experimental study were to determine the -
+ effects of objective referenced formative diagnostic testing
followed with remediation assignments on three cognitive levels
. " of science achievement and the attitudes of university students,
_ and to determiné if the effects of treatment were consistent across
i atudent locus of control levels. -

E'S

'Methodol ogy and Design

The independent variables in this study were type of instructional
treatment 4nd level of locus of control The treatment levels are
-defined as follows. T . . S
COMPARISON LEVEL' OBJECTIVES ONLY (0). The usual procedure
in the course was to provide each student with performance
objectives which guided instrucﬂion and student ‘évaluation.
The instructional unit used in;the study consisted of 16
objectives. The: Subjects iﬁ gbis treatment level received
the usual unit objectives ‘and- experienced instruction which
included: 1ecture—discussi ns, a slide tape presentation,
two laboratory seggions* a d- one homewdy %qssignment. The
instructional procedures were not unique bb the unit the.
‘fessions were considered normal for the course. s

G“'- o 2292""'. | . | \T\
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" EXPERIMENTAL LEVEL: DIAGNOSIS AND PRESCRIPTION (DP). - Sub~

' Jects in this treatment level received the same objectives
and instruction as the above group and followed an identical
time schedule.. In addition, they completed regular diagnos-
tic measures which were keyed to the objectives and received

remedial assignments when necessary.

The diagnostic activities ocqurr uring the first five
minutes of each session. Edch student completed a short
quiz on the. objectives coyéred during the prior session.
The quizzes were then marked by an assistant while the
.students were engaged in instruction toward the next
subset of objectives. : ' ’

For each of the objectives, two remedial assignments had been
. 8elected. Each subject had a file folder from whiéh he
. obtained the diagnostic measure at the beginning of the
-'8egsion and the necessary reﬁedial asSignﬁents at the end
" - of the session.  If a stydent received a remedial assign-
. ment, he was rediagnosed on those objectives the next Fes-:
¥, session along with the diagnosis for the subset of objeg~
. '  tives. Students were not required to master the objectives
fpeforg_the class proceeded. Also, no time was taken to
‘Teteach an objective. - Remediation was prescribed by the
instructor but was the responsibility of the student. .
.& S, , '. . )
ata Sources ' ' o o oo
~—— _

. The éub}%cts in the study were 60 univé{iigy'stﬁdents enrolled in an

~ introductory biology course at the University of Georgia. Pre-. " ',

. treatment data were collected on the average achievement level of -

[ éach-studenﬁ'on’the units of study covered prior to experiment con- >

a ditions. . These data were used as covariates to adjust for ‘selection °
bias and increase statistical’power of the analysis. Pre-treatment .

- data were also collected on student Locus of  Control as assessed by
the Rotter LOC Measure.  Subjects were then stratified as internal -
-or external. Post treatment achievement data at three cognitive
lévels (i.e., knowledge comprehension, and higher) were collected

- at the end of the unit along with affective data to measure the -

subjects’ attitudes toward the nature of the instruction. ‘
. ‘ . L . t } : o o ’
: Alihmgasures were item analyzed to insure adequate reliability and

T - validity. - : . ' - :

Results
"ANCOVA procedures indicated that, on the total achievement . measure,

~ the DP- group achieved significantly higher than the Objectives Only
group (p< .04). This 'diff‘c_arence represented a 10 percent increase
- in aghievement. When the cognitive level subtest data were analyzed,

 the. differences in achievement existed in the recall level items .
(p<.05). No other inffuences-qf treatment on achievement existed.




And, no,effectSfoﬁ/locus.of'control on achievement or LOC by treat-
,ment interactions were found. ' Although the ‘mean attitude scores
were positive, there were no significant differences in attitude
- which could be'attributed to treatment. B N
: [
Importance ‘
. N _

' : S ; ’
The results of this study indicate th$t~science achievement can be -,
.increased with the use of diagnostic ‘prescriptive instructions '
although, :the greatest impact appears to be .on low level learning.
Also,’ the effects of treatment are consistent across internal and .
external students and bring about achievement gains with no decline.
in the affective diménsion. With the present concern over declin--
ing achievement in the sciences, the treatment .investigated in- ,
this study deserves serious cohsidératiqn as & means of improving °
achievement. ' o -

9 ' Lo
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. ~° "~ REFLECTIONS ON WRITING AN ANNUAL REVIEW AND SUMMARY
- . . OF RESEARCH IN SCIENCE EDUCATION .
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- : - oD
As competi demands for odr time increase, so does our reliance on
reviews ‘of /research for keeping abreast of the important trends®and
issues-in areas of our professional interest. Yet, authors and
.readers of annual reviews or periodic summaries of research pre-
sently face some serieus problems which require discussion.
- The purpose of this round table discussion is to promote the exchange
of information. First, one author of a recent annual ERIC review
will prbvide an inside view of the task of reading, summarizing and
synthesizing the research in science education.for one year, and
will share\gome concerns about problems that may increasingly con—
front those who rely on research reviews Ain their work. Second,
those who are familiar with annual or periodic reviews of research .
will be encouraged to ‘discuss these problems and share their views .
on how such publications might become more useful, - Y '

.

.

The initial thrust of the round table discussion will be directed
*toward two: concerns that grew out of writing the most recent annual
[ review of research for ERIC. The major problem facing the research
community in this ldst quarter of the twentieth century, in the
author's view, is how to ‘deal with the knowledge explosion that has
.resulted from multivariate analysis research.. We are faced with the
~ fact .that we are living in a. multivariate research ‘age and still try- 1
ing to communicate in a univariage language. To" illustrate, readers
expect .to read reviews that synthesize research in traditional cate-
PR - goriles like achievement or attitudes. Yet reviewers are increasingly
L met with studies which report multiple outcomes in. achievement,
T attitudes, self-concept, and locus of control, in a 'single study i
N which may involve a highly diverse population (e.g., varied in age,
: gender, ethnicity, affluence, reading level, zetc. ), with numerous .
interactions among dependént 'and independent variables, ‘The problems ¢
T associated with synthesizing multivariate studies.or failing to
- " .. d&ccount for their results in this knowledge explosion will be dis--
- cussed in Yelation to. improving communication in our research reviFws.

"o . A second problem which has concerned reviewers of research for much
' . longer 1is ghe weakness or absence of theory agong studies. More
recently, a related concérn is the alleged decline in basic or "pure"
.~ -, research itself.. Kerlinger's paradox will be discussed: that if one
Hishes to increase the long-term ippact of research 'in schools, one -
- should invest in bagic résearch, not applied research. The short-
term "pay-off" ahd "relevance" of applied research versus the long-
-term value of basic research will be discussed in relation to stdn- -
. dards for reporting or. reviewing research in journals. o

o T \
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