
DOCUNENTjBEtUNN-------.

ED 200-4o0- -2-SE033 -
----: , °- \

--s- AUTHOR , !-:-= -_- White,L-_-Arthur 'L., Ed. i -Ova i -JOhn- A., Ed.,1-
TITLE- '.--- , National Association -for-,'Resea-rch:In Science Teaching:.---'-, ,, . - - ,

1 Annual fleeting, Abdtracti-of Presanit_eth,Papers_ (54th,' .

GrosSinger_is in= the Catski-lIs_,-,-ifell '-!ark, Apri-_1_578, ,

1981).
INSTITUTION f ERIC ClearingtioiSe'fbr-Scie- nce, Ilithenratics, and

Environmental Education, Coumbus,. -olio;:_ fiatapra-1.----
Association for Research`,:'ii*Science Teaching-.
National Inst. of -_-Education (ED), Washington, DItC.-
131- = , -

400-,.78-ODOLI
-. = 221p. , :-

SPONS'.AGENCI
--PUB DATE

CONTRACT
= NOTE
----A-V,AILABLE=FROH_=-_-=-1:nforma-tion---Refeience,=--Center----(-E RIC"'

EDBS PRICE
DECRIPTORS'-

=

StateAlniv-4-,1200 chamber's- Rd., -3rd
_O11-43212- ($4.00)-. _-

HF01/PC09 -Plus Postage.
_Cognitive Development; *Conference- Papers: Elementary
Secondary Education: Higher Education: Learning:"

.-- , ---, "-_ Professional Associations:- *Science Eddeirtiorii ---------'
- "Science Instruction: Teacher Education

IDENTIFIERS' ':National Assn for Research in Science Teac .hing.
*Science Education. Research. _.

.ABSTRACT
-Presented__are abstracts for most of *the-,,papers

resented-at the 54th. annual conference of the National Association
for Research in Science Teaching (NARST) held at Grossinger's in the

=__Catikills,-April-5-8,-4981..--Papersrelate-to learning in museums,
Clasgroom beha-Vioi%,-.-,cognitive development, male-female differences,
diagnotLtetin, research methods, and other topics. (CS)

'-

4*** 1141t******************** ****** ******
the best that can be made

al document.
*****************************

*****************************,***.
Reproductions supplied by

-from the
**** ************************



TMEtf;
EDUCATION &WELFARK
NATIONAL,iNSiriTOTE13

EDUCATION =

DOCUMENT HAS BEEN REPRO-,
EXA CTLY REEEP/EO FROM

\T6E PqRSON OR OROPRIZATION =

ISTIN6 ,POINT; OF WEW OA op411oNs
.STATED -DO NoT -NKEWARIVT-TREFRE-1

'SENT OFFLETAL_NATIONAL I NSTOWTEOF
EDUCATION R051 TION-.OR POLiCV

-ASSOCIATION

Grossinwts in the Cat skills

April 5-8 1981

c19 -

Clearinghouse for Science, Mathe
. and_ Environmental EducaLion

The Ohio State University
'College of Education

1200 Chambers Road, Third Floc,-
Columbus, Ohio. 43212



The -ERIC
_

;11

EduCatiOn has

PREFACE

Clearingho se for -SCience, i hemeticsi, d Enviremental:

Coopeated with tbe6Na ional-_,Association for Research

--
of 'most of the pi*prs

X

at GioSsingers n<the Catskills

Science-reachin
j

to provide ahstract

pregented at the 54th annual-conference

Aptir5-8, 1981.

ersons who had; papers or,symposie aceepted:were.invited-to submit

abstracts for inclusion in, this publication.

the -ERIC' Eta

Some editing' was done _by.

ortO-Videe-general- format forthe:abstracts. Special'

- :-- --
recoSnitionh uld be giVen-Lto Dr tangy L. Helgeson and Dr. JohnW.Renner

---=,,,4_ *==

_ --,-

roam ommitteeAJho-obtAnea the abstraCts and- organized.and -the N

the -progr

`Many

through

papers

he ER ]C system.

Education. Curren 'Index

f the ERIC system.

be published

These will

to Journals

in journals of= be- made available

be announced_through Resources in

in .Education, and other publications

Arthur' 1..

'Editors

-'chid publication was prepared with
institute of Education, U.S; Depar
contract no. 400-78-00,04. The- op_
report do riot necesserilY reflect th
NIE or U.S. Dap; rtmentAof Education

ng frpm the NOLOnal.
,..

uof EducedEducander,
d n this

ions o policies of



Iscuslion

_ -
ession easureme-

the_ tat
of Anxiety .About -Teac
TacherS- '!

=Wester

InVentory':in the. Measurement -
tense n Pressurise ElEmentary-

.,,-

Bess

A Scalograta:-Analygis-*
Walter' E. LO:w_ell-a-nd

ea,Sutee Concept Generalization
Abdullah. . .

PreparatiOn and Validation-:of--a--Videotaped Test _Of Cobserliation-
SUitable for Grade- Six -- Students in -,Jamaida'-'

\ Patricia A. Isagc's

4

Research -Drekjed.to___Bettelr. 'On stand
Developmental Approaches -to-instruction and
Curriculum Development .

lichael R. Abraham and John W. Renner. 4.

Classr Behavior 1 sis

Ahalyzing Arguments ,in :Classroom Discourse:
Questions Distort Scientific Authority?

Thomas L. Russell

Can Teachers'

r-7

iii



7-7.=

'Stud -Behavidrs in
c

Bsie AiStanback

Schoolrated

='1"
, -== =

The .EffiCts-!-of`--;Belial=rteor

CO CUR_RENTI_SESSIO

seslan_ aper-- Set :---_-',--Patterns_ -of Reasoning
-

_ _ - _

Control-ling_Arariatdes,----_-_.-_-1-__-- _ - - -
7. -- William- a le; Kenneth- G= Tobip.;"')and-- _ger:_Newton.-7-17=--

_

`---Fa.fretfrs- FibrineL7-Reasoring; Probabilistic"; ,Reascining ,
I :--_, Kenheth /G-; Capie, and Roger ti6wtanl = , 1.

V- -

Patterns of easoding' Proportional-Reasoning:-,::'
' RogerHNewton, William-Cayde; andtI

L--__

- - 4 I - _n---
--- 7

Pattern* of Reasoning:, Correlational Thinking I

Danny McKenzieMcKinzie-antrZichael FdlIa . =_ 71= 19

- .

ISession7Bc4. Meta Analysis

The Major Questions Addreseeit, by the Extant, Science k

Education qteseaith:-- LA!tria.R. fOr= Mera-=--Analysia
...

-*- s Ranald-Andersony:_' Stuart _ R=-_-__2Kab.I;Lbfary,
Rueselith Ye-dny' and Gene V .Glass 21

; A Meta-Analysis Of the, Relationship-Between Science
Achievement and Science ,Attitude: Kindergarten
Through College_ _

Victor L. W . 22
:-

Session B.-3= Panel: Building a Base of C.ommunity ;Support for

1 nep E ucticn_

William ..C= -Ritz; Kenneth W Dowling, ,F,loyd E=i7Ma_th!eit-,- -----

_ Herbert P....Tiller.; and -Charles W. Wallace =-'-ij.= . 'IL .._-. : . .. ,- . ...
- i- ._-

Sessi B--4.- Learning and Instruction
-.. .

Relationship Between Abstract Reasonlng, InstrUction,\and
Achievement on a Physiology Unit Studied in Tenth Grade

Eugene L. Chiapperta
Biology

, -24

The Effect of IQstruction Using Students' Prior Knowledge
on Conceptual Change

M. G. Hewson 25

iv



_

nvegtigations-of Male-Female,Differen'de
_

SciendePerformante;--TLearnefICharaeteriStiCsZ----
_ - 1I- - " =

r Leainer,Experiences? ,

_

_i

_CONCURRENT' SESSION-C,
'ci. it

3,7_ 1 . -_- - ', - / ,

_Session. Paper-Set:- -,Differendes-ini-College'StUdents 7=
- 4- I _- ife' , : ,\_,/- .--

i ' . .

_Th-e Differences Amollg Science and Humanities .Malea_and
..--Dale=K:=Baker,L,

. , .-. , --

...-_.___. _,-- .___O .
1r

-
ilevy,Sirnes; Marcia t. -Linn;- Steven

--Elizabeth .K. Stage and Wayne W. Weldh
= -

-

Females

-7 .

,
College Physice 'Achievement: Dp Females and MaleS Dif

./ David Van .Harlingen.

ex Differencestin-College Level General Bialogy
Veronicar-MOndrinds. -=

r..

= C2= Teacher-Performance

'\47erforMance'ASSissment-Tof.Elementary':Schbol
Dala:G.. Me -le--

redkctors:
61:Teachers-.

, .

'Idred' 1U:=-Green.-

Science Teacher

Scien e Teachigg-Performance in Elementary

7,

A-FaCtor Analytic Study Of Secondary Science Teadher
CdMpetendies Within:Whith-Grbvith iS,Perceived aS IMPortant
by:Science'Teachers, Supervisors, and Teacher__Educators

H.Idrp.ivSipe And:Bruce Tulldch'

*. '0

Sess C- , Discussion: Activities f ihe NARST Research Commit ee

34

Arthur,L.. Wiite; Claudia Douglas. David J. Hermon;
-and Linda- DeTure_;

_

vasion C-4. -Scienceturriculum-Anal sis

Attitude.Measurement in an'Innovative Cutri ult.=
Peter E..Pezara. 37'

The Analysis of.Science Curriculum Policies
_Graham-W. Fr--Or-Vwood 38

An Analysis' of Selected National Elementi-ry,Science Curriculum
P*ojects-Using RaIph-='W; Tyler's "BasicTrinCiplesT0f-CurricdlUm---

.

and InStruction" as a Standard of Comparison
Richard E. Willett

Session Symposium: Investigations of Male-Female Differendes
in Science Performance: Learner Characteristics .or:
Learner Experiences?

39

. Continuation of Sesslon 8-5 26



CONcuRRiNT=SESSION:D

Session- 13-1; Paper' Set:_.-- Learning Research

_

=An investigation of 'the Role of Piagetian--Mental, Operitions
_

on-Earth- 8oion&e:_ COrcqiit_ Attainment- in _a -Differentiated
_ iy

Instruction ModelfgrContrett :And _Formal Level. Subjects
_Gabriel-M,:clibcafelli and G. W. Moser. , -

_Linear Path--M6del of belayed-ProseRecail o 'a
on Radiation-Effects _

W.T_ Moser and- I-lei-An:M. Loughner

The-Discri- abili y of Student Traits and Energy Opinions
r:Final _Chemis y Course -- Grades -1-='
-- Helen =M. L gfiner and G.' W.. -Moser.

=

DiScriM _ability of.Mathematics--and Science -Achieveinent
y Musi crests And Practices of Vocational Education

-Edward T. Urabal and G. W. Moser

Representing the Substantive Structure of Disciplines
FinleyFred N

=

Young Adults- Trust in Information Sources.About Science
Polley -rues

Alan M. Voelker. _--1 _

Preparing and Using Data Tapes and Machine Readable
Users Gujdes A New ReSource.for .Science Education
Research

Sess±on

James T. Robinson.

Research-Revie-
_ .

NARST-ERICISMEAC_ Review o
"-' Butts

4S

50

0 6 6 0 0 0 @ 0 0 51

.Research in

Session D-4. Mearlin-frnin-

-41

cience ducation-1979
. 52

_ -
The Selective Facrlitiatixe Effects of Concrete Organizera
and- Abstract 'Organizeis on Achievement s9roups!--.

Learning
Edward E. Jones.

-The-.EffeCts ofD-e-greeOf-CoriftelAffeaneS4 0
and Locus of Control Orientation on the !Meaningful Learning
Achievement of High School' Biology Student&

Jacqueline D. Sherris.

53

55



lesion. esearehMethods _etina --ksh60:_- Nonparemetric
Statistical:Iechniques-for Science:-= Educators ---'

-.1Robert D. Sherwood.-

CONCURRENT SESSION E

ession-E-1.- -Trends in Science Education
-

Trends with Respect to Science each Education Facult
-

-T

and programs
- _

John E. Penick; Rodger *bee and Ertle Thompson
-

_ _.- 'ollow ip =vf -= -the NSF-` Statue _Stu iy= of-= r.dnate Centers -O -`_
-ScienceEducatton in-theUnited states, - 1960 -50=

Edward L, Fizz Kenneth- W.'Douflini; Robert E. Yager.
and-Charlo 4 0 . 0 0

CharacteriStics of 168 Tactilty Members at 35 Major Graduate
Centers- f or, Science Education

Robert E. Yager; Eric E. Zehr; and Rthiger Bybee. . . 60

ession E-2. Sek Related Different s and Roles

An Analysis of the Relatienship of Students' Self Concepts in
Scienoe and Their Science Achievement, Mental Ability, and
Gender

Burt. A.1Sellers. . . . ....

Sex -Role -Stereotypesilftterest In Ccience,-and ResponSes
iSthdreder ScientistsATechnologists_an
"3- 2-1Gonta t"

Marcia Kaplan Rudy

Cognitive Cor elates-of Sex-Related Differences in
Performance in College Biology

Daniel Do,ey and William Doody

Session_E-3. An HeJr with the Journal Editor,

James A. Shymensky. - . 67

10

63..

65

won Ego. Cognitive Developata

Cognitive -style and the Effects of Two histructional
Treatments on the Acquisition and Transfer of the
Ability to Con'trol Variahles: A Longitudinal Study

Barbara M. Strawitz. 68
. .

Ann Analysis of the Range of 2B and 3A Responses to Three
Inhelder Tasks

Walter A. ;Farmer ... . 70

Session E-5. Resear&- hods SemiharlW2Ik!hcia%'Nonparamettic
Statistical Techniques for ScienceEdUcators

Continuation of D-5 . .... .....
vii



cWONRRENT-- SESSION, F
esslen F-1. Paper- Set: Logical 2Reasoning

Error Analysis of -Responses to a= est of Propositional- Logig
ha l D. Plburn and Morri's A. Enyeart . 72

The Development.of the Ability to Use Propositional'OPera ors
73William Martin and,Walter Lockwood

_ogical Operation_s and Athievement in Community College
Students

_
-Walter --Rothaug;--George Pallrnnd and-David-Van -Her-l-ingen

will Of Propokitionar-Logic,,Ability During-Junior_ _ _ _ _

High' Schedi Years-
Morris A. 'Enyeart and Michael D. Piburn

Session F-2. Prose Analysis

14ing' Questions-to Fecus Student's" Attention on Non-:Prose--
Science Materials : -

William G. Holliday arld:Garth D. Benson-

.

The Relationship of Prose Statements Assessing -the Energy -
Crisis and the Cognition Of Figural Perception Transformations

David P. Kielbowick. . . 81
. .

79-

_

Research-ApproaChes- for AnalYzing-Free Prose-Data-Embedded
in_Currirulum

--'1

David D. Carbonara . - . . . . . . . . 82

-Session F-3. College, Science Students

Who Translates ReSearch 'into -.Practice? A Look at the
Personality Profiles of Science Education Engineers

John, E. Lne)z I 40! 0 0 . . g: 0

ProidcElve.6patial Reasoning of Undergraduate College Stude
Linda J. Kelsey. . . ... .. .

The Effects of Selected Student Characteristics and College
Learning Environment.. on Science Process Skills, and Information
Acquisition

John. E. Penick and Gerry- Haukods 86'

Session F-4. Science Teachin g, Laboratories

Objective and6pntinuous AsSessment of Student Performance
in the Physics 'Laboratory

Uri Caniel and Avi Hofstein. . ... . -

A DesCrl tiQe Instrument for Use in Invegtigatiqg Science
Laboratories

Michael R. Abraham

viii

87

89



_

A Laboratoryi Study OfiPhysicsiTeaching-in Ejyptian
General High-SChOdl_in_Light7of Recentl-Internatidnal-Trends

wed
on F-5. ResearCh Seminar /Workshop:

Microcomputers-

CONCURRENT =SESSION G
4

Session flpLL: 'Diagnostic Testing

.-
The ,Influence

wen a-

yOluntary .Diagnostic Testing orithe Scienc'e
niVersity Students,

dUmms;-RdSkell- H.:-:Yeanyiand Edwin_ A. Helseth 94

The Influence of Voluntary Diagnostic Testing an theStience
CAchievement of University Students A Replicated Study=

and . -
-zRussell'IT4--Yeany--_EdWin-A--Helseth-

.

--Wenda-J.--Adams-

Predicting Science Achievement of_University Students on the
Basis=of SelectedEntry Characteristics -

-Edwin A. Helseth; Russell H. Yeany; and Wenda J. Adams 100
_

Session G=Z. 29224111,,EDevglam

-- The Acquisition of Formal Reasoning Ability via a Neo-Piagetian
Treatment --

William Lamb and Marianne,Betkonski.
. 102.

Teaching Formal Reasoning in' a College Biology Course for
Pre-Service Teachers

Anton E. Lawson. .104

Predicting the Piagetian Cognitive Levels of Teacher Education
Students at, the Pennsylvania State University

Hassan H. Zeitoun and H .Seymout.Fewler.

-Session G-3. -Science Needs, interests, and Litera_r Su

106

The Dete rmination of the Scientific Literaty of the Students
it Twelve Specific Counties in Georgia

Constance T. McNeill and` David P. Butts- 107

Science Interest of Middle,and. Secondary School Students in
Utah'

J. Hugh Baird and RueVen'Lazarowitz
_ 108

Science Needs Assessment: A Statewide' Approach
Piyush S ami; Lawrence L. Gabel and,Statley L. HelgesOn 110

Session G-4. h School Science Mettiodblogy-
,

Facilitating Problem Solving.in High School Chemistry
.DorothyL# Gabel and Robert D. Sherwood., . # .

ix



The ,Effect .of p,Mastery Paradigm'. on SUmmative Performaru_,_

in e. -High SchodirBiolog Laboratory Course ___-_-------------,
William. S.,iaishrier ____--------i----- _

Session G-5. Research eminar WcrfiCkbp: Trend
Microcomputers

Continuation ssion F-

CONCURRENT SESSION- 11

-Report on 1977-8 Project--1 E0 Studies._ of Quantitively-.

Defined.. Science Teaching Strategies
Charles C. Mat.thews; _Charlie 1.-Ray; and
Dorothy Schlitt. ._ . . . . _11S

A Com arative Laboratory Study- of the Effects of Lower
.

_ _ Higher Level Questionsv on- S Dudents1 --Abstract
Reasoning and critical- Thinklng 4_--n.lwo Non-Directive,
High ,School Chemistry Classrboms

Charlie -L.- Bay; Charles-Matthews ;' and
Dorothy Schlttt. fz

Session H-2. Round Table: The Frequencies .and ;Origins
Scientific' Misconceptions

. .

Richard J. Trembath and James P. ,Barufaldi.

Session H =. Teecher-Beha.vior

The Comparative Effects of Congruent and Incoaruent Teacher
Verbal behaVipr, on Higher Level Learning Outcomes of_
Secondkry_ Biology Students During Disco-very/InquirY 'Labora-tories

James- A. Both and -H. Seymour Fowler F21

,cEffects of Currie
Science Teadhers

John T. Wilson .

1Or-

a_on Search Behaviors Modeled

A Case Study -,Examples of a Beginning Teacher1,s U e of
Curriculum Materials--And the Potential Outdomes, for
Students

-Breut Kilbourn..

Session H-41 General Research

The.- Cognitive-Developmental-Level of -Elementa y School
Students in., Trinidad. and Tobago.

Pamela Fraser-Abder and H. Seymour Fowler

124

* P

Using the IntenSiye Time-Spries for Assessing Learning
of Crustal Evolnbion

-

Victor J. Mayer and Carlos A. lojas

25

127



- --:
----------.

Session. RiSearch-Seminar rksho Determining the Pdwer
of Statistical Tests_and Sample Sizes for Research

- .. ,
Studies

Rosalie Grant

Session

Session I Iitizon_A
.

A Model of Class':Ificlusion DevelaLpment Eased- on Subfects'
Verbal JustificatiOns---

Jean Sindhikara.-

ObjectiVe Measures_ o Cognitive and -M l= cad ent Level
in BioethIcs

.

JOhn Finley and -Taylor.- .

An. InVestigation of the Relationships:_Betwen Students' Self
Concept, Mental MaturatiOn, Degree of Open Mindedness? and-__-----
the Numerical Values TheyAssign,_-to Indefinite Quantitative -
,Words and-Expressions

--.-

'Pastor R. Roje.s;,-Ninoska R. Rojas-1- and Michael Duffy . 134
.

Session 1-3. Formal `Operational Reasoning: Format,
Content, and-intervention
Bowyer ; Robert karpl,us; Marcia, C. Linn;

Steven Pulos; and Elizabeth _K. Stage .

Session I -4. .General Research

136

Application of Scientific and Mathematical Processes
Uging Microcomputers Part II: Sex and Age Correlates
fo Estimation

_

Carl F. Berger .. . .. . J 13i

,Thirty` Studies invo"ving the "Scientific. Attitude Inventory":
What Confidence Can We Have in This Instrument?

Hugh Munby

:Session 1-5. Research Methods Wafksh.op; A Quantitative Procedure
for Treatment Verification in Sciegce Teaching. Research

... .

138

.4tr.1William H. Leonard

CONCH diN
ession J- General Researc

140

An Invpstitation of. Relationships Between Cognitive Preference
Orient-ation- and Jungian, (MBTI), Personality Types of Eighp.-
Grade Science Students

Pir
-John IA.. Novak, and Burton E. Voss . . 142

xi



Learnin from Science TeNt Aided by Diagnostie arid Prescriptive
Instructional Strategies Derived from InfQ-rmation-Processing
Theory (

Pierce FarretheT"hnd°Nichnel Szabo

slo,n J -2. Teacher Training

A Comparison RS Pupil Control Ideology ur ScieJle Non-SLI
Secondary Student Tethers eg

Dan . . . . . 'R.
Jones. .. .

The Effects,of a OLI-Uay y I hk-
Attitudes Toward ELtergy-NelaLd

David L. Dunlop and Frank F.,410

TI, hiffeLL ,,r hed LAi116 WyLkshops ...k4 LIA 4 .,hi J,L thla

of ecLonda.Ly Jcilice Teacticl

Alo e Lorra;atA.

i I 3

The t of an Exp,
reach-t15' ku-,t

and S( 11.16111v A

Joseph Riley II

iti1. i 6

. Litf 1. 1 11, Ler 1. L AI ,],4.a LPL

SL.znce 1. -k Vdlfe,rman,c. 1 .1 ti 1 k. tlOu
Wi I cun , Yai ±-1.4 1 1.

ba$S1 1 ) L It. ( h
for Treatment Vei' f icatioc 1. Soi. h)om

,L Seafta.,-Li

h

T,., 1I,4 -

I (1-Lp L1 S

Dcu 11, W. SLi.ka 1 Li ,1 ( 1.1

4.4.414..4 1 .

dialeS 1

L 1_"15 i..; Us

ot.s,41. SI .1;

Chai leo A..dcis,

KL1 L 1 IA, O. 4 t 1

Spa( 1 . 4 1 . . " 1 1 1 ,1 1 .

werhelL



Visual Testing and Visual Instruction in High School Biology.
Mithael Szabo; HerMes T. DeMeldp -and Frances Dwyer . 163

Comparison of Hrgn and Low,Spatial Males and Females
on Selected Science Concepts

Carole Ann Camp.0,
)

Sessitl. College Level Science

Cdllege Level Physical Science tor NoLl ma
John P. Schellenberg and Paul L. Bell

Effect di'
College Students' Viws N-thcJ

Margareu Waterman

Operational Lleterminanl
Undergraduate SeienLe c!11L

Gloria ). Dyml

). 4 I 1), I

VOilddL1011 ur LtIc=

Jame, lt. Acey, .t. Ad
Charl,s r Pulker

.

Enclgy Co.,..1,.44Lto11

ThomaS,R. Kobalia,

in Lear_ ?c_ti tctes

I'. , 1 1

1 1. 4 I t .a(L 1 I L.

1. 1.

, L L .

1 ..11 .1,1, lid.,

ea

165

I U /

AA Li



The Effects of Problem Sdiving Traiping in Science Upon
Utilization of Problem Solving Skillsin Science and
Social Studies

Terry Shaw.:

Strategies Used by 1i1611 Shool LiLtid.LS littLt4 5..1 lttg
Genetics Problems

James Stewart.

Se3b1,A1 Panel : k.,1_,10 1.t J

Educatiou

Co6LtItIVL

ihe

M1uhd,t1 PA1111
Di 'lank .t..]

httk;.

kon e1,1 ,tr F1

1tltt1LI att H

it.1 1. 4111 ,115

111,1 1)

Opr L tl

1.!.. . 1 1 .

Walt.

It
1

1. 1..

A,I. ih,



General Ses

IIL

GENERAL SESSIONS

The Place of Non- Quaniitazivu Research
Science Educetiui

Douglas Roberis

r4e6Ident'z aaai sa H a c v,. of Plit

Jot W. Reiwei

1-

iAL1

WaytIc W. W,1_1

A {, 1

41

/ 1

130

LAILiatiOh fico

Ai i LA, WhIl .III



Sessi6u A-1

ENVIRONMENTAL PROBLEMS AND I SUES IN MUSEUM RESEARCH

John .L Ku
or Florida AAA

Gainesville,

Jr_

lorld,

rida 32611

EdwaLd tt 44)./1

Florida _kc=

32cAl

" ,a1." AL
Yet 011;, ,tA _ A.L4u at t.1 u Ai ,cttug_

etijoneLs A 11 orir L. up L 1uli e the L_A achiug etme,cz.. ou to A Lai,

Ad1AiCh 1,it,11.n 1e.Ju1A altera io_S is to 1ok,A,A.A1 I LI,

hibiLs ubing "ntaxatistLc" Ludy htildVio1 1,,

044 nllilill 10 id6cA,.i Qui t,,r.J.;,d; .1

,4P,,I1J5

St 1b11.,A

Ahlt,it 1. A

)

J I A. Ook. . V ic.. 111

6111, L 1116-ta, !) 111 J,,;1 AugILt, A A

are beinE usel tL., stud ,cience 1A ruiumtil. the .us 1 seL,In4, 01L

h LIalvi"6 II.

-Ao 111 Ake b lAO 1 . Atl.i C-.) LA .

Iht,e 1vt, -t

Ot red1...L hoi,.; 1. LcA.,[1t1

11,ALL14, .1 1,4,4 a .1. LAppc'Ai 11, aE

Ji 1. 4 1,j, 1.4, ,1 t. w!, 0011' 1 , .1 t, t

ti,,1,1 CAI at14 ;lit, 11 11.i1 "

ILA

. A4,41 ,Co



Session A-1
. 0

STUDYING MODELING IN MUSEUMS

Lynn O. sharl
Johrt J. Koran, iv.

University or Florids,and Florida Sc,ate Ma6emu
Gainesville, Flokids 32611

1,-Lr K Lehman
My I. KUL.114

unlvet Sit)/ r tio.1 1.
ninesville, Florida

L.lo",.1 A IL110,L1

L Lot i
.I nevi 11 F 1o. 1.1s

it, ..44..,
1-1.,odu.e aad mAity vIsliot ipbe I,

"h-nds-on" g.a.olo616 che_ge exhikAr or a walk-knrough" L

oLselv,k1nls" tL, Lidfl,i it I1 l.Lie c AhILI Ait1 h

V16LLuk6 Lei,,Lk7LJ L, IC kl) a,lkhck h11AL.. t.'n

the vLiti mIne,s1 eNhIbite.1 Li, 461. LLLe u J "kaolz, ." ultt
(2) adults kovev the aLy.; ot ,0 Lee', tLeAi hand ,tr

the "hands ..n1",.1111).1s; (3, 6a-a aduits 1 oked aloncl at the "h 11,1:a sio
and wused ,IoJ "I .oud. I Ak.L_ Ii.uL " ,lot* ,10 t Ail A,,

mov d hell 1u,L ;t114 Li k ,h 14, L

"walk through" e hiDit. Ober at ion 1-dicarad t1 (1) FeA pe pltz stupp-d at
It ok11, ,,111".3 thlooAh kh- 1.nm ,

( )

44aLS 111.14 rcal,Auz-, 0111 1,A,41 ,31-Uk44.4 t-5) ,11L- In ,Ari,
, ,e i c6, Q.l Jn"t,ifi. A All I iha rest

.1,i It I i I L

i4 ,A,z L A Lii A 14 AAL LA ! a ..Ii,

.. (1,4 .., .

i 1

I.L

1 LL

I

Lk. I I

, I 4



Session A-1

STUDYING Y THEMAGENIC BEHAVIOR rN MUSEUMS

ictf Lehman
Mary Lou Koran

University uf FloLida
ualne6vi lic, .3Z

tiWaki A 411,,,; -,

11

lynu U Shatt
1-1111 1 1.44t1

rlottA4 F1014
A./ 11 0 1 I

. 1

k,A 1 .1 7. 11 1 1 1

;1.11 Llt. at i.LJA All 111 L. IV in(
J;1 h 1.. ,E..t. a th,

hdbiLt.
M,Ally tl1 .t

Study t1I

ahtu v 44 it

61, .mt,tti%
SI.,A41

wd11 1)d,u1

cti

11.1

.

ou!

thct

t

li,Ja 401

rh. /=Alt

Lk, iti
h AA;

.AA_4(1,unLi;A

,11

1.1!,

14,-At1
oAlAi .)taniblA

Ot

WI. IA LhU
II

All

N! Lp 1.1 .1

t,

th,L

t t

.111.1 4414,.1

IAA,A/

11,. Lat,ILLAt

aud Cintroi \-,44

d in th
I Ail, ,

A I, .... i

1.441
1

.

. . 1 , I..
44(44.t14 y,k, Kit

A . I, 1 1,..

1 41,

.

.1 A A

1

1



Seaton A-2

THE USE OF THE STATE-TKAIT ANXIETY INVENTORY IN THE MEASURECIENt

OF ANXIETY ABOUT TEACHING SCIENCE IN PRESERVICE ELEMENTARY TEACHERS

Mary_ WeslerbaLk
C. W. Post Centel
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ANALYZING ARGUMENTS'IN CLASSROOM DISCOURSE:

CAN TEACHERS' QUESTIONS DISTORT SCIENTIFIC AUTHORITY?

Thomab
Qtteell':J Uttiverslf

hAtibmL,,0, 01.1Lct. Jut,

ry 112 , 1.L, 1., - 1 111 A t 1-A

1011,Ack .LL al 114.4 ,,11, )) +1h1-1, I

4.,AtAil01 ILL. Olt, tittt, Aut.,1,1 ,t ,,ttt,ct t..t4 di

maintai,,Ing a necessary d...gree of ,C1,J10pLn attd °Eder. (Wtbt,Fy, 19/)i

Led1,11,15 have b,,11 olgt-,1 to ,ottoldf LII, f,/ILL, Of 1h,z1E

in Let_wc.fl ,0vctLme. AtiA Jltrt /la L,,i 144 :4,2-14,..,4

t.aa L,.141 .G1, aLLetti.t. 14.41 .

Llle b_.me ot_.401116 45;1,,,,411041

1,11 diSlk,t11t1 ,)1 114,1 01 1111.1 1 ,tr CtiVc a I1 1D1, I

Ltt ttalfut Nt, AtIaloky ,hange , lb ,e,taittl 11151 1, the I

1s 611441E 1 11CL..444,

4 t1 ,1141.1",11 .1 Lt ,..,1, 1A1. A4.04

c,h,Aktbiutt. dib 1, Liu, A 1.4.1 SI445,t4 1, 4411k.,10 51

01415-1C141 W 1 L l r l A14111 ,tLy 144 Lat 1 154Z45, 4A(141

44(4_1

tht. " In lyi
by 1._44. Ls 14 1,., 1 A ,j:.t

,faitht, 101 541,,11,

11,2,11k./ 1.1 r..1 it, 41 £1411 , Itt th- ,11

el ,.

t d, 1, 1 1 . 4,

ss=,ti ti

clufttuc.ty.

(

1 k 0,i

.( 4)1 t-ttr

1 , , 1 1 ( 3 1,14 14 Li( .i. ,,4 1

,t1t.6 ,1 1

1 1 . t t.. .A itt .1 . .1

1 1,- i . 1. 111 . 4 1 4. 1 1 .4_

a,1 L11 Pt 11-1t- 1 4t,11

-mot 1 - l 14 4. .

1 t

L . 1

..t1E1, -1,4

1., t

1.,

4.t A .1

1

( J

.1 I 1 41

.Ft,

,,1,1, 4111

1 4 A. 11

, . ..tt All 1

.1 t



The study demonstrates that it is both possible and informative to'

analyze science classroom discourse in terms of suggested attitudes oward
authoiqty. The "analytical scheme is straightforward and could be used by
any science teaCher who wished to reviw e use at quesIlou. is4LO44,11
teaching behavior.
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STUDENT BEHAVIORS IN DESEGREqATED

UNIOR HIGH SCHOOL SCIENCE CLASSROOMS
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E--EFPTAEC -0F_-_-:-BEHAVIOR--MODEL ANALYSIS' ON TEACHERS!
=

BEIAVIORS DURING- SCIENCE ACTIVITY-LESSONS.--.-

F. Ann .Miller
UniVersity of Georgia
Decatur, Georgia, 30033

-

The purpose of this study was investigate the effects of teacher 'train-
--- lug strategy on science activity lesson teaching behaviors: of preserVice tea-

chers. -The relationship between teaching behavior-a, and achievement of pupils was
also ,investigated.._ The f011owing research _qUestions prnvided the primary focus'
for the study;_

What effect. do -variations in-model. alysis training strategies
have on the -teaching behaviors of pr, service, teachers?

_ - = 2. What _is the_relationship.:_between_the_p_reser_vice_teachers ' belie=
vines and pupil achievement?

Preservce- teachers enrolled ifi.eleMentary, middle school, and secondary
science instrtictional methods- courseP were involved. in this study. The 43
preservice teachers were distributed evenly across- the three training levels. All
experimental and control teacher,S were introdiiced to the activity lesson : in -

groups-of teachers -then-Viewed-and
anIlyi6d video taped miidel actiVity, lessons*. The Scienc Labors or Anal sic

tem (SLAS)., a sign obaervation system consisting: of 2a behaviors, was 'used
for theTlessonTanalysis One group T of experimental teachers viewed only positive

.

models while the other experimental group viewed both positive and negative
models. The cjontrol gropp received no further instrUctionbehond the initial
introduction-to the activity lesson behaviors:,

,
Behaviors eachach preservice teacher were. assessed on two science activity

_lessons,_one taught-to_peers-in-a-microteachirig_situation_and-one_taught to a
class of_public school pupils. Two observers used the SLAS to assess both lessons
of all teachers.

Pupil achieveMent was,measured withpre- and post-tests baSed on the -lesson
Objectives. A standardied gain score Waajhen calculated for each public school
class and the class wasfused as, the unit Of statistical analysis.

The model analysis training strategies produced significant differences
in the preservice teachersi;instructional behaviors. Both experiment's]. groups.
used sirmificantly more of the' 2g behaviors code& with SLAS than did the control
.group5(p<0.001). Differences in behaviors between the two experimental groups
were not significant (3--"-- .10). A significant positive correlation, 1.0.4 (p <
0.003), was found between teaching iCehaviors and pilpfl achievement.

_ The results of this study indicated there are particular science teaching
behaviors that are corfelated,with achievement in science. Also the degree of
ipObrporktion of these' behaviors into a lesson can be influenced by engaging teac ers
in systematic analysis of model lessons.

Since the ultimate goal of teacher training is to influence pupil learning -in
the public school classroom, the experimental treatments Investigated in this study
should be considered as viable training curriculum for our science teaching methods
courses.
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PATTERNS-pFREASONitiO::-CONTROLLINO'llARTABLES

-w 1 _iamf-Capie-,-
_

-ger Newton
~Diversity of .Georgia
AthenGeorgie 30602

Kenneth G.- Tobin -.
Mt. Lawley College-
Per tilt Australia

Cognitive deVelopment is an iMportant-area for educators and Osycholo--
gisti. Controlling=variables is one of five reasoning modes having= particular-
relevance to science- instruction. Although numerous studies have reported E e
development ofreasoning-skills, few have dealt'with-controiling. variables o
assessed the generalizability of reasoning patterns over variations in context
:and in the.reasonIng.mCmies themselVes,-

- -

Purpose'

----Three-objectives2-forthas.-stlidy-we e-to -dete
in the ability to - control Variables;

1. could be identified in a large, diverse sample;

2. were similar regardless of problem context; and

developmeotalpatternS

Were similar for subjects'of similar develo-Pmental levels regardless:
_ - _

Proceedurea

. Data from 2282 subjects in grades 6-13 were collected using the Test of Logical
--Thinking (TOLT) (Tobin and Capie,,in press). The test_characteristics are

well documented_(Capie and.Tobin, 1989). Subjects are presented two problems

fofrepresenting h ive reasoning modes including controlling variables. TOLT,tdt
Form A involves two problemg"dealing,with pendula; Form B involves two problems .

dealing with rolling cylinders down inclined planes.. One question requires_the
subject to vary the Weight; the other requir a that it be held constant. Subjects

choose-one Of five sets of-apparatuS7to use n-an investigatioriand choose a-justi-

fication for their choice from among five al ernatives. The correct answer is

the correct choice plus the correct justificatjon.

_All most common 'combinations of responsesaAd reasons were selected for
additional study. Subjects were sorted by TOLT scores, 0-10, to represent increas-

ing de jyelopmentalevels. -Frequenceff were displayed graphically t6 facilitate
interpretation and_ comparison of analogous items.-.

Form A subjects were categerizedby educational l-level and by developmental
level with levels: of interest being transitional (TOLT scores 2 -3) and early'
formal (TOLT scores45)., A Chi-square auelysis was-used to determine if the - --

response patterns for each of,the -two controlling variables tasks differediamong
subjects pf similar developmental levels but differing educational levels.

Results

Four common ,response patterns occurred for each item:

1. ect respons and correct. reason;

eating All possibilities without controlling'variableS;

13



_Testing extreme examples _(such
coptrollingvar-iablei; ,,and

Testing all possibilities-des ;recogniz

should lie held constant.

In all four prbblems, sdbstantialnumbers of oancrete'- thinkers Low_TOLT

scorers) chose to test- all possibilities or"-the two extrembs. The propor---

and' of correct responses increased consistently at all developments), levels
except for. slight variations, aroUnd TO LT scores _

NOri=significint 'Chi-square values showed that response pattOrns-for tran-
sitional and early formal subjects were similar -re ardless .of educational level.

The-stu Xaled_three-common.,approaches b.y_indivirinals_confro.nte.
. situations -whereNiariables'shonld be controlled. There ar-jefew clues in -,this

-.: investigation as to whether focusing on -. the two' 26--Xtreme exambles- or all- possible
. .-_-.-.-- .

examples is' the first step _in, the emergende_of controlling variables.

1 The similarity in patterhs act ass students of different eduational
.

lave
.-. .

c
suggests that inadequate reasoning patterns are similar among student or all
ediadatipTISY-1e-Vers:----Ifci-renpen, or7intera-ctive teing-:situatTons- may have ----

enabledolder students. to pFform_ differently.

-',1,-_REFERT-11PES
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Logical Thinking." Journal of Educational and-Ps chola ical-Measurementl
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Capip W. and Tobin, K. G. "Establiehing Alternate Meas-ures of Logical Thinking
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-

PATTERNS OF FORMAL REASONING: PROBABILISTIC RFASONItO----

Williai Capie
Lawley, College Roger Newton

Perth University of Georgia
thens,'Georgia ,30602

-,, The study of fame' nreasoning ability become increasingly important as
1

educators and psychologists endeavor to understand learning in adolescenceand
adulthood. This Stu- examined developmental patterns in one mode of formal rea-
suning, probabilisti reasoning, for a large diverse sample-of subjects.

purpose_

The following objectives provided a focus for the study:

to determine-if-developmental-patterns-of-prohabilistic-reasoning
could be confirmed using a"large, diverse sample of_subjects. _

to determine if developmentar-patterns of probabilistic reasoning
were similar despite variations in'the complexity of the reasoning.
required-re solve a problem.

_

to determine if variations in problem context led to-Variations
response patterns.

.4. to deterMine if developmental patterns of probabilistic reasoning were'
--stmilarlotsubjects of formal reasoning-ability regardless--
of-educational level.

'-Proceedures

Data from 2282 subjects .in grades 6-13 werecollected using the Test of
Logical_Thinking_JTOLT),(Tobin_and_Capie,_1980). Form A_was_used_to_assess
1627 subjects and form B was used to assess 655 subjects. characteristics
of each test form have-been-documented elsewhere (Capie inn Tobin, 1980). Psycho
metric characteristics-, item format, and the existence of parallel forms made
the TOLT particularly well suited to this investigation. In each test form, the'
first= probability item was less complex than the second item.

Subject's were ranked or the basis of their total performance on TOLT.
Response patterns were separately analyzed at each of the eleven levels of formal
reasoning ability represented by the scores-on the TOLT-(0-10)Y. Similar analy°
ses were conducted forsamples defined on the basis of educational level:
College-students; high school,students; and middle school students.

RedUlts

For each-of'the four items, the proportion of students obtaining a correct
response was'linearly'related to.formaLreasoning.abklity, and measured or the
TOLT. Two common appreaches were identified for-individuals attempting to use
probabilistic reasoning to solve problems. The two problems that tended to occur,
Were:

15



Subje s_ considered- the 'entire . set = objects, but did not consider
_ the_

effects murtipliiieleMents lam-- the favorable outcome set ; or

2. subjects only considered selection from the favorable. outcome set and
ignored the Piresence, of other sets= of objects.

Similar response paitiinsit.tere evident in ifemS,requiring.siMple or complex ------
reasoning.

tranges in the context_ from Form A- to Form B produced few notic-eable
changes in response -selection. Reasoning -patiernS tended -to be independent of
the problem setting.

_, Statistical analysises of s response_ combinations at three educational
_

levels ipdicated that similar resytonse patterns were provided by subjects it

each educational level.
.

_= Implications for-instruction, research, and the mathorology used
probabilistic 'reasoning are fully discussed in the paPer.
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PATTERNS OF' REASONING: =PROPORTIONAL REASONING

KennetkG. Tobin.
"t. Lawiey College
Perth,l\Austraklia

Roger Newton
--Williamjrapie- _

University' of Georgia ,
Athens, = Georgia 30602

Cognitive development-has been recognized as an important mediator of
achievemefitin science and mathematics. Proportional reasoning has.been the
most in ensively investigated among the formal reasoning modes. This study ad-
dresses three major questions regarding-the development of'proportionel-reasbning.

The objectives_of this study sere determine-_thejevelopmentai patterns
,

in proportional reasoning and,to dew-mine if these patterns.are similar regardless_
of educational leyel and regardless of :problem context.

= Data from 2282 subjects in grades 6-13 wire collected using the Test of .

Logical Thinking (TOLT) (Tobin, and Capie, in press; Capie and Tobin, 1980). In

--each 'TOLT-Form -subjects are presented two -problems requiring-proportional rea---
soning. The two problems differ both quantitatively and qualitatively. The

,subOects are requ'red to select the best answer from-five-choices -and-to-identifY
their reason fram-fD.Te alternatives. Twenty-five combinations, then, are possible.
The four most co on comnations Were selected for additional study.

The data-we e.examined for subjects who had been categorized in three. ways:
(1) by TOLT, scar s, 0-10, (2) by-educational level; and (3) by developmental
stages, within ea -h educational level.

Results

The four/most common response in-orde equency were:

1. correct answer andeorrect reason;

2. focus on a single differenCe (additive thinking

3. ,there is no way to predict;

4. correct! reason' but with an ar=ithmet
instead of 8 2/3).

ically .incorrect answer

In general, the observed_petterns of reasoning are simila
develOpmentaI level, educational level, ovc problem dontext.,

Discussion

regardless of

Large portions of our students-did not stave problems requiring proportional
reasopingi._The_ipcprrect_responee_cpmbinatfons suggest emerging developmental___
patterns. The mode of:reasoning just prior to theydevelopment of a OropoAion-
ality. scheme is clearly additive. Furthermore these,patterns are similarAcrosa

- the two problem contexts studied'

17



= One Anteresting result was that , the _level of :=_a.rithme computation :seems
4tuTiMpOrfant'Variabli in assessing propcirtibnal`-_-reaSoning` ability.-- The data

provide only ''support for tree -notion of continnbus-:developmerit'-- _

=--- proportional
_

_----proportional reasoning.-- y

Conclusions ana_ Implications

The physical sciences, expecially, and biological science, to a lesserde-
gree, involve great use of proportional_reasoning. -Science teachers"- and .educators
should not assume that students enter science instruction equipped with the cog-

--

nitive ability to handle concepts in these areas.. Indeed, they should be
-aware of the developmental patterns that exist and use instructional strategies
that prdmote proportional reasoning.
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PATTERNS-or REASONING`: CORRELATIONAT:THINKING

Danny L.,McKenzie-
hael Padilla

niversity of deorgia
Athens, eorgia 30602

\Mueh-frecent interest .in cognitiVe -development undoubtedly reflects a
simple-need to understand the evolving_ thought -Processes of- youngste;-s through
adolescence.- =Other intereat stems from the knowledge that cognitive development
has great =potential= for helping_researehers to = understand the effectiveness of
particular teaching_ and = learning strategies _Five =reasoning modes are identifie&
as having particular- relevance to science instruction: Controlling variables, pro-
portional reasoning, propabilistic reasoning, ombinatorial reasoning, and corre-
-lational reasoning. If allowance for variation in, reasoning ability' is -to be
made in inStruction,,-then efforts must be made to understand -these = various reasoning
modes_ and their development.

_

Few studies have dealt specifically with correlational reasoning or assessed
the generalizabilfty of reasoning patterns over variations in context, and over
variations in thereasoning modes, themselves. In the one exception it was found
_tha; fear-= basic- levels of= responses to the correraffons problems were preva-
lenty each --level -roughly-corresponding-to the Piagetian -I -Ia,- -Ilia, and

The Tack of other studies supporting these results or proposing alternate-.
models has lead to this study.

Purpose

The three main- objectives for this study were:

lc to determine _if developmental patterns in correlational reasoning
could be identified among a large and diversesanfple;.

2. _t& determine__if _develoPmental patterns_lncorrelational reasoning
were similar regardless of problem context; and

to determine if developmental patterns in correlational reasoning
were similar for 'subjects Of .similar developmental levels regardless of
educational level.

Proceedure

Data from 2282 subjects in grades .6 -13 were collected using two parallel
forms of Test of Logical Thinking (TOLT). Two of the ten items on each form
measured correlational thinking abilities and it is these items that were analyzed
for Each item ,consisted of two questions. One asked the 4tudent

-§* to decide whether a correlation existed between two attributes of an object,
e.g., between the size of mice and the color of their tail). The second, asked
the student to choose a justification, from among five, that explained' their
answer, The most- - common responses were chosen for further study.



dadlter-

,_ ,

',Four common- response,- patterns (three

or =each - _

A. relatienaiOngdifferentwariables was '-gOnsidere
- _

.cation. - :

,

-B. Only: two values theTattributes_Were-considered in the ;justifj.cation;

C._ All four values of the attributes were considered to make f two

=

When these response patterns were analyzed y develcipmenta l-level'
_

(concKete, ,transitional, and formal) and by educatInnal lever"(Middle,schtiol,

hIgh school, and.college) certain patterns ,emerged . 5'Thf,yredominant response-

of concrete thinkers was A, -which was thought to be Raaf concrete in nature _

For transitional students, A shift in responses toward more adequate, but

stillincortect responses (13 and C),_ and toward the correct= response
evident .-------Formal-students- primarily =gave _cprrec t;-gsponses . _While college 21=-

studerlts performed better than high, school4tUdeNts and-;high school better

than middle school students, zeipo'nse__ patterns were Aore. predictatile and

stable acrosa devetapmental, level than educational level Thus concrete,

students tended to respond in similar ways regardless_10f-feducational

A Chi square analysis of data w,,ithin each developmental revel was not signi-_

ficant for different educational levels' us confirming the above analysis .

comparisons .

A'quantitative- comparison us n
correctly solve:the problem..

Discussion

Three common error patterns were identified in this sfddY whiCh reflect

similar patterns described-by-Adi, et Al-__-(1978).- While corraboration of

thetAdi, et al. (1978) findings is limited because TOLT items did not use an-

open response pattern, trends in the data support a similar developmental

pattern. The data are not clear on how teachers might encourage those who

do not use correlation'al reasoning properly. However, recognizing the level

of reasdning a student, is using, and 'leading hietoward adapting progresSively
more complicated problem solving strategies has potential for future, research.

.Ad
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-

d Yt i f&st, phase of a:lar.scAle-meta-analysis of .the field-of_
sciqnce education a-,process-_was-irni a-ted. to _identify-the major research _

questionth pursued in the extant .-_science=education research literature and -organ-
izethemqn a'matindi-- that would provide, co.ncep-fual-fra.mework for meta- .

.
meta -

analysis. This analysis of the major- research:questions-:and the Variables. ,

involved was conducted.'byg. combination of_ (ii_empirical-analysis::of_the_ extant_
re earc ---and: (2). expert jnaient as to the- importance of -rid.rticular questions.

The first step was to review a sample of -300-zesearch articles seleered
across time and type of publication and resod the research questions addressed.
Full descripitions of the broad areas were pen developed and submitted to
twenty leading science educators f.or review -as to their importance and the
adequacy of their literature for purposes of Eztita-inalysis; -Extensive litres- R

tura- searches also were sonducted on-a. sampling basis-to deterMinfther:Siie of --

the literature for each generic question.--

two-day conference ivetleading- science -eddcators. -f acrots the
country then-.was convened tb, c e ',the- prof qt staff and produce-a 4nal
classification of research que io s for Meta:7analySia, as 'well as to4,Adenify
important variables.to- include When-rotegratIng the'-research for each question.

After eliminating one 'of the thirteen questions due to insufficient
empirical research, the other twelve were recot ned.into six' broader categories.
This set of categories is presente& as -a iramework for a meta-analysis of the
extant science eduaation re ears-
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EMENI' °4NIY SCIENCE- ATTITUDE

TEN THROUGH COLLEGE--

Victor .L. Willson
Texas A&M University -

4116ge Station, Texas 1-7843-

._.
. e relationship between science attitude and science achievement has
been exained for almost_ fifty years. -.Reviews 'of_ science_. education resear=ch -c

fietTeaum-ifailied7i4Chesearch and generally concluded that the refationshipis
positive and fairly'large_in magnitude. In any cases these conclusions .are_-
based-on only a few stildies, even though .well over one hundred studies-ha-A:.,=

_ -
examined the relationship. There has been no thorough.revieifl,
of the topic utilizing.new methodological 'techniques ror integrating research,-. . _ . _findings.- _ -- -- - _ ..... .

_--

to -analysis iS an integr tiVe :_technique for -surwaarizing results of
research -sludia:ak a. *ttiStie--al manner.- It was recently applied to the
ielatiorfship betWeen- stience attitude--add -science' achievement- for-secondary
level students. In t his-paper the technique is. utilized for research which has
been performed over th e-,ladt .fifty== years on children from grades kindergarten
through Undergraduatcol-lege Ie l .:Branching -librar, research and -ERIC

-,-.4ReSdarces vere-,,used_ to find over-one hti.ndred :Separate studies. These studies
include disserEations, ERIC documents-, journal articles, and governmevt.reports.
,Thil-feen tilde e denevariables -were c;oded for _each =studyto irepresent_ the various
conditions that disting-uish on study from another,. . These include .pgulation
-characteristics , deSign 'characteristics, t-ype of attitude ,measure, and type ,cif
achievement measure.. Descriptive statistics, multipae regression, and analysis
of variance were .used to examine, the correlation coefficients extracted` from
each study:,..

_

Results are incomplete at'the time of.this abstract,. hut preliminary data
in sate--a strong`positive relationship for elementary level children, small

'-positivQpelationshp &or slcondar ,level no,results,yet avail-
,. able for college' students. 'Selecelon and-ee'striction of range are discussed
as influences on the variation in correlation-found in.the study.
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, -

= The Current =LAT ebb of science- in the st-hOols of out natIon-is well knolan
o -the-science educationcommunity. -We Merry- -about= it ,- we -bemoan -the-,_.fact-that-

the =public -no longer supports science educatl,on,as enthuslastically as it 'once
_

_ ,-
did-, and we wish 'that things would g-et.moving once agaim. i However, Walt Di_ anethins_

, . ,

First -Laig-VWishing will make; it so.-") seems not =to be -working for- us! -, II
. - , -

science is to be restored-io:its rightful position in the school zcnrrieaum,. _. _
, -

aducators, ever There will have- tcl. work," at -developing a strong base of com --mun
- -

-, :Ity support; It won' t-=happep uniesa we-help. to makeA, it happen -

I 1

--,
' '--

__Afr-

., ., The gpanel addressek thi's issue:: 'Following *a:libro.ef introductton outlintng_ , _

the cur5ent.plight of stience education in the UniteA States, the panel will.
tuns its attention to spedific wiys ,pg building that of, suppdpt. Sinte

.

each-of the -panelists is -already-InVolved-WScithe form of community outreach
on behalf of aciente, a malor portion of each A)Ferson!,S7__ pres'enta*Rp will -:115Volve
describing how these various forms-pf outreach operate. Among the typet of
outreach to 'be discussed are (I) a,-collaboration bettieen a public university=
and a county education pffice; ('2) a university7based research center in_ '

science education; (3) a Cooperative for Science- Teathing,, developed through
a university Department 7of Science Education; and (4) the outreach programs of._
a ;Mate Department 'of Pu blic Ins ction.
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7

LINFIMUCTION, AND Mum PHYSIOL_
STUDIED IN4ENTH GRADE BIOLOGY

Eugene L. Chiappetta
University of_ Houst-on
HousfonTekas 77004

A 1A.

B i o 1 o g y - e o u s e - s ub j e c t matter presents a unique problem t inatructi_nria.._.
planners. The conceptual difficulty o biological concepts varies;'cOn etabl

_ some_appear to be rather:-concrete whil' others ip ar to be- rather abS.trac
Concepts relating to human physiology taught in h ,gh school biology appear tor

. . :,
exist somewhere in between these two extremes One impOrtant question related

, .

to teaching-biology at this level is what type of-abstract reasoning, ability
.

most- closely related to,learning concepts associated f.lith human digestion.
_

.

'- The independea variables of the study;Were three types_of abstract_
-reasoning-conptructs_ (logiCal-thinkingf figuralreasoning-fand verbal-reasaning
and an-instructional variablet(a modified.mastery iearning-straegy)- The
dependent variable Was achievement of Concepts related to'huan..digestion.

One hundred and tarty-three SubjecEb'etrolled in tenth h-grade biology _
Participated-in the study. Abopt one-half of We-"StudenMwere assignecOtb .

traditional inkructian and one=halfto a modified mastery*earning inqructional
format., Four biology-teachers were rindomly assigned .to one of four treatment.
groups. The treatments lasted six weeks and were centered humanAgydiology.

, =..

The findings*sbow that the four -predictor, variables accounted for a
, k

'' c_a
,

signifin a vt (p-. .06i,'-eortion of "the variance in chieement. Figural-reasoning
--appears Eo have the sttangest relationship with human physiology 4ilicepts taught

.

at the tenth-graa-level. The modified mastery learning strategy instruction
apple'ars,tojlave very little effect on improving achievement. .f-.

.



Session B-4

THE EFFECT OF INSTRUCTION USING STUDENTS' PRIOR KNOWLEDGE

ON CONCEPTUAL CHANGE

M. G. Hewson
University of the Witwatersand
Johannesbnrg, 2001 South Africa

One of the factors affqcting students' learning in science is their
existing knowledge. prior to instruction: The students' prior knowledge
provided an indication of the preconceptions and alternative conceptions as
well as concepts not yet'possessed by the students. This study is Concerned
primarily with the students ,pre- and al ',motive Laueeptians and with an
instructional strategy CO effect LDot;cpu411 chaug._, trues Lhe6v.. euuLeplluu
Scientific concepts. Theconceptual change theories used her- suggestconAli,
under which alternative, conceptions can be replaced by scientific cutlepts,
preconceptions can be differentiated 'and elaborated., a!!u new concepts can be
integrated with 'the existing concepts

The lnsikuLLIaaol stLotegy
studaat population, namely, black high s,haal s,ndau.s in Sant, At I cA, LAol!4.6

their previously id.4oLitic4 pClut knowledge au4 alLtuivc
conceptions) and incorporating th. _ priOcipl,s for conceptual change. The
concepts invalvei were mass, vs,luma density, rel,Live d'Llisi,y, and
ciliate nature at .attei

t
Ap exp,L .. ual

special instruc tional .,LLaLe,,y .Ltd auiLcr.,310 t' k,,,11) Oon Laugh, th

same _cepts using a traditio"al ,tiateAy a 1 w"Lmtieillo A p. e .Ltd pusL=IS
WaS u La assess L. t ,. conceptual .Lange List ccuLtmd 1. Lit_ cap._LIW,Allel alli

iLrol rO ps. rhe L,snlLs show J s si,,liti tiLly ia4Ku 1.11LL.,vi1L. 1,.

acquibiti Ltuf b, Icia A t i ..OIL. ii l -.J a. . A:otJIL ut Lii. 1 us L i ., l 1 utla 1 I. A .L

matcL I alS hl..t1 caplIkAL iy ,.1411. I Li. Lilsiol. pk alLLLI,Ailv ,.."1-Q0.1 AAu



INVESTIGATIONS OF MALE-FEMALE DIFFERENCES IN SCIENCE. PERFORMANCE:

LEARNER CHARACTERISTICS OR LEANER EXPERIENCES?'

Elizabeth K. Stage
Marcia C. Linn
Steven Pules

University of California, Berkeley
Berkeley, California 94720

Beverly Birne
The State University of NeW Yolk

at Stony Brook
Stuuy brook, New York liI .4

Way/le W. WolLt.

114414/ursity of Minuet.,4

M1-4.4dapolin, 1114menola 55,J,

Recently researcher ex-awl...Log malo remale diffeleuces to
petroimance have considered learnercharecteristis and learlog exporien,,_
Science per rormaoce measure. conpidered in this symposi,xt include formal
reasoning tasks, program persistence ineasuies, and a,Allevoment it,C1116, Th.:

learner characte.istics that have b-en examined b these cese,veheLs loi.1-
.Fognitive and affective Lacto.s such as fluid ability and crystalliLei abilit,
field depondeoce/Indepe,dence (tUl), pr_cessiog capacity, 6paLlal dtaliCy.
eoutidence, and attitudes. Ine lear464 eLckeLieee Lhet hdve be it 1ove41,
by these researchers lucludo instructional experienc,s. n ch a,. (1) uumbet
and type of courses taken lu math and scie.,e; (2) teal -log exp ,_es to

mil314914c wc41c tc41.1a1L dtrr_tecces, and (3) anv1Lunaker1Lal
from attitudes and expectations or te,ches and peers.

L A

end, to cn4.1y pal t1,.1 441.0 ar

gists at a 14--acCh lid itio II.
collauo1,AL.1 ou a ...1ca .11 ..,n(14111aL1 .4od 31,1c41L114, .4L4
adolescence th,se researchers emphasiz .ffecLlve r

41445 , III 14 AuoiIL 111 .±L L
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Session C-4

THE DIFFERENCES AMONG SCIENCE AND HUMANITIES MALES AND FEMALES

Dale R. Baker
Rutgers University

New Arunswickl New Jersey 08903

The low number of women in science has become a WdjuL t;i'LltGe

educators in the last few years. Various programs have been established to
increase their numbeus by providin skills, information, and role models. This
concern has led to the present study.

ihe oT ,tudyle th, , Al I 1,4.L

la 10 ideuLlty whILI1 41*Lr 4 .wons *Lid r..,,1
in the 1.uw1.niLle*, bioio611,...nd ph;.*IL*1 zeienLe*, The ares Lit _pat4a1
ability, attitude toward science, and rate of MdLUrdt1011 1Jere C110,0 da pO1.o11,1
diacrimiLiaLing vaLldble* because previon* ,e*,arch uii *e difteren,.Je- 14,dicaLe
that wale* are LeLLeL aL *paLial tasks Lh,ik female, (,164,-Uy *Lk,' J*,kiln, 197A,

and that s1.dLi ,1 ability is a td LUL ut atac, c56 111 -.C11.1k4 (1 , 1913;

ikowsk1 at1k1 M,A:t11614 19/1) b,,ya alsu kaqe VAA,,A.LL t. i 1A
Loward 6,1en.e -LdLi AiLld 4444 N.;wLeily 19/1, 1,)u,4ty 1)0 1.A

of MdL-kaL.1,d11 - c. l 11115 L bcm (197,,
inaividuals linked to siatial -01111y in LL.eL early Maltir1t18 L mai

dpaLial d1,111Ly Li.du laie w* urint, *nd temle*.

aA6i, ,

even t 'Ed Laci Lai lestin Ser.vire spat,ai testa tir),a
con, rn1n6 maj,t, s.I LI4.0 4111411bet "r 1,Lzvi,0 11.1 a

short essa, u4, 10 it ted111153 aLuo, plarbultig, a In a lc

LA -.4 41
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for women in that a woman with good spatial ability but a negative attitude
toward science will, probably not enter the sciences. Once women are in the
sciences it is not possible to distinguish them from men on the basis of
spatial
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Session C-1

COLLEGE PHYSICS, ACHIEVEMENT: Q0 FEMALES AND MALES DIFFER?

David Van Harlingen
Rutgers University

New Brunswick, New Jersey 089C6

In the last..decsde continued concern has been expressed ovel. the smdil

percentage of women pursuing careers in the physical sciences. This study

sought to determine whether women, in genetffil, enteA an intrw,inctoLy physi,s

course with the same cognitive skills as men and whether differences exist

between the sexes on pretests cr in mouse performance.

)00 .AiEdeA (1,1"6 1AE.,de,E_E, J Rh. ,A,

COLACac at an Ea,Atern state university. AlosE were sophum-res wiLh 40% or the

tudenLs teing remale. Students compleLed a pieL,zal baLiGly aaae sing skill

in mathematics. logic, 4nd spd11,41, opdrati n-

A rota,lon. Few les wer,. a-pcl

dif EJA medsuE

A .

LIC41 .d -111s lleke acic

ptoble.s giVetA ,hre exam1n Li n.. uioku "El tzmhla ky =

questi ns (p 7i 001). -1111En 1,,L=Jst= kiltt,;reA. a WCLA LonLL,11 d

was Leduc-I Lo .5 4E. allLJL, . (p -1 .01).

a-,.... E.,,.,..,41E,- ,n,41 Anal. , ,

,ed by d _ticLy ut k111a (R - 33) ,i le 1 6 cA,,Ae v m.,

a f4,11,E16_ ,.1y 6,f thainethati 'b ahillS 2L 4filvt18 ,he akIi la a :,_ 1

.t I A A =A k I

...dine c se Le nits 1.1161 LhaL snp. 1. 14 Lk,dO.A.

Ll,e "ot= ia.111 dl, , pLuL14,k. Ev16
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Session C-1

SEX DIFFERENCES l N COLLEGE LEVEL

GENERAL BIOLOGY

Veronica Mondrinos
Rutgers University

New Brunswick, New Jersey 08903

well known that women are underrepresented ou MonL lx/la dnd ill
mast fields of science. By the mid 1970's the proportion of women in most
scientific fields had just climbed back to the levels of the 1920' (Btiscoc,
1979). Explanations tor this situa0.on are varied a A 1u- ...ac.1 ude ea,tly eduLdtio&-.41
biases that steer women away trOm scien,e dud n oou ses dud the asenLe of
role models in theses JOyce and th.,11, 19 The tact that giLla Lac,
a defininte cultural bias which acts to deemphasize science ha- been frequentl,
documented in the last decade (ffuttron end B own, 1980). It is geuei.dlly
accepted that it Isn't "girliah" to like s,1e and perrwrm well in IL
(Butiron and browu, 1900. Rescarcl. dealing with th. hlkh s,.hoo 1 1c el
that girls generally score as well as the buys and L.pt.se,L only a a1iEl,Lly
smaller proportion in number than the boys ...oat science c-urse kZio
1977). This howev,r does not seem to be tl, u the c..11ege 1, ,gel where

the -les L.eptese1IL a ptOpLakiloUaLely .,Mallet Ilalita,t I. MOSL a Aciat4c Lukita

Nu( only sr, they low la numbets, they alaolaLl.itt lOw-L ootc.- Iau,'_ ca. vo Lhc
sci-uces early 111 the 1 dtcc

o

l thwhi le ,o study ...any of ,ne pr-viok.bt m 10L na,I 1.4,11 sLI 1oo4
CO be discoufirmd_

IL
a o, aoltic I ,

aLudla it a ..1.321
pretests (sAr Biolo,y). the PropJsitioual Logi .es an.. a attiLode
treat daL,o6 ll, VILal t 4 VI.CAAM ,r aaat,.L Uh-ix sA. 1,141.

sCor,s were obt.ined , r 3, to tie k.ost testing 1.ich .:onsiALed o1 a inowlei
pbat la ,..tol,,,sy) Ju.1

A Liu oLio 1.0 .1 Lt . 000i

a icuLa a L A a,: .= .4 .- 6; 4o,L A

, ._,,,L11 .1,..AI 1.
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The results indicate that although the females enter the course with
poorer baCkgrounds (SAT Biology, SAT math) they catch up during the course of
the year, and in some cases surpass the males. It could therefore be argued
that the females have the competencieS necessary for success in science but
that they were not tapped in their previo'us exposures to science courses.
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Session- C-2

.PERFORM ANSE ASSESSMENT OF ELEMENTARY SCHOOL

SCIENCE TEACHERS

Dale G. Merkle
Shippensburg State College

Shippensburg, Pennsylvania 1

The major purpose of the project was to assess the LULL eLen,:1es obi,h

have been developed for the Teaching of Elementary Science course by ot,serving
recent graduates of the college as they teach science and by interviewing them
concerning their science teaching.

Al instrument Was developed EL+L
tency area. Observations were mad. by collegw and scilool distric, repisentati
The ratings were coded to allow analysls. The curt.lation between ratings dune
by different observers r,,%ii6ed rrom .40 (m.,cler,Ate) .78 (bubbtcntial),

,111pCLOnL i Led w611 L.loa tn. ..khaL 11,.1 w.410;

secondary _oorcez in ke4h1,g et_d (#1) the _Lint, to ..cLt,
and plan fa4=L1v1Ll 5 of inaLruckin. that LeLlaLk Lh. cda of aLud-nL-,
developmental level of the student, th.. dcvelu1.men,a1 le el of the
conceptual scheme, ,nd the materials and equipment available txaminauion
methods to enhance in these petioriticn,Le ImMUdb 1,D to l nodeltaken ,n

yedL

rt.. a1.61.

L era, ion fi.W rJ MC.4 04k1-1Un a,. OV L . lrty pCL,.e I u. thd

cu Llactcd rtt.bed to ,,,wp.rdt Lt., k+1y Marty Lco4Lin wens n.v.. k

1'h- p. linty Lea-Olk_ a4 mcd L- a la,k of ,ontid,o" in b.1.

aelciiLe p406Ca... C pLugL.m a1 441 0.11 . 1 118 1,

particularly by p..13o_o .11.1L 14 LiGin
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Seselon C-2

THE PREDICTORS OF SCIENCE TEACHING PERFORMANCE

IN ELEMENTA1Y SCHOOL TEACHERS

Mildred R. Green
Fordhain University

New York, Nevi York 10023

Researh in: science teaching have demons-Ital... kh,L

tea...hing methods have a positive effect on learners. in ddition, reseatdi

in other areas of instruction indicate that the amount or cl asato LIrcik

teadhers allocate to a given content area is related to stnden L 4,hAevew_nt_.

Clearly, the quality of science education hinges on these two areas of teacht_,

performance. The present study investigates protesaional and motiv4tional

factors in teachers that are related to their choice of teaching method anA

their persistence in teeLhine, scieLwc i., the eleme.,taLy 0,hool.



Session C-2

A FACTOR ANALYTIC STUDY OF SECONDARY SCIENCE TEACHER COMPETENCIES

WITHIN WHICH GROWTH IS PERCEIVED AS IMPORTANT BY SCIENCE TEACHERS,

SUPERVISORS', AND TEACHER EDUCATORS°

H. Ciaig Sipe
Bruce Tulloch

The State University
New York at Albany

Albany, New York I2221

eukpo., ot
akili Lepei.toires were opeJ:.ant withing a national sample "f sci_rice educatc,,,
as they assessed Lhe relative* Importance of growth within a slectud bet_ of
science teacher competencies for ultiwate s,ietioc ter ven
was the objecLive of r-tti6 .5tIdy to ld ntlry, LItIoule,k taoLui

uridcFlying coustructs whii4h would add c1al1L aud pa,siluony Lo the
tionships existing among the sample's attribut ion of relat,ve imp-rtdcic ot

growth in those competencies to eff crive science Lea,hing. TLe idenelfi.aL,
Lactora operant witi-iu the peLLeptual Leponc oGLAucd would

f4,ilitatc boLli Lhe effor
and the science

or Ivi,Q I11cf.tvi, I a,her
A scLott,laty objcLIcilve of

oLuay w.,a Lo del ertulne LOL whiJ4 fact_ts Lhere e,4_i_d conseus a and diO4,r X1,151,

daWilkg SL.k.,L1 teachers, SilperV13_1.0, and LeaLh4.1 cduLa their

effective science teaching, Such a .lete.uinatiull would enable L.:fie science

education L_ouLmunity to Nett tuc,.s IL. crrolim duviuld pLuukow lu

scie=nce euclu4Ciuu Whiuh hold cLeaLe al1..0 in lw, acL 14I _poo lhu ,uultA

of aciauce LeAchi-e, Lu ,rte a, 11Laols

d .o asses.,, 6 pl .0 aCl.h .

a iLpLa, ,l.L1vL a3111p of 01a)01. 4/A11i/16 1 0 iL11 1

the ,1k/el.pitAC4IL ScAc,.0 Imach;L ComEat uLy 1

S1a/0.,01t.,-L_ Lu t,11oL seas iu L1W it.1,,Lrum..1 was advilli..Lurnn L
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Of the eleven.factors generated, two factors associated demographic
.

variables And nine factors subsumed competency growth statements. The factor
designations were found to correspond to the more global categories
of competencies spe'cified a priori in earlier studies while being themselves
moredescx.iptive_and precise. While consensus Among the science, educator
subSamples was established for the relative importance of most factors to
effective science teaching, there existed disagreement in their attri
butions of importance to growth in factors relating to the instructional
sphere of science teacher behaVtOr. Scien,e tetachers emphasized growth iu
the technical, generid instructional skills to a gyeater degree than super-fbok,_.
and teacher educators, the latter subsaMple at MlL_ t _AL_LIg more inipoLLa,cc

growth in those competencies which pcomote greatet litetacy.
Futt11:1 te.,e4tLh into the ,1u,,e3 mlieilying these dibi,,,Alok 1,x,c4iLlou5
seem wg-11 achcis,d



Session C-3

ACTIVITIES OF THE NARST RESEARCH COMMITTEE

Arthur L. White
The Ohio State University

Columbus, Ohio 43210

David J. Harmon
Kanawah County Schou

CharieSton West Virginia 4),3 1 1

This aeo 1. ,1 will be a k.IV 4.W

replication at separate sites th,uushout the country, Specific .1,..k.411.45

questions regarding design, sampling. measnr,.went data L,11eL;tion, and dat-
analysis will be di.,,-nssed, This sea...ion 10 4 paL4 or the devclupalkuL
of the NbTA NARS1 LiC6C4LLIL

4

Claudia Douglas
Central Michigan liniMeesity

Mount Pleasant, Michigan 48859

Linda DeTure
Rollins College

wink, Park, Florida



Session C-4

ATTITUDE s6 IN All INNOVATIVE CURRICULUM

Peter E. Pezaro
The Ohio 'State University

Colunibus 041.0 4 210

An innuvative. geochemistry curriculum for high school eltemi6
students was introduced in Israel in 1978. The unit was one of
units designed to aUgment the chemistry programme in an attempt
relevance and spplicative nature of chemistry being taught lu tl, 6 4,1,016.

over UU stnac"i:3 partl, kt.,

cognitive advances were nleasored ,,sing obje.tive ana tort answe,
measurement instruments. Affective changes W,LC also measured in LL go.,01

experimental pre-post design.

- t , bLkidy ,w I 1,il

Three conce,ts went U6_d. ch alistvy, scien, hd ,A44

Sevenicu scd1 wete The J..Sa were subjected t- ,om_o factor anJiyLl
and six Factors were Aeduei S"mmation 01 thd scales 1LtW1 act, to Lot

andLled Lt,t 00.n116tuttc"t= of oult hie cohot.eck whl h 11$ L.,LIS

interpretation of the ,fat i.

..1

ti4L-

,,"ac-rts did, 1,ieed, 11 terentiaL hcLw-erl Lt, c Li pin wt,-11 , ii ,;ti

umfIL.S; ,LOadfltS pCc1c1 cd AacNA,eallAty o 6. Llimi.,Lky on L4.11

,l1JL1 8LLUCL5, all l (3) tdmiSity .do SCotc'.a lO0i L thole 6Lic1k,L6

const,ticts Fiod. It .Len be ,h 1,,Jed that this EL; mistr

u- (sni L y all logy op, to 01 ,t11LA,,01. uto.$) has the
pot cu t 1J1 ot[IIIJA GhemIst
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THE ANALYSIS OF SCIEN -E CURRICULUM POLICIES

Grab= W. F. Orpwoodcf,,,,,
science Council of Canada

Ottawa, Ontario Canada KIP 5MI

The researchllescribed in this paper forms part of a large-scale three-
year study of Canadian science education being undertaken by ale Science
Council of Canada. Of particulac concern here are the policy statements o,
"curriculum guidelines" established by Provincial pepaitments of tducati"n
which specify the LIALuie and direction of the science enrtiLnAla in Canadia-
schools. 'The comparative analysis of such documents is au impoktant part o,
the Science Council of Canada study.

HoweveL the r.--,;stch hthe woke 6,;h-1,1 5hi

an ot,)ective and systematic analygis he condu_ted, the material,. and the
ta.ko of ILs development, analysis, .1.1,1 evaluation neea Lo be cai fully Cu .-F'
Ludli4ed Thi6 CooCeptOdilaLloil, With a tLaiii_w..k tut the an,Iyuis
any such ,utri,.lum poli,les, tuna plodoeL, of the research
reported in the pap

and hussell (1/5) at ,atILL 111 stra ta .n Munh;. it and

Russell (19o0), in rich philo,Lphic.I analysis la used t3 yield theorett
petspe,-tivsttom tkoW pia,ci, way L.e systethn,i.

examined, in thi,. teserLh LWU nary uia of the nLept ,ni.leninm ale
used one 1ta-in6 ,n uti61n1 but hithett. kA_pobli,,hed le aut._

the oLhel. N.,min,L, I ob,

yield Lon ap,ual I n,(ions hi h eadLla 11..

tLdLUeWLJLk. ,?L ,1 - ,L01,,Lnres 11..E ut the = naLkecad
sample anaiys_s ani tt,etl apple abi,it as a sad in tale 11ght of this o

ehl,

Chi,

96C)
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:YSIS-DF SELECTED' NATIONAL EtEiNfOr

--SC1RNCE CURRICLILUM,TR6JRUS USINd-iALPH-W.- TYLER'S --

r

-'!BASIC,,PRINCIPLES-OF-XURRICIMUK-AND-INSTRUCTIQN"\
, -

AS---A STANDARD prcomVaIsM

Richard, EWillett,
---New,-:York UniveritY

0--
Washington Square;4 New York' 1000,3:

. -

The Purpose of this Study, was_to-analyze 1;111: process of curriculum
,-- , --_,

,,,;development` used in-the-production of seledted eleMentary Science curri,

------Culud-prOgE664 pro uceeln- the- nil-In-a 'S ta tee:- during the 1960 ' ra: The , resUltf
, .

help,establish the relationship:between a conceptual,scheme for curriculum, -
development and actual-practice: The.elementary science curricula that were
sel4cted for.anhlysis were Elementary Science Study (ESS), -individualized
-Sci nce (IS), S-Cdence--A-Process-_Approach (SSA) and Science .Curriculum

..

tin vement Study-(SCIS). The process of curriculum developMenefor each of
rograms,was_determined,by_comparingithe,written-materials-of--the--

n
a to a set-of thematic statements preduced ftom a theoretical mOdel
urriculum developmet.

.

--

_,

- -

These statements were produced-by a thorough analysis of Tyler's- (1949)
sic. Principles of-Curriculm and Instruction.- His rationale foi:the book is
aced on thb assumption.that there are four fundamental areas- that must be

addressed by anyone engaged in-curricUlu% Planning. These: ateas include:
(1). tbe formulation of-=-objectives( (2) the (election of learning experiences;
(3) the.organization 0f, learning experiences; and (4) the evaluation of the
learning experiences. Tyler provided after each selectiOn a set ef g neral

:-procedures that-should be followed. In this study an-analYsis of-Tyle
'work'revealed 32 thematic areas for the proceas of-curriculum developme
panel of judges attested to the validity of each statement, and the fine
statements were-use&to analyzeithe documentd written .by each curriculum
program. This analysis provided data-that-enabled this tesearcher to profile
the-process of curriculum development for each project;

1. :Elementary,Science Study. -Thedevelopment of ESS followedTylees
model most closely in otganization of learning experiences, the develop-
ment7oLstudent-problem,solving-skills, and in program evaluation. ESS was,
least-like Tyler in aSsessing.theneeds of the local school 'group and the
IndividUar-.-studentand in student evaluation.

2. Individualized Science. The development of IS followed Tyler.'s
0

model mose.closely in the development of learning objectiVes, the organization
ofAearning experiences, the development of Student problem-solving skills
and positive attitudes in science, and in student-and program evaluation. IS

was least like Tyler is assessing the needs of the local school grotp and the
------indiVidual-student,--
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_

-Stiente-7-A-Protess'ApproachiThelievelopment-df-SAM,fellowed
----Tyler'4,rmOdel most closely Wthe-orgalizationof learning_ experiences, the

evaAopaentof_studentproblemAnlVinekkills, and in student and program
evalOtion. :SAP4-Nas least.likeJylern_asseSsing the needsofthe local
school.group Anti tWindivinuaIstUdent,-in developing positiVe student

_

Attitudes-in,:atiente.- ana-in some Of:'the,protesses related to the develop-tent
of learning objectives.

= , r _ -

4. ScieneeCurrituluaLIaTT0eaerit Study. The,development,SCIS:followed_
_--followed Tyler's model meat, closely in the development of learningobjettives,

the of flearning experientes,-the development of- student problem-
doiving-'skills' andpoSitivefattitudes in- science, and in prograineValuation.--

:SdIS was leas-like TYlerin Assessing the needs of,the'loeal school group
and the-individual stUdette:,

Subsequent analysis and tomparlsons among tlie projects and Tyle s model
have.provided several insights'int6 theprocess of curriculum develop ent
utilized inthe production of these programs. There is no establish d
relationship between Tyler's [model and the actual practice of turritu um
development for these projects.. There was no commonality among the for-
projects in curriculum planning. Some of these differences might be d e-to
variation-in-project-goals, oject staffs, and the documents available for
analysis.-The results 'of thi study also indicate that the field of cu ricu-
lum development ds;.! in Kuhn's 70) teras, preparadigaatit.
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I
THE . PLACE Or'NON-QUANTITATIVE RESEARCH'

IN-SCIENCE-EDUCATION

Douglas Roberta:
Ontatio-.InstitUte for Studies

.---ia'Education
Toronto, Ontario Canada 1,45S 1B6
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ANN iNVESTIGATION.OF THE_ROLE OF PIAGETIAN MENTAL OPERATIONS
_ .

ON EARTH SCIENCE CONCEPT ATTAINMENT' Ith- A DIFFERENTIATED INSTRUCTION O EL

FOR CONCRETE AND FORMAL -LEVEL' SUBJECTS'

Gabriel, M. Zima

University of -FAttabfirghr.

Pit tsbUrgh Pennaylvania 15260

it hap been established by science iducation researchers=t dt Si have
_improvedlearning,ef ficiency if differentiated reaming is provide thrbugh
science instruction. The purpose of this investigation Was to replicate a
differentiated _learning model in order to determine the role of Piagetian
operativity of Ss in their concept attainment on a dela-yed task designed to
measure learning.

The sample of -135 ninth-grade Ss was given a Piagetian battery designed
-f or assigning- Ss- no -. ioups homogeneous with-respect --to. developmental- stages .--

The stage level Ss were then matched-or mismatched in receiving units_prepared
for concrete or formal stage- Ss. The seashores units consisted of .three lesSons
of verbal material. Treatment time was one week.

A twentyitem objective concept test was administered prior to and-
again- immediately. after :the instiuctionaltreatment The sdte InStrument
uked7one-.week-later. The-Ss also- completed two Fiagetian, task. batteries
eMphasizjing figural and-verbal perceptional forms prior, to the instructional

--aspect-of-the-study. .

It. was found through analySes of variance that groups :of Ss had
significant increases in their performance as a result of instruction given
on a differentiated basis. HoweVer, there was .no sigqificant effect of
treatment differences accorded to formal level Ss i e , whether or not they
were given units designed for either stage of Ss..

A linear detrending technique was used to isolate the cognitive veracity
of Ss -performance ;on the delayed objective, test. This dependant variable was
used for its pIediction of operations defined in a Piagetian model. It was
found that particular operations were specific to the stage of development of
Ss and the mode of instructional treatment administered to them.

This investigation is a landmark' in science education research in that
was designed for isolating that operativity of Ss which influences delayed
memory performance on an objective concept test The COnclUsion drawn from the
.investigation, is that regardless of the differentiated learning treatment modes
offered Ss, their structural mental operativity has a major role in the measure-
ment of delayed concept storage and retrieval;
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Session D-

. A.LINEAR:PATH=MODEL OFADELAYED PROSE RECALL

4FA.LECTURE7ON-RADIATION EFFECTS_

G. W: Moser'
Helen M. Longhner

UAiversity'pf Pittsburgh
PittsbUrgh,-Pennsylvania- 15260

One of the -major problems -in-sCience-education research is determining
_theremembranCe students have of lecture forms of ddlinCe knowledge, It-is'
paOlculArly_difficultto measnreverbalrecalltsuckasjiltprose_Oresented=by__

The purpose of this. investigation was-todevelop.a model --'of prose recall.
iith linearpath7like characteristics. It was assumed that -key Vordi Ss_-use
in=writing'theit recall had .these characteristics.

---:,----11Tbe.experimentschedule_required-Jagh-,,Pchbol,chemistry__Ss- Ng54)___tot=,
liStin to a-15 minute audiotaPe on the biochemical effecte of:nil:Clear radiation.-
Ss then wrote a'receIl and 'completed an ObjeCtive,teat-Of20iteMS.- Ten minutes
were allowed. -for each activity. The Ss-then-Completed-air-unachedule&proSe -

recall one week later- ;

The prose recalls were analyzed for the words most requently used by
the Ss There were 1267 different words in the recall. The 13 words with
_highest frequencies were tested by i4entifying an equal number (N=14) of words_
in the lexicon that were neededto_complete,a path-analytic model of theL,,
immediate recall.

Facilitation in delayed remembrance due to psydhometric intelligence was
for the words "breast, cloUd, one." The set of delayed recalls, due to perfdr-
mance on the earlier objectife test, was the words: "burn, breast, genetic,-
measure, mediut, radiation, two."

The LTM model was analyzed for retroactive recovery, association learningl
associat &on recall, and forgettibg. Twelve LTM model words ("bomb, die, exposure,
ki4ney, measure, o, people, radiation, Puffer, two, was,week")' were linearly.

111

related to the total
ng

words Ss used in the iMMe late recall. Sixteen percent of
the variance in matched association, delayed r call of words was explained by
their use in the immediate recall. Between 45 and 9.9 percent 6f the variance in.
delayed reda,11 words was explained by the canonical of immediate prose recall
words./ Significant predictions were made for the words: "appetite, breast, burn,
cloud, effect, exposure, genetic, kidney loss, medium, particle, people, radia-
tion, suffer, wee "
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he ---linear effect=s f: mmediate:-retall--lexiCon Were- renioxied in order-
tO -characterize an ndagenotis.-path modal- for It was found that
-two-thirdS of the linear operator effctsignife.g.C;g. siificant..carrerationii were-,
mot due. to .the immediate prose

-
. .

-These-results indicate a prose recall Model-- existed- for_xemembering.4-.,

..

15 minute lecture on-radiation

,..,

effect's..ts'.- .. It was cncluded that theio del .

demonstrates the phenomena of .association, comprehension, anti facilitatibn
,

a

cognition. '-
.-_-

..
.
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,THE:DISCRIMINABIIITY:-0P STUDENT -TRAITS AND
__ _- _ , _ - -

--ENERGY.' OPINIONS FOR Comm GRADES

Helen -Loughner
G; W. Moser

-UniVersity of -Pittsburgh
Pittsburgh, Pennsylvania__ 15260

has been considerable research- on the subj6ct achievement'of Ss,
but there is no report =of the role of'words used to-express their' opinion on
the energy'Situation.- The .purpose. of this investigation was to compare...the"
.roli7a opinions with that -6f variables normally used in achievement studies.

The sample of 54 chemistry students (a = 16.4 years) wrote two atate-
ments in December and again in the month of May, on the opinion of the'energy
situation. The opinion variables were selected in terms. of the 25 most frequen-_
tly used key:words. TheY,also completed ant- inventory Of dogmatism, an abstract
reasoningtest; and an- intelligen4e The Sc -maintikned- of-houra/we-,ek

spent in activities. _reading newspapers, working,studYing chemistry, Overall
studying, and leisure. They completed preference forms for types 'of television
programs, radio music,..and subjects in high schbol.r. Finally, the. Ss_ completed
a home environment inventory. The eight sets of trait variables and two seta'
of opinion words were used in a discrimlnant analysis of the final chemistry
course grade,, ,

A stratified discriminant analysis was done to compare the role of the
eight achievement trait __sets with.that,bimbrds used_id_prose opinions_w_the

Wenergy situation. Eight analyses ere %lone for the discriminiation of the
final -chamistry-grade D) of theiSs. SiX of the-eight sets contained
variables which significantly separated grade swarms. The non-significant
discriminators were for the amount of time spent _per week in studying and'in
leisure activities-.._The principal discriminator variable was the dogmatismof
the Ss; 50 percent of the course grade cases were correctly classified by its
function. The nextjost discriminating variable was the IQ of'Ss (correctly
classifying 46.3 percent). The major discriminators of the other.variable sets
werez. (1) the preference of taking physical education; (2) liking TV-variety. ,

shows; (3) listening to classical radio music; (4) the:number of hours/week
spent reading the newspaper; and (5) sibling rank.

The principal chemistrycourse grade discriminator of the winter opinion
.statements was the word "coal:". It Correctly classified 41 percent of the
chemistry grade cases. The principal spring opinion word,for the energy-sitU-
ation.was "future." This function correctly classified 43 percent of the grade
cases.
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;

r An analysis was- then ;done the principal discriminator variable

of' each set with .the number drawn in propartion -to the number in each_ original

-set. the best discriminator- in each ok:the'-tWo analyses was the D4 of Ss, Iti,

rte analysis of trait varinbles and winter energy'Cktrds:'the word "coal" was

the= seventh : The cadoniEal of--eleven Variibles corrIctly classified

76 percent of the course grade cases. The home environment l'fatiable (sibling

-rank) -was not found- in the canonical.= The =spring'Opinion words "gasoline and

"future" were the secaid and- third,best discriminators- in the _second analysis..

The trait variables of sibling rank and pteferefice:for_plfroical education failed

to enter into the second-analysis load; Thre Were 74 pereent of the -cases

-correctly classified by function f the canonical of ',nine independent

_ .

-----"--The-results s-invest n-:-indicate7that-opinions-o &-do7- --=-- ---
,. -

significantl discriminate ..for aemistry ach),evement, Although the ,IQ, of Ss

was found to be the major discriminator, the words Ss-use. in expressing Opinions

of the energy= situation are also significant discriminators -:,(p 'k .01 as an' .

approximation of WiIks' Lambda) of chemistry achievement.: The Tact that the

opinion word variables. were_ coniPetitive with other, traits- of Ss indicate that

there_ is a need to explore opinions, -as. tor their influence on science -achieverhent.

- . .
There may-be some question of the generalizahility of this claim. The

Es were volunteers, for the projects, yet_ may be regarded as =representative of

rtheir age-grade population.. The differenee of words in opinions Which,were :
.

sAgnificant 'discriminators 'of final chemiStry grades indicates, that as --

moderator variables, there were different roles of opinions Sp 'held with regard
td achievement. This finding= could be. construed as meaning -there is some
constructive validity ' f or the role of opinions it Ss obtaining a final grade in

a chemistry course.
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THEuDISCRIMINABILITY OF MATHEMATICS- ',SCIENCE

._ACHIEVEISNTI:BY 'MUSIC ..INTERESTS- PRACTICES
_ z _ .

F;:yogATIo sEDHCATION_ST6ENTS:

choir-11'T. Hratial

W.Jlos-er-

-'University of Pittsburgh -- s
,

PittsbUrgh'i_ PenhsYlVania 15260

-The purpose-of f. hin,_ atuay was to sidtermine whether,or not the music,
interest and practices of vocational /occupational -Ss discriminated-for physiC
science and mathematics final course grades.- The investigation was prompted-
rom-the-paucity-bf research-,-done-on-the-role=df-aetthetic-pursuits
science and mathematics achievement.-

_
_

,_----The:v-olunteers (N=79)- for-this -study- were - 'enrolled in-an occupational/-
4dcationareducation feeder school ptograM They completed a-ten item inventory

4
of music Interests and praaticds-designed for scaled option responses.- The Ss---
(MbanTager17.2.years).werp:alab adminiStered'anabsttaCt reasoning, teat=4 -

-YThe-dependent-varrabIes were-finel-_course -gradiSvin-donacaadtie
-tatherriaticS-,-

The music preference,-(classical, rock, etc.) Swwas the principal
discriminator of both mathematics and science gradet, Between 39 and 81

, ,

percent of-the cases Vierd correctly classified for grade swarm membership-,
ependihg upon grade level groupings XA plus B; C, D,.plus E, aS. an example

=Seven of the 10 inventory variables entered into ihd ditcriminant analyses.
Significant discriminant canonical functions correcrly' classified from 53 to
84 percent of the grade swarm memberships. Discriminability of science

111

d

mathematics course-grades differed -in terms of-the-activeness of-music i terests
The fortil of music (tapes, records, etc-) collected wasa significant discrmi- '

nator only in analyses of mathematics grades. On the other hand, unique
discriminators of science grades were music practices, such as type of instru-
ments Ss played or the Ss singing preferances. The abstract reasoning ability
of Ss was the principal discriminator, when entered into"the analyses with the
music inventory variables. The reasoning variable improved the correct
classification of grade memberships by up to 8.4 percentage points.

The conclusion was that music interests and= practices of non- academia
track Ss significantly discriminate for achievement in science and mathematics.
This discovery indicates that further research should be done regarding the role
of aesthetics in science and mathematics achievement.



RESENTING THE SUBSWTIVESTRUCTURE OF

Fred-N-. Finley
University of Wisconsin

distort, 53706

ISCIPLINES

re
tors ought to consraer the _structure of disciTines in developing curricula sothetr the content presented to dtitoents- W Icorrect , coherent , and complete.
However__ since Schwab introduced. the strueture of disciplinesithere -have
been AiSe-aboratirth-rmeaning of -that phrase, One reason Schwab s
research' has-not been ,extended is the lack of precise techniqueS for describing
the structure- of.disciplines. The_purpose. of -this paper is to present techniques_
for describing thiapects of subStantive structures anttrelated_curriculuirt

In the early, 601:_s Schwab (1942 introduced the idea that disciplines,

composed 6f. substantive and syntiCtic structures. He argued that educe.- 4,,

and research_ imp-Lick- Ons.
a - , .7-

_tkchnique is,for-spediVng-the- = underlying -meaning:7 of
substantive structures- using_ active structural networks (Norman and Rumelhart,

_Active structural 'networks involve the use Of predicates that specify
the relations -that might exist among =some set ot- Concepts-. -Predicates -

correspond cloNely-to verbi, adjectives', and adverbs, and take a prescribed
set of argumentkthat are usually nouns. Using a limited set of predicates -r
such as CHANGE and CAUSE, it is possible to describe the meaning'so substan-
tive structures from disciplines as detailed networks of proposit o s.

Substantive structures also can be repretented_by_classifyingthe
concepts of a discipline as to the logical relationships among them. Smith
(1972)- proposed -a set of classification schemes for doing thiS -called analytic
networks. An 'analytic network is a set of individual analytic concepts that
haVe been abstracted from conceptual systems to represent the logical features
of those systems. For examle, the variablervalqg network can'be Used to
categorize Concepts invalving the variables; variableZialues, and measurement
procedures- for describing physical objects. Taken together a sit of analytic
networks can'be used t,Q_describe major portions of -s-cience discipline.

A third' way of describing substantive structures is to categorize
propositions as to the epistemo;ogical nature: Hempel_ (1952, 1965) 'and Carnap
(1966) have described several types of propositions included in science descrip-
tlions, explanationsand predictia0T facts, hypothesds, empirical laws,
theoretical assumptions, and bridge principles. The categories are based on the
types of concepts they'included (empirical or theoretical) and the function of
the proposition in the discipline. By categorizing propositions in these terms
science educators can better understan&the epistemologic structure of the
discipline. i=h



Scienee educators are .obligated to de lop curricula that complete,
. _ ..

coherent; and correct. Throdghgut -the.processe of identifyipg, selecting, and
a .

Sequencing content, the. structure of the discipl' from whi611;the content
deriyps must be mai tgined. ., The above three appro hes to describing `sub Stan-
tive structures ca contribute to this process by in reasine.the precision .

with which the meaning of the structures, logical' rela ionships among concepts,
and epistemologic nature of pFoposition can be describe± imilarly, in science
education research the subZtnntive structures of discipli sshotIld he considered.
The Oiree-views of substantive' structures just_desccibed-sh ld beuseful in any_

researa where science content is a, factor that -need's to be cribed,- contra-_
W.or _Systematically varied.

-.

New YOrk: Basic

. lanation and Other Esse. s in the Philo-
sophy of-SO.ence. ;dew York: The :Free' Press, 1965.

_

undahentaral-5-6 -ConCe nation in calScience. Chicago
The Chicago =Press , 1952; _ ;

=

Norman, b. and Rumelhar D. E. Explorations in -Cognition. San Francisco:
Freeman PreSs 1915 .

Schwab, J. J. "The Concept mf the Structure of a. Discipline:" Educational
- Record, 1962, 43: 197-205.

Smith, E. h "Analytic Networke and Task Domains for akFrimary Grade Science
a ,

Curricullen." .In D. W.ABessemer and E. -L. Smith (eds. The Integration of
Content Task,_and Skills ,Analysis Techniques in Instructional Desi 21:
"Los Alametos, California: SWRL Educational Research and Development, 1972.
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YOUNG =ADULTS TR ST IN -IN pliATION =SOURCES

OUT-SCIENCE POLICY:ISSUES 4

Alan M. Voelker
Northern Illinois Univeraity

DeKalb, Illinois 60115.7_

This, pape-r- develop;:amodel for predicting high-school_ and college
udents trust In,informa tibn 'sources abbut science policy ?tissues The _

dhta were produced from a national survey of over 4000atudents. 'Factor,.
______analysis_and_other_index_:_construction_techniques_are __used___to_construct

trust indices dealing with people, -agencieg and media. Variables associated
with science knowledge, interest, and attitudes; family and- school activities
people and politics-, perSonal and religious vale school and career-plans;
and the person- and the ?-amity are employed in cr= s-tabulation-and log-linear
ana to develop the predictive
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Session

PREPARING-AND-USINGff-PATN-T ES::_ a-MACHINE

;A7NEW -RE OURCE FOR SCIENCE,EDUCATIOVRESEARCH#_

James'T. Robinson:
. _ , - r i . , 'T:Cente:for_-Educatipnal-7,----"--

, .
,

Research-and Evaluationi HSCS
_

Bouldar, Colowado ao3o6

'The_daValopment and-:use cif Meta-analysis proceduresjOlass, 1978 An
Investigatit4rtEMS101-data from many studies have e-rdemOnstrated-the values -_

of ex post factoanalySis. -However, 'the of statistical--data
for ex pogt facto-analyses suggest-the--value -of:having,itrasearchitata-,banks_=
thatnontain:tawdatA:and-docuMenting the _data-contained in these banks for
use in subsequent_ analyses,-

This paper reports= the preparation of a_data_tape and Users guide._ The
tape contains-about 700 cases with nearly two thouSand variables collected
over a three-year period as part:of a curriculum evaluation study.' The
student group is. the eleven- to fourteen-year-old .population that participated _

in the field' test of the BSCS Human Saiences Program.

Data tapes are a common research resource in thd social and natural
_

Ociences, but have had limited use in science education research. Preparation
of tapes and users guides so &rat they 'can be transferied among the various
computer systems requires those making tapes to follow certain procedures.
Without attention to these procedures transferability to different computers

-
can be costly. _ _ _

Uders of tapes will find -that the types of,data that can be proyided
include comparative data, and original data for master'sdegree and doCtoral
research, as- well as a rich source for various types of professional investi-
gations.

The next decade should sea a large increase ,in the availability of data
that can be.shated amongw.investigators for enriching the Oality of users and
producers of these research tools.-?
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NARST_---=ERIC/SMEAC

REVIEW.OF_RESEARCIL--

N:SCIENCE EDUCATION 1979

David_ P Butts-
University of,_ Georgia -

-Athens, Georgia 30602

This report will review and summarize the research in science education
as reporter in the literature in 1979. The review is organized a search

.

-for-an-order-of-ideas,_a searchfor relevant variables in the s =I-_ _
zlearning-context.i With these,variables-we can then-both-undert

. _-_
nurture scientific literacy. .

-.
. - -

The order of:the science:Iearningienv nmentseeth'.6 to depietthree
.

.Camponents, There is t e---personal interaction among teacher and sOdents;

11k Includes,this interaction is ;' rt-of an instructional interaction that
.

both-the-content and the methodologies 'used. Surrounding these irate action
are the -expectatione-of schools as they reflect what ociety in gene- i'f

expects these institutions to accomplish;

This report, then, will examine the use of research. to understand
the - science . learning context by considering the order of ideas in research
in science education and the research strategies used to find science'
education's order of ideas. The reiriew is organized to include: Searching
the Science Learning Context-of the Elementary School Student; Searching ,"

the Science Learning Context of the Emerging Adolescent; Searching the
Science Learning Context of the Adolescent; Searching the Science Learning s.

ConteXt of the Undergraduate Collegian; Searching the Context of the
Science Teacher; Measurement Instruments for Research in Science Educ on;
and, Looking Backward to Look Forward. The research within ea h of the
contexts described is-examined as it focuses on the student f i ter, the
teacher filter, the instruction filter, or, their, interaction.
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Session D-4

THE SELECTIVE FACILITATIVE EFFECTS OF

CONCRETE ORGANIZERS-AND ABSTRACT ORGANIZERS

ON l'ARGETED ACHIEVEnENT GROUPS' LEARNING

Edward E. Junes
Miami University

Oxford, Ohio 45ujo
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Results and Conclusions

A one-way ANOVA applied to the exam scores of higher ability Ss
indicated significant differences at the .001 level of confidence. A
Scheffe',Lest of group comparisons indicated' that the AAO group,soored
significantly higher than either the CAO or the P1 groups (p < .01). The CAO
group scores were not significanly different ftom the PI group scores.

A one way ANOVA applied Lu the cAttial thou .s of lowe abilli, ludIL
significant differences at the .01 level of confidence. A Sche
group comparisons tndicated ihat the CAP group scored si6nitioantly
than either the AM) or the rl. groups (p .05), The AA() group scar._,

flat oigniti,antly dittereni Nom Ole PI group Atillty level Ly ILL
went interaction effects sggest organi-s may be faeili,at \AQ
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the learn,rs.
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Seselon D-4

THE-EFFECTS OF DECREE OF CONCEPT RELATEDNESS OF INSTRUCTION
AND LOCUS OF CONTROL ORIENTATION ON THE MEANINGFUL LEARNING

ACHIEVEMENT OF. HIGH SCHOOL BIOLOGY STUDENTS
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Subjects who felt that their lives were controlled by external forces
seemed to have been more responsive to the external learning cues present in
the experimental instructional sequence than subjects who were confident that
their own actions determined academic success. The fa( _ that the interaction
effect was not present with post =test Acores may refl-t initial learning
shock effects precipitdtbed by recant _ to wally n w idea.
week time period between completion of ins: u,;tional M
tration of the veLeuLiOn
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Session D-5

:,NONPARAMETRIC STATISTICAL

TECHNIQUES FOR SCIENCE EDUCATORS

Robert Sherwvud
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Session E-1

TRENDS WITH RESPECT TO SCIENCE TEACHER EDUCATION,

FACULTY, AND PROGRAMS
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FOLLOW UP OF THE NS r STATUS STUDY OF GRADUATE CENTERS

OF SCIENCE EDUCATION IN THE UNITED STATES, 1960-80
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CHARACTERISTICS OF 168 FACULTY MEMBERS AT 35 MAJOR

GRADUATE CENTERS FOR SCIENCE EDUCATION
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AN ANALYSIS OF THE RELATIONSHIP OF STUDENTS' SELF CONCEPTS
IN SCIENCE. AND THEIR SCIENCE ACHIEVEMENT, MENTAL ABILITY,

AND GENDER

Burt A. Sellers
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into'the self. The person with 'a positive self concept in science can enter
the science classroom expecting Co be successful, and, therefore, act in ways
that will brtng about success'. The individual expecting failure will have 'a
limi .ed number ;of .alternatives co (Aldose from in a problematic
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What are the differences` between boys and girls in relation to
responses to same-sex and opposite-sex role models?

Multivariate analysis ut variance was used to examine the relationship
between the independent vaiiables gender and tilue ut testing and Lila depend
ant variables stereotypes and interest in science for question
Multivariate analysis of variance was used to exau,lne ttte relai ,11,
between the independent variables gender, time of testing, and sex ut .-1,
model and the dependent variables respuns to Luie tttodels fol..- que,t1,,a 2.
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(1) Spatial Function (SF) accounted for the greatest portion of variance in
performance; SF was significantly correlated with perfocmance in those units
emphasizing quantitative- analytic content. (2) Spatial Function was the best
discriminator between the sexes; the difference betweeu sexes was significant.
M Pseudo-Conservation was found to be more highly correlated with those units
calling on visual skills thrill those units calling oil language skills.

Conclusion
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0013NIT VE STYLE- AND THE - EFFECTS Ql TWO INSTRUCTIONAL =,

IhEATMENTS OWTHE ACQUISITION ND TRANSFER OF

THE ABILITY TO:, CONTROL VARIABLES A. LONGITUDINAL STUDY

-2.

Barbara Strawitz

Louisiana Late= University

Baton Aauge, Louisiana 70803

1i it worth/ the effort Tto teach Sixth-grade students to acquire and

tranaCer the ability to control variables? The ',effort can b justified- if

it cgh be' shown that _the time -required for ins trycLion-is reasonable.,
.0At

the. treatment ef f eats 6-.e retained by students over a long time' interval, and

gist -studenta,lwill not acquire the ability over the same time riod- without

ifistrtiction.

In an earlier- study_ (Strawitz, 1980) the 'neoPiagetian
theOry of

-Pascual-Aeone (1970) wds --used to predict suceesSfully that -both fieickdependent
- ,

(FD) and -field independent (Fl) -,%sixth graders could bA, taught to control_

_variables ,and- to transfer this ability -to novel task's The purpose of the

-T-RteaehiTatu dy-wia:
to:assessllong-terftretention effects_ '(01q year) the two

.
methods-, of instruction used An the sixth-grade

inVeitiptint-and, to, compare

the abilities of instructed and 'uninstructed seventh - grade Studerftso control

- 'variables;
_

. Seventy-four seventh-grade
students enrolled in ,two schools -serving

piddominantly middle-class areas participateparticipatee= in the study. They were given

the Group 'Embedded Figures .Test (Within, et al. , 19711, claSsiffed as FI or FD;-

And assigned to one of three. groups Students in Group I had been taught to

---cdntrof_variabita_,fd thrte 25-Minute, sessions while in *the sixth- grade With an

71natructional method - adapted from 'Case .(1974,;.1975) (Treatment-I)--Students

in Group It had worked in an-open-endeemode without feedback with the same

Inatetials as had Group I for the same -amount of time (Treatment II) Students

in Orbup III` had not gedeived special, instruction and served- as a post-only

comparison group (Treatmerit III): The same controlling variAbles tasks used as

de.layed post-tests one year earlier with Croups I and II e administered''

individually to students. in the three seventh - grade groups as retention 'measures.

, The tasks 'were bsndfng, :rods (tnhelder and Piaget,
1958) p (Wollman, 9774 ,

and lever (adapted from Bredderman, -1973). 4

A gantral linear models -,Procedure with single degree
of freedom contrasts

was used to analyze data- for each retention task. The results of the .2 (treat-

ment), x 2 (eognitive style) x .2 (time) ANOVA with repeated measures on the time

acftor indicated that Treatment I produced, better retention over time for both

FO and FI students than did Treatment II.. Treatment II was more effective for

Fl students than fi,r FD students.



Data for the three groups of students'yere-analyzed to compare group
means -pf- each task-for' instructed and -uninstructed seventh-graders.- The results

of a 3 (treatment) x 2 (cognitive style)5,NOVA with single degree of freedom

contrasts revealdd that in general, Treatment I was significantly more
effective for the ED stuants than Treatments II and III; the effect produCed

by Treatments II and III were not significantly different. For FI students,

Treatment IIJdas-Significantly more effective than 'Treatment III. The performance
of Fl and-ED students 2ft Treatment I did not differ-, but PI students were superior

FD students in both Treatments, II and III.

7

Theresults of-this study indicate that-it isworth theeffort to teach
sixth-grade studepts to,control variables. The Method-of instruction-used in
TreatMent L for three 25-minutesessions was_succesaful inteadhingboth FDand,-
FI sixth-grade students to aCquiretransfer, andretain'the abilityto control:
variables over a one year time interval. The results of the study also indicate

----that-uninstrueted-seVenth-gradestudents=do=mot-generelly-acquir&-this-ability _

on- their own,-:
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TO THREE. I DER TASKS

3A RESPONSES

Irialter. A. farmer
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Students enrolled in ninth and tenth grade stien id and mat
classes were the subjects selected for this-investigation. The s
procedures.s.employed were designed to 'insure a broad sampling acro
school and academic track. ,Responses- to .three of the original In
Chemical Combinetions, Flexible' Rod'', and Shadows) proviAled the

Researchers trained in administering these interview tali d conduc
ing and classification of subjects.: eeThr of the samak.interviewe

AR
analyzed 3A responses in

.

Order to (1) identify the range of\reason
between and within substages 2B and0A; (2), provide a data baseof
reasoning patterns employed by these subjectS (3) categoriie then
patterns into bands within substages; and ('4) formulate hypotheies

further -experimentati in this---area of-concern.- --

70

emetics
lection
s type of
elder tasks
ata base.
ed the-teat--
s= then

hg -.pattern!

the -diverse
reasoning

ghide



PRESIDENT' S ADDRESS

THE-POWER.'413F-. PURPOSE

-John W. Renner .
University -ro'f. Oklahoma
Northan, Oklahoma .73019



eslion FL-1

0 -ANALYSIS ,pu4EspoNSES TO. A TEST OP
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Morris_ A. Ery-dar;

Rutgers Univers.rty
NeW Brunswick, New Jentey- '08903

The main premise of Piagef's theory-of-LogicalReaseping
are correspondences betWeen-the structures oUtheught and-,Ithese
logic (Piaget, 1957). Thicentention has been-denied.hy'Ennis
argues-that Piaget's propositional :logic isincorrecti. and that
that_childtertli12,and under cannot handle propositional logic-

is

ogic
-untestable.:_or

is that there
of =formal
(1975), who
his "...claim
is either

.This is an analysis of the errors made by a sample of 275 subjects on
the Propositional Logic Test (PLT), a sixteen item test containing four items
each of conjunction, disjunction, material equivalence, and material implication.
The e-subjects were drawn from Intact science clasSes ranging ingrade from
seven to twelve, __,The PLT conforms as closely as possible to the structure of
the sixteen binary operations, which Plaget uses as a model, and thus seems
an appropriate instrument for testing the rival hypotheses of Piaget andEnnis.

--Since the PLTcontains_feur_items eachof,._fbur-operationa,_att_ideal
ansWerhy any group-wour&-Show 25% of the-responSes'ef eachOf the four cater
gores of.-the PU. Any other pattern must be interpreted as a failure-.to use
correct logical'interpretations.

Error analysis indicates they 97% of the responses to.the PLT by this
sample involve 8 -of the 16 possible truth tables. The most commonly used
operation-is-the conjunction. Between 50 and 60% of the answers given from
grade 7 and 8 students-are in'this category., BY the ninth grade, use of-the
conjuction interpretation drops to 25-30%, and use of the inclusive diijunction
increases to thesame level. Howevei, the anticipated increase in the use of
conditional truth tables (material equivalence and material implication) does
not occur until the 11th grade.

Thesd results- appear to refute the position taken by Ennis (1975),-
support the suggested-by Piaget,_Ifounger subjects are,unabJe:te,
unders and-the logic of the conditional, and substitute'(an4) as a logical
connective, -ThetranSition.from this form of.reasoning- to that of the conditional
seems to occur between the eighth,and eleventh grades,

This interval of:transition is most exciting to science teachers, since.
it suggests d-'time Auringwhich subjects have the competence td use advaneed

'-logical reasoningt,but are not.yet able to successfully perferm*on standard.
,Measures. It is during, this period of the late:junior high:sehool andearly,
high'echdol_ that an intervention to promote logical- reasoning ability:Might be.
'most successful.
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THE. DEVELOPMENT OF THE ABILITY TO USE PROPOSITIONAL OPERATORS

William Martin
Walter Lockwood
Rutgers University

New Brunswick, New Jersey 08903 ._

. .

Research,on e logical reasoning abilities of children is-divided into
at 'least two camps -On the one hand, there are studies which suggest that
chWreV are able to reason hypothetically only-when formal-operations-have
been attained (Robe-rge and-Pa4us, 1971; Taplin, et al., 1974)- 'On the other.

-hand, some 'studies indicate that children are able to deal with hypothetical
reasonings pot limited to the concrete operations (Hill, 1960; O'Brien_ and
SHa it- 1968; Ennis, et al., 1969)P 0,

Additionally, of the studies which indicate that the acquisition of
lag 1 reasoning ,ability is developmental in nature, there are those which
indicate that of propositional operators develops sequentially. It is,
thought _that the ability to use the conjunctive (C.3) operator develops first,

_.followed_by_._the_ability-to-nse-the-bicanditional,(BIC)-operator, and-then ----

.
finally, the abilitymthe use-the conditional (CON) operator (Taplin, et al.,
1974).

k-p .

This study focused on:the-ability of students to use four propositional
operators (conjunctive,disjunctive, biconditional, and conditional) as
measuied by the Progositionai.Logic Test'(PLT) (Enyeart,_1.980). Each test
item consisted of two simple,verbal prophsitions related by an opefator and
followed by four instances presented.in graphic form.- Four variables, each
with tweattilbutes, were=selected to.represent the propositional statement.
They were largeness/smallness roundness/squareness, tailed/untailed, and'
striped/unstriped7--Four statements were designed for each operator-

The'subjecti were 30 students in grades 7-12 from a public2&ehool
system Nei? Jersey. A11 were. enrolledl a science course. Approximately
50% in= rades 10-12 were in the science /math` track. The remaining students
were in a language/socialatudiestrack. Based ion previous trends, it.is
estimated that 90% of the studepts'from this upper-middle 'class system will
,go on ro.college.-

-Most etudentk are able-ta.suadesOully do-the -Onjurfctien itama. Only
a very'few,nfthe seventh-an&eighthgrade students ;(less- than*) are able
'to do-either:the-AJC-beiCQN-iteMa.---Sk ninth-gtadd;TthePereentage of
students successful on these items -is doualed. iildreases in the number of
students whoare'sUccebsful on the same -BIC and:CON:iteme are made'inthe
eleventh - grade. Of the tweifth7grade subjects, 42% were able to do :the-BIC-
and CON items. ,=;T

This study also indicated that abilitips'to usethe bicondition'al and
conditional-oparetors-are.closely--reledStudents---able--ta- the-CON-were,'
also able to do the BIC, and the converse was also true.

A



Results similar to thOse r4Ported here were produced in a pilot study

£ 100 students. An- gadded finding, not tested, fc in= this study of 30,0

subjects, indicated that students-%tho were enrolled in-science/math or had

_ a,-preference towaid-icience/math-were,'at theseventh,grade. level slmilar in

their abilities touse the logical operators. = =By thetwelfth-grade howeVer

the scienceimath_gronp outpe'rfiSrmed the non-science/Math group on the PTA,,.

It-appears.from these results that the deity to'nse four pro-positi4na

operators is developmental._Additionally, the development of abilities:,

use the BiC and CONoperators is closely related. There is also an_Indiagra

that students-with a preferenai toward science/math are more able

operatOrs-by thetime they get to fhe twelfth-grade-.
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THi7:GROWTH_OF, PROPOSITIONAL LOGIC ABILITY
= _

DURING THE -JUNIOri, 1 IGH SCHOOL Y R. S

ris- Enyeart
Fiburn_

Rutgers UniVersity
New Brunswick,. New:Jersey -0890

The deVel,opment of logical reasoning abilities is a .goal. that is- common-
to 'many- secondary- science curricula. Yet, studies in this area continue to _sugst there is little or no igprovement in-students' abilities to correctly
solve- problems requiring certain logiCal processes (Ennis, -1974; Lawsdn,
adYAdi, 175) From tii evidence we mi.-is t conclude.th t either. our science -.
curricula are 4ailingto achieve one of their major goals !or that the studies

lailed_in,Some-way to- uncover -that developmental procesa,.
.-1

The current study assured that the.latter condition was the case since-
w noted that prior studies searched only for the -age at which subjects correctly

problems_ of_ propositional _logic. ___Correctly__solvingi roblerd2is_ a.r indi-_ _ _

cation of a developed abilitg.- it _is -not 'a-h.-indicator of -a developing ability:
.-

The development of `a mental ability begins long before an individual is consis-
tently _successful- at `tasks requiring that form of reasoning._-

In light of_ the_above discussion, this study sought to answer the
olio wing questions.

11 cliachtleren begin to. Ilsr, correctly or incorrectly, the reasoi
-cei-ses aso_V_Ated with propositional lope?

the appearance .of this: ability _the result of_a- gradual process
doS--it appear atiddenly- at a specific age?

die acquisition of roriositiOnal logic ability a gradbal
---dries the ability to interpret a,ff.erent logical oyera
_ tanebusly7-

-
De atid sTrliPat._..

.

.. Thi!. cross-d ional stud used a post-tes.t-bnly with no gontrol group
eaign. The' popUlation-from-whIch-the sample was 'drawn consisted of 750 junior

. ,-
hiyh-,-kdh6o1 s.tudents who ,had been randomly assigned by computer to thirty
cferice .cl ses. . Qur. sample, Obtained by randomly selecting two of . the ten
asses a each grade leve cont'ained- 51 seventh- , 45 eighth; and 33 ni;nth-,. - . -
sclera.

u s- -and Soorin

o instrumerists *era sed to -assess, the -ability to apply the reuoning
e-:group-administered -Propositional-Logic
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Test-is.a..16-item-test of:-.-a*.lbject s':-atility_toLidentify-inonverbalegemplea

Cif stateMenta:COntainingEthe:Most_commonly:used-prOpOSitienal logic operators.
reported--in-,Enyeart,!Baker,l_and,Nanflarling4-011980),

_--
-TheA liuasi-cniCally-administiredTurtles.-task-is a modification of:

Wason s-four-cardtask.-_--.Validity'.and:rellability are reported in:-Bady (109);__

In addition'te indicating:when-a-subject was successfully inteureting
e-log Cal_operator,-the-scoring -protecolalso pinpointed -the souroe.of the
-error When the'sUbject was ineorrect.-. _

The strategraelected,to test the Tu-tlea_ hypothesis was unrelated 7-4
to_interpretationefzihe log icel-cperitor--

.- There was no increase with age :in the number of'kullects 'correctly
interpreting conditional oper4ors.

_

Discussion.

SevenamgraderS7most:=OfteWAntrpret conditional statemen
_conjunctions.'

,1

By ninth7grade, subjects ,Are. atempting

significantly more often than Seventh- or eighth graders -but they
are using it incorreetly-.

By the time children enter; the junior high school they have'begunto use
some-of the processes associated with propositional logic, namely conjunctive
ancl4disjunctive reasoning. During the time they are in junior high school
they begin to recognize the inadequacy of these_forms,of reasoning in certain
situations. This recognition leads the student to more frequently attempt to
apply- conditionalreasoning at-the appropriate time.. However the-fact that
the increase in the frequency of attempts at conditional reasoning is not
mirrored by a similar inc'reasein-correet applications suggests these reasoning
processes are still developing.

-5z
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SING QUESTIONS,TO=FOCUS-STUDENTV-ATTENTION-

ON NON --PROSE SCIENCE MATERIALS

William-T. Holliday
Garth D. Benson

University of Calgary .

Calgary, Alberta Canada 'T2N-1N4

,Luca ,and McConkie (1980) , Richards-,,(-1979), and Wilson and Koran (1976)
identified Printed-study-questions as one of -_the most successful-ways of

., 4
focusing stents''attentioncon selective portions of textbook materials resul-

n-ting`iach evement-faCilltaiton-or-inhibition. -In-this-regard,---Holliday------
,(1980, in press) and Wittrock and Lumsdaine (1977) recommendidtusing,the selec.--

)
tive attention model s a-source of hypotheses. 'The purpose of tIle.present ,-

.

studf was to utilize his model to investigate the learning effects of differ-
ent questioning strategies under four experimental'conditiOns using .a non-prose
medium (science textb6ok chart) containing information of varying established

,

_ difficulty. McConkie(1977)* suggested that recent research-in "Learning'
Frbm TexE(S)" has been dominatedhy researchers Manipulating students' attention
(using .Study-questions) with the goal .of producing more effective. texts' and study
aids for student use He recdmmended that future research exaMine a-ariety .--

of learning materials by more carefully (relative to reported. defining
operationally the relationships among content coMpOnents, studyand post -test
questions,- -aninstrucstudents,.directions administered to student.

__-----
----

-A 14-rbw, 4 column scchart deribing l4 vitamins- was used to present. four
ic a esta prcharacterists s blished in e-experimental study (columns 1-2 descri:-__

bing'"easy-to-learn" names and food sources and'columns 3-4 describing-more
"difficult-to-learr0-1 abundance-and deficiency symptoms).- Questions-derived from
the chart (one question from each row) were paraphrased and randomly assigned.in
a counter talanced fashion to sub-groups of students within each group.
Question placement and additional controls (e.g., practice performing.instruc-
tional tasks before experiment)- also were used; as suggested by Holliday and
Partridge (1979) and Richards (1979).

. _

A sample of 299 high school biology students enrolled in two high schools_
was randomly assigned td four experimental conditions (independent variable:
instru4ional directions administered to students), and then within each'
condition randbmly assiined to"five-treatment-control subgroupS Xindependent
variables -- focusing attenttion on varied chart columns using questions). Instruc-
tional directions were varied among the following conditions:' (1) a control;

M(

(2) students permitted'to inspect post-test; (3) the importance of study quest-
ions wasemphasized; and. a combination of, treatdnts ..and 3, es recommended

by McConkie (1977). FocUsing attention was varied-among subgroups using a: (1)

P 1 acebo control; (2) cha questions; (3) 'chart and column 1-2 questions;

(4) chart ands. column 3-4 and (5) chart and column -_2- -4 questions.

--- Subsequentlystudents- ered-a-eued-acnievement- , post. -test-correspond,-
ding to learned informs ns 1 2, columns 3-4, and-columns 1-2-3-4.



--:- .,
predicted (using Newman-Keuls significant differencCs= --05)

generally suppdrted the major hypotheses ,regarding lea5ning -of such information.First, 47748 subgroup cells outperformed the control. = Second, _the- "_easy" and
"difficult" dichotomy waS:clearry-establi4hed. 'Third, students who were provide
a, chart with no _questions-ind-who were permitted -to inspect thelost-test out

-,.

not
ns

__.

performed studeige in the same treatment who were ot pefmitted to.-iinspe_ct 1-1,
post-test. Fourth, students: -who were prOvided column 1-2 or a-4`.questionsA rned .,

More of the questioned chart columns than the nOnquestioned chart columns. .

Fifth stsu-dents-whowere provided column 172-3-4 questions werd
iliotdfferen-'

tiall7affected--by the ,four claSsroom conditions and did_ndt outperform the
-._ -no-questibn treatrienr. _ .-. ,

... -

'v

facilitory regulti -on-portions of a- chart only under limited
In conclusibn, studeitsi attention can be selectiely

conditiens, as evidenced by the differential response patter
p e-- findings areConsistent with more recent -rose 'studies,
1-1011iday (1980) and NeConkie (1977). r
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Session F-2

THE RELATIONSHIP OF PROSE -.STATEMENTS ASSESSING THE-

----ENERGY CRISIS AND :THE COGNITION OF FIGURAL PERCEPTION-TRANSFO TIONS

David P. Kielbowick
University of Pittsburgh --

-Pittsburgh,-Pennsylvania 15260

The purpose of this spidy _was to investigate -the relationship between
-;

the kinds of words used describing-an abstract social sittration,and
performance on a set of figural transformationg for twelve to fciurteen.yea
old junior -high- school students.

The students were measured in their ability to observe a diagram-with ,
lines on it, the lines representing where folds could be -ma-de. They were

_ asked to imagine these ,diagramSwere -being folded and to chose which_of the
four photbgraphs-of three-dimensional- figures the -diagrams- would most
closely reSemble if the diagrams were actually folded on the lines provided).

Prose statements on an abstract social situation, the Energy Crisis of
1979, were used to determine if the total number of words used,- total number
of _-different words used, and' the frequency of words used could function as
a predictor Of the student's cognition of the .figural transformations.*

-The frequency-of---certain-word s used to-desCribe the energy Crisis were
found to be related to a student.'s ability to discriminate among the line
diagrams and choosing the photographed three-dimensional. figures, whial
most_closely_approximated the actual folded:diagrams.
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Session F--

SEkRCH -APPRQACHES-.:_F_OIVANAI. ZING FR

OSE DATE EMBEDDED -IN CURRICUL

David D. C-arbonara
University bf Pittsburgh

Pittsburgh, -Pena sylliani,a 15260

It can be deb-aFed- that forced-choice opinion npolls do not adeodately'
easure the person's attitude alraut a particular' 'topic. :But, with the ald- a
highvpeed computer, one can properly measure eistUdents's attitudeafsing the....
lased method of freeproke-passages. . --

riThis paper describes the methods (3' .hew to. collect, analyze and 1 erpre
.

e-prose passages: The SNOBOL4 "word ount" program suPplies a':frequency
_. __,count of- -words, =while -the the cru-ster-and-Eorrelattan:

analyses.
1

-------_,:--,:-----ResultsA,-:indicated_-that---,evei:t-though-the-two:stibgroupls7of mental--operations:
and prose Tio-rds Are separefel'sub-clUsters; it can be shown that these sub-_
c-lustermay be thought of as one-, due to the following facts (1) the :

subclusters arel Combined at a distance of 0 63; and (2)
Signif leant at pi <- 0-. 05 Thus, a successful, statisticariatieffilit to analyze
free7prose passages has 'been accompliched. a-Kis'paper has shown that prose an
be analyzed usi g computer applications-,and that these resultA,can. be
analyZed: throug cluster analytic = Methods . The implicationS: for cience educatic
lie -in ,the feet that terms specific to -curricula may now be analyzed as obtained
fro ose' Oassae. . This _wouId_greatly___aid_the curriculum developer.
Now, a quaptit ive interpeitation of students '._.attitudea on-a specific curticultni
topic may he u ed to -design various pedagogical Materials to guide-rthestudent
from hip/her c Trent position to a desired position within- the curriculum.-



LA ES -RESEARCI-1----INTO PRACTIcE?

LOO AT THE VERS9N4ITV_PROFIL'ES OF SCIENCE EDUCATION ENGINEERS

_ .

-Apri lying -research o solOing -school problems and determining essential

e ents to tranila.te- and D productS_into practice'hava_been identlfied as
-------'priOr-ities-for----teseerch_by---thd_National,Aspoci-ation for_ Reslearch' ink. Science

-__ ;Teaching. . No work to date, however, Ilas reported- on the characteristics of
.

th6se successfully engaged in..research applicatibns in science education..-

_ John E.- -;Lutz - -_-_-
.

Roch-ester Institute-6f- Techno log-Y
=-.Rocheeter, NeT:71ork- 14623 ___--

.._ , .

- -

This study wasdesighed-- to investigate the ,personality _:factors that
. ____

ctidld characterize sucedes-ful:p.erfor-mance ill--til'educational linker_- role- of
. .--- .

establishing linkages between R. and D and the science claSsroom Results .

:supported the- hylptheSized- similarity - U .the- =linker pereonality--to-.those-. of- : _

-.__;-
engiheers, -J.-School superintendents!and=buSineSs executives: In addition, the

linker- personality wag- f6und to be-___different, as _hYpothesized, from that of

researchergk,' but-n-ot -as- different fret teacher s as expected. - It .was. concln-

ded.that_there-ria a distinctive personality for 'the emergent educational
.

.
finer -role and was suggested that-expression bi this personality guides.

the successful adcoMpirsdmient of the- linking' process. Finally,:- linker ability.

.' and effedtiveness were rkated to the personality assessments, and educational_
. - --._.

- -policy issues were addresS d.
-3,-
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Sesi mon F-
_._

PROJECTIVE SPATIAL'REAS ING

ERGRADIJATE-COLLEGE- TftENTS*

Linda J. -Kelsey
West Virgins UniverSit

Morgantown, West Vir a 26506

1

Piaget has outl ined an extensive th oretical framework for the= '

development of spatial reasoning. This'stndyias designed to assess the
_spatial reasoning-andrlities of college students and to investigate the
-relaXionShip= eta` -s- jeztive roupings-of-:Operations-and
their use in solving_ problems involving phases 'of the moon; Phases of the
moon is a topic taught in many sciend courses at all levels, and typical
textbook presentations seem to assum hatstudents have developed the
concrete operational 'structures ces ary to do the.required spatial
reasoning. _

One hundred-subjects-enrolledi a one - semester introductory astronoty.
=

-coursewere given personal task interviews- of sip tasks. They were : (1)

Mountains, coordination of'perspectivet;- -(2) Mountains and Stars, coordination
of outside-in and_inside-outpoints of view; (3) Tilt of Cone and'Riings,
coordination of views of an object undergoing plane rotation; (4) Person=
Centered Phass of the Moon, dealing with phases from the observer's own
-lviewpoint; (5) Earth-Centered Model Phases of the Moon, dealing with phases
from the-viewpoint of an Earth-bOund observer; and (6) Top-On Drawing Phases
of.the_Moon, using a top view of the Earth-Sun-Moon system similar to those
used-in-most textbooks.

A'modified scalogram analysis indicated that five of the tasks scaled
in difficulty. When these data were combined with those of the sixth task
the following order from thelleast to most difficult was obtained: Mountains
(IGP4), Tilt of. Cone and Rings (IGP8), Mountains'and Stars, PersonCentered

.-13114ses, Earth-Centered Model Phases, and'Top-On'Drawing Phases. It was
concluded that the mental stxuctUres for TUE, and IGP8 were necessary but not
sufki4ent for dealing withiproblems about phases of the moon.

Chi-sqUare tests were used to 'teat =for gender-Ft-elated differenceS in
performance on taskzsubscores, and no s4nificant difference was- found for
any task- Chi-square tests showed no 4nificant4differences in task
performance for any task between science orienteestudents (who had comp=leted
20 hours or more of math and science courses) and'non-science oriented
students%

E ','Several-educational implications can be:drawn from-this rese.arch. The
ma=jority of students enrolled in the_general education: astronomy courses
-couldnot_ose_the,mental_structuresforLprojective space. Seventy-,three
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;--- ----`:-: THE---EFECT6,_-6F..:5ELECTED---STIMENT._CILMacTERISTIC,S

-...s-===--,4,--",--i_-- AND COLLEGE:LEAINING.ENyIRONNENT ON:--

'''---'-'---- ---- --SCIENCE PROCESS -SKILLS AND INFORMATION AQUISITION'
--

61- =
_

Jahn
Hankbos

The University of Iowa ---

Iowa
,

City, Iowa -52242 --

=

desiined-tda-tfidyTE e df feet of two specific
classroom -climates on learning of science Process skills in college' level-

- -science 'classes. It,taisotkidentified:certain student characteristics which- -

promoted or inhibited the acquisition of skills in aoh/of the dlassrooin
climates 1, _

:-,'------ The two c_lassroom: climatee. tablished were_designed-AS_J:liscovery_o__, -
.

r; claSkSrbont-Iclimate(OCC) add nondis °Very classtOomttlimata (NDCC),.. _The te
-- - .-.

: discovery/dellotes the,- degree of freedom the teachet established in claSsrdo.
interactionS',--- both verbal and nonverbal. , 'Verbal interactions Were_ monitored ..

,-;with, tDe..Scaboraioion Categories (ShSitionsky, et al. 1979).

77if . ' '7,---' -1 '
TheSe,,daEh ihdicat at students in the two cilassroom climate!

achieyeaequally well 60 learning of biological content of the course, but
students in , the discovery -classroom climate achieved significantly higher .

scores in science process skills us measured by the Welch Science Process
Inventory .- Of the 15 personality Characteristics measured by the Edwards

' Personal Prefeiente'Schedule,- there-were- varying, de es of correlation with
improVeMent-,-ot science process skills and learning f the 'course content.

,

This !ttidv conducted in a large, suburban community college, offers2 ct
some useful initormatton to the person who has educational, goals beybnd (but
including) the learning of :science information and concepts:, This study indi-
cates you may well be able to have your cake and eat it too. Students in the
less 'directive discovery cIfmAte,learned as much content as the control class-

; they have lost nothing of What istraditionally sought in a college 'class. In
aadition, the discovery climate facilitated the develOpment of science prOcess
skills which were si`gnificantly better than the control class.
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-013JEcTxyg AND_C f rJOUS -- ASSESSMENT -OF STUDENT

FERF0 CE = IN THE PHYSICS LABORATORY

ri Ganiel
ein
of Science

Rationale

Lab-oratory work plays a central role in most modern -high school physics- --curricula- -howew whereas well, devgloped methods for testing and assessment
of theotetfcal,:Work have existed.formany years, assessment student perfor-
mane ct--in the `ren`renewedIaboratory -has not edeed sufficient' attention' (Grobman, 1970).
S-everil. -research studies (Kelly and Lister, 1969; Tamie, 1972 and-Ben-Zvi et

_ __
al. ,71977) --Uav -shown -that- laboratory -irk -in-sCient-Fteaching-ia----7n45t- -ortl_y::_-1----
_unique mode- of instruction but that-it pis° requires a unique mode',of evalu7 /
ation.

r
In a preliminary survey conducted -amongs physics teachers. in Israel it

was fctuitd. that mast of them emphasize mainly-cognitive skills and neglect the
more practical laboratory-skills. This is true/for their teaching and conse-v
quqntly also for -thnir assessment, even though the work in th-e laboratory is
aimed at developing both types of

The present study was conducted in order to develop and- validate an
instrument for objective and ,continous assessment of student performances in
the physics laboratory.

Methodology

In .this study, 24 teacherg viewed video-tape recordings of tto students
performing-e.xperithenta:and . were then asked. to assess! the- student's performance.

:It1-4as,-ifotirid, that `teacher ,some of the -skills, and neglected others,
ecooTaing t.p7hIs personal preference (subjective assessilent).,

An instrument for continuous, objective assessment of student perfor
manCe. in :the 'laboratory was develbped. This instrument was designed to assess
student -perfOrMance'in f14 laboratory based on a list of specifiC criteria.

After sbme initial training, tie teachers practiced the use of this
instrument in their own classrooms for about four mbnths. They then used it
to.assess the per,fdriaance, of the same two students. Finally, an ttitude
ciestionnaire was administered- to assess teachers'opinions _witch gard to the
use of -the instrument.
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Thy comp-agisonf between-. the re-Sults-of_ t modes of assessmen= 1

.

revealed ,a considerable iMprovement. Using the instrunie 1- the titherg
considered all----the skills. Further, ,.much greater, uniformiy was achieVed,

, reduced spread in --tedhers' assssment\--of a, given experiment for' a
even Student.; and-_eons-istency_in.the madeade by _a-given teacher over
a number of experiments,- More 'specifically. It wa found that the-JZorrelation

(Pearson r) 'between_ thq _scores on the two exwiments -given by the teacher
Subjectively- Was 0=.36 (0- 0.11) 'whereas the corre\lation.zbetween. the scores

given Objectively (using-_the assessment it strument)_1yas 0-.70 (p - 0.004),
-i

It waS also found-that teachers demonstrated a -.highly positive attitude:-

toward the of such-- arr_ instrument, -both---.for;continuous-student assessmen
-_

instrument,
. 5 . = , = -------- :7 .__

in physics inst. .-Lerrand also in== . 7(ira.t a-the -final ricutation). e: minations.----_,
We helievethat'arc-.11&truMent'othis-kia--wilrimOkoie not only. assessments,

-----' bnt- also the :contribution of,_lab.oratory.work to physics-,teachi . '.-:
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_A DESCRIPTIVE INSTRM4ENT_ FOR USE'IN

INVESTIGATING SCIENCE LABORATORIES
lea

Michael R. Abraham
University of Oklahoma

Norman, Oklahoma 73019

.2 The -pUrpose of this paper is to introduce-a -sort typp instrument: which
is useful for`- `obtaining descriptive information. about teaching methods and '
curriculum materials used in the science laboratory. This.instrumenc(The'
Laboratory Program'Variables InVentory (LPVI), was used in'a seriesof experi-
_ments investigating faboratory forMets used in collegegeneral chemistry
courses, Three possible f4rmats were investigated: (1) verification labora-
tories; (2) guided inquiry, laboratories; and (3) open/guided inquiry fabora-
_tories.Using-sevatal data analysis techniques, LPVI-data-ware-used-to
operationally define the three formats and identify specific criteria for
discriminating among them. Theuse of the Q-sort, in general, 'and the LPVI
specifically, might fulfill a numberf evaluatioh needs in science education
including: (1) developing-an operatioAel definition of constructs(i.e., inquiry);
(2) diagnosing problems'in curriculum development or implementation; (3)
rationalizing_ differences in'treatment groups in educational experimAnts; 'and
(4) monitoring the effect of teacher education efforts.
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Session F-4

Objctives

A LABORATORY _TUDY OF PHYSICS- TEACHIN
_

I TIIE--;iEGYPT- GENE RAI. HIGH saidn_

IN _LI-CHT OF RECENT INTERNATION TRENDS i..-

-Aimed:Khalil 'Mohamed Hassan
.

Univerdity -7-

-14adiriet _

,

The -The- purpose :this study-was to = conduce il systematic survey _ of-- trenda-

in_ the teaChing of physicd at, the- high school level, to, develop -new- units,, and_-_
Pilotevaluate selected units developed; for- the Arabic Pilot -Projecttfor !Teaching:---

. .,
Physical- Within`- -the framework of this purpose, the inves tion-Was intended

-__to__ _ansWerthe_f oilowing-questions:_ --

.,!

-,-- f
.

1. What are the.ftew international trend;
physics at the'high school level?

developing and teaching.

In the light of these trends, ;.what are the major' principles' of
the,. Arabic- Pilot Project for Teaching Physies in High Schools
in the: Arab Countries?

What are the advantages if any experienCed by students whoi
are taught physics by way of the' Arabic Pilot Project'as:
compared to students taught physics by way of- a Treviously /
developed (traditional) physics program?

Procedures.

The first step in the investigation involved an examination of
international and -regional trends in the development of ."new" physics
curricula during the second half of the current century (since p7). From

,
thiS examination, the most important trend's were identified and incorporated
into the. Arabic .Pilot Project. for Teaching Physics in High Schools in the
Arab Countries. One-,of these units, "Motion" Was evalUated in terms of -the
.extent -to which it met specific objectives associated with the teaching, of
physics at the high school level. From 97,578 tenth-grade studentSIn Egypt,
1190 students were randomly identified and randomlyassigned to exper,imental
and control'groups -580 students/group. (The two groups were found not to
oe-- significantly different in age and sex). The physics teacher in each
school taught both experimental and control iroups,

treatment.conddted-of-teaching-selected-units-from-the-.
traditional physics =Course and the experimental treatment consisted oT teach-
ing physics from a unit on "Motion'which had been developed for the Arabic
Pilot Fi'oject. Utilizing objective achievement tests for which-relia-
bility and vlidity, had been established, students in control and experimental
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group were, end data were-, analy4-e-d- through-appropriate statistical
- _

es_
Instrument:S:.;.*Ing programs n failitles of tht Computing Center of

IS,J9tiUniversity Cairn-. The allowing -hYpotheses were tested- .

-A
Thete.--aTe-'60 -sigdgficant 'differendes between control and

_

experimental roues in knowledge, comprehension, and- 1,-sapplicatlon of-. knowledge .as; measured by objective exami-
natiOn.-iassOciated,!with the_ Pilot,-Projectlinit _on

There-- are no-significant-differences -between: control, end
rimental groups:in_ specilic skills -measarted-by:Objec=_

iye 'examination, associated with tthe-raditional high
School physics -curriculum:_

There-are no,,significan. differences betWay`n male control
subjetts_and7'Male -eftperimental :sUbjeetk in terms of know -_

ledge, cOmprehension, _and,application- of :knowledge as
measured-_-by = objective :exaMinatiOn-"associated-- with-;,the
Arabic Pilot 'Projeetunit pn :!MotiOn".

,1- ., ,.

There are no significant-differenc'es_ between. Male control
subjects and male expefAmentalcsubj,ect-g inSternis:_o a

-specific skiiiimeasnred b' 'objective exaraitation- assocl-
ated with 'the trehitional physics, curriculum. :-,,

There. are..no siknificant difference's between female
control sUbjects :end-female--eXperimental::subjects_in.
tens' of knowledge' as measured by objective examination
asioCiated With -the' Arabi t Pilot PrOjettunit` an'Motion".

,.

sz There ire' no significant difference betwelen female
and1 subjects' and -female*rexperimental subje is in tens

. specific 51Z4115 measured by objective exam-in ion
associated with p iietradtional high school physic, #curriculunt. %

Results- and ,Conclusion
t '

Each O'f the above nullhypothebes' were rejected.(p.< .01 _and the
advantage was each case In favor Of the expe'rimental.group. From these
findings it can be concluded that the _"Motion" unit from the Arebic Pilot -was
more effective than comparable units .fromythe previously-developed (tradi°
tion.p1) curriculum. Students es

.

a whole; -male- studeqs taken separately,1 and
female, subjects. takenfeeparately. achieved higher leVels of) knowledge, compre-
hensio_n; andiapplication of knowledge .associated with the new (experimental)
curriculum if ,taught physics ,.5yWay of the_experimental curriculum.7.Turther-,
more, these same gLoupings.clf students achieved higher levels of achievement
on the objectives of the old (traditional) curriculum if% taught physdcs by
way of the new (experimental) curriculum.
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.
_ .

appears that it is feasible and desirable to develop new curricula'
. -:-. / __

in higlf,school physics -for_ the general- high schools of Egypt by analyzing_ ------

internationai and regional,-trends -in physics curricula foil:- this revel y--"and.b/
applying- these trends to curriculum - development 6f the Arabic Pilot Project.

c.-

Of:
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TRENDSANALYSI8 USING, MICROCOMPUTERS

' Carl f BOrger
The University of Michigan
Ann Arbor, Michiian 48109

This session will (IllioasiraLe how micu0c0wduLin Lau used Lo,
analyze trends using multiple regiession, polynomial regiesloo, and
eAponential tegressiou Lu tiL woAlels Lu J4La. Vcit1005 ic0Uulquc: Lu
di4play pA,e8eaied...4land 0u. demon..trations will
be carried out using microcomputers Program listings and documentatioit
foT Pet and Apple microcomputers will be ma _ available Lea wurkshop
participanWs
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diagnostic/prescriptive stem should be considered for implementation in

science programs. In ad ition:, ways to broaden stddent involvement should

be investigated.
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The improvement of postsecondary science instruction and the resultant'
learning outcomes require continual attention. More developmegtaland
research efforts should be applied in this area. Some attention Should also
be given to ensure thAt studects of varying entry skills and abilities ate

#

provided with means of improving these skills and abilities. There is a
bility that solving ,i.ioblems similar to those in e science wilt could ,Limolate
the development of these skills. Also when the pLimary pt,rpos,_ ut 1,,truction
is to aid the learning of a particular set of concepts of skills (e g.,
genetics), pedagogical methods desi6ned Co help Ovr,_,ume
entry skills (g., lot5.1c,A1 thinking) okoolJ Uc In (hi:, kJ,,,

abstr.et and more concrete oxamples m..y be n..cd,d by sow., _Acaents
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Two Group 2 Ss (16.1%) were classified as concrete, ten (3a.3% ) were

classified as transitional, and 21 (63:6%) were classified as formal,on the

post-teSC. The overall Group 2 mean score of 11.34 was slightly loWer than

the Group 1 mean of 12.41 suggesCiug that Gvutip i'o taking Chi plc ccni
slightly improved their pust-test performance.
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THE_ DETERMINATION. OF-, THE SaIENrIP,IC- LITERACY OF THE

= TWELVE SPECIFIC' COUNTIES INt-GEORGIA
. _

-Conatexice T

'East' oviete: 'High Schoei-=-
:Senoic, georgia- -30276.,

-.David P.' Butts

University of Georgia
--- -Athens, Georgia 730602

thication -for scientific literacy should- be a aimulative experience'
,

._ , ,
acting e lifetime an& Should provide individuals with the_ knowledge -arid

,,,--.skins, for effeetive irierional and family decisiori7Making. = The responsibility :--

or-Tprectirlg_ icientifically literate indiyfaUals. reset with the scheola. Thia-
. . -

is one of the major- thrusts. of schools_ in Georgia.: However, -few attempts have
,

been made to assess-the attainment of seientific- literacy. The puiposes o
-='-4---thiaattidY----were-----:(1-1-4--teisSess=lthepresent-----1661-----rif-scieritific-literacy-of-=----- "-

= L

students in,:twelve public school. System An-,Georgia on an abbreViated form _of

theNational Assesament of EducatiOnal-Progresa Sdience Teat- (2) to conipare
, _ 3 4

the performance of these-- stUdente on 'specific_ test -items_ with- the performance

of equivalent-gradeatudents used in the teat -standirdization; and (3) to --

* determine the relationship-pf , certain demographic-variables (gender, race,

---siFeof:-schoril-;system.,1__a.n&geOgraphic location of school .system)_ cni the ' _____
1 --_- -

_

acquisition of scientific -literacy. . . ...

.-

--T. Instruments b-ase_ri on the :Nations _Assessment of- Educational Pro resa -- _

_Science Teats were developed- for use in Georgia. -. These were administered to
the Gedrgia sample. Data were analyzed to_ ascertain (1): the present_ level of
Scientific literacy of the Georgia sample; (2) the item p'erformante of the .

,_ . a-
nc

, --
Georgia sample when compared with the performae of _eqUiValent-grade_ Students.
in the normative group on specific feat- 2items- and (3) the relation of the,..
independent Variables (lender,- Irace school system size 11 and geographic,
location -of, the sehool syatem) on the aquisition of scientific- literacy. .

cientific literacy as measured__byjt he Gear is Test of cientif is

Literacy was considered .as the dependent variable for this study. The present
level -'of Scientif Ix literacy of the ..georgia sample was determined to be below
the 'mastery triteriorVof .70 -percent -accuracy-.-for all three grade levels- tested.
In the comparison of the Georgia sample with the national. sample on selected
science item,-the scbres of the Georgia sample were significantly different
from the natio.nal sample on si?my, percent of 'the .items Results_.-of t-tests

for 'total teat 'scores were -significant (p <- .05) :..for gender-, racc,- school
- system size. at , all three grade levels tested,--and for geographic location of
the school systeth at the fourth-and eighth-grades



T-OF:fMIDDtE-ASD=SECONDARY-SCHDOL-STUDENTS:IH'UTAH.

, --J. Hugh Baird
-Reuven Laarowitz

Brigham Young University
Provo, Utah- 84602

In today's-junior and-senior high schools, studentS_expect more voice
_inidecksionslabout_wbat_ they_ study,7.jhey.wantto get knowledge and skills:
which will 1;s1-of worth' to them-either'usefulness iii vocational T-
_decisions or usefulness in solving their- -daily problems.- To the degree_- that

7-iubject-s_studied_are seen-as worthwhi e, Xhen both. motivation to learn and
trust=in_the sch'ool-and:teacher- may crease.

=

nee here-ts-a-decrease in student
interest lb science and enrollment-is down in secondary science classes. It
sought,answers=.to two general questions: (1) `What are junior-nd senior_high
school,Students' preferences and choices regarding science subjects? (2) Are
there differences regarding preferencns and choices related to the type of
school attended (urban, suburban, and rdralT, the maturity of ,the-student
(grades 6-12) or the gender of the_student? Informattop collected could_ ____

attribute to amore balanced science curriculum whichCould reflect not only
i-cientists' and curriculum writers' opinions but stUdents' needs and interests

----- Approximately 2000 students evenly-distributed from grade six (nOw a
_part_of:many.of Utah's,middle'schools) through-grades twelve,Were_questioned,
There were 914 girds and 940-boys. 603 students were enrolled in urban
schools,- 753 in suburban, and 08 in rural schools.

All -Students completed' a Two 'page queseionnaire. To avoid influencing
theirxesponses-studenta-were-directed-to-think of-and-then-"list-five* -

science subjects which you would-most like to study in: school, in order, of
preference." Demographic information-regarding school attended, grade in
school, and gender were also obtained. The data collected-were analyed using=
frequencytables and chi-iquare analysis

Findings

_._

Several trends were. identified as students' preferences were compared
amongurban,_subUrban, and -- rural- 'schools. The study of,zoology and the human
body were the_zewo subjicts most-prefered by botksexes,in all grades and

!-1-C-

_ .sc ools. SubjeCts-reiated-toTecologlf were.least-preferred-in, all-schools.-
Th 'stud'y Of:physicS,ranked about midway in a list of eleven generalized
sine is urban students, decreased in the neferences of Suburban students,
-an decreased even more in rural_Schools. The study_ of botany was more.,
preferred by rural students than by the urban students.



Girls' intereitin subjects relating- to-the,humanlbody'ihereased.
---steadily-_from:Irade six through,twelVewhile interestAthe-phYsicalbciences
began and e Ina-very low.' Zoology-_was the most preferred subject for ---

'boys;ctEmistrY and,physics, thaugh-relatiVelOigh in 'the lower grades,
decreased; and_interest,ir0=subjects relating o the human-body tended to

_ 'increase'ill'iienior-high-schoor°,-though not as much as with girls1-.'

Some questions important for,curriculum writers and teachers'occur-as
the general fidings of this stuay-fare.considered.' What:possible causes
are there to explain the relatively -low status of the phybical scientesand'
thi lack of interest in ecological -subjects? How can the curriculum b'e
modified to take advantages of students' high interest in life' sciences?
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SCIENCH:NEEDS-ASSESSI.iitp A7-STATEWIDE-APPROACHY

£P gush Swami
University of Cincinnati
Cincinnati, Ohio A5211

Stanley L. Helgeson
Lawrence L. peel

The Ohio Statd/Ocliversity.
Cclumbust

/
Ohio 4321p

c
This presentation describes the development_procedures, test e

,:

adminiatteton, data analysis, and futureimplicatips of a statewide needs
.. ._ ,

, assesgmenterqort in the-State of Ohio. A representa ire - _sample cif_educatorp'

was asked to develop a science test for 'grade 8 which reflected the diversity
of programs in the state. The developmenteRrOcedureSinvolvedcbllecting

=

.
objectives from existing soUrCeg followed by a-field review by 100 educators.
twenty -five objectives were ultiinately selected. This was followed by the
generation of a list of approximately 250 test items_ pertaining' -to.. -the obect-
ivess 'After looking at the fleld'test results., a finaltest containing 114

trtf=items-was-developed.
,-.

The test was administered in 152 schools in Ohio in April, 1979. The
sclnols- were selected usingle "two-stage cluSter sampling" procedure. The
schools included in the sample were-representative according to'community
size, socioeconomic status, and minority/non-minority composition of the
schools: Students.in each school were-chosen using a.random selection

FV.procedure. ,

The test-Was-used-to-determine-the statewide needs in science at the
St grade- level, -:FoOr content domains were included: (1) Physical Science;

= _

2) Life SCience; OL-Earth Sciencet and (4) Integrated TOpies.

,

Areas of strength and wknaess were determined based upon detailed
analyses and- comparisonS of the actual scores to predetermined minimal and
optimal expectancy 'levels. The results pointed out that students' performance
was best in the domain of integrated TopfcS, which included items on science
processes. Earth Science concepts were next best understood, The remaining
two areas, Physical Scienceena Life Science were definitely the weaker areas
in terms of student achievement. Only five out of a total-of'fourteen

, objectives in these two areas met-or exceeded the minimal,expectancy'levels.

Based upon test results and detailed itemanalyses, it is Possible to
further rdfine the instrument for use in additional needs-asseisment efforts-
at the state or district levels.. Two strategies to be employed by'school
districts_as a follow-up of the-statewide needs assessment are currently
available.
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FACILITATING PROBLEM'SOLVING.IN-HIGHSCHOOL CHEMISTRY

ro thy L. Gabel

-IndiaWniversity
Bloomington'," Undiatia 47405

Robert D. Sherwood
New York University ,
YOrk' New York 10003

r -

:,-4-One,of the basic'skil e,required of high school chemistry student
Problem staving. Stddents,frequenly lack proficiency,in thfs
research hasbegn conducted which examines strategies:chat mightbe_lased to
imprCive s,Cudents'-problem,eolv_ingl_skillsThe_majorputpose_lor_conducting ----
this'stuay was-to determine whether -certain instructional strategies were

'superior to_6thers in teaching `:high school chemistrY,,students' problem,solving
in four topics-integral to every-chemistry course. 'This research was supported
by NSF. - --T

-- .- The effectiveness of.four instructional strategies for teachings problem
--

--1' olving-totttudencs-ofveriousfpropertional-*reason'ing-abi-lity,--verbeitand. ,
visual preference, and mathematics anxiety were compared in this aptit0.413y-,
treatment interaction study.- The strategies.useCwere: (1) the-factorlabel_._,

. _, _.,

method, 116e_ analogies; 35 the=usel-ordiegkam and:=--(4)7-propor
_

tionality , _.- .

e subjects of this-study were, 6091high school= -students in nine schools
in-Central andSouthCendral Indiana. Students (who were randomly assigned to
one `=of the four'teaching strategies within each classroom) used programmed

-booklets-to-study the=mole -concept, the-gas -laws,-stoichiometry, -and-molarity.
Problem solving ability was measured by a series of immediate post-testp
given after each'lesson of each instructional unit, delayed post-tests given
within two weeks of each unit, and the-ACS-NSTA Examination in 'High School
Chemistry administered at the end of the year.

-Students' aptitudes were' Measured at the beginning of the school yea
using a verbal-visual preference scale developed by Pavio (1971),the
Mathematics Anxiety Rating Scale, and-a modified form of a proportionality test
developed by. Stever. Data were analyzed using multiple linear-regresSion
teohnigdes.

'Results of the researckconfirm the work of Barnes (1977) and Sherwood
and Gabel "(1980) that showed that mathematics anxiety is negativgly corre-
ated with science achievement. Results also indicated that problem soling

abilaity in chemistry is, dependent on students' proportional reasoning ability.
Students' visual, and verbal preference had onryione significant effect on
problem solving in general with visual students Performing better on the
molarity immediate post-test.

111
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____ ::--,_.Cerraintedching strategies -fosthe general population were foUnd to be

: preferable to others , in- the teadhing-Of:par titular science concepts The

factor-label method=wasthe most -desirahle and proportionality -_method the_
least desirat&e -for teaching' the Mole concept HoweVer,:theprOportionality:

_',Iwthod- was better= for teaching the gas laws whereas he'_analogYmethod was

the ,worst.,

The- analogy method was superior for tea clang students with` particular

;characteristics: (1) low visual prefrence and high verbal preference;
high mathematics anxiety and low verbal preference, -and= (3) high mathematics
anxiety and low proportional reasoning. Teachers should consider these
studene characteristics when determining which approach they will-use to
teach particular, chemistry= topics.
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THE EFFECTS OF THg 1 TERM PAIIADIGTA ON StratkTIVE

ORMANCE'IN A HIGH -SCI1001.;_*LOGY fABORATORY
=
COURSE

1 Kushner-
Syracuse University

Syracuse, New York 132f0

-Purpose_

_
The purpose of this study Was to _evaluate,- in -a =high school biology

laboratory= course containing students of widely differing abilitiey,,r-the- ---
effectiveness of a mastery learning strategy_in_promottrigagnitiV'e gr6wth as
measured by a mid-course-an d end - ----e-i-rlaboratory practical examination.

Methods and Procedure

Nineteen classes_of tenth-grade biology students (W-430 were involved
this study; there were 10 sections df A level (overage and above average

students) -and 9 sections of B level (below average students)-._ A unique
feature_of____this_s tudy _was the_laboratory -setting, common-to -all-students .--- -To-

insure proper representation for both levels and treatment groups, students in
each biology'class were randomly assigned to the treatment 5(mastery) group or
to the control group. Students in each group were then randomly assigned to
specific times and days in the biology laboratory. Each group of approximately
-30 students had-a random assortment of mastery and non -Mastery_ students from
both A and B level classes' .as a result of___these selection processes. _

A laboratory manual, developed and pilot-studied during the previous
five years, was given to every student_ at the beginning of the school year._
Each exercise contained an introduction, objectives, procedure, questions, an
a data-sheet for- the recording of relevant information. EvalUation of
learning took place on ,a weekly basis by means of quizzes at the conclusion of
each experiment. A teacher assistant located in an adjoining room, hired
specifically for this purpose, was in charge of testing. Students:in the
mastery group had the option of taking as !many as three parallel 'quizzes for
each experiment to- reach or exceed the 807 criterion level. The students in
_the control group were allowe&tb take. Only one quiz for each experiment.

A computer program developed for this study enabled the investigator to
closely monitor the evaluation process by determining the following data for
each laboratory exercise:' (1) Subkoviak reliability coefficients for'each of
the 16 parallel quizzes;- (2) percentage of students reaching mastery; and_ (3)

group means and standard deviations for both A and B' level mastery and non-
mastery students. Additionally, figures were generated to show percentages of
A and B level students who availed themselves of the second and third quiz,

,.-

Summative laboratory practical examinations were given to all students
in JanuarY' and again in June. An analysis of covariance, using the DAT

-combined-score .-of---Verbal-Reasoning-and--Numericaa--Ability-as---the-concommitarit--
variable, was performed to analyze the results of both examinations. A
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-multiple -regression. analysis was employed to determine relationships among-regress
__

-- selected-variables -.- -An attitudinal`questionnaire-was also given to -ffaatery-__
students during the last- week of the academic year The result's of the -._

questionnaire were'divided into four kroups: (1) mastery A level males; (2)
mastery A level females;, (3)- mastery B level males; and (4) mastery B level

_ .
females. The Hatchberg Extension =of the Tukey A proCedure was used to test
-for significant post hoc contrasts:

Results

There was no -significant difference 6n:either=sUrnmative
examination- in the _adjusted, means:between A level mastery
and-.--A level rionmaStery students;--or_B level mdatety and,
B level non-mast ery,students.-

Far each summative examination, .if averaged over both A -

.

drid-B -level = students the -adjustedmean- achl-eVerientscores

or fioth-groups were significantly different. The .
Simultaneous-error rate for these 'tests was a < -05.

_ -

The attitudinal !questionnaire provided evidence that Juost
mastery students were very po4tive about-their approach
in the- laboratory.- Without_ exception,where_signifitant
differmices in attitudes were noted, females were more

_

positive than males.
A

Conclusion

_Mastery:learning in a high school biology laboratory appears to be an
alternative.'which is not better or worse than a more traditional approach.
However,_ with all the effort needed to wri4e, implement, and run a ,mastery

laboratory_program, one would.doubt the value of sec} a venture.
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-REPOATION=THE 1977780-PROJECT LEO:STUDIES
_

OF QUANTITATIVELY7DEFINED SCIENCEIEACHING STRATEGIES
-

1Charles-0. Matthews
-Dorothy Schlitt

Florida_Siate Universi
_Tallahassee-Florida 32306

hrleI Ray
_.-------MarShaltown Community College

Marshalltown, Iowa 501582

Objectives__:

Project LEO is a-research cooperative which has beensstudying science
learning environments and outcomes for the last twelve -years. It is recogni-
zed that the physiologidal state andthe mental/emotional state Of the student'
are-intimately-related and interdependent and'that.theseStates are manifested
in =the behavior of the student. Project LEO hAs recognized and pursuedthe
relationships -btween Adderit-AlehaVier and teactier behavior as wellas certain-
procesa . and product oriented aspects of learning oUtcomes in science. These
studies examine quantitatively-defined teacher behavioral patterns ,in element

, .

zay,secodary, and post-secondary science classrooms in terms of student
3ehavior and cognitive, psychomotor and affective learning outcomes. During
the last two years, project LEO: has continued to 'study two specific quantit-
atively-defined teacher.behavioral patterns in these'situationS and in terms
of these_student characteristics. It has also studied specific variations on
these two pattern's and hasp studied these in specialized situations.

.

.2=of Methods
_

During 1968-72, activities of ProjeCt LEO focused on developing and
validating the parameters of what "has come to be referred to as "student-
structured learning in science" (SSLS) strategies,defined in terms of specific
teacher behaviors. During this same period, field studies revealed that
Science is most often taught via-- highly directive teacher behavior patterns.
This pattern was also definedin terms of specific teacher behaviors and has
been identified as "teacher-structured learning in science" (ISLS). Since
1972, laboratory studies have been conducted with over 1000 students. and 40
teachers. Through teacher training and continuous teacher observation,
teacher Behavibral patterns have been maintained within the parameters of the
quantitative definitions of TSLS and SSLS. Various dependent variables have
been studied--including student behavior, student achievement, attitude toward
science, locus of control, creativity, disruptiveness, confidence, problem
solving ability, motivation, critical thinking, abstract reasoning,and others.
Other independent variableatfhave included time-of-day sex, ethnicity,
cognitive level, etc. The 1977-80 studies which have not been presented or
published previously focus on science teaching strategies and learning out-
comes-fordisruptive-elementery sehabl---Childien-And on more refined applica7
tion of the SSLS reacher behavieral pattern in secondary school science
classrooms.
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-Findings-haVe-,consistently indicate that-ptudentsstudying science under
SSLS conditions exhibit higher-tievels of the following: _problem sOlving-------
-ability, pr9blem staving confidence,-self7initiativenesSr-Self-directiveness,
verbal creatDvity,-and-positiveattitude-toward science and toward'indepeRdent
-learning._TSLS-stn-ddhEiexhibited higher levels of attention to-the teacher,
.Ration of teacher, copying other students, initiating interaction with
the teacher. and disruptiveness.' Information acquisition and, general, -

achievement in science seem to be about the sane `-for= SSLS= and -TSLS --taught
students. Although Project LEO-Studies sd.fir have consistently indicated
thatstudents are More indePendent and fully functioning under SLS-than under.
TSLS conditionslthere are specific indications that certain specific sub=

.

groups of -students are moreseverely deprived under TSLSconditions than,aXe other
sublgroups_of stu4ents.__Fdr_example,Lblack_male_stildents-sdored_-.highept-on.
certain measures =of learning if taught by SSLS_but-.Pcored lowest= on those
measures if taught by TSLS._ Studying-various,"versions" of'. the SSLS strategy
has indicated specific-effeCts on critical thinking and.abstract reasoning.

Implications

_

Science educators -wish--61-erigande-cfeetivity,
problem solving confidence, tudent-initiative, studentdireetiveness,,positive
attitude toward science and toward'independent learning,and what might be called
holistic science learning should take' the necessary training to be able to
implement a consistent SSLS strategy. -Those science educators who wish to
accomplish information acquisition alone should. choose either SSLS Err TSLS.
Science educators who wish-to make science-learning equally available to both
black and white students o'f both sexes should implement a consistent SSLS
strategy. Those who wish to maximize abstract reasoning and critical thinking
should-use-an-SLS-strategy-in-which higheforder-questions-are-emphasized.

Further study is needed to identify the more specific aspects of SSLS and
TSLS whiCh may be associated with, the varying outcomes of the tWo'strategies.
Other strategies. should be quantitatively'defined and studied in the fashion
of the Project LEO studies. Longitudinal studies should be carried out in a .

variety of different school settings. Teacher and student preferences and
personality types should be studied as they relate to instructional strategy.
Various strategies to assist in_the "survival" of. the SSLS teacher behavioral

_pattern should be'studied,in"normal" Schbol environments.

116 .



W,COMFARATIVE LABORATORY SNUDY OF THErEFFECTS,

-A3FIOWER-LEVELfAND-RIORRRLEVSI4ESTIOI,ISON

TUBENTS,''' -AB t T- REASONING_ -AND OifTibAt7tHINKINGI=..-

ANDNON-DIRECTIVE-HIGH SCHOOLdHEMISTiY.-,'CLASSROOMS

__Objectives

= Charlie L. Ray --

ltown COMmunity.60_011ege
-Marshalltownowa- 5(0

Charles =C. Matthews
' -Dorothy Schlitf

to ids State-UniverSit)i
allahtasee-,- Florida_ 32306

The purpose of this study -was-te investigate-the effects' of lower IeVel,
and higher Ievel_queetioneen_students,-',;abstrect-reasoning_andcritical-___
thinking - in a non-directive high school= chemistry-teaching stratngy.

Summary of -

'The-two learning environments were equivalent in tering of-science---
terials, classrooms settings, and general,teacher behavioral pattern. Only

he.cognitive levels of teacher questions were varied.from one=group,to-the'_other
One-class was taughtusing a majority of higher level ques46na:Vomrhensiori,
application,- analysis,:evaluation,;and,e4fec4ive) while the other class was
taught using a majority-=of managerial and lower level.eknpwledge) queanions.
The Sciedce-Curriculu Assesfiment;--System-(SCASYWasueed:tedefine:teacher
behavidr. rpatterns: and, oject,LE0 .definition of "student-,structured
-learning-in science" teach r;behaVioral pattern was. uded:T, Manageri;a1
iquestions were' defined in terms of Blosser'S'(1973) "Question Categorleal
System of Science" and knowledge qtegtions were defined interms of'Bloom s
TaiconomZ ofySducatioaal'Ob*ectives as were questions at the levels of
comprehension, application,-analysis, Syntheeesi.andvaluagion. Affective''.e

questions were -defined -in terms of_Davis!±and Tinsley's!-"Teacher-Plipil
Question Inventory.

The study was-denducted for 24 weeks .with 54' tenth -,. eleventh and
twelfth-grade-stUdents enrolled,in high school- chemistry. Both veirbal, and

non - verbal student,andteacher behaviors, were'coded using Matthews' (1977)
revised SCAS Categories. The'WeteontGlaser Thinking
used' with form 2M-as,A pre-test.andlorm.YM aa a post-test.- The Abstract
Reasoning Test of the Attitude-Test Wee used With form S as-a
pre-teat:and form- T as a post-
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esUlts and- n albni
X 1/4
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pe.rfo?,1*p.

class "tang

f , analysis of co,va
e ,thinki

her leit43, que
dc

-:indicated significantly higher
abstract- reasoning- tests- -fdr- the

so :a -significant two-way'

interacti&iTh 6fWeen -tn Jia Vior and grade pOint average variables in
_the abstract 'reasoning- A 'icy analyses shoW that both students with 14gh
and low= grade point- averages did better in the, classroom taught with - higher

questions;

This' study: has prbvided tentativO-ariswert.,to the questions which were
stated above:and- suggests -that further research is- needed to answer such
questioni as the following.

-What-seqUenci-of----qtfastion'tevels .should
diacussions?- --

__. Are feathers' use of -higher- or lower,,leVel que tions-base
on -the curriculuth materials aVailable to them? .

.

What questions are apppkIage. for' atiende clasSs in terms
of --student -inter-pst, ands cognitive and effective= ies?-

-ion iirectiires science' teaching- strategies' increase
.studen -s initiation-of -questions?:
.Will teacher and student training in higher level questions
tir-ing...an ;increase, in ,,the students' understanding of science?

6. Is:there- a relationship between the kinds of questions
students ask .and evidence of good science -teaching
given classiopmsetting?
Should students be trained or should they be-Allowed to
develoP withOut spp'cifia-training question4asking

Do directive' strategies, With higher level questions increase
udentst abstract reasoning and critical thinking* abilities?

ssex, _Patricia Handbook
Ohio: lauctatertAssq6i

KatheWs, C.- Studjrit Structured Learning Art Science (3rd Ed
Ibwarf'KeIdall4 hiligt.:Publishing any,

AREIICES

uestiEffective .tt



11E.TFREQUENpIES ANp 'ORIGINS OF'

SCIENTIFIC- MISCONCEPTIONS
=

_Richard -3. Trembath -- -

State College. of Victoria at Frankst
-Frankston, Victorja AnStYfalis 3199

u aldf
University ,_exs:at Austin

Austin.; 'reas_ 78712
; =

..

_The-,'e xidtence of people who 'believe-parvicular scientific misconceptions

cntr

. _
,aVn-f' 'threecentuffeg,--PanegaiiiiOfiuch misconceptiorfs

may be, a handicap to those who live in a democratic industrial society.

The present study (I) 'identified certain -sLientific midcoriceptions
possessed by high school and-university. :STudents;= (2) identified,: by written
and interview_ means, the origins `pf-'tb4se misconceptions; and, (3) classiffe
_the misconceptions, according ___tti-_their

1_, ea ler studies of scientific misconceptions suffered from at least
one of the following defectS: (1) Only anecdotal- evidence_ was used to show the
existence' of .the--miSconceptionS;- (2). - conce`pts, superstItions, and
folklore xiere. tested (many of which -were of bizarre interest,. only) r (3) 'Only
a small number oc,stullentb were tested (or-,.none 'at all); (4) The test Od riot
allow students -115-answer "I 'do nit know" end /tor: (5) the structure of the

t- had4Ziefects thelitsar to.dll---ti-ueifalse items was -' "false ") All
,these defeefs were overcome in the present study.

.- 5 - --
'A pilot study usicrg- -Grade

,5'

9 -high--chool students showed that; althouglire--c\ ,
more time - consuming, a clinical interview yielded more information about theinformation
origins of misconceptions than a, request ,Tor written informat:on about the ..
origins. ..

.--
, a

A final;instrument, the Trembath Test of Scientific Misconceptions (TTSM1
consisting. of a6 true /false. items, 15 multiple choice items, and 6 brief
written stat ements wasppdministered to 47 collae sttdents.

TTSM was shown ,to ha4.e-sa,tisfaFtory reliability .- The validity
of -hest wea' s'measured by sampli -Techniques and by the judgements of a
group tdScience educators.

Results from the administration of the TTSM showed that, for the col ege
students .in the sample,.. the high achieving students were less likely to u e
the option- "I do ..not know" thaw the: lower achieving.' clinical intervie
technique reve.aled the *origin of 97;1% of,the misconceptions that were.
detected. Tt'ie;niiMber.df se fester hoUrs off-,',Scfenee taken- grade 10 level
correlated pos_it'ive1.y with --th` number- of_- misc= onoep_ Lions. pen essod and_ the
number of cretlt -.Ours 6f science: iaken in upper dUsion of college correlated. ,

119



._. , . .--
._--negativelx -with the= number --of --misconceptions possesse iassi ication of

1-----.,.:-, . ,"the, origins of misconceptiong was made c4nd used-_ reliably by rtraxned 7:fudge -,
__.and ':the existent of miscon-ceptions seems =to =be -a widdSptOad phenomenon-i'...;. .. _. ,rragnce on the- fin - anstrumorf , Anieriean d,.Australiarc students, di, = . _ -_;differ -significanti



Session .11 -3

THE COMPARATIVE EFFECTS OF CONGRUENT AND INCONGRUENT

TEACHER VERBAL BEHAVIOR ON HIGHER LEVEL

NC OUTCOMES'OF SECONDARY BIOLOGY STUDENTS DURING

DISCOVERY/INQUIRY LABORATORIES

James A. Botti
H. Seymour Fowler

Pennsylvania State University
University Park, Pennsylvania 16802

The purpose of this study was to evaluate whether congruo,y
incongruency between a teacher's incended discovery/inquiry laboraLory
instructional strategy and his actual behaviors used to implement that sttaL,63,
had an effect on higher level learning by students.

The mixed-f&ndings of earlier J;eseaLch on tl.. etL -lca
instruction on pupil learning and the suspicion that teachers Jo not, in

,conduct discovery/inquiry strategies as intended, en1.ouraged LhIa author to
examine teacher's verbal behavior duking science laboratory Instruction.
Existing, studies appear to avoid veriiyi...g whit sorts of ineractions
actually uccuring under the label of "labokstopy expe'rience." Hence, it
appeared necessary to question wh th,r the teacher's verbal b,t.dvior JWVilk
science laboratory instruction relevan,t variable when detetiiiiui g the
effect of science kdbordLory u,tion on ,,tuderms' higher'level led.nin6

Aside Li lu Lh, of. L. _r 11.1c

instruction, two additional piJblills remal_cd. (1) did (he ,drlier
evaluate the app.opriate til6heL level learning utc-mes, and (2) w.s the
method of ev,luaLing laboratory learning sppL0,,tiute for as6.-Js1h, th,L
learning, conse,plea(ly, this ,,kidy asne.ed whet ILL st l 1L =ILL pekro.mau,,

science ,p,ojedts can be ..n.efLectiv- means t discri_inate p.evi ously
Lod studeuL iu LalaLlve 1114

anderstandll.g and use o. s-ience ,roces,eA.
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Following twenty -four weeks of experimental instruction, judgements concerning
the' effects of contrasting teacher verbal behaviors during the laboratory
sessions were made on the student's performance designing and developihg
science projects and peasureil by: (1) the _Science 'Pro ect Evaluation Criteria;
(2) Welch's Science Process Inventory; and ( the Allison Adaption of the
"Allen Attitude Scale."

A two-way analysis of variance was employed for the analysis of treatments
and type of pre-tests on the Science Process Inventory and the Allison
Ada tion of the "Allen Attitude Scale" post-test scores; and a two-way analysis
of variance with repeated measures was used for the analysis of gain sores
in pre-test and post-test results of the Science Process Inventory and the
Allison Adaption of the "Allen Attitude Scale." Finally, the null hypothesis
concerning pupil performance on science projecLo was tested using indcpeu
dent sample L-test for the analysis of the Sci isuje. t LA/3111,,Atio,i

The foil- wing findiu6s are repurttJ 1p :i- 0)); (1) LI, wAL)Q,.-1
cegar..11ess of he teacher laboratory verbal S reatmen t, did el- L differ - +4 1,,

tically in mean sure perturmance on kuldtandiu6 5C Li c as -easured by
Welch's Science Process Inventory or on scientific att tud,s messur.d
Allen Attitude Scale. (2) The cu..} 1.,.elll tclim.la 6ubjects ..ar,e,i bignirt
cantly higher me an scoLes in ,-gu1Livc at.liitles 1 1ativc I- the u..Jerotan,l.
sod use of ....Le idi.JLcb,e6 ao atc4b,AL....1 by Clio ,J,111.,c ._L Evciluaii,,ii.-__-_______
Criteri. than did khe locuag,uet treatrikut tibjeg..AS.



Session H-3

,EFFECTS OF CURRICULA ON SEARCH BEHAVIORS

MODELED BY SCIENCE TEACHERS

,JOIn T. Wilson
University of Iowa

Iowa City,, Iowa 52242

During science instruction, students perform search behaviors as a means
to find and interpert significant information. These search behaviors are
often acquired by observing others model the:behaviors in reponse to teacher
questions or directions. However, the behaviors modeled in any particular
science activity were hypothesized to be determined by the turttculum
and plan of instruction. Hence, 25 teachers meeting quality criteria were
selected for each of three different science curricula--ESS, SC1S, and SAPA.
Audiotape recordings of science instruction were made throughout the school
year. Double repeated tandom sampling from the tapes provided the profile.
of teaching skills for each curricula. The diffetentes in skill. matched
expectations described In the curticul. materials. It wo,.Id be ..:xpeLtedth,..

that students in a ,t the ,utticula ould be ,ed to di ___.ent models
of search behavior



Session'H-I

A CASE STUDY EXAMPLE OF A BEGINNING TEACHERS'S USE OF

CURRICULUM MATERIALS AND THE POTENTIAL OUTCOMES FOR STUDENTS

'Brent Kilbourn
The Ontario Institute for

Studies in Education
Toronto, Ontario Ca da M55 1V6

This paper presents an example of a beginning teacher _ ei use

of a biology tei which had potentially negative consequences for

5

students.

The paper relat- the teacher's behavior and potential outcomes tu students

to such situacional factors as the teacher's stage of vrotessional oevelopmeoL,

the text this teacher was required to use, teaching s yie2 and the charactet
istics of the general-level, grade nine biology class. This paper shows the
interplay between substantive cont.nt issues in the dis,iplioe of LicIlogy anJ
more stri,tly pedagogical issoes relating to thu teacher's intentiQns and
performance in order to make a more genet,1 ,oint concerning in-servi,e t,1. .

education, 1L la arguc,i that one r"tiLL10& A lu.GIvi,_c. cdu,aLloik w0u1.
Lo help tea4.he,s J velop swa.cenes- and ski il .ou,ttlium I t,e talc
modification of Litulum materials thc J-ta tut the pap-t co,U,c from ,

Author's thr-e ,,,oath involvement witc, .he 4each-r u-ing the _ rateics
techniques of ,.linlc.,l supervisi.,n

A, A

A. A I k A A

In Sep 161j1 1! .eatI,

Muaby, Grp* aod husselo (eds Toronto`: 7, SE Press I

4.11.44, 1,-,k L_ L
or TcaLL t. N. York: Holt Rinehart aud n, 1969



SesSion H-4

The pur

THE COGNITIVE DEVELOPMENTAL LEVEL OP. ELEMENTARY

SCHOOL STUDENTS IN TRINIDAD AND TOBAGO

Pamela Fraser-Ahder
University of the West Indes
Saint Augustine, Trinidad

H. Seymour Fowler
Pennsylvania. State University

University Park, Pennsylvania., 16902

the present study was to itiVLle,al.
JcvcAopmeutal level uf. Elementary School stud,nit6 in Trinidad and Toba6

The subjects included 6686 atudettta randotuly aelected front Lhe vaLiukA.
school types, localities, and cultural, suci and racial backgrontid=, in
Trinidad and Tobago. The age range was from 5 to 15 yearn.

/110 1,JU1ve.1 .kkly Lct
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2. Although the fundame -1 validity of Piagbt's classification of
concept stageS has be,n demonstrated, th6 data, have revealed the
impossibility of limitdng the age range of the stages as Piaget
has attempted to do. This: fact was apparent from the complete
coverage of the entire mental and chronological age ranges within
each one of the concept stages.

REFERENCE

Trojcak, A. Doris, Science with Children. Si. Louin: MLUfaw-Hill buok
Company, 1979.



Session H-4

USING THE INTENSIVE TIME-SERIES DESIGN FOR

ASSESSING LEARNING OF CRUSTAL EVOLUTION

Victor J. Mayer
The Ohio State University

Columbus, Ohio 43210

Carlos A. Rojas
Colciencias

Bogota, Columbia, SOuLh

Early stages in the testing and Jevei.,vm," ot

dosig_n foie use in science classes has been report.-d hy Mayer and AewiS (1929)
and Mayer and Kozlow (1980). The first study indicated the feasibility of
using the design for assessing the efforts of teaching methods upon stuJent

titudes toward the science class. The lett..r found the anti,ipated 1 earniu6
curve when the design was used to assess changes in knowledge related t© the
Study of crustal evolution, indicating tLe design wuuld yield valid tllve
meat data. Several questions raised iu ttl, secou...1 stud; are adacebed in Lh,
one reported here. Does frequency uL testi.g affe..t LIM vat 1 1I Ly t- a. -1 ACM,. .

data in the design? Can the results of the Mayer anJ Ko-luw stud/ b ,=e1)11
red, Lhus adding Lu 01.4 coufidence ill the design's Lo yi lli valid

&[u?

A ..k11.AL,
,
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Trend analyses were performed on the data from each of the three
frequency groups. Correlations of achievement data between group A and group
B, group A and group C, and group B and group C were tested for significance.
No.- significant differences were observed. A similar analysis was performed on
the attitude data, with similar results. It can be concluded, therefore, that
frequency of testing does not seem to dead to either positive or negative .

trends in series achievement data when using the intensive time-series design
developed for tliis and previous studies. Especially significant was the
failure of "resentful demoralization" to set in as demonstrated by the lack
of-negative correlations in the attitude data and supported by lntervi
randomly selected students, conducted at the end of the study.

Study

DaLd tiom
trends observed in the
The unit on crustal evo
crustal evolution the L:

I. .1 ,

er and hozl-w data -ere also ob_erved In ,his dal.
I was the independent vari..ble and .chievement 1..
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Session H-5

DETERMINING THE POWER OF STATISTICAL TESTS AND SAMPLE

SIZES FOR RESEARCH STUDIES

Rosalie Grant
MA-Peninsula High School
Palo Alto, Californfa 94396

Statistical theory proyides guidelines or snsweks to Loo questions
frequently asked by,a researcher who is designing a study_ The questiol
are:

How mcmy 6ubjeL6 should be -ele,ted?

2. How can the probability ut committing
be controlled?

v, ,;11,05.y c

The spet1sties1 rt w Oit;,ou

discussed. Participants will the[[ appl; the theoiv t- s,me reseskch e.,se
studies.

Ot

,dt4,atiOnally tk_ci Type I e, tut L'Art.lL,ll,a Ls elli [LA Lef,,Le

learu to consider the cons,quen...es of ..ommittiuo each error ,ype uki decide
which etkot 16 polcriLlally mute hdLairk,1 it luLorAeet .1u,1ous
appli,d lu the classroom. Becs-se Type II errors sr.. Judi eeily ,outroll_d
through the power of a task, the cuncep. ot 'power and how it can be'calculaL,
tor ditteteut tests will be discussed The Pearson-Hartley ,hakis k1951) will
be used Lo dLermin, the power of ANOvA Ls,b dad Cuohe! 1141=C0 (1969) will
be used tot other tests, such as and correisti.,n coetti,.11ents
will be pko,14ed tor ,..0m,utlub Cl.e 1.UUe or oil= wsy through thke sy ANOVA
taste f r equal oud LOpottiwn.31 L. 11 1_06 ticLdd,a hips
beiwc,L1 p.,WeL a..Li s,mple 614e. Apcmf-u -ill eowpte sl4s3 which
provide tests WILL, a desiked p-wer tot sale t,J ilttekeu es t,,,tweii popul,
trAdlikb.
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OE SESSION III

NATURALISTIC INQUIRY AND CONVENI;IONAL

INQUIRY: AN EVALUATION.:

Wayne W. Welch
University of MinheuLa

Minneapolis; Minuesota 5543



Session 1-2.

A MODEL OF CLASS INCLUSION DEVELOPMENT BASED
J

ON SUBJECTS'.VEBBAL JUSTIFICATIONS

Jean Sindhikara
Rutgers University

Lakewood. New Jersey 08701

The nature of the transition to fu y operational class luciublou
understanding has been the subfect muc research since Piaget's originsl
descriptions of this concrete level concept. The results of this study sUgg,ei.
a gradual transition from early incorrect solutions to d sophisticated abstract
understanding of Piaget's class inclusion problem through three major levels.
The levels were described followihg analysis of the kinds of justifications
given to explaitirboth correct and incorrect answers to the standard class
inclusion question, Are there more A's or more B's here? given a set of
Objects, B, containing two subsets, A` nd A where A is the larger subset

hypothesised that L,he Liod at typ,- u.,a
ewsweLS LO the standard class loclosion question etletA_d th.r kill,
standing a child had about class inclusion and that developmenL ittj,14.JI Lt11=c1LI
type use ther _Le reflected developmeqt class inclusion undFrs6anding
Three types justificatons emerged from ,n1 analysis of all those given co
explain answers. The three types yete called spat411/,Ouutlo6, add4,tloo. aol
sets. Develop in justification type use In the order spatiel/ountin6,
addition, and then seLS was hypothesized to .,Lk;

Ailkdet

o,.p,ort r." 1.4.1 A A

A.Lown tha, b.., k, se and AtIL141 iu.. irtiolt. bd.) 1 ttee_ed
ostificatl (yi.e w,,s chaoged 10 the orlet s,st Additloo

Ghildreo .,etc ..ake jos,it, arl.,afers .o three class In.:i,Aeloo
questi"os. Analyses weLc alit La eh, a sLaLisLik-ally s.161.11Lit-aL cor.
between th,_ types or jostAtica,ioAAs us,d and the age o, the soblec, ana A3lso
betweeo the . /V,01 ut "od o La Airr%,.L
Lidos 1..AIU)LOLI 16666

1

A 6 11L..1,...1 n.i. kauli .IL.: III a 1 . k; t. Lt1 1., ,. 11. , ,t, .

1iv.3 , A,-k.A., q..,11.,1,2. at Iht.t I ok t jdi:te soi ho it.t111 htt

an._. uLa Ly 0,11L.All,Lo,11.111 JkWhh III iff; u ,11,1 10 el ,, k. lc r .1.1

igh.....0 Ll.ILII lilb k [ 1 ( twa l ,isk .14i!i . 1 it ,i. lt,liiky f Lt.

sAAL,1 so 1-1-1t.i.,1,A,ip a A k.,k, 41,. .4.141441 L ALt,,,-,ito

.1066 111.-11, 1, .1444a,lswiLS AL Li.0 (hi( 5.

, 11 IL, (1,1 ,k A i a,L 1
AL.AA1,1 .411.1,0 , ,JAL! tAl a 1 I .1

1440 1,.1..,1 1.,1,
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Session 1-2

OBJECTIVE MEASURES OF COGNITIVE ANA

MORAL JUDGMENT _L VEL IN IIOETH;CS

John Finley
Cooperative Educational Service Agency

Griffin, Georgia, 30224

Cheri M. Taylor

Springfield, Virginia

tioethics can be .lei tt.l
.=11!1,a rise in the biomedical and behavioral f iel.ts ,- ri,e .escat.hars
that an assessment ittstt'ULUet1L ut Lhe awareness ut thb geueial pnLlic

regarding bloethical issues is a ueessdky prerequisite L.. possible SOAA,A
political actions resulting in governmental interventiot,; t2) it 1 also
desirable to assess the awa, ss of the ed-cational comonity beture
taking ,eu.ri,ulum J,.velopmeuLs or in"ovations ,;.0nLeL.,Ins the t aLhin6 of
bioethicsi and (i) ,,JuL4Lvtd Md, enhauLe d dLuactIL 0&ii
developmental structure tor resolving hioethical issue .nd deteLminin
possibilities of ation in .egad Lu advanL:e-enL Ly Lea,hiug
scieuce in lL.. s-cial c 1'k.i6 pape.r is 4 utiabotati e 1totL Lu
thesize two separate, but related suaies which describe an objective
instrument developed to a.sess le,,ci of mural CL.intking re, A,.

bioethLcal issues.

A.

eapect1- oi
DNA and' genetic e,gi .L aring. '>h& scc)rea 0, Lt.. ILL it

ddJ dilciagcd Lu yield 4 A.cdd
Jai were suLje 14.! L uialy is 116iu8 LtLe s.aListi,al ih.

6,1 ,ea 01"SS) A. e-dictluailo.. or L. e , ut ki

wao pL1JVt.Jed by 41,e .ayLo6Ldm b,c41J,A4

b ,

.11, u . 1.04i1.1 ,.q as develup Li ,bill ) .11, d lt ' 4 l9
IAAdt. a Ili. del Dai.1,g .he pilot thaa,4 .t 1kOV l.t 111, o ,,Id AU Ai

0A11 CI 1a. LILL y Li!ii r., LI,. ,t,, AU.. A( , litIlL'I ihe hi 11.1. 1

las-es lest. "P 0,u. a tls.11.0 u6. al,, .1 , a ILutugz, ,4Mpiu .,r Grp.,
State (IiiiVi AL aLuilii.a (u 151) ?t 7!, ai..li,-itik.ii; ailaldid Lr d LlSeJ L.
JeLci...liku .-..1 tug iluu JiAi I.. ; mi.. ut .it , . lop ,I,nt. in L.1., LA. 1 o dud . I,_

sadiplc. ,h 1,Leil.il" a 46 i..0113, ma gi0.1 p_iut aye a , _II

ciaSa and Laligious a,Luu..1..nce.

i



Results

the mean score for respondents on the cognitive aspects, based on a
16 point multiple -choIce test, was 7.5 for education majors, 5.8 for arts and
sciences majorsand f0.8 for re4pondents enrolled in a science and qocietv
class,JhOmeanusponses for certain specific affective questions were
generally Indicative of an uncertain position concerning fear of misuse and

conditiobs for support. or nOns4pplort Ofexperimentp with racoMhi.nant DNA and
'genetic engineering.

B. The Bioetbical Issues Test, as validated by Lt2 1,1.1 r, ,onattu,t
validity, had a Pearson-r or .75 and an r of .852 for Lest a illtv.
The mean P score (percentage) of the Bioethical Issuea 'lest' fur 1,1 Geornia
State University students was 55.80 (S.D.-13.88). Statisti,a1 unal,sis
the, sample characteristics of college class, college major, and grade point
average'to be stgnifiFantly related to P score cu the 5.1.T. Nu significant
relationship between P score and age, tee., or religious attendance was indieat
by Bioethicallssues Test

wi...imum of kn a_d:ugi 'e'e: ug an
A .i. L- . ...A-a ,L,t1 IA, L..)-..it

ede cancer, ing Leco...binenr 1). od eue

were generally apprehensive about advances in etieLic technolog:,. moweve.;

the respondents were ovetwheimingly in tavok of knowing about thel. geoeti,
conationo rathe. than leaving theft ge,eti, cut"Le

t.0
f .Le.

111 The 5i-ethica1 /..,u, 1051 , ....3,;L'C

jdgwent of allege students in hio,th.es Based o" evldenLe lo !Liz.

ment the aiim,.le ehat.otel.istl,s or ..011.1ge d,1111. L,.

and .oll 6d Mai k Akd related to m ,.1,11.kka 1 x,,Q1 1.. 1.-1ut,hiLb



Session 1-2

AN INVESTIIIATION:OF RELATIONSUIFS BETWEEN STUDENTS'

SELF CONCEPT, MENTAL MATURATION, DEGREE' OF QPENMINDEDNESS,

AND THE N1TIqkICAL VALUES THEY 'ASSIGN TO INDEFINITE

QUANTITAT1Vh WORDS AN tAPRESS1ONS

k'aaLuL R

Ninoska k Rojas
MIchaci u"try

uoivcrsity
r A , toburgh, Pc"il, 1 v .4,41 0 1

4,1, La 1.11Q
,

(Alai acit LOtt,cpt perttol Jevel, 1. .1t:4,1c;e

opeu.Audedness may,hove titm,1.1LA1 valaeo Jost, u k tn full,,

words atld expr,ssions: -Mo,.,t," "few." "man)., ",ome, "all,- %one." "ev$;V.
's"4 lot" "Morc 11,111," ...t-a,t,'!'oud",lat,, a ' Tne uk1,1

whiLh t Lit4._AtitiLie6 vitho,L dibLttt,i
01. CXaLL ttt4,Lt. tt_gu LI .1(1.1, u 4 a,l
CO(alltil0(2,(1(46 lttf Ar..t.at1011 and lato44i iy ml
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ST
FEW.,,
'ALL

EVERYt--..
MORE flAN

-EVERAt;

.49

24.02%;
26.34%;

e 19.86%;
30:71%;
21.74%;
19..74%;

r
c.-, mental maturation, as measured

L:- 32.52%;

Degree of -freedom 9,71

W
_

as found t at sub the'Fiers4larris
test,donot \explain=the variance of the numerical value's assign

_by, the.by, the students to the indefinite quantitative, words and expressions:

3.77 p < .01

= 42.85 p< .01
3.22- p< .01
2.23a p< .05

F p< .01
F = '2.50 p< .05
F,,_= 2.2 -p < .05

lees of, freedom =;-8,72

by the -Shipley test ::.

3.80 p .01;

This study may be considered-an attempt to identify variables-which may .

bell" in _the' improvement of communicating scientific inforMation in the teach-
ing_of_science_and-to-bet ter-understand relationships_between _the_prozOss
of tornmunication and (1) studet' -Mental deValopment- -and .(2) th-e-

domain.-
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PORMAL OPERATIONAL KEASONING::FORMA

- Jane_Bowydr,

_Mills-College
Oakland, California 94613

= CONTENT, INTERVENTION,:

Robert Karplus
Steven.Pulos

Elizabeth K. Stage .

University of-CalIfornia
Berkely, California 984720

Marcia C. Linn
Stanford-University

Stanford; California 94305

--,
-

,:

...'ReSearchstudile-indicate hatfew-highsehnolStUdents,uSe-StrarKgrel_

of :formal thought confidently .and reliably _Yet analyses of secondary science
texts reveal that form,al thinking ia.xequiredJor.underetanding .BaCauSe:10.ost---
students learnsciencec:-"fremi:the book;e1concePts ate-Often understood. Super

In this_ ymosium.rasearcharaapproach_the.problem_from_twoldirectiOns
-atesearch-groups-w I:diet-Lisa-studies that examine theeffects of problem
formatand _content on. pie x prObrent'solving. 'A third group'will rppert on
a study-evaluating:th4 facts of....inservice i4orkehopsdeaigneth-to teathjnter-
-vention_strategieswhiCh encourage - formal thinking inatudentayrhe.groups
atudying^th& format =and cOnteqt"effects on problem solving, have
problems from different -content arease.g.;_ mathematical, scientific, and__
eVetYday-prbblama) .and have used different methodologies (e.g., writing as
problem solving, 006blem solving. duringiad interview, and problem solving on

Paper and:pencil tests). Each group has grappled with therrelatiVe importance
of Content-as opposed to generallzed-reakaning:strategies on jierformance.'

In proportional reasoning findings suggest that task format has little
effect andthat performance iis content'specific rather than develOpmental.
another study investigating 9erformance on tasks with content from both
,laboratory and naturalistic domains, there are ingications that content syste-
matically influences'performance. 'In a third study concerned with the way
naturalistic and laboratory content might influence scientific reasoning in

"problems requiring the Elimination strategy (allows identification of a single
causal variable), performance on Zaimination items wasmost-Clearly related
to task content. 'The last study suggests that using a vartiOular set of
workshop- material. affect teacher literacy with regard to the of

_concrete an'd'formal thinkin# and self- regulation but actual application in
reorganizing,classroom teaching strategies to encourage a transition from
concrete to formal thinking requires more than an eight hour; interactive
workshop.



-Sess on-1-4 _"`

APPLIataloNS,OF SCIENTIFIC__

MATHEMATICAL PROCESSES'aSINO,MICROCOMPUTERS PART 11;

SEX AND AGE-U0RRELATES,?T0 ESTIKATION*-_

Carl. Berger
The UniverpitY of Michigan
Ann Arbor,2 Michigan 48109

First-, third-,-and sixth-grade students' use,of n microcomputer in
solving problems of linear estimation of distance was examined. Two levels of
difficulty, corresponding to different amounts of visual information in the
prpblem---were-presantetEThetime-and accuracy of-es-timateS'Were recorded;
performance curves were analyzed. Accuracy in estimation-was achieved by most
subjects. Using-the time of estimation as a measure of estimation
students improved performance between the levels of informational support.
Across levels,-performance improved and a learning practice effect appeared to
occur over time. Across levels, distinct differences in student perfgr4nce

__were noted for age but not_ time_.___At__the. most difficult_level,__thirdn-grade
-students performed more like first-grade studenea and at the easier.level-,
more like sixth-graders. No differences in sex were noted.

The research reported hPrein-was,partially-aupported by' unds-frem
Horace H..Rackham grant anda.Diyislon of Research Developmer AncLAdmini-
stration grant from The University of Michigsn.
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THIRTY STUDIES INVOLVING THE -"SCIENTIFIC ATTITUDE

INVENTORY": -WHAT CONFIDENCE CAN- WE HAVE :INSTRUMENT?

itugh-Munby_
Queen's University

Kingston, Ontaiib Canada. K7L 3N6-=

_ _The-research repotted in thispropose paper mpan.indenth studyof-the _
-Scientific Attitude :Inventory (Mciore--and Sntman,-1970) and'ofAhe 30 studies
in which the instrumenthambeen used. - .

-'"---- This , esearch=id*nnoutgriswih,---of-d-'major-an&-ektensiVe=etUdy-of7:__

instruments which are .pUrported to measure attitudes toward-science, -Thelejor
_-:study;identified over 200-inbtruments-andcollectedrn-thee 56 which could .ba taken,_
as measuring-sUch attitudes. (Instruments not collected measured =sudh vari-
ahleMi.as attitudettovard science careers, science instruction, andspecific
science in-addition -the-instruments themselves, all_iheStudies in-
which the_were :_nserom_,.1960,to_-197.9:were_procuredjor_study._;Thiarange of_

-InStruMonta and-studies-made it=postiblmto assess the geheraliqUality'of l_

ehtitude measurement in-science education. The major study stopped short of a=--
.datailedinvestigation_ofianysingle instrument_in use.

. .

The Scientific Attitude inventory (SAI) was 'chosen for the present
intensive study because it is. the most popular instrument of its type by far.
But, although judgments about this instrument are made in 'the proposed paper,
it should be noted that other instruments could have been selected equally well
for study, to illustrate the analytical perspectives used here and their
importance to our striving to improve thP quality of empirical research.

A number of analytical perspecLves were 'employed in the research. TWo
of these were devised from philosophy and were used to make judgments about the
conceptual validity ofkthe SAI. Using thde perspectives

9
it was possible to

show that many items which mightbe thought to tap attitudes can be interpreted
as asking-whether or not a respondent possedses some science-related knowledge,
for instance, or a certain philosophical view =of science. This-information,
when coupled with some standard psychometric properties of the SAI, is then
used --td nterpret the instrument's performance in 30 research studies.

It is fonnd.that these research studies reveal a_wealth.of informatiOn:
(1)--There-are-conflicting -resultS when similar:treatments are-used-bydifter-

,

ent investigators; (2) .There aye varied values of thereliability of the !SAT
some of which are ignoredi (3) Some studies find non-significant 'effectawhen
we do not expect them, and vise versa;-and, (4) Some correlational studies
provide discrepant information about the validity of the SAI.

It is found that some of these results can be explained in terms of-
-colleePPIalvalidity_of_theAIL___Thp_papet_concludes_that_we_can_be_less

certain of what is measured by the SAI, and that it needs reworking.before /



it can =be used with cOnfidence.. --The redait ends with soma :concernconcerns--,

, ab ou. t , attitude-_measurement and its place in science education research.
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A QUANTITIATIVE PROCEDURE -- Edit -TREATMENT"VERiFI

NCE-TEACRINGTRESEARCW

_ATIOtsi

William H.-Leonard
University of Nebraska af.tincOln

14ebraSka .685887

In most studies comparing one or, more, methods.of-teachin to find which is
most productive in terms

a
of student achievement, researchers currently report

that -"tight" experimental-design, and strict adheren e to operational

The assumption is made that if the actual trearmentliol owed the intended

definitions are enough'massure thata 4ivenmethodiw s,41ndeed,-Zemployed.=----
,

method, the=actual treatment 'occurred. It is suggested that this is not:
-:

i

Sufficient; especially if & researcher wishes to argue that differences in _.
achievement measures (dependent variables) between'treatment groups are due to
,actual, differences in treatments (independent variable). . .

In-a-physical7.-science-laboratory-experiment-where-sources of = variande-can--
controlled tightly, differences in dependent variables can he attributed,ta

the manipulation of the independent variable. But this is much more difficult
to-accoinplish in -a b havior l= eXperinient,, such as a science classroom, because
teacher behavior, student behavior; and the interaction pf the two are virtually
impossible to control completely.

s , .

The problem of measuring "non-events" in program evaluation was raise as
one explanation for the array of, educational experiments reporting no si ifi-

--. cant_differences_hetween-methods.--A quantitative-procedure-has-been-developed-
to show whether differences between treatments are _statistically significant --
in a-atudY of two laboratorYteaching approaches in high school biology. This
latter procedure outlines the collection of treatment data in 'a systematic
manner by observations of teacher-student interactions. Frequencies of various
.categories of classroom interactions are summed across a random series of

,

observations and-a Chi-square test for significance of differences between
groups is employed.

TWacttal experiment occurred-dn aceinPariebn study of two methods
laboratory instruction for high school biology: The BSCS Green Version.

/Program and a nellly deVeloped Extended Distretion Appreach. The independent
variable was the method-of laboratory instruction., Dependent variables
consisted ai student-scores of laboratory_ feports, laboratory quizzes, and a
laboratory final exam.

- Two questions needed to' be statisfi d. (1) Were the differences in
equencies in the direction predicted y the teaching models? (2) Were the

differences in frequencies statistical y-significant? The first question
.was answered by simple observation of the frequencies. The second question

----was-answered-by-a-Chi-squaretestof homogetity; calculated:from-tibserVed---
frequencies of selected teacher-student interactions-between the BSCS and
Extended Discretion classrooms.
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-- two cases of clara were ccinsidered. On caseishowed significant differences -.-
between- MS and Extended' Discretion classes on- the- indepindent variable: and. .

the -_

significance.--of differences =on dependent variables. 'itseCoad.
case-revealed no significant' differences betwedn,.methods on :the- independent. .

-4', variable and-,-;aIso no differences --ani-d9penctent variables either:. , . ...- ,_ - .. .-.. .

The- ability t0- qUantitatively demonstrate that Specific classtoeM events-
contribute -to measured. change

teaching -researcher in:

,

fication may be a usekut st
ace teaching research.

in student 'productivity would greatly the
arguients for .causation. Quantitative ttsatment
ep in ;the -direction of respectable and 'valid
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Session

NViSTIGATION F RELATIONSHIPS BETWEEN COGNITIVE

ORIEMTATION--7_41D-rJUNGIAN,(MBTIPERSONALITY

TYPES OF-EIGHTH-GRADE SCIENCE STUDENTS

:iJohh A. Novak .-Burton -E. Voss =

TheOhio State University The University of Michigan
Columbus, Ohio 43210 Ann Arbor,'Michigan 48109

-.-

Rationale
.. ,

114F-cognitive-pr de style as conceptualized
by Heath "(1964) hats been used extentivel3i.to evaluate_ various high school
science curricula. The emphasis in recent studies has focused on-valiaating

. the cognitive.preferencelconstruct And examining relationships-between
. , _

.

cognitive-preferences 't-id selected variables, e.g., learning styles and intelligence,
However, little attention has-beerkgiven to an examination-of the relationships

-_betweencognitive_preference_orientation and_personalitY2attributes---(Williams,--
1915), with implications for curriculum and instru6tion in acience. .....

Cognitive- preference orientation as used-in this study refers ta -(1) a
preference` or the recall (N), application 'questioning 01:2y. of infor-
.mstion; (2) a_doMbination of Preferencesi (MA, MQ, AWL or'(3) no determinable
preference (MP). Jungian (METI) personalitY types refer to one of tvio types
across each of four dimensions:

Extravert (E) or Introvert (I)

Sensing-- (S) or Intuition--(N)
_Thinking ( or Feeling (F)

Judging or Perceiving (P)

PurpoSe'

This study was under.taken to determine:

the cognitive preference orientation and Jungian
personality types of eighth-grade science studen

predidted relationships between these'variables:

a. It was hypothesized that I, N, lc and P METI personality
tYPeswould exhibit an A, Q, or AQ eognitille preference
orientation, i.e., an inquiry orientation to learning.

It was further hypothesized that E, S, F, and 3 METI
personality ,types =would 'exhibit an M, MA, or MQ
cognitive preference orientation, i.e., a traditional
orientation to learning.

students differed on these measures according to sex or



Data were -colIeated froni 283 153_male- and 130 female) 'eighth-grade
Science students..- ,Students were--cladsified- as -A, -'Q, _

(2),_MA; MQ.-AQ, or -NP"-based on:. CP =nit ive-Preferente Examination
(Atwood, 1971)` scores. Studentswere also classified as E or I,- S or N, T 'or

F, and J or P based. on Myers-Briggs Tyyerifiliicator (MBTI) -(Myers;'1962) scores.
These 'data were then-analyied--using-___ -square calculations and one- way
analysis of variance,

Results' and -CohclUrsione

e-cpgnitiv preference.:results -.classified 278 tudenti-
_ollowinz groups liused on

-a single reference: M-14_ (5.0), A-34(12.3%), Q-10
.andN13-220-179.1%); and"
St.ices:i. 12 (40.3%). MQ-58 (20.8%), AQ-60
and NP-48 (17.3%).

-results _classified
,

271-tatUdents7itirceIthe
-E 153 ,.(56.5%)- or --1 a 1;18 -(435%):'.

S 7 174 (64'.2a_ or - 97 ° (35.43,70
T- $8_ (3.6%) or F 180 -(66:4%)

--4 99' (36.5 %) or P 172 (63.57),.
7

Co The chi-square value-s. obtained were not statistical y significantVat=
p <- .05, indicating chat for the, students in this study:

1. cognitive. _preference_ orientatiOn and_METI_perspersona
types are independent variables. MBTI _personalit
types, dosnot necessarily influence an inquiry or
traditional approach to learning in scienees.

2. Malesand fernalea,do _not differ significantly from
each other crn measures of cognitive preference and
MBTI personality types.

tqta istically. significant differences in intelligence were found:

1. between Sensing and intuitive students, in favor of intuttives;
and between judging and perceiving students, in favor of
perceiving types (p .001) ; and

2. whall'students were classified according to a single, definable
cognitive preference such that M <Q and M < A (p < .05).

The predicted relationships that 1, N, 1, and P METI personality types
would exhibit an inquiry cognitive preference orientation (A, Q, or AQ) and
that E, S. F, and 3,MBTI personality types would exhibit a traditional
cognitive tpreferei'lce'orientation--(.-.1:w,- or 11Q) were not supported by the
analyses in this study. However, it is suggested that this relationship be
explored using other personality inventories.
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--It is further suggested that additionda_studies are needed' to clarify the
relationship between intelligence and -the measures, in this study. Finally, it

recommended- that investigations -ye designed to critically analyze students
Who do_ not'-exhibit a definabl cognitive pref erence orientation: (Din!, :since
these students-may represent' the majority in most science Classrooms. These
students may be the most influenCed toward inquiry-or trgditonal-learnin

a
gi

approches by new science-curricula aria' teaching- Co-nsistencies/
indonaisteticies of-data-in this= study with published data will be Ptesentfed,.
during the= formai.presentation. . ..

-..

-
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iNC FROM SCIENCE TEXT-AIDEIFBi DIAGNOSTIC_AND FRESCRTPTIVE

TEpyEs DERIVED PROM INFORMATION=PROCUMG"ThEORY

PierCe Farragher
--N%' The Academy of Natural Sciences

Philadelphia, Pennsylvania.-19131

Michael-Szabo
The PennsylVania State UniverSity

University Park,--Penhaylvania'' 16802

--0
Learning from text aided by information-processing techniques of embedded

questionsand increasingly complexTwescriptivefeedback ids examined relative
to achievemgpt, tiidon-rask, and effiCiency.- thdergraduates,(n=150) were;.
randomly assigned to one of =five treatments which varied along a feedback
complexity range. After pretesting, Ss Completed a self-paced test unit-on
soilecology, followed by al,POst-test and delayedretention test._

- Signifikafittdiffeteneea in instructional'4me-and-learnih -efficiency
were observed which Were net linearly related to feedback: comp eXity. Between
group and achieVement:differedceS-weri marginally Significant.

-owledge'efaiuman information processing and/or how to apply _

learning-fromytext-equirea:furtherrefinement.:
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A CO -0 OF-PUPIL:CONTROL-IDEOLOGY OF. SCIENCE

-AND-NON-SCIENCE ECONDARY STUDENT TEACHERSS---

Dan R. Jones
.

Illinois University at",_Carbondale

Carbondale Illinois 62901

Thepaper examines dataen%pupil,centrel ideologyWIY
sepatatF-Iial*atebraiet-inVelVing-:adcendary stUdent:teathdra.. A. comparison
is made of `tie results, of .:the stUdies'Centrasting_two student teaching popu--

.

lations1-Eightigeka science (SCI) nI) ad sixteen -weeks no7adience (N-SCI).
Thre4 questions ate-addrested fromto-the a a f the studies:-, _ . _

Procedure_,

DoTtecondatY solenea_teache-i differ in PCI from student teachers
in-other-secondary subject areas'?

DO0a a shorter field experience:for secondary science student"
teachers yield a different PCI than that--obaetvedin longer

_

experienca-for= non7aciencestudent teachera?:

Does.a-difference in PCI exist within or- between the groups on
the variable of sex?

iwo-separate-studies-Werd-completed-in,whiCh the-pupil control ideology
of secondary ihndent teachers_was measuted-bekere_and_at-ehe end of their.
field-experience. 'The-extent to which a teacher is "custodial" or.. "humanistic"
in their pupil-control ideology is measured by the "Pupil Control Ideology
Form" in which a numerical score-is produced by responses to twenty itema on
a Likert-type scalethe higher:the-score, the .More custodial-the individual's
pupil control ideology. .Selected demographic data-for sex, age, college
major, and subject student taught were also gatherdd.

The- tige-groups (SCI, /41.9; N-SCI, N=22) differed in subject area taught
and length of student teaching. The means of Pre-PCI for both groups were
contrasted with s, t-test for unthatched-groups to determine equivalency of,PCI
prier-to student_teaching. T-tests comparisons between Post-PCI means were
calculated to address the three research questions of this paper.

The Pre-PCI means between groupS was *Pt significant, indicating
equivalent=pupil control ideology betlgeen groups prior to student teaching.

t -test for nod-independent samples found no significant differences between_
Pre PCI and Post-PC1 means of either group, although the means of both
increased from the pre- to post-measures (more custodial). The magnitude of
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in.CrOse-was greater-fot%the=-NSCIOD -than- -(471.5 ..4 t- est--
. . , ,. ,

for unmatched 'groups fonird-tne,differende:betWeen s means :for _the-
. __ _ ,

_ two_:groups:tolbC_nonsigni4Cantii,171.6Wever,_-the-,afferencebetWeengrOUP'4---.-=
-Means increaseaffromci4.2-TZn7Pre4CI tci-3.69,on Po t -The-POSPCni:,-_ _ , _ __

11SCI,femalea was -SignifiCantly higher-Uorepustodial)ham-tWPbaii4CiP'
SCIfemaIee-Cp .05)--No'other eontrast4ifi,-Sex'.'wgg,'-:-significan =7_ .

_

-Conclusionsi-
_

The poPulations of science -add. non science .s_ecOndary student
teachers were tqUivalent in,pupil-control ideolOgy prior:to_
student _ teaching;. .

_

An ,effedt of _student teaching oft-eath group as aw,:inorease-
, which- indicated' a more custodial_ideoloy beihe

adopted after student_ teaching This increase; al thOugh
not signifitant, was -consistent with the arectiOn pf .

change in PCI' observed' by Pther studies. 7

7=Theidfigef:experieneifor-N-SCIstndent teachers appeared-
-to-influencethe extent-of-,ITT-shift toward a-more custo--

dial idology.,

Science student-teacherssde -not become _significantly _

"different -in pupil control ideology than student teachers
=._u .other_ areas -everc-thrnigh- the former are-AtiveIved-

-- as :long

Female_nonacience student teachers are siknifidantly more
tustedialaf ter-student-teaching -twice as long than their
sciende_counterparts.__________

The comparison of7groups raises the possibility that pupil
control ideology may be influenced more by the length-of
-student teaching than by the subject area taught._
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__ .-
--THE EFFECTS:OF 'AONE-DAY. ENERGY WORKS

ON q-citticE TEACHERS' ATTITUDES

ART) ENERgYLATED TOPICS. RE
. _

. ; .

David Dunlop
_

. Frank Fazih .
--- ----4C

,Univivsity of Pittsburgh at== Johnstown Indiana Wversify.qT Pennsylvania-
,JOhngtown 'Pennsylvania 15904 Indiana,. Pennsylvania 15701

- .

urpoSe

_

The puipose 6 -this -stUdy-was to examine e-the effetts of-1;_one-day-,
Department-of E0Orgysponsere4 workshop onthe*nergy conSerVation,attitudet?'
of- four groups of-_-_science teachers-:

Procedurbs:_

=-

= 6.7
.

in November of.1979;- o - one-day workshops were condU ed-Tor
- , .

.

aP4oximagelY 60'elementary and junior high science teachers. Each workshop
was'aesigned to provide'the teacbetsPilith.e comprehensive base of. information
in the area of ener resources and energy:education,i in - addition, the parti-
cipants were provide with methods,--thaterials, and activities that dould easily

1.... be adapted to their individual needs. -

Each,workshovincluded mini-lecturesi-slide presentations, discussions,
demonstrations,and hands7on activities Several=educational_games,40uter --

activities, and projects were introduced and utilized by the partitipatts.'

t

A'24-item Likert-type instrument was administered as the inifial.and
terminal activity df each workshop. The statements on the instrument were,
categorized into three sub; groups as f011ows: (1) Business /-Industry; (2)
Coveit-1Mb nt and. (3) Personalgndividual.

In addition to an overall analysis, each sub-group was analyzed
separately to determine its_effects on the overall results. Further,

."the--Likert statements were analyzed individually.

. .

Results

Significant .(p .k .05YchanWes.in the overall prei.post scores. occurred
..

.in every instance, and Similarehifts:docurred in\92%:of the sub-scores.-
.Positive,. bui not significant, shifts occurred in the two items analyzed
individually

conclusions
Ze .

A one-day workshop, properly conducted, is a viable means of achievin
"positive" shift s,in attitudes toward:energy-related tdpics. ,Attitudes tow rd
three segments of society (busine5s/industry, government, and personalkindivir-
dual) appear to shift in a similar manner, hence, it rides not appear that one
of these segments more resistant,to attitude shifts than another.
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With good planning, and minimal effort, education can make adlfference
in An :individual's attitude toward energy conservation and result in a
society better equipped to make intelligent decisions concerning energy-
related prob ems



Session J-2

THE EFFECT OF REASONING WORKSHOPS ON THE TEACHING

STRATEGIES OF SECONDARY SCIENCE TEACHERS

Anne Lombard
Universtity of Massach oetts

Amherst, Massachusetts 01003

This study was done LO determine whethQ4 L I, hers , 1
Tea chin and Lhe Development 9L 1tca5oilo6 wurksk,p. k(om 19/d

1980 felt that they had utilized the ideas of the workshop in their
teaching style and methods. The study also dete,milled the ntutc dud cxLeuk
of changes made which, were co.sivent with the intent and philo34dpLy o4 the

workshops and identified what factors. the tes,hets pe,,eived as tith,_t -
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Changes consistent with the intent and philosophy of the workshop
occurred in the introduction of new topics and the presentation of concepts,
in laboratory design And procedure, in testing and evacuation, and in use
of the textbook, were reported by the responding teachers.

The teachers perceived the following, factors as Important in teL111tatin6
or hindering their ability< o make changes related to this workshop in the
classroom:

a. Agreelkient with the ,,,utrLtit onj LasiS of Ole
workshop;

concepts presented;

Voluntary attendance;

4. AJmipl oLk.41..iya ,itd
'A

&s, the

ttl iteW ADekb 1 he WOLkO



Session J-4

THE EFFECT OF AN EXPLAINING MODULE ON PRESERVICE ELEMENT_

SCIENCE TEACHERS' KNOWLEDGE OF EXPLAINING TEACHING

BEHAVIOR AND SMUDENT ACHIEVEMENT

lUe AI,,

Joseph P. Riley 11
University if Georgiu
Athens, Georgia 30601

c.4,5,51y
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and

XI 4 treatment'

X2 ° control

'Analysis of variance was used to analyze treatment differences. Regresaiun
analysis was employed to establish relationships among criterion variables.

Results and Implications

The results at this *CUdy kk,AL. the e.plainint,
L[! tLeatment successfully increased tea her knowledge about explalai116. N,.

significant differences could be found between the treatment and control
teachers' Instructional behavior in Leta's of explaining. The study was "nablc
to identity differences in'atudent achievarneut attributable 10
or Lea hers' ic, ica1 LhlokAug bi6olti,dol 1,1111.4

fled linkin6 student achievement with .,evetal t._eachec competencies. ,vidsnce
that teachinb strate6les aLquirodln Lie colle6e clas6,00m are 'lot being appli.
or ui.1114ed ia the claa,:oom has impoLtant impli,"atlon6 tr -len,e edu..atura
inkereaied to val,.atltl and LhulL tea,t1=1 ca"caLiOu pLuK,,amo
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ptu6lamo
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Session 3 -4

AN EMPIRICAL DETERMINATION OF CONCEPTS CONTRIBUTING

TO SUCCESSFUL SCIENCE TASK PERFORMANCE:

A STUDY OF MINERAL CLASSIFICATION

William L. YtLrULll
Fred N. Finley

ULtiverSitY of Wisconsin
Madison, Wisconsin 5370c.
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Session K-1

TACTILE APPREHENSION IN YOUNG CHILDRENDEVELOPMENT AND

IMPLICATIONS FOR DESIGN OF SCIENCE CURRICULA

Dennis W. Sunal
Cynthia S. Sunal

West Virginia University
Morgantown, West Virginia 2ou)
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.L apprehe.,si.,n as it pertain 66AeL14 44,ricul44m 6,44,1=rALIou

am., children hges three through six This luvolved invest n Of the
nature, prediction, and ckIrriculum implicati,os of Sense of Lou. h 144 IL,

area of textural dicri.ination.
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sex of the child; (4) that sex is not a significant factor in determining
tactile apprehension of textures in tly sample studied; and (5) significant
differences occurred in the identification of textures by touch versus sight.
Within the sample investigated, theabove -findings support the concept of a

developmental sequence and a significant predictive -reiaiionship existing foL
textural apprehension which is significantly related to age. Neither sex
nor background variables related to cominunity scttin, were importdni tatu4.
in textural apprehension.

1.col,h /0'0/c:a J,AA

which will L_ _ .Loh,osion IW aL ti ihelL
developmental level. Predlotion oi children', ut
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Session K-1

EVALUATING SCIENCE CURRICULA:

RELATING EDUCATIONAL PROCESS TO PRODU.A

James D. Ellis
The University of Texas di._ A(40114)

Austin, Texas 7671%
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Session

PATTERNS IN THE USE OF ELEMENTARY SCHOOL SCIENCE

PROGRAM MATERIALS: AN OBSERVATIONAL STt1UY

Charles W, Audctbou
igau SLaL H

East Lausiug, Mi,higau 488"
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Both the methodology and the results of this study are potentially
useful. The methods used in this study make possible a more direct analysis

,

of the nature of teachers' decisions as they use science program_ materials
than is possie,le using other methods. The results of this study can aid in
a process of "mutual accommodation," in which teacher6 are adequately pg,,pat.ed
to use elementary school science curriculum materials, and the materialS are
designed with a realistiL onders Landing of the oeed. or Huth Llac tdc,,lits and
their student'



Session K-2

RELATIONSHIP BETWEEN LOCUS OF CONTROL

PND THE: DEVUOPMENT OF SPATIAL CONCEPTUAL ABUJA

HerbelL
Nli.Lona State
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Resul

The results of a chi-square procedure for two independent samples
correction fur continuity indicatdth,di thcre wa6 d significant dietcrcnec on
performance on the- Piagetian-type tasks between the internal sub5roup and th
external ubgroup (p < ,05).

The results ot duo heL analysis
iudicated that there was a .1.gt dif ,Leu.e in perfocmance o
Piagetien-type taks LeLwe.zu the

11(4

A th-
eXternalvOntL01 SuLgruup; and GG'Lwaeu ini&rual, epLiii,eni. I 0,L.Ar-
and the internal, control subgroup (p .09).
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VISUAL THSTINGAND VISUAL, INSTRUGTIgN iN..HIGH-S(a 061:131bLOGY

Michael Szabo
(17, 'Franc'i's.` Dis7 e r

Thee Pennsylvania State - University

Uttivesity Park -Pentiyi*vinia',-1,6813

-PurPose
,

The-purpose of this study Sias

of (1) isual instruction. composed o
or:0par to.'printed-Wfs'ids-onlY instru
interaction .between 'mode of instruct
testing (yisupl:arid non-visual).

Procedures. ,

= ;-
Hermes T; DeMelb

a.

Federal Univerdity of Bahia -_

Salvador; Hahla Brazil
- -k

a empi cally investigate the = effectiveness
ingle-1ine-drawihge and,:printdd 'words a

Lion; (2)- vAsual tests ; `and (3) the
on (visual- and-sion-visuRl) and mode

..:Nihety-six first-year biology students from a te_ntral PehnsYlyania high
ochdol system were the - subjects of t is study., Afte -being randomly'assigned..
to either an-'exparimental (visual in truction) or ca trot ,(non-visualinstractian)
grodp, _receivedfiither..a, visual- or...non-visual an instructional
unit' designed to teach- anatoity and physiology of the htiman heart.,

2 ,

litenty-four hours_ later, half of the.ptud6ItsIh=24) in _the; eziarimental
group received a non- visual test and,lip the ether-half ---(i4=24)- a visual version
of the same-test. --This- testing proreduce-waS repeated for the control group
following a 2x2xpast-tegt-only factoral design.

-- 4

A drawinetest was also completed by-all subjects in both exPeriMerital-
-

=4a) and control (R=48) grZups,
,

Analyses -of dvariance and a t-test were performed_with =the obtained Pdata.

Results

T 'findings of this study indicate that the .visdal version-of the
instructional unit on the:. human heart used in this study affected the performance

4

of the students- signi1Qcantly in the -drawing test arid in each .subschle
(identification; ,terTrlen- °logy; and pomPrehension) as well as inhecomposite
score of bothVisuall-and neon- visual versions: or the achievement tests. Due, to '

_ high, correlation:4'altern among-stores of the SubScales in both the visual
and- paPer-pencil tests; th4.s, Study does not warrant- the cdficlusion that four
sepdratj.:and.distinct effetts were-LpLsent'., -.Futthermare, the reliabilities
of the terttinalogy 'and 'comprehension subscales-'weie.not sufficiently thigh in.
this study.

- The data dld'not Support any main - effect ,of mode of--festing on :the
performance -of the subjects in any-of the subseales Or, in the composite scores
of both visuak_and-.non4visual versipus of the used in this study.



-The-interiction b.etw en mode of in ruCIithn an4
,
mode df testin was

revealedTfor the identi on subscale Subjects why completed Ihe visual.
ins4uction-scofed'higher on the Viaual teatthan the subjects who completed
the ramie visual instruction scored on the paper pencil-verdien of the test
on St7IbUcaleillentificatidn. It was also found that the students mho coppleted

.

the visual instruction scored higher on the Irisual:test then:the studefits who
completed the nonyisual ve ion of the test; on the same_subscale identifi-
cation. Finally, the stude s who completed the visual instruction scored...
-higher cinthe irisual test an the students who completed the non-visual
instruction with the,vdival version of the achievement test on the identlfi-.-. .

. cation subscale. 3 .
._.
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Sedsion K-2

COMPARISIOM OF HIGH LOW,SPATIAL

ES-OD FEMALESJW,SELECTED,SCIENCE-CONCEPTS

Carole' Ann Camp--

University _of ---MassaChusetts

The purpose= ofythis study was to ifivestigage pattein of similarities
and differences between and -among groups of students Who had been grouped by
spatial. ability and gender. The overall problem, is that _there are . striking
differences between males and females in their ability to do spatial tasks:,
and at :some -levels, in their achievement. A pOssible, subset_ of this problem
is the fact-that females are not considering and entering the fields of

thherst, Massachusetts' 01003

The clinical. interview was selected for this study to uncover dimensions
of the cognitive processs not capturable by-.most standardized method§ of ..

Measurement.

The population selected for' this study consisted. of= ninth=grade students
in a junior high school. One hundred and two students who were enrolled in

physical iscience classes were given the Di Aptitude Test (DAT)
Spatial Relations Subtese (Bennett Seashore and Wesman -19591 by their
classroom teacher. The assumption is_that the 102 students in this original
population represent all the students who normally study science in the ninth-

.

grade in this .schook and are also representative of a cross section of abilities,
interests, and socioeconomic groups, and *have varied interests in scienge.

Thith yopulation of students was divided into six groups based on ,

phlrformarme--on--thelbAT. The scores for males and females were; rankordered-
seletelyand. Aivided _into. ev.en_ thirds. This ..gave two groups each, One-male
and ne' female,. for -high,, medium, and:-low scorers. The. middle -scorers were
then eliminated_ from the study in `order to create- groups consisting of
students at - extreme levels of spatiai-a.bilip. i:our pools of students were
thus creafed: (1) high. scoring Males (H M); (2) low scoring males. (LSM);
(3) high scorims -females (HS); and (4) low scorin.1-_females (LSF);
-Ten students were randomly selected. from each of these four' groUps and asked

'the study . However, even though the total, pool of low- .

scoring tale (LSM) was -invited' to participate, only .six boys 'choose to do so..
It was decided to. have this group remain at six members rather t,han including
males with higher scores in the group. - .

The students were then interviewed twice. Each student was asked to
peat two items from the DAT during the first interview. In addition, the

Karplu (1973) volume displacement task was included in this session, since .
males d females appear to differ on this concept.

Two-science problems -were select for the second interview, one on
c4Aricepts,related---to- the-earth-moonsun----thys tem _and= the--second con-relative

.

Motion. The attdicr transcription of each, session, together with the students'



___ _ drawings-aftd=the-esearCher-.r

_for each-student.
ervations,were collected and collated

-Certain areas'of interest emerged upon analysis of the data. The
following then is a-;brief selected outline of some of the findings. High
spatial students tended to'rotate the items from the Spatial Test, and LSF
could not. More females than males folded the item incorrectly. Sixty
percent of-the LSF were Pre-Corpernican, that is, they had a geocentric model
of the universe. Many bf the LSF could not "see" the plane of the moon's

:=orbit=al different from .the plane of the-paper on which it was. drawn.. The
diagrams of the earth-moor -sun., system drawn by some students included earth
co-ordinates, i.e., 14,S,E,W. Both high scoring and low scoring males and
;:females thought that the &arthss-shadow caused the phases of the moon. Many
ihad no 'idea about what -- mechanism- caused the-moon to shine.

L. All Of=-0e males did the volume displacement puzzle Correctly, but only
,

one female in the ISPgrou0 correctly interpileted the puzzle- Ninety percent
of the-HSM shifted planeskWhen.diagramming the 'moon-and earth from a` point on

= the moan's-orbit;- and .ofilir35Vhith.and low spatial females were able to
correctly diagrain this same arrangement.

*

The lbw
non,partidip orysnature, raising the issue of whether thespatial;tegt (DAT)

dentify males of low-si3atial ability.did:in-fact

l'he first and perhaps the-mast significant conclusion from this-study is
the great benefit to research in science education that is-available through
the mechanism of. Ehe clinical interview. Secondly, in-spite of several -

pfoblems:in the design of this-study, it would appear-that there are many
differences between Snd.among the groups that-vere selected. These differences
were evident both_tn spatial skilIs_afid_abilities_in_scienceThese-differ-
ences need to coatinually be researched in order that we may best meet the-

_ _.
needs-of high and 1pw-spatialstddents andmales and females.
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Session

COLLEGE LEVEL PHYSICAL SCIENCE FOR NON-MAJORS

John P. Schellenberg
Paul E. -Bell

Kutztown---State College

Kutztown, Pennsylvania 19350

This research report focuses-on-an-,experime-ntal Study=cOmparing two
leboratory=approaches to a_college level physical science course for non-

__majors._ An.approach usingcontemporary topics was:compared_to an approach
rising _standard topics. The -three dependenevariablesWere achievement of
subjeot Content, scientific attieUde,and-understanding-the nature of science
The data. analysis'showed no significant _difference between treatments. ,

.
_ . .

The-study used design features- intended-to control possible teacher_
effect. A treattentmonitorineinstrument used to-measure congruence between=
intended and actUartreatmentptoVed to a very useful feature, .It. showed'
on,a Sedond trial-of the experiment= that one of the,laboratOrY instructors
did not follow the intended treatment. This was valhable to the investigator
n the analysis-Of his data:for that trial.

=The 'investigator strongly retommendsthat such monitoring techniquesh be--

included in -this type of experimental designs.

1



SessionK3

EFFECT OF EXPERIENCE WITH INVES ATIVE BIOLOGY ON-COLLEGE-

STUDETS' VIEWS OFi ENTIFIC METHOD AND KNOWLEDGE

Margaret Wat an

Cornell University
Ithaca, New tork 14850

Thetraditional concept of science with its emphasis on procedure and its_
description of the nature of:scientific-knowledge as discovered, true and
unchanging,' ,forms the basis of most teaching about science,'scientific method,-
and scientific knowledge. This view, however, is inconsistent with what
scientists actually do'and with the fluid nature of =scientific knowledge: In
-philosophy of science in the last fifty. years-there has been a redefinition of

.

these traditional concepts-of scientific method and scientific knowledge_- _
resulting in an understanding of science that more accurately

-
reflects the

"real thing."
1.

Because this alternate-view about-knowledge is radically different from
-the traditional.the two views may-be used toform a scale for studying people's

_-.-notions of-scientif-ic-mettiod and scienific"knowledge and howthose- under-
standings change with experience with science._ In this study, college biology
-students' views (of the nature of scientificknowledge) and how they,come to
be are described.. A further goal was to detect any changes that'maY ocCur in
these views as a result of particiOatinn in a heavily investigative biology
laboratory course. A 32-item survey to assess students'yiews was devised,'
field tested,.and revised. The Items were written to reflect either tradi-
tional or reformulated views of science. The instrument consists of 12
statements on beliefs abodt knowledge and 20 statements an.theory formulation,
objectiVity 01 science, or_thenature_of_truth_in-science.

The survey-wailgiVen to aPprdkimately 550 students enrolled in the
biology course at the start= -of the course, And again at either.midsemester or

. at the end of one semester.. In addition, ,°a small group of, freshman college
.students,notenr011ed in the course were surveyed. This second- group was
a control against charigeS Li-views about knowledge that may -occur by virtue
of .being in college.

. The results .'of the study are presented in tiro ways: .(1)- as, patterns of-
responses observed in'subgroups `(detected by the technique of factoranalysis),
and (2) as responses,to the individual items..- Bedause-a self-pairecr.design
was used, detection of in response patterns and- individual item
responses was.posSible.

Initial observations from pilot studies, the prertest data, and from
formative Interviews indicate that at the start of the biology course students
views s-are diverse and reflect aspects of bpth traditional and reforMillated
views, of science. Comparison of= respgnses of Students at the begindin:k and
end of the same course suggest that sqme-studenis' notlons about scientific
method-and-knowledge-change-after-experience with-inVestlWatAve science. This
experience permits students' to develop notions about science that moKek
-accurately reflect the reality of science, its fallibility arid limitations.

.168
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Session-K-3- '

OPERATIONALDETERMINANTS FOR ACADEMIC PROMOTION

UNDERGRADUATE SCIENCE DEPARTMENTS

Gloria J. Dyer
Fairleigh Dickinson University --

Rutherford, New Jersery 07070

While teaching 'is: of utmost-concern to most institutions 1C

institutions differ in their teaching emphasis. Some institutions axe ore
heavily involved in research than others. In vie4---of this difference in,`,
emphasisit would seem logical thatjaculty prpmotional-criteria might be-

_weighted 'differently in different.inatitutionb. -The,- purpose of this study'was
to investigate-this_passinility-hy=determining-if similer-promotional,nriteria
were in Oierationin two separate institutions.

The Universities examined In this research were large and metropolitan,
one-state supported and one-private in another state.- The biology, chemistry,
geology,-and physics departments-of each were compared using the-following
criteria:- (1) weighted publications; (2) number of publications; C3) citation

grants, () student evaluations;-and-
unskilled variable). .

_ dblications were weighted by'using the "impact factor" reportedin
Science Citation Index. The publication count was made using bibliographies
which had been verified by faculty members in the sample. Citation counts
were made from Science-Citation andex. Grant,amoiints were from '

offi;ial school publications such as Annual Reviews. The universal question,
"How would you rate your instructor compared with other instructors?" was
taken-_fromstudent sponsored student evaluations-Age was ofitained-from-such
publications as American Men and_Women in science.

The sampleconsisted of 157 men and women who had been promoted in the_-
past ten years.. The criteria lwere studied for the five years prior'to each
promotion.

An analysis of variante by schools-and by ranks was-performed for each
criterion. There were significant differences between schools for all criteria
except, student eval6atilCs. Significant differences. between rank's occurred,
for publication evaluations, number ofpublications, and age. An interaction
between'schools and ranks occurred in publication evaluations and number of
putlications. While assistant professors in bpth schools began with
approximately equal pU'blicaElons there were large differences between the
senior ianks.at the state schoolwherefachlty published considerable more
than at the private school. There were significant diflerences in age
between ranks and between schools with the private school faculty being
iligfitly older.

0



A=high correlation ,93 was found between the- total number of
PUbliCirlons'and PublicatiOn eValUatfons. The more a-person publishes--

-=the,more prestigious the: journals he publishes in.
-

=-Student-evaluations differed-littIebetween-ranks indic ,.that-they
were--nat_factors in inpromotons. . Moreover,-_there:was-very_l 746difference_in
student evaluations between' schools with faculty generally receiving good
recommendations. There was no-significant correlation: between student,_

evaluation and- anyof the_other,criteria (publicatiOns.or-grants)-.:

The number of publications, the quality of 'journals, the citation count,
and the amount of,grants werenot-significantly different between ranks in the

sprivate school.-However, there -were large difference's between assistant and
associate ranks in all criteria.(except student evaluations) in the state
school. -In addition, full professora.publishdd more than .associates and were_-
cited-more-f re t 1 y

Thezdata show that-scholarly-productivity in the form ofpublications and,
.

grants is kdeterminent for academic,promotionfin ir4 state school-'while
criteria.dther than `those studied (quth,aa administrative-duties4and. service)
maybe operational in the private.sdhO01.

REFERENCE

Modmaw, W.--EFrectice and Problets:in-Evaluatrnginatruction Jlew:
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VALIDATION OF THE TEST OF INTEGRATED SCIENCE PROCESS -2SKILL

James 0 ey
Charles F. Po fer

University of Ge'orgia
Athens, Georgia 30602

ntroductd,on'

F. _Gerald Dillashay --

Bethany College
--Bithanyi West Virginia=

Although science process skill achievement is-an important part of
secondary school science programs, few,tests moist to measure these_ outcomes.
To meet this need, the Test of Integrated Process Skills (TIPS) was devnoned.
The TIPS test included assessment of five= components of process skill
achievement: identifying variables, operationally defining,statingi,
hYpottiesei, disigning inVestigations, and graphing-interpreting data Content
validity and reliability were - demonstrated in aprevious study.

The purpose.of this study.was to examine the concurrent validity and
factor sructure of the TIPS test.- Concurrent validity was a cO"ncern because
multiple-choice items' are, used to measure procesMkill achievement. Students
select hypotheses ,--variables ,--and-designs-on- the- :.test rathkr- than -generate
their own. Selecting respell-Ices -is' preferred becanae of the ease .in adminis-
tering' and scoring the teat. However,_gentrating, responses by students is the
ultimate s41, and-one nads to be sure that the easy way =to measure pei-for-`
mange= selecting) predicts the desired skill (genei-ating).

The factor structure of the TIPS test was important to-be sure _that it
4 assessed _process skill performance. Factor =.analysis can be used to demonstra e
whether a test-measures one or niore constructs.

Procedures

The construct validity portion of the study was conducted-with three
classes (N=59) of ninthgraders. The students first studied a two-week
instructional unit on the science process This was done toy' insure
'that a full range of Performanee levels would be evident.

For each outcome on the TIPS test, corresponding open response items
were developed7 same process skills were represented' on each test but the
centexts and the methods of responding were different.

The students vere divided into two7groups; each group cothpleted half ofthe TIPS items -and their open response counterpart;. The data from this group,therefore; consisted of respOnses to pairs of mnitiplesrchoice and open responseitems designed to test the` same, objectives

The factor analysis study .wag conducted with students in grades 7-l2'0,1656). The -large 'sample was selected to represent the range of socio-economic
levels and racial groups found in schools. The TIPS tests were administered

classroom teachers. The'data from this tryout consisted of responses to
the 36-item TIPS 'test by the 656 students. A principle components factor
analysis using the prcfmax rotation was done.

187



ReSults

Conarrent validity Was eatirnated= by correlating-- scores on the multiple
choice test' of Proceths skill ability with scores on the- open response test .
Two -.correlation_- coefficients _were ganerated because only half the items- were
completed -by any student -_The_ coegicients 3.1ere 0.859= and 0.763. The average

:correlation of student!s ability': to select and: generate process skill .

responses was therefore, about

The= factor. analysi4 of scorns -on-the five-TIPS subtests produced: a
--one-factor solution; Factor loadings of the five- subscales ranged from -0.68
to 0.,75

g

-The -concu rent:valldity-of-the--TIPS -test-est was' strongly supported in this 7
study. The easily administered and scored multiple-choice test is a strong
predictor, of performance in a situation where students have to generate theirown variables, operational definitions, hypotheses, designs, and raphs.--,

The factor analysis supports the conclusion that the TIPS test is a
cohaive measure of scien ocess _skill ability_ _ - - --..

i m..-



Sessicrt

DESIGNING4CLIKERT TYPE, SCA.T TO ASSESS' ATTITUDE- .

2
TOWARD- WWI: CONSERVATIpN

The. purpose -of'the'study±was-to.detign-a reliable and-valid instrument
tomeasure the attitudei_of teachers toward energyconSerVation;

Thomas R. Koballa,
The Pennsylvania State UniversitY-

,..Univetaity Park; PennsYlvania 16802
. _

A-single dimensfOndoes:-noteffectively-repreSent an_individua
It_isthe:expresSionof'perscinalpreferencesor:beliefs,

directional-rather than- neutral ..- -Attitudes e-'cpressing-a--persona1--prefrence
can he ,represented by-"I-rhelieve" statements as-indIuded by Zimbardo and
Ebbeaen (1969) as a--component ofthe,attitude.ConstrOdti Sherif,(1976):pointsL,
out that a=ttitude are also social in nature,_ drawing Significance'from--
'reference-groups and'personabla,nthers. Finally, attitudes have anaction
component-(ShrigleyandTrudblbod, 1979). Using this.. rationale, an instrument

j

attempting ta'measure teacher'S attitudes toward energy_
arouse affective responses to statements that-are (I) egotentrior-(2)-Ocial-

,

ceritric; and (3)"aotion7'centered-in nature*:,

IndeSigning the LIkert-tyPe scale-the following &els were setl
-

L.--k-short scale of 20-25 statementkrequiring only -10 -1 5 minutes to
administer;

A representative sampling of positiye andnegative :statemente;,-

3,- Statementsmeeting -the l3-triteria-developedby-Edwards_t1957);_.

4. Statements general enough that they might-be-used with-any..
special segment of the population;

Statements that had at least an item-total correlation coefficent
(adjusted) of .30 (a validity factor); and

A scale with, a coefficient alpha of at leas O.

( The present 22 item scale is the result of several generations of
administrating to preservice elementary teachers and submitting to Likert Item
Analysis. Most statements not reaching the item total'correlation coefficent
r- value. of .30 were either revised or dropped. The scale was kept relevant to
e psychological.object by referen0 to energy conservation in each statement.

*
Asa means of further validation of e attitude statements, the data

collected from 102 preservice elementary teachers were - subjected to a principle
componentA factor analysis as a means of categorizing items into subscales
that could be used to identify specific chaTacteriStics of respondent's
attitude toward energy conservation. A varimax rotation using the three factor
solution resulted iTi items loading on each of the three factors labeled
egocentric, sociocentric, and action-centered. Table I provides an example
statement from each of the three subscales, when combined constituting a 1
statement scale. TableII presents summary statistica,J inTormation.
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5- am: personally not in favor
of energy conservation. N

Adj = Item

Total, Correlation

Total. Subscales
Scale Combined

.01 .21 .62 .74

The need to conserve energy
does not pxist. N

The schools sholid tool up' .14 .13
etc .

to-"teac

practices of energy
=- -conservation. P

-.64

-.-- mean.

Standard Deviation

.02 6Z

.56

Table-

atiitical Information
(n1.02)
.

Total Scale SubscalesiCombined

81.77 60.17'

8.26 5.62 ,

Average Inter-Ite Correlation 47 0-8

.82Coefficient. Alpha

It is r c r ended-that-the-22-itatement-version-be-used as a single scale
or that a combination of the three subscales into single scale of 15
statements be used by the researcher as a shorter scale, and one testing the
three specific components of attitude illustrated in the-factor analydis.

Edwards, A. L. Teohini ilea of ScaleConstruc ion. New York:
Appleton-Centrury-Crofts, 1957.

. --
Sherif, C. V.% Orientation to Sotial-pay12gy. York-: and Row,

71976.-

5hrigley, R. L. and TruebloodYO.- R. "Designinga_Likert- -pe SOlato Assess_,
Attitude Toward, Metrication." Journal of Research in
1919', 16: 73-78.

p,, and Ebbesen E. BYInfluencipa Attitudes. and. Chan
Reading,' Mess.: Addison- Wesley Publishing Co 1969._

Science Teachin
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1.1TIL.-.ENGAGEMENT'IN LEARNING ACTIVITIES

_

Kenneth C. Tobin=-:-

University of Georgia
Athens, Georgia, 30602

This,session will-enahle participants to explore a rationale for using
engagement in learning as -a variablein studies of-ltassroom

ocesses. Engagement categories will be presented as a. means of partitioning,--
a iivity according to particular relevance to the desired outcomes, Activities
11 include-developing, a prelir4nary assessment system,-using an existing
`stem 2-to-gather-data,-using-a-model-to-plin-deta-Igathering

evaluating alternative analysis involving engagementda a.
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SessiOn

. .

A -STUDY OE'THE-..,PERCEPTUAL' RIENTATION OF COMMUNITY-COLLEGE -1-STUDENTS
TliEiR ATTITUDES towAp SCIENCE AS _-THEY RELATE TO-SCIENCE

,
=

---- ACHIEVEMENT-

-:- Lind414.- Crow MOrtha I. Piper,
HouSton CoMmunity_College Urtiversity,Sf Houston-
-- Honston,-TeXAS -77007 Houstar, Texas: _770Q4_

r,

ommunity Colleges serve a diversity -of students be of theae students
Continue their education in four-year institutions and select sciernee as

_their --career choice. M yckenne_andACeen-,(119-7-2):.--foudd----amOnvgraduate-busirress
majors that the perceptual

orientation-(field-dependence7independence) affected
whether students those careers involving analytical-skills suctt.as ,the maths
Matics and science or socially oriented Skills such as social -sciences. Segal
Campbell and HerskoVitd (1966) indicated that the -way students perceive--the

.world has a tremendous effect -on how thby do in any setting..: ,Recently,
Shrnansky and Yore (1980) have reported that students who arefifi'eld_-independeat

-achieve higher=_in' 'acien-ce when exposed to certain types. of discoverystrateglfes:0"
There .have else' been studies to indicate a relationship between attitudes and
science achievement. If these generalizations-zhold true it -is logical to
believe.eve that students who are field independent ch&ose,,Sc.kence as ,a na or a,nd
have positive attitudes toward science It would also follow,i then, that
bdth field independ6nce and positive attitudes affect science- achievement.

-Perceptual orientation. been Studied extensively with young students
(high" schoo) age and younger) . There are relatively few studies involving

...community_college_students-eVen-lthough,:students at community colleges a"re
required generally to take .

minimum of six hours Of science.
, As this Igrouprepresents a potential pool' of science majbrs-, it te begin, to explore

the characteristicS of "comMUnity college students enrolled in science'-classes.
The pdrposesiof this study is : to investigate the perceptual- crrientation andattitudes toward science of community "college students, and the relationshipof these characteristics toward science achievement.

s-
1. Students who are 'field independent .alsd have. a -posit ive:attitude toward.science when compared with students who are field dependent. _

Students who are field independent and-have a poSitive attidude tower
science arbieve signific-antleisigher on test scores than students who
are field dependent_

Methodology

The Ipopula tion_f thisstudy- are .7,--cornkriuni-ty---- college tuAnts-enirol Idin four freshman- .science course taught-lin a °traditional lecture mode. ,The''community college has open,admissions located in an urban metropolitan area..r
. A
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`written- exert'.

Instruments

Dur-ing the-Tsseme- er -each- student was .giVen-the.-GrouP=EMbe-dded Figures- Test
. .

et 1971):: and n-the' --inVentory _of Sdientific 'AttitUdes' .(Moore
Sutman, -1970) .r-ri encl'-:of, the ..seinester;each_jstudent7wasi_ given --a= final

-Group Embedded FiguresTest tkin, etWi al., 1971) as used to
, determine tie students' perceptual orientation..

The Inventory-_:of Scientific Attitudes (Moore and Sutman, 1970)
used to deterxil tne- the students' attitudes toriard-science...

E. I

A final exam_Was given and the grade used to assess the
; st6dents."----17-selence----aabievement.'

:Ana1ysis Data

was

o_

For hypothesis one a Pearson correlation will be used to analyze the -

data. A two way ANOVA will be-use& to analyzed the data for hypothesis two

Results

The resul these analysis will be d scussed during _the presentation.
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TRUMENT TO MEASURE SCIENTIFIC =ATTITUDES

= Carol Wareing
Tufts University

Medford, Maasachusetta -- 02155

_ =

The goals of science 'teaching here -historically 4centere)

'le-dge--Or_content, process skills, and attitude dvelopm

_ -
Since -Krathwohl et al. (1960 veloped- the taxonomy of the affective
ain attitudes and vilues regar ing learniag have received particular -_Y.

bout. scientific

enti on from edudators.

Arthur Combs (1971) .for example, emphaSiges the significance of -the
.

ective -dimension by stating that- any educational system ignoring affect is _

.in g itself absolutely, iheffective

Science is_ no-t- exempt, fram- this --premisdi-.------According to = Newton (1975
ater attention. from science educatnrs -to 'the perceptions of-.their- stodents
atiVe_ to stl-dnce--its teachings and[rnethodologies--is heeded.:' Ne further,
tends that estimations: of _such perceptions .are -more -often a matter- nf
nion..or judgement-based on attitudds thin an ert2Pirical givens.

Problema e erging in the identification and measurement of Su6h attitudes
to the pa ity of reliable -inStrt_mients (Kozlow and _Nay, 1976) however,
the author to undertake the fask of Constructing and validatihg a Likert-

e -scale for measuring so an'tif rattitudes of studentS _in grades four
ough twelve.

Both the Summated Rating Scale Suggestions. prOffered'hy'Likert_(1932)
Corey Scale Development Technique (Payne, 1974) were consulted for:.:
truction of the inventory.'

=

Content validity of the instrument wasdetermined according to the
judgments'of,a-nineteen-member p nel of scientists and science educAto The

. ,

imtrument draft, containing /9 teens ", was glot-tested.wit_ a target_ group
of .,204' YoUnsters while the final, instrument of 50 ;items wasj adRinistered to
1806 students in grades four through twelve, from various u ban and suburban

an

'ettings in the greater Boston area.
1

From the data collected in this survey, reliability w s assessed according
to Several. approaches including the Spearmarr room, liana an, and Gutman
SI plit-half correction formulas resulting in a iabilitY range from 0 91 to
0,941 indicating a clearly sa4sfactory and acceptable rel ability in compari-
sen to -similar instruments.
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Readability for the attitude_inventory was determined td, be at
approxima y=the-eighth alle.level overall according to calculations_

Fry's Read -lity
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ATTITUDE OF ERESERVICE'ELEMENTARY SCHOOL TEACHERS TOWARD

SCIENCE TEACHING: ANTECEDENTS AND RESPONSE TO FIELD EXPERIENCE

Joseph_C. Cotham
Indiana University

Bloomington, Indiana 47405

:Rationale And Ob'ectives =

= An important goal ofeleMen
.-.-dthf-PS-ii

i ence
. -aher-

education- -is- the -
velrentaOtVe -At =610ithscience andSCineeteach_ng. As

/ggested by St011be 4.teachers with neUtrai:or negative attitudes may :
_ _

-

avoid teaching Tend may pass their negative-attitudes -along to their-_-_. _

studentsi
...

fishing relationships, between attitudes and potential antecedents
rovide a basis .for effective_modification_of_ these_ attitudes in =

ruction for preservice science teachers. Shrigley (1974) investigated four
potentially significant Antecedents to science and science teaching attitudes.
They were:

1. Effect t-of sex differenc

2. Effect of male elementary science teachers;

. Effect 61 organized and incidental elementary s ience programs;, and
4. Effect of the number of high school science courses.

In the sample studied-by Shrigley only the effect of the number of high s hool
6Eience courses and the effect of organiz6d elementai);.science programs
significantly influenced attitude about science and science teaching. The first
purpose of this research was to replicate and extend Shrigley:s study of

.potentially significant antecedents to attitudes about science and science
teaching. In addition to the variables studied by Shrigley, the effect -of _"
activity-oriented elelentary science instruction was investigated-

Substantial educational wdA has been done with preservice 5 ers -to
thane thei' attitudes toward science and science-teaching thralig modification =.

of science!inethodis coUrses (DeVito and Nordland, 1974; Thotpt:bn and Thompson,
1975, and Sunal, 1980). Field experience has increasinglyibedome a part of
ProfesSional programs, and its effect on teacher educatW outcomes is, there-
fore, of, considerable interest. SUnal studied the effa6i of field experience
on a variety of,pteservice teacher variables includtng attitude. 'A second
purpose of this study was to contribute to research on.the effect of science
teaching field experience on preservfce eletentary school teachers' attitudes
about science and science teaching.

-----1.2AKJIL-21t21111-12df=and'ResUlts
F

Subjects for this -study were 9,4 preserVIce elementary teachers drawn from
wo elementary science methods courses, S7"tradltional",course. with a small
field experience component` and a recently implemented course that incorporates
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,

a major-ft= --eriente=e4hasii eys il _Igpda,!Apti. 40, Sca .,
= ,,

.91) =was a-,AliliniSteK04.-;as1----a--_pre testi an'e;p0Stist to 154th :g 8Up s : '

ins 'Et-tic tor-generated -batkiround, questionnaixe -was,- als'edr==lto _ gather -da t-a. -f r
, .

= . d

,'parFi6Tafiti: in =. the study: On 3.tbe '_,:r poteT.It -at . u inat ant -6eder, Es'-' Unde
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, L- , -, _ . .

Analysis_o f _coveriAnce : with ,,two-_1eArplo _1- expnrlahce An pretes t=,-a
covaria tel.' _ The results: of thes-enalYSes-"-,w1-1-1: be 'discussed, - including,:;-

HpciSible river -ThypdtheSes, and the _educational-. imPlithittonSANekUlts,
-- _

, , 4 - ,
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E- EFFECTS OF A:MO&FIED MASTERY LEARNING STRATEGY -ON IACHIEVENE

_ATTITUDES,- AND ON-TASK BEHAVIOR OF: HIGH i_SG1-100i,'6}iviirty STUDENTS
_

T. Gerald Dillashaw = James R. -Okey
71

Beth41-iirCollege ity of GeorgiUnivers
Bethany, - West' Virginia 26032 Athens, Georgia 30602

rPur oset0b-ective
Hs _

.,-...--_-Research,;,has-ahown_4-that-Bidore-s=41(-197-1-)-=,mastery_-:learn
used to improve ,achievement, Mastery learning is characterized ht==frequent
diagnosis I of 'learner! difficulties, with remediation._based on rhe result Of

' ,diagnostic 'quizzes =- The dycle® of diagnosis- remediation is repeated until
students Master Ginstruction. Remediation exercises may be stleeifiediby-
teachers or selected by stUdents.

Hgwever, , the-logistics-J=6f operating a -full-fledged mastery-le ruing
strategy may deter teachers from doing so in spite of documented ol-iieve

gains/ In this. study, mastery learning was modified to limit diagnosis' an
reMediation to two cycles. The -study explored the effects of this limited-
-diaghosis-remeddation strategy on achievement, attitude d; and on-task behavioa:
of high sChool chemistry students. A growing body of research indicated that
6n-t skAehavibr (i.e.,' the time students actual* spend d-learning) is highly
dor ated with achievement.

6-perSonaiVariables, -locus of contrOl= and-aptitude warealso--Studied
14:_inVestigation to _determine _thelr_ relationship to _achievement , _ _

attitudes, and on-task behavior. Re earth shows that aptitude and locus of
control may moderate- student outcomes in different instruceiohal settings.

,Procedure

T 6 treatment groups ware included in the study: (1) a contrast group
diagnostic-remediation' procedures); (2) a student-managed remediation

sup -(students selected their own remediation following diagnosis) ; and (3)

a teacher managed remediation group (teachers assigned remediation based on
diagnostic test results). Three first-year high sChool. chemistry classes were
randomly assigned to each of the three treatment levels. A total of 156-
stUdents in the dine classes mere stratified on three'-aptitude 'levels (high,
average, and low) and two locus of control levels-(internal and external).
The treatment lasted for045 instructional days . Three cOgn t lye _ achievement
measures, an attitude quesitonnaire, and an on-task observation instrument
were used to test hypotheses.

Ft-e' its

The effect dille to treatment was consistently significant,,across the!three
cognitive achievement- measures and the on-task measure. The modified mastery
groups, signifivently outscored the contrast grhop on all achijiement measures.
No significant differences due to treatment were noted for the attitude

_ _
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measures and. no significant main effects due = to locus of-control were fortd-.
. main--effect due_ to aptitude was. noted for on-task behavior:

the low. aptitude -students exhibited higher on-tadk_behavior than average,-
Students. Trend analysis- indiCated that rhe mastery_ learning groups inc eased
on-task behavior-_- over.time compared to the contrast group.

Conclusions
=

To be able to link teaching strategies with student' outcomes- is impo'rtant.
Results from this study show that the modified mastery learning strategy
influenced on-task behavior and acilievement. Ttiese results indicate that

'high-school chemistry teachers may ducdessfully employ such a strategy to
behavior and-achiiiiement. The lackf significagt

differences between the two experimental groups suggeSts that assigned
emediation may not be necessary to.bring about achievement gains; simply

having --renediati.en available for students to use on their Qum may be stiff i lent.
As the study progressed, the on-task behavior of the exparimental-groups
increasd while that of the contrast group decreased. This finding of
in*creased On-ta.sk _behavior_ associated_with mastery -learning_-is-especially ,

notewOifh
4

loom; Hastings, 3. T. and' Maciads, 'G. F. Handbook on formative and
Sinzmative EvalnationSf Student LealiiIral .New York: McGraw4lill -Book
CoMpany; 1971.

183



THE.-EFFEOT8,20F:PROBLE-1-SOLVING,TRAINING4N.SCIENCEUpON UTILIZATION "OF

-PROBLEM SOLVING SKILLS III:SCIE4OE-AND SOCIAL STUDIES

Ter Shaw
Kanses,Atate University

Manhata'n, Kansaus' 66506

Ob'ectives and'Purpose:

This=-studyr=ii-conterned,==with4determining--6=t-effectof-n=process4.priegted--
oience curriculumpon. the ability of:sikth-grade,students to utilize.the
process skills-of_clntrolling variables, forming htheSe , interpreting-data,

.
ypo

and defining;operationally, For the-purpose of this study-these four` process
skills were-defined as'problem-solving skills. Other areas investigated
included (l) detepaining if.problemsolving ability learned in stience will.
trans fir to social ,studies; and (2) testing models ,concerning problem solving
skiffs in order to determine if there is evince for a hierarchy'of problem:

lying skills.

Methodology

'Subjects were randomly assigned to treatment and control groups in this
study. The 'treatment Consisted of twenty-four weeks of activities from
Sciente...A Process Approach (SAPA II). The control group participated in
investigator-designed process-oriented activities covering the sail& subject
matter-area-and-incorporating-the same amount of hands-on aZtiviti4s as the
treatment group. At the end Of' the twenty-four weeks, two investigator-
designed, process-oriented instruments were administered, one fn science
and one in'social'studies'content area.

Results and Conclusions

A't-test was employed to'test fpr differences between the mean score of
the control-and treatment groups on-the science -and the social studies
instruments. The treatment group scored significhntly higher on the problem
solving skills porti&I of both the science and social studies instruments
indicating that problem solving skills can be taught by the process-oriented
science curriculum and that these processes will transfer to 'sores studies
content.. NO-significant difference was found between the two groups on either
instrument for the basic proZesses, with'one exception. The treatment group
scored Significantly higher t6anthe control group for the process of classi-
fying-on the social studies instrument, but not on the -fence instrument.
Evidence was found to support the hierarchy model of proc-ess skills, strongly
suggesting that mastery of the basic skills is a prerequisite to proficiency
in-theproblem-solving-skills..
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ession L-2

:,_STRATEGIES USED:BYrHIGH SCHOOL -STUDENTS,WHEN-SOLV

James Stewart
University of Wisconsin

Madison, -Wisconsin 51706

The study. to be reported during this.presentation was-oinaartakel- i-using

the concepti ons and data gathering techniques of cognitive (information
processing)ipsvchology. Individuals in this field, beginning with the work
of Newell and Sion have(197 he ma major advances in the study-of human

,
m

problem solving.,

The f011owingquestioh was addressed in this .stUdy:

How does the conceptual knowledge of genefics-possessed,bY high school
.

biology 'students influence-the strategies they= use when solving three types-,
of genetics problems? .A case study approach was used in which students were
asked to "think aliiud" as they- solved fhe problems.

The findingS indicated that:.

Even though most studentaeould solve most problets,:many were doing.
so in,,a non-Meaningful.fashion,e.g,-they were applyingan algorithm
without connecting the algorithm to genetics-concepflons.'

The uge of alegbraic,'rather than Punnett square method .for solving
problems apparently interfered with students connecting whaf they
were doing to meiosis.

--The s' nificance of-these-and other related findings stem-from-the'vasf
number of students who recetie genetics instruction and from the central role
that genetics has in modern biology. The knowledge gained could. be,used to '

alter instruction so that meaningful problem-solving in genetics may` -`be
enhanced.

REFERENCE.-
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THE CRISIS IN SCIENCE .EDUCATION-

oseph-Lipson _

Hobert Waison-
Rita W. ftterson

Kathleen 14. Fisher
NitiOnaI Science Foundation

Washington; D.C. 20550:,z

The' purpose of this symposioni is to -dismiss the current status of .

research int:science:education within a conrext of th- national and interne-.

_ , .

-.1.-tional needs in science education.

There are a variety of social indicatorS.that indicate a-gradually-, Sin
=

contern.with.the.state of sience education. =These inClude the following:, _
=-

Comparisons with-other.countries such as Japan, West
Cermany,'and Russia. attracted increasing media and
goVernment,attention.-

Tata regarding the state of students'Anowledge and!skilf
In'science, mat and. technology at all, levels,has given
rise: to concern-both on an-absolute basis (i.e.,-things that
most students should know and don'=t} and on the'baSis,of
comparision between groups (e.g., blacks. whites-, women

' men,-etd). Data-include-results-from-the-National
Assessment of Educational Progtess, SAAnd_other.studies
(e.g., Armed Forces studies).

Evidence from recruitment and training of people for skilled .

positions involving science and_technology reveals a serious
and growing problem,'

4. The general public response to technological change suggests
Ihe.need for .greater understanding of science,- its methods,
and limitations.

Imbalances in the percentages of women and minority members
in various academic programs and it-OscientifiC and techno-
logicalsCareers'suggests a failure of the science education
system (which-may also link to conditions beyond the =Science
education system).

Any attempt to engage in massive action programs withodt a deeper understanding
of the jfactorS involved is liable to be counterproductive. The kind of research
needed to contribute to` the long-range solution of the condition will be briefly
discussed.

The RISE Program, Research in ScienceEducation,t the NatidnalScience,
Foundation supports fundamental research about' learning and teaching of science
and mathematics. Recently i.t has focused especially on theoretical and
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empiri l = =r a arch d Alin with: ( ) factory that may influence
learning,:Of'science 'and mathematics during adolescence; (2)factors that

affect the participation of women, minorities, the-gifted,:and the/physically_
handicapped in sciance-related.Activities; (3) the:way the new educational
technologies, - affect -cognitive deVelopmenE in science; (4) science literacy and

,

the interface, be-Ween ~science and society; and (5) the relationship between
learning prec ses and the structure of scientific and mathematical knoylddge.

-.=

s presentatiod will describe the major directions taken hv RISES=--

suppo tedresearcharSduring the past-year',-identify some,interesting gaps=
in .the field oLretegCh currently--underway; and suggeat,some=promisirig

-:aVenues for future research.
=

, .

. ,

Finally,'following this.introduction to the National Science Foundation
and its_mission, majovi funding units will be identified, with Special
reference to the program,of = the Diiectorate for Science Education. Current

and future bUdget projections will be-given,
---

. .

--.10:1--regular-lrant-proposals_to_the,NationaL_Science-Foundation_mdsi be
-giVen revieW and _evaluation by knotaledgeable related to the proposed-

actiVitiest; The staff will distdss-the.vario4s mechanisms used'to review
pr.oPosals, and explain how finai=decision-S-_regarding-sUPP6rtare reached
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_

AND FO_

ETWEEN CIE GE- PROCESS SKILL
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Michael Pa4ill
Tames R. 1Dkey

iUni versty of-Georgia
Athens, Georea 3b602 -

urpose/Objective=- .

.

..._.

The science process skills have- been a prominakr.part o science
-curricula for some years. Emphagis on they integratedprogess skills-'(hypo-
thesizing,' identifying-and caatr011ing -variables, defining operation4ly, -

interpreting data, and_ experimenting) is seen in such Programs as ISCS;rBSCS,
and CHEM Study Developing more Acently._has been en,interest in forMil
operatiohal 'thinking,abilities-(identitying-and controlling-variakeS,
correlation al thinking, combinatorial logic, and prOportional logic) as
described-'b Piaget. _,.

.

.

-,

A logical-relationhiP ,tween,p.rOcest-skill and formal operational- -
ebi,lities seems reasonable.. The'integrated process skills are involved when -

copthictin

:1

eXperiments--one-must formulate a hypothesii, design theexperiment,'
and make eneralliations after- collecting the data. The-ability. ,tO identi y
and control variables as described by Pia et involve Precisely the same steps

'-' in-Problem solving. -Othei-similarities exist, foreSEample; experiments :in
. /

.

science/classes mayinvolve p'roportional reasoninwor correlational thinking
in data interpretation. Despite strongSimilarities between process skill and

a logical thinking abilities little research 4as beep done to investigate this
trelationship.

.

The purpose of this study:was to examine-Integrated prbeess ski 1 and
thinkingabilities'of middle and high school students ands.determine the

relationship, if any, between the two.

rocedures

Middle and senior high students completed two tests. The. Test of
Integrated Proceis Skills (TIPS) provided a measure of their integrated science
process skill ability and the Test of Logical Thinking (TOLT) provided scores
on the students' logical thinking skills. The instruments had been especially
developed to assess process skill and logical tJ-iinking ability and Ifdd,
previously been shown to'be valid and reliable.

Approximately 80 students were se1ectedfromeachgrade4eveljrom=grade
----SeVen-throtkelve-(N-492)'. Siudents;were carefully chosen to provide the

fdilrangeofab.ilitylevels.StudentscempleredthetwomeasUres in af,group
setting (administered by thei eachers) On two consecutive days.



Each of the two tests was-analyzed to provide five subtest and total test
scores. :The scores (six.for each instrument)'were correlated to examine uL

relationships between bread measures ik-Thof process skill and logical tbirg
ability (total test-svores) and facets%of-veach ability (subtest cores). Test
rellabilities were, used to correciall carrelatioris for attenuation.
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significantly. Control males and experimental males differed from control

females and experimental females. All differences favored the experimental

. group, _especially- the males.

SignifiCAUL dirt were falwd Ill Lti.; uoc Or ,,AkAcit 1C1a Ut
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The children proceede through fhe investigations in a series of steps

including:

1. Reporting of p_reiinary results;
2. Stating and just ,ying an hypotnc,6,
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The correct interpretation of the BIC and CON statements correlated with
physics achievement by factors of .31 and .39 respectively. This relationship
assumes additional meaning when the number of inferred Instances 'Correctly
interpreted are plotted against grade . At the C grade point there is a
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