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ABSTRACT

The Program for Research in Teaching and Learning of
the National Science Foundation (NSF) .uapports basic and applied
research on what NSF considers to be the most significant factors
that underlie effective teaching and learning in science and
irithematics at all levels. This document provides descriptions of
projects funded during fiscal years 1984-86. Projects include: (1)
teaching and learning in specific subject areas (chemistry, physics,
mathematics, biology, computer science, etc.); (2) the early
development of reasoning and understanding, and the processes by
vhich students learn to solve problems in logic, mathematics, science
and technology; (3) the acquisition of knowledge and its
representation in specific areas of science and mathematics; (4)
factors that influence the quality and effectiveness of instruction
in science and mathematics and the participation and achievement of
students at various ages; and (5) factors that are influential in the
development and maintenance of interest, including early development
of motivation and talent in science, mathematics and technology. The
types of research projccts likely to be funded in fiscal year 1987
ar: also presented. (TW)
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The Foundation welcomes proposals on behalf of all qualified scientists and engineers. and
strongly encourages women and minorities to compete fully in the programs described in this document.

In accordance with Federal statates and regulattons and NSF policies, no person on grounds of
race. color. age. sex. national origin. or physical hindicap shall be excluded from participation 1n,
denied the benefits of. or be subject to discrimmation znder any program or activity recerving hnancial
assistance from the National Science Foundation.

Catalog of Federal Domestic Assistance Number 47,067, Matenals Development. Research and
Informal Science Education.

NSF has TDD (Telephonic Device for the Deaf) capability which enables mdividuals with hearing
imparrment to communicate with the Division of Personnel and Managenient for informaticn relating to
NSF programs. employment. or general information. This number 18 (202) 357-7492.

The Foundation provides awards for resecrch in the sciences and engineering The awardee 1s
wholly responsible for the conduct of such rescarch and preparation of the results for publication. The
Foundation. therefore. does not assume responsibility for such findings or their iterpretation

COVER: RESEARCH TO UNDERSTAND THE DEVELOPMENT OF CHILDREN'S INTEREST IN SCIENCE
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Research In Teaching and Learning

“The Nation that dramatically and boldly led the
world into the age of technology is failing to provide
its own children with the intellectual teols needed
for the 21st century.”

Educanng Americans for the 21st Century
The Report of the NSB Conmussion,
September 1983

The NSB Commission Report emphasized that “carly and sub-
stantial exposure to mathematical and scientific concepts and
processes 1s critical to later achievement™ and “essential to truly
equal opportunity and continuing study in these ficlds.”™ The
report further urged that this be made a high priority for all the
Nation’s youth. If the Nation is to achieve these goals, we need
1o know what have becen. and what are, the barniers to eftective
teaching and learning. We need to investigate and understand
these barriers at the individual . family. institutional and societal
levels. We need to use this knowledge tn the design of more
effective educational programs. The Program for Research in
Teaching and Learning is one small instrumentality for creating
the knowledge that will assist in this process.

The program supports basic and applied rescarch on the most
significant factors that underlic effective teaching and learning
at all levels. This includes improved knowledge of how interest
and motivation develop 1n science and mathematics. of how
students learn complex concepts in science and mathematics, of
how they learn to apply these concepts effectively in real prob-
lem solving situations and 1n making personal decisions, and of
e factors that are most influential in governing their participa-
tion and performance in school science and mathematics
courses.

Scope of the Program in 1985 and 1986

During the past two years the program has included support for
rescarch in such areas as:

® tcaching and learmng in specific subject arcas (chemistry,
physics. mathematics. biology. computer science, etc. ),

® the early development of reasoning and understanding. and
the processes by which students learn to solve problems in
logic. mathematics. science and technology:

@ the acquisiion of knowledge and its representation 1n
specific arcas of science and mathematics:

® factors that influence the quahty and effectiveness of n-
struction 1n science and mathematics and the participation
and achievement of students at various ages,

® factors that are infiuential in the development and main-
taining of interest, ncluding early development of motiva-
tion and talent, 1n science. mathematics. and technology.
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Characteristics of the Program

Several projects funded in 1985 and 1986 focus on understand-
ing the early development of children’s problem-solving abil-
itics in mathematics and science and will attempt to understand
the influence of pre-established misconceptions on the problem-
solving process. Some projects also seek to identify teaching
strategies that are effective in developing problem- solving
ability and examine teacher cogmtion, including beliefs about
the nature of the subject and the nature of the young learner. An
important feature of these projects is the collaboration of subject
matter experts (mathematicians and scientists) with researchers
from the behavioral and social sciences and education. Many of
these research projects include direct linkages to the develop-
ment of nstructional matenials for students and teachers and to
the design of informal science education programs.

1985 and 1986 Awards

The research program made 22 awards from FY 1985 funds.
totalling $3.0 nulhon. The pr _ram considered 130 proposals
requesting $37.0 mulhion. The original allocation for the re-
search program was $2.0 million: because several of the projects
had components significant to other programs in the Division
they were jointly funded. bringing the total to $3.0 million.

In 1986. the research program considered 70 proposals and
made 16 new awards. totalling $1.9 milhon, another $0.8 nnl-
lion was devoted to coninming awards, bringing the program’s
total to $2.7 nulhon.

Representative projects

® A project at the University of Michigan is investigating
individual and sitwational factors that promote high
motivation and achicvement 1n 4th and Sth grade science
students.

® The Umversity of Wisconsin seeks to develop a detailed
picture of first grade teachers” beliefs and cognitive pro-
cesses. the relationships oi these to nstructional behavior,
and the resulting effeets on children's learning of mathe-
matics. The results will be used as the basis for instruc-
tional matenal for teacners.

® The Johns Hopkins University is conducting a longitudinal
study of 7th graders who exhibit exceptional reasoning
ability in mathematies . The study will examine the educa-
tional, fanuly background and personality characteristics
of these students 1n order to develop better ways to predict
and cultivate igh achievement 1n mathematics and
seience.

® The Umiversity of Massachusetts - working through a
coalition of university rescarchers and high school physics
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teachers — will investigate instructional strategies that are
effective in overcoming difficultics mn learning critical
concepts of physics.

® A National Academy of Sciences project will examine
strategic policies and will design Academy activities in-
tended to increase the involvement of scientists. mathe-
maticians and engineers in rescarch on the learning and
teaching in their subject matter arcas.

Current Funds and Emphasis

The program plans to award appreximately $3.5 millton 1n 1987
for new projects and for sustaining continuiny, projects.

To have a meaningful impact, these limited re ources must be
focused on problems of science education that offer the greatest
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THE INFLUENCE OF DOING SCIENCE ACTIVITIES ON YOUNG CHILDREN'S THINKING

progress and cost-effectiveness. For this reason, the program
continvally tries to identify the arcos of promise and
significance.

At this time. 1or example, we have a particular nterest in the
relationships between teachers’ subject nnowledge and compe-
tence and therr performance 1n the classroom. Clearly, this
relationship has great importance to 1ssues of teacher prepara-
tion, classroom materials and the links to 1n-service traini;g. We
believe that this 15 a case where comparatively modest invest-
ment could have major impact on the long-term quality of
scierce education.

Another important area concerns the effects and significance of
direct experience in the learning process. Both n and out of
school, our experiences set an important cognitive and affective

)
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bachground. Yetthere is inadequate understanding of how expe- behavioral sciences rescarch programs. and it s always advisa-
riences are internalized and ncorporated 1n more traditional ble to explore potential proposal 1deas through discussion or g
learning processes. For example, how does coupling first hand fetter-of-1nquiry to the program staff.

observations with reflective dialogue affect the interest and

engagement of teachers and students and what are the effects on Raymond J: Hannapel

cognitive development? The significance of understanding such Program Director

questions to carly hands-on activities in mathematics and sci-
ence, to later laboratory courses, to rescarch participation. and
to issues of participation and performance by women. nunorities

Susan C. MacAdam
Program Secretary

and the handicapped. could be substantial. Rescarch in Teaching and Learning
- . Progr:

We strongly urge proposers to develop and test staff reactions to rogram

a preliminary proposal before undertaking the effort and invest- National Science Foundation

ment of a formal proposal. More generalized research questions Washington, DC 20550

are often more appropriately addressed by the Foundations (202) 357-7071

RESEARCH ON TEACHER KNOWLEDQGE AND THE TEACHING OF MATHEMATICS

ERIC

Aruitoxt provided by Eic:




RESEARCH IN TEACHING AND LEARNING PROGRAM

FY 1984 Awards

MDR 8318629

FY 84 $109.453 (RTL)
$328.361 (IS)

(36 mos)

John R. Anderson
CARNEGIE MELLON
UNIVERSITY
Psychology Department
Schenley Park
Pittsburgh. PA 15213

“Structures for Plan-based Tutoring: Applications to
Geometry”

The purpose of this study is to develop a theory of student
problem-solving it a formal domain such as geometry and to
develop an automated tutoring system to heip students acquire
problem-solving skills. The study is designed to test ACT, a

general theory of skill acquisition. and to establish a set of

guidelines for constructing automated tutoring systems.

An exphceit simulation of how students use and refine their
knowledge of geometry through problem-solving. specifically
thecorem proving, will be developed and tested. Protocols will be
gathered from high school students doing proofs in an automated
theorem-proving environment. Models of students’ knowledge
will be constructed based on their performance. Changes n
these student models will then be used to measure the students”
learning. The current development of an intelligent computer-
assisted nstructional system for tutoring students in geometry
theorem-proving will continue. Instructional strategies based on
student performance and the learning theory will be tested.

The outcome of this research will be: (a) a better understanding
of how skills are acquired and organized. (b) a detailed model of
the nformation processing involved in geometry. (c) a pro-
cedure for applying theories of learning to the design of tutorial
programs: and (d) a clearer idea of the issues nvolved in
ntelligent computer-assisted instruction.

MDR 8470173

FY 84 $114.296 (AAT)
$342.203 (RTL)

(30 mos)

James T. Fey

UNIVERSITY OF MARYLAND
Department of Mathematics
College Park, MD 20742

“Effects of Computer-Based Curricula in School
Algebra”

The numeric. symbolic, and graplic information processing
capabilitics of computers are now widely available as tools for
mathematical problem-solving. Thus. it 1s essential to re-exams-
ne the content and orgamzation of traditional school mathe-
matics courses 50 that they refiect the new reahties of what
students can and should learn. The proposed research focuses on

ERIC
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the tmpact of computing n algebra and ws imphcations for
change in the secondary school curriculum. A series of expert-
mental curriculum modules will be developed. tested in algebra
classes, and carefully evaluated to determine feasibility of cur-
ricula which use computers as basic tools to: (1) develop stu-
dents’ understanding of algebra concept and heir ability to solve
problems requiring algebra before they master conventional
manipulative skills. (2) make the concept of function a central
orgamzng theme for theory. problem-solving and techrique in
algebra.

MDR 8470077
FY 84 $71£.325
24 mos)

Tnomas R. Post

Department of Curriculum and
Instruction

UNIVERSITY OF MINNESOTAA

Peik Hall

Minneapolis, MN 55455

Co-Pls:

Merlyn J Behr

NORTHERN ILLINOIS
UNIVERSITY

DeKalb, IL 60115

Richard Lesh
WICAT
Orem. UT 84057

“The Role of Rational Number Concepts in the
Development of Propciti_nal Reasoning Skills”

This project will exanune the rational number related processes
and skills used by juntor lagh students as they develop the ability
to reason proportionally. It builds directly upon a productive
program of collaborative research involving these investigators
begun tn 1979 with the Rational Number Project and will
continge to deveiop a theoretical model that addresses represen-
tational modes of mathematical concepts. This multi-site project
will develop and test both instructional and evaluative maierials.,
some of which will be microcomputer based. These materials
will be used as a basts for teacher tramning and also for a sertes of
large group (ecxperimental) and small group (clintcal)
investigations

Specifically. this project will

1. Id. nufy cogmitive and knowledge relationships between
rattonal number understanding and proportional reason-
Ing tasks.

7
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Develop instructional and evaluation materials for this
investigation, and adapt segments of these matenals to the
microcomputer

3 Conduct teacher education sesstons about the 1ssues con-
cerning children’s proportional reasoning ability and the
usc of project materials for research information

4. Conduct teaching cxpertments with small group and cx-
penimental studies with classroom size groups to invest-
gate effects of knowledge of specific identified rational
number concepts on children’s ability to acquire propor-
tronal rcasoning ability.

The project addresses an important conceptual area; the attain-
ment of proportional reasoning ability 1s a critical prerequisite to
further study of mathematics, science and engineering and to the
basic understanding of scientific phenomena.

Lillian C McDermott
Co-PI:

MDR 8470081
FY 84 $820.320

Emily van Zee
Department of Physics
UNIVERSITY OF
WASHINGTON
Scattle. WA 98195
206/543-8692

“Applying the Results of Physics Education
Research to Teacher Preparation: Development of
Instructional Materials and a Model Program”

In order to muke scientific concepts meantngful to precollzge
students, the teacher needs to have a solid grasp of the underly-
1ng conceptual structure of physics as well as the reasoning that
has led to the building of this structure. Typical courses taken in
college phiysics and engineering departments do not emphasize
this qualitative understanding Involvement of teachers 1n the
development of the new materials is an essential element of the
plan

This preject will develop instructional matenals for precollege
teachers that incorporate findings from research on the learning
of seience and mathematics Specific conceptual and reasoning
difficulties encountered tn the study of physics will be addressed
by developirg three in-depth modules covertng mechanics.,
clectricity and magnetism. and optics. A mode! teacher educa-
tion program will also be developed to demonstrate ways in

which science departments can help improve the ability of

precollege teachers to tcach science.

6
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The Physics Education Group 1n the Department of Physics at
the University of Washington has already had considerable
eaperience in developing cutricuia base on rescarch into student
conceptual difficutties. They are widely recognized for their
past contributions of very high quality materials for science
cducation.

Thomas L. Hilton

EDUCATIONAL TESTING
SERVICE

Princeton, NJ 08541

609/921-9000 x 5784

MDR 8409199

FY 84 $67.980

(12 mos)

Funded jointly with
BNS. Sociology
Program

“Precollege Origins of Careers in Science and
Engineering”

As the National Science Board Commission on Precollege Edu-
cation 1n Mathematics. Science. and Technology stated in a
recent report, " far too many emerge from the Nation's clemen-
tary and secondary schools with inadequate grounding in mathe-
matics, science and technology.™ A key to understanding this
serious national problem 15 to discover what influences high
school students to choose careers in science and engineering.
The choosing of science and mathematics can have a profound
effect on subsequent determinants of choosing science and
engineering careers by means of a statistical analysis of a large
and detarled data base on high schools and high school students.

The High School and Beyond (HS&B) survey is a national
longitudinal study of high school sophomores and seniors of
1980. which was sponsored by the National Center for Educa-
tion Statistics  Approximately 30.000 high school sophomores
completed a long juestionnaire 1 1980 and then a second
questionnaire 1n 1982, At each time a short battery of cogmtive
tests Wus given and, after graduation, transcripts of the high
school records of one-half the sample members were obtained
and added to the HS&B data set. This data set 1s unasual 10 its
national representativeness and its inclusion of data regarding
high schools, teachers. student atitudes., student abihties. and
the actual formal record of courses taken and grades received.

The HS&B data will be used to test specific research hypotheses
derived from carcer development literature and from 1ntensive
additional interviews to be conducted with a small sample of
current igh schoolers  In particular, the effect of enrolling 1n
certain subjects and of success or failure 1 these subjects on
changes in career choice from the sophomore to senior year will
be tested. The ditferential eftects for males and females and for
members of cthnic minonty groups will also be examined.
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MDR 8470387
FY 85 $143.011
(12 months)

FY 86 $166.567

Canulla P. Benbow
Department of Psychology
IOWA STATE UNIVERSITY
Ames, 1A 50011
515/294-1742

“A Longitudinal Study cf the Educational Patterns of
High Achievers in the iciences”

The Johns Hopkins Study of Mathematicaily Precocious Youth
(SMPY) has identified roughly 10,000 preadolescent boys and
gurls (mostly 7th-graders) who reason exceptionally well mathe-
matically, and have an exceptional potential for high achieve-
ment 1n mathematics and sciences. Since its inittation i 1971,
the study has conducted a wide range of tutoring. counscling
and other activities that help students to realize this potential.

In the current research, factors associated with becoming high
academic achievers by the end of college will be identfied.
SMPY has cxtenstve questionnaires completed by these stu-
dents at age 12, when they had just entered college, and (in
progress) a year past expected college graduation. The siudy
will document the educational, fanmhal background. and per-
sonality charactenistics of these mathematically talented stu-
dents. Vanables that predict high academic achievement will be
used to construct a quantitative model for achievement in mathe-
matics and sciences, and the effects of the chosen variables on
mathematics and science achievement will zlso be studied.
Possible explanations for and consequences of dramatic sex
differences that have been observed will also be investigated.

Phyllis C. Blumenfcld
Department of Education
UNIVERSITY OF MICHICAN
Ann Arbor. MI 48109
313/763-6101

Co-P1.

Judith L. Mcece

Department of Education

UNIVERSITY OF NORTH
CAROLINA-CHAPEL, HILL

Chapel Hill, NC 27514

MDR 8550437
FY 85 $109.622
FY 86 $ 35.339
(12 month»)

“Mastery Orientatior: Toward Learning Science in
Elementary Schools”

This study will examine the effects of tasks, teacher behavior
and individual characteristics on students” motivation 10 master
cognitively complex science matertal. The Principal inves-
tigators plan to:

® sclect 10 well-managed 4th and Sth grade classrooms
taught by expenienced science teachers,

e identify children with different orientation toward
achicvement.

® sclect three science units which require critical thinking
but where the tasks vary m their format and social
orgamzation,

® observe and detatl teacher and student behavior during
these umits,

® survey and nterview children following obscrvations to
explore their pereeptions of task deman &, expectations for
performance. lcarming strategies. and understanding of the
lesson.

The data from student interviews, teacher questionnaires, and
JJassroom observations will be used to characterize the learning
orientation of students. The rescarch design will allow a com-
parison of the reactions of individual students. both within a
classroom and o similar tashs across classrooms  In this man-
ner. the investigators plan to identify the individual and situa-
tional factors that promote development of a mastery orientation
toward science learning.

The results will be dissenunated through packaged materials,
workshops and conference presentations given at local. regional
and national levels.

MDR 8470579
FY 85 $314.379
(36 months)

John J Clement
Department of Physics and
Astronomy
UNIVERSITY OF
MASSACHUSETTS
Amherst, MA 01003
413/545-0988

“An Investigation of Methods for Overcoming
Corceptual Difficulties in Science”

Recent research has identified a large number of niscoaceptions
held by science students (particularly in mechanics). which
seriowsly 1nterfere with their ability to learn more advanced
concepts. Many of these mesconceptions are present prior to
mstruction and are exceedingly difficult to change during in-
struction. For example, many students beheve that an inanimate
object which supports another object is not cxerting an upward
force. and many others behieve that a projectile thrown upward 1s
driven upward by a force even after 1t leaves the thrower’s hand.

Many of these common misconceptions are so decp-seated that
they still persist after a long-term physics course is completed.
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Thus., they present an important long-termi bariier to under-
standing A few innovative teaching attempts have been reported
with varying degrees of success. but the inconsistency of the
results ndicates how little is really understood about the nature
of these misconceptions.

This project will conduct an intensive nvestigation of teaching
strategies for several specific high school level physics niscon-
ceptions in an attempt to develop a general theory of instruction.
The studies will use group testing and individual interviews.
Innovative instructional methods will be developed and tested in
alarge group setting in order to provide a detailed analysis of the
cffects of these methods.

Building a national coahition of rescarchers and nterested high
school physics teachers working together to explore innovative
teaching methods for physics 1s a key feature of the project. The
project will result in the definition of one or more general
teaching methods for dealing with misconcepticns in physics
with possible applications to other arcas of science and mathe-
matics. This type of research and development project is a
fundamental step toward the production of effective new course
materials and software for students and teachers.

MDR 8550236
FY 85 $231.843
(12 months;

FY 86 $299.866
FY 87 $199.951
FY 88 $173.254

Elizabeth Fennema

Department of Curriculum &
Instruction

225 North Mills Street

UNIVERSITY OF WISCONSIN-
MADISON

Co-Pl s

Thomas P Caipenter.

Penclope Peterson

Department of Educational
Psychology

446 Peterson Building

UNIVERSITY OF WISCONSIN-
MADISON

Madison, WI 53706

608/263-4200

“Studies of the Application of Cognitive and
Instructional Science to Mathematics Instruction”

This project will explore the application of instructional and
cognitive science to the effective teaching of higher cognitive
mathematics skills.

A scries of integrated studies will examine the relationship of
teachers” cognitions and beliefs, mathematics instruction in
first-grade classrooms, and childrc o learning of addition and
subtraction skills. concepts and word problems. The rescarch
methodologies will include individual interviews/semantic
analysis of word problems. “thinking aloud™ and procass-
product obscrvational technigues.

Two studies durning the first year will provide iformation on
teachers” cogmuons and beliets. Instructional materials for
teachers will also be developed during Year 1. to wncrease the
teachers” knowledge so that they can create therr 0 »n curricu-
lum. The teacher materials will include exemplary activities.
assessment procedures. classroom organizational plans, ete.,
that teachers can both critique and use as models.

During the second year, an n-depth ustructional study w-
include formal and tnformal observations of 15-25 first grade
teachers  Students™ classroom behavior and teachers” mstruc-
tional behavior will be observed 1n order to develop a detailed
picture of teachers” beliefs and cognitive processes. the rela-
tionships of these to nstructional behavior, and the effect of
instructional behavior on children’s cognitive processes and
learning of mathematics.

During Year 1. the investigators wilt evaluate the effect of the
curriculum on the children as they progress to second grade.
mtensively study the more effectve teachers from Year 1i by
chinical procedutes and revise the teacher education matenals.
During Year IV, the focus will be on analyses of rescarch results.,
and on publication and dissemination.

MDR 8470449
FyY 85 $176.700
(28 months)

Fred M. Goldberg

Department of Natural Scicnce

SAN DIEGO STATE
UNIVERSITY

San Diego. CA 92182

619/265-5157

“Empirical Investigation of Difficulties in
Understanding Optics, Kinematics. and Heat and
Temperature Among Precollege Teachers”

Often students bring with them nto their college physics and
physical science courses preestablished beliefs about physical
phenomena which are at odds with correct scientfic principles.
These “alternative conceptions™ can contribute great difficulty
to students who are struggling to learn physics. This project will
investigate such alternative conceptions. held by inservice ele-
mentary and middle school teachers and by preservice teachers
before formal nstruction in their college scicnce courses.

These investigators will then examine some of the difficultics
that such preservice teachers have in understanding physics
during formal instruction. The research will be carried out in the
content areas of optics, kinematics, and heat and temperature.
The primary data soutce will be the “'individual demonstration
nterview,” in which the student 1s asked to make predictions
and give explanations for a variety of tasks mnvolving real
apparatus. Once information 1s obtained from the nterviews
about the nature of specific difficulties. their prevalence will be
determined by administering questionnaires to class-size
groups. This project will @:s0 develop and use three computer

10
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simulation/video tape programs to gather information from ndi-
vidual students.

The results of this research will be disseminated through pub-
lications, through presentation at professional meetings and
through workshop materials for college and high school teachers
1o be developed by the principal nvestigator.

David A. Goslin

NATIONAL ACADEMY OF
SCIENCES

National Rescarch Council

2101 Constitution Avenue, NW

Washington, DC 20418

MDR 8470489
FY 85 $131.620
(12 months)

“Involving Scientists, Mathematicians and
Engineers in Research in Education”

The National Academy of Sciences/National Research Council
has established a major new Committee on Research on Mathe-
matics, Science, and Technology Education, chaired by James
G. March, Stanford Umiversity, and composed of a diverse
group of distinguished behavioral and social scientists, educa-
tional researchers, and representatives of engineering and the
physical, mathematical. and biological sciences Over the next
several years, the committee will =xplore, in-depth, a range of
issues and topics generated by the committee and 1ts sponsors
leading to the development of recommendations for research
that will contribute to the improvement of precollege education
in mathematics. science and technology education. Currently,
the committee has support from the National Institute of Educa-
tion, the Carnegie Corporation and the W. T. Grant Foundution.

This project will develop strategic policies and Academy ac-
tivities intended to increase the involvement of scientists., math-
ematicians and engineers in research on the learning and teach-
ing of their subject matter. In the project. the committee will
address the issue of encouraging the needed collaborative re-
search and the recruitment of outstanding talent in two ways.

First, the committee will identify potentially uscful strategies
for generating interdisciphinary rescarch and the conditions un-
der which these strategies might be successful for research on
mathematics and science education. The outcome of this part of
the Committee s work is intended to be a strategic plan for NSF
and other agencies that support scientific ard educational re-
search a plan that could guide the development of programs
fostering collaborative work of high quality and establishing
interdisciplinary research inscience and mathematics education
as an important ficld of inquiry.

Second, the committee will explore ways inwhich the Academy
itsell’ can assist n strengthening the field. I partcular, the

ERIC 11
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comnuttee plans to investigate the possibility of holding a
National Academy of Sciences colloguium on interdisciplinary
research in science and mathematics education. The major ob-
jectives of the colloquium would be to integrate the results that
collaborative research has yielded already and. more impor-
tantly, to define the field and stimulate a greatly increased level
of activity. The committee will develop a detailed plan for the
colloquium, including an agenda, a list of key speakers and
possible topics, and a general invitation list as the outcome of
this second part.

MDR 8470384
FY 85 $125.455
(18 months)

Susan Gross
Co-PI

Sue E. Berryman

(RAND CORPORATION)

MONTGOMERY COUNTY
PUBILIC SCHOOLS

850 Hungerford Drive

Rockville, MD 20850

301/279-3845

“An Investigation of the Factors Related to
Mathematics Course Enroliment for Senior High
School Students”

The Montgomery County Public School System will analyze
the processes which lead to differential enrollment in mathe-
matics courses at the high school level, focusing on factors
affecting women and minority students.

The study has the following major objectives. 1) to create a
longitudinal mathematics course enrollment model for Grades
K-12 and to identify within the model the key decision points
leading to participation n higher-level mathematics courses: 2)
to identify and describe school and societal factors at these
decision points contributing directiy to mathematics course en-
rollment choices; 3) to develop models describing the factors
affecting the high-level mathematics course enrollment of
women and minonties with the goal of defiming the ways
which the processes governing the choiees of these traditionally
underrepresented groups are the same or different, and 4)to
provide, where possible, the policy tmplications of the research
and suggest alternatives or solutions which sciools ght wish
to explore 1 ncreastng the enrollment of women and minonties
in mathematics.

The study will employ a combiuation of data collection and
analysis techniques, using both record data availi.ble from cen-
tral files and specially developed interview instruments. Over-
lapping cross-sectional cohorts of students will be used to build
@ longitudinal picture of processes operating in grades K-12.
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MDR 8470265
FY 85 $178.746
(36 months)

Douglas A. Grouws
Co-P1..

Thomas L. Good

Department of Curriculum and
Instruction

UNIVERSITY OF MISSOURI -
COLUMBIA

212 Education Butlding

Columbia, MO 65211

314/882-6572

“Naturalistic and Experimental Study of
Mathematical Problem Solving in Secondary
Schools”

This research focuses on the dentification of teaching behavior
that facilitates the acquisition of problem-solving ability by high
school students. In years one and two. teachers who are par-
ticularly adept and stable n generating large problem-solving
gains Trom one year to the next are identified by administering
beginning and end of ycar problem-solving tests to their stu-
dents. Teachers are regularly observed and interviewed
throughout the school year to aseertain their teaching behavior,
beliefs. attitudes. and conecptuahizations. Especially effective
teachers are intensively studied 1n year two

During year three. the investigators will experimentally test the
question: Do teachers who maodify their inst-uctional behavior to
more elosely conform to the teaching profile of the cffeetive
problem-solving teachers generate larger pupil problem-solving
gains than do control teachers who eontinue to teach in their
usual ways?

Previous research has tended to foeus on how the learner ac-
quires problem-solving ability and this is then ntegrated into
classroom problem-solving programs. The current rescarch
studies the teacher directly and thus begins work on an impor-
tant but przviously neglected factor in the aezjuisiton of student
problem-solving ability The research will contribute v our
understanding of teacher cffectiveness and to the larger goal of
improving student learning in the key area of mathematics
problem solving.

MDR 8550346
FY 85 $69.455
(12 months)

FY 87 $62.007

Frank K. Lester

Department of Curricalum and
Instruction

309 School of Education

INDIANA UNIVERSITY -
BLOOMINGTON

Bloomington. IN 47405

812/335-0860

“Role of Metacognition in Mathematical Problem
Solving”

Among recent rescarch on memory and cognrtive development.
there is a growing interest in phenomena referred to as metacng-
niton. This basically consists of two components: cognitive
seif-awareness and behavior regulation. Such rescareh has
largely been the donuzin of developmental psychologsts, read-
ing specialists and speeial education rescarchers. Only recently
have members of the mathematics educaton community be-
come tnterested in the role of metacognttion n mathematreal
performance. This study will investigate the metacognitive be-
havior of sixth grade students working on artthmetic computa-
tion and verbal problems.

The metacogmtive behaviors will be exanuned through the use
of paper-and-penceil tests. individual interviews and paired inter-
views. The investigation will also inelude an instructional treat-
ment component designed to engage students 1n metacognitive
activities during problem solving. The proposed study will,

I. design. collect and pilot-test suitable mathematics
problems:

(28]

conduct elinical interviews. observe student problem
solving:

3. develop and present instructional treatments; and
4 analyze students” performance and report results

The results of this investigation should give nsights on how to
incorporate a metacogmtive dimension nto problem solving
mstruction.

DR

12




FY 1985 AWARDS

David P. Maloncy

2500 Cahfornia Street
CREIGHTON UNIVERSITY
Omaha. NE 68178
402/280-2135

MDR 8410567
FY 85 $93.022
(36 months)

“Investigation of Student Strategies in Physics”

This project is a detatled investigation of the strategics employed
by students to make predictions about the behavior of physical
systems. The students will woik paper-and  ~cil task sets on

physical systems from the following topic w.cas: 1) Action of

gravity on objects. 2) Conservation of cnergy, 3) Projectile
motion, 4) Kinematics and dynamics of rotational motion, and
5) Standing and flowing liquids. The task sets are rule-assess-
ment materials (S:egler, 1976) which allow for the identification
of the strategy. also called a rule. that a subject uses to solve the
problems

The project has three phases. The iisst will look for patterns of

strategies used in cacls of the topic arcas among undergraduate
students not enrolled in any physics cowses. The second phase
will look for changes 1n patterns of usage across age. Subjects
will be students from grades 7-12.

The third phase will be an investigation of the interaction be-

tween initial strategy and feedback about the actual behavior of

the system. The feedback will be in the form of direct observa-
tion of arrangements from the pretest.

This will allow the subjects to check the accuracy to therr
predictions. Subjects will then take immediate and delayed - two
or three montus - posttests to determine immediate .nd long-
term alteration in their strategics.

MDR 8550350

FY 85 $83.173

(12 months)

FY 86 $160.437
FY 87 $ 82.357

Douglas B. McLeod

Department of Mathematics

WASHINGTON STATE
UNIVERSITY

Pullman, WA 99164

“Mathematical Problem Solving: Affective
Influences on Cognitive Processes”

Research on matheni.ty -al problem solving hus made substan-
tial progress in charactenzing the cogritive processes that are

important to successful performance However. the infl.cnce of

affective factors on these cognitive processes has t to be
studied wn detail. The purpose of this project 1s to 1nvs sugate the
affective factors that help or hinder performance in mathe-
matical problem solving.

/

ERI!

Aruitoxt provided by Eic:
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‘The major activities of the project include the development of a
theoretical framework for atfective factors in problem solving,
the gathering of empinical data in both laboratory and classroom
settings to provide a prelimnary test of the theory, and dis-
semination o1 the results to both researchers and practitioners.

The theoretical development will be guided by an interdisciphn-
ary team inciuding cognitive scientists and mathematicians. as
well as mathematics education researchers and practitioners.
This group will mect first to disenss related itcory (especially
that of Mandler) and to outline a series of empirical studies. A
year later they will meet again to discuss the results of the
studies. to tailor the theoretical ideas to meet the needs of
mathematical problem solving. and to disseminate the results to
both researchers and practiioners.

MDR 8550320
FY 85 $84.968
(12 months)

FY 86 $90.927
FY 37 $97.390

Linda A. Mcyer
Center for the Study of Reading
217/333-7622

Co-P.I:

Rcbert L. Linn

Department of Educational
Psychology

UNIVERSITY OF ILLINOIS-
URBANA

51 Gerty Drive

Champaign, 1L 61820

217/333-2245

“A Longitudinal Study of the Acquisition of Science
Concepts in Elementary School”

The proposed research has these objectives: 1) to track < tudents’
acquisition of scientific concepts from their home and school
environments from Lindergarten through fifth grade., .") to as-
sess students’ knowledge and reasoming in several scientfic
subject arcas. and 3) to analyze data from the horae environ-
ment, textbooks, and classroom nstruction in order to produce a
causal rodel of how students acquire science corcepts.

This study will run in tandem with a study funded by the Center
for the Study of Reading on how students learn to comprehend
scienee text. The work will be conducted with approximately
1.000 students form four school districts. Funding from the
National Scicnce Foundation will be used to revise and admin-
ister parent gquestionnaires and student diary procedures, ana-
lyze science textbooks, observe science 1nstruction, code stu-
dent work., develop. pilot and administer new science measures,
and analyze the data.

1
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MDR 8470273
FY 85 $182.857
(36 months)

Sidney L. Rachlin

Curriculum Rescarch and
Development Group

UNIVERSITY OF HAWAII -
MANOA

2444 Dole Streed

Honolulu. HI 96822

808/254-5088

“Developing Thought Processes in Elementary
Algebra”

Even when the curriculum seems excellent and teachers are
skilled. an alarming number of students still have problems in
learning and retamning the content of elementary algebra. Why?
The huach to be tested in this research is that for many students,
the learning of algebra requires problem-solving processes that
are generally not developed in their prior learning of mathe-
matics. These include the ability to perceive what is mathe-
matically important in a given algebraic task. to reverse the flow
of thinking used in solving the task. and to flexibly consider
alternative ways of solving the task.

The hypothesis will be tested through clinical methodologies
which bring together researchess, evaluators. and classroom
teachers to develop a model for instruction. Teaching experi-
ments will be conducted with three elementary algebra classes.
Clinical interviews will examine the developinent of the thought
processes of above-average, average and below-average stu-
dents as they *“'think aloud™ while solving interview problems.
sample homework problems. and problems from the day's
lessons. Videotapes of these interviews will be analyzed daily
by the rescarchers and teachers to guide the flow of nstruction.
and results from previous research will be used to provide
normative data for evaluating the development of students’
thought processes.

Frederick Reif
415/642-1210

Co-P1.

Alan Schoenfeld

School of Education

UNIVERSITY OF CALIFORNIA-
BERKELEY

Berkeley, CA 94720

415/642-4206

MDR 8550332
FY 85 $578.109
(20 months)

FY 87 $613.995

“Principled Teaching of Scientific and Mathematical
Concepts”

This rescarch aims to develop scientific and mathematical con-

cepts through collaboration of experts 1n physics. mathematics,
and cogmuve science The approach 1s based on an analysis of
the underlying knowledge components and thought processes
required to apply scientific or mathematical concepts — and a
comparative analysis of the thought patterns of novice students.

The investigators aim to teach separately. and then to integrate,
cach of the identified knowledge components (e.g . explicit
interpretation procedures. intuitive knowledge, symbolic aids.
error-prevention measures, meta-cognitive knowledge).

Observations of individual students under well-controlled con-
ditions. which include employing detailed computer imple-
mented teaching programs. will be used to study and refine
hypotheses about the importance of the | nowledge components
and teaching sequence. The work should lead to effective meth-
ods for teaching scientific and mathematical concepts.

James A. Shymansky MDR 8550470
Science Education Center FY 85 $31.395
UNIVERSITY OF IOWA (12 months)

450 Van Allen Hall
lowa City. 1A 52242
319/353-3600

“A Study of Uncertainties in the Meta-Analysis of
Aesearch on the Effectiveness of New Science
Curricula”

In 1981, a meta-aaalysts of research in science education was
completed by a team of researchers under NSF Grant SED
80-12310. Individual tcams synthesized the extant research
using procedures developed by Glass (1976). One of these
syntheses showed that the post-Sputnik or “new " science pro-
grams, on the whole. produced very positive gains in student
performance (Shymansky, Kyle, and Alport. JRST 1983).

Stauisticians, however. have questioned the integrity of such
results because standard procedures fail to take into account the
error associated with the sample estimation of the effect size. It
is argued that when a set of different effect sizes are pooled
acress studies, the means most properly should be computed
ustng weighting factors associated with the precision of the
effect size values (Hedges. 1982).

The current research project will repeat the research analysis
using these procedures as proposed by Hedges. The results
should provide more reliable information on the actual effec-
tiveness of the post-Sputnik science curricula and help to estab-
lish clearer guidelines regarding the application of meta-analy-
s1s to such questions.




E

FY 1985 AWARDS

MDR 8410316
FY 85 $1i2.79¢
(12 months)

FY 86 $ 55.510
FY 87 $ 61.500

Juditk E. Sims-Kmight
Department of Psychology

Co-P.1:

James J Kaput

Department of Mathematics

SOUTHEASTERN
MASSACHUSETTS
UNIVERSITY

North Dartmouth, MA 02747

617/999-8382

“Teaching Students to Use Mathematics:
Elin.:nating Errors in Mapping from Natural
Representational Systems to the Abstract Symbol
Systems of Mathematics”

The overall goal of this research project is to understand why
students have difficulty solving algebraic word problemns and to
investigate instructional materials that are effective in remedy-
ing these difficulties.

In previous rescarch, the principal investigators have 1) idents-
fied several component skills related to performance on a par-
trcular subclass of algebraic word problems that require students
to translate problem content into algebraic form, and 2) have
developed techniques to help students develop these component
skills. In the current study. the principal investigators will
conduct teaching experiments to explore whether the specific
component skills are necessary and sufficient to overcome the
rroblem-solving difficultics

Three computerized modules for teaching . eriying skills will
be developed (one in algebraic transformations, a second in
nonalgebraic transformations. and a third in algebraic sym-
bohzation). Their effectivencss will be tested wath high school
students of varying mathematical abilities. By analyzing Jata on
individual measures and on the experimenial procedure. the
investigators will examine how individual differences in mathe-
matical ability and learning experiences interact in their influ-
ence on problem solving. The results of these analyses are
particularly relevant to the practical issue of how best to provide
the experiences necessary for otherwise competent students to
develop problem-solving skills essential for succeeding in math-
ematics courses.

MDR 8550169
FY 85 $60.98¢

Larry K Sowder
Departiment of Mathematical

Sciences (12 months)
SAN DIEGO STATE FY 86 $47.916
UNIVERSITY

San Diego. CA 92181
619/265-6191

“Concept-Driven Strategies for Solving Story
Problems in Mathematics”

Recent work suggests that many children attempt to solve rou-
tinc mathematical story problems with strategies that are not
based on an understanding of the arithmetc operations  Al-
though these immature strategies may lead to success on many
one-step story problems with whole numbers. use of wuch strat-
egics with mult-step problems or story problems involving
fractions or decimals is unlihely to give correct solutions

The proposed work will gather rizore evidence on the stratcgies
children use in solving story problems and their understancing
of the arithmetic operations. In addition, instructonal materials
which foster a more mature, meaning-driven strategy will be
designed and ficld tested  Methodologies will include group
testing. individual interviews examinatisn of textbooks. teach-
ingex, aments. and te.ting of muterials i approximately twen-
ty sixth-grade classrooms

MDR 8550463
FY 85 $152.912
(24 months)

Leslie P. Steffe
UNIVERSITY OF GEORGIA
Athens. GA 30602
404/542-4194

“Child Generated Multiplying and Dividing
Algorithms: A Teaching Experiment”

The primary purpose of this project 1s to map child generated
multiplying and dividing algorithms as they are claborated by
children. This first part of the work has two aspects. First, the
principal vestigators will spectty the multiplying and dividing
algorithms that are indicated by the mathematical behavior of
children. Second . they will spectfy the step-bystep construction
of these algorithms.

A sccond purpose of the project is to specity the pedagogical

Q
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imphications of these child generated algorithms for school
mathematics instruction. Toward this end. these investigators
will claborate their teaching strategies and will develop written
materials for teachers. The primary methodological tool is the
constructivist teaching experiment. With six eight-year old chil-
dren as subjects, the investigators will conduct a two-year
teaching experiment. cach consisting of three series of sequen-
tial teaching episodes — one series in the fall. one in the winter,
andone in the spring Each series will be of four weeks duration
and wiil consistof a sequence of 32 teachir.g episodes. eight per
child.

Video tapes of each episode constitute the priniary data base that
will be intensively analyzed in the specification of multiplying
and dividing algorithms and their progressive construction by
the children The investigators contend that specification of
these algorithms and of their development can provide powertul
guidelines for the teacher who secks more eftective teaching
methods.

~'DR 8470277
FY 85 $130.901
(18 months)

James H. Stewart

Departinent of Curriculum and
Instruction

UNIVERSITY OF WISCONSIN.
MADISON

750 University Avenue

Madison, W1 53706

608/263-4638

“Problem Solving in High School Genetics:
Microcomputers and Rea!istic Problems”

This research will explore the effects of a combination of nicro-
computers and information processing psychology on issucs
related to teaching. learning and problem solving by high school
students in the subject area of transmission genctics. The prob-
lem solving behavior of high school students and teachers will
be studied using the strategic computer simulation,
BUGCROSS.

Data will be gathered on these two groups as they *think aloud™
while solving problems gener wted by BUGCROS33. The study is
part of a larger. on-going resvarch program on learming and
problem solving in genetics The wveral! Gimy of this program
are 1) understanding of the primarily algorithmic procedures
and conceptual knowledge that high school students use to sotve
typical textbook problems n genetics (This aspect has been

completed with support provided under NSF grant SED
80-22912 ). 2) development of classroom matenals and pro-
cedures to promote meaningful learning and problem solving: 3)
development of a model of desired performance in transnussion
genetics through the study of expert performance on sim:lar
problems as well as an analysis of the structure of knowledge
(declarative and procedural) in transimission genctics; 4) de-
velopment of a model of high school student (novice) perform-
ance on problems generated by BUGCROSS. and 5) the de-
velopment of a model of nstruction 1n transnussion genetics.

This research 1s «.gnificant to theoretical issues n problem
solving as well as to practice 1n genetics education. It will help to
provide a detailed understanding of how high school students
and their teachers solve the reahstic problems presented by
BUGCROSS. and should also apply to the teaching of genetics
inintroductory college courses. since the content and the back-
ground of both groups cf students are sinmlar,

J. Nathan Swift MDR 8470215
FY 85 $360.280
(24 months)

FY 87 $142.410

Co-P.1:

C. Thomas Gooding

Department of Secondary
Education

SUNY COLLEGE AT OSWEGO

Oswego. NY 13126

515/341-4024

“Increasing the Effectiveness of Biology and
Chemistry Instruction Through Research
Applications”

Previous work by these invesagators has indicated that signifi-
cant advances 1n teaching and learning can be attained by
applying the principles of wait-time feedback and subject-spe-
cific. supportive atervention,

The current project will test the significance of two strategies in
ochieving. 1)increased student involvement, 2) increased nter
action and 1mproved student attitudes; 3) wncreased student
achievemen. 1n biology and chemistry. 4) increased elective
enrollments inscience. and 5) enhanced teacher job satisfaction,
The proje mill also disseminate practices that enhance instruc-
tion and will instruct master teachers and team leaders in more
effective techniques.

14
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MDR 85350138
FY 85 $84 834
(12 months)

Kenneth J. Travers

Department of Secondary
Education

UNIVERSITY OF ILLINOIS -
URBANA

596 South Wnight Street

Urbana. IL 61801

217/333-6743

“An Analysis of Classroom Processes Data From
The Second International Mathematics Study”

A unique and lighly sigmificant component of the Second Inter-
national Mathematics Study consists of the data on classroom
processes — how much mathematics 1s taught and the ways 1n
which the teacher deals wath that subject matter. To date. only
limited analysis has been carried out on the classroom processes
data that were gathered from national samples of cighth and
twelfth grade classrooms. This information is included in the U.
S. Summary Report. presented at the National Conference on
Teaching and Learning Mathematics. September 1984,

The current project. will analyze these data to explore both how
teachers handle the subject matter of mathematics and what
relations exist between these processes and student outcomes
(achievement and attitudes). Two ntensive data analysis and
reporting sessions are planned for the summer and fall of 1985,
culminating 1n a national conference on the findings tobe held tn

late November 1985. The proceedings of the conference. which
will include data presentations. findings of analyses. invited
reaction papers. as well as discussions of implications of the
findings for policy and practice. will form the basis of a mono-
graph to be published in the spring of 1986.

MDR 8470424
FY 85 $159.865
(12 months)

FY 86 $172.214
FY 87 $191.3%

l7aak Wirszup

Department of Mathematics
UNIVERSITY OF CHICAGO
2801 S. Ellis Avenue
Chicago. IL 60637
312/962-7397

“Survey of Appliea Soviet Research in School
Mathematics Education”

Soviet efforts to study the psychological aspects of mathematics
learning have resulted in a large body of outstanding research.
Focuses of Soviet research include principles of conceptualiza-
tion, problem solving. logical reasoning, programmed instruc-
tion, spatial perception, and mathematical abihties. The results
of this extensive research are being employed to advance the
quality of mathematics nstruction in the Soviet Union.

The project will make some of the best of this highly original and
previously inaccessible research available to American cdu-
cators by publishing adaptations of 40 selected Soviet research
monographs. 25 of which have alrcady been translated under
NSF auspices at the University of Chicago. American experts
are to engaged as volume editors The project will provide
resources that will znrich U S. research and also find immediate
use 1n 1nstructional development and practice through the Uni-
versity of Chicago School Mathematics Project operating 1n the
Chicigo public schools Dissemnination of the project’s work
will occur through meetings of such professional socicties as the
National Council of Teachers of Mathematics and the American
Educational Research Association and through - ritten articles
nterpreting imphcations for research and for classroom nstruc-
tion in mathematics in the U.S
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MDR 8651603
FY 86 $130.048
(12 mos)
$65.048 (RTL)
$65.000 (SPA)

Leigh Burstein

Center for Study of Evaluation
Graduate School of Education
UNIV™ 51TY OF CALIFORNIA
405 Hilgard Avenue

Los Angeles, CA 90024

“Second International Mathematics Study: Student
Growth and Classroom Processes in Lower
Secondary School”

A report on the international results from the longitudinal por
tionof the IEA Second International Mathematics Study (SIMS)
will be prepared by an international team of mathematics edu-
cators and other educational rescarchers and will appear as
Volume II1 in a series to be published by Pergamon Press.
London. SIMS is a cross-national study of the content of the
curniculum, what is taught and what 1s learned n school mathe-
maucs at two age/erade levels, Grades 8 (Population A) and 12
(Population B), i1 the United States and several other countries.

This investigation will examine mathematics learning
(“‘growth™) during the course of a year of nstruction and 1ts
rclationship to specific teaching practices and processes in lower
secondary school mathematics classrooms (Population A) in
eight partictpating countries | Belgium (Flemish), Canada (Brit-
ish Columbia and Ontario), France, Japan, New Zealand,
Thailand, and the United States]. This mvestigation of student
performance and teaching practices. within a broader socto-
cultural perspective than is possible using only within-country
data, represents a unigue opportunity to inform national policies
and practices at a time of concern about the quahty of American
mathematics and science education

Seth Chatklin MDR 8651591

Center for Children & Technology FY 86 $28.954

BANK STREET COLLEGE OF (12 mos)
EDUCATION

610 West 112th Street

New York, NY 10025

“The Psychology of Physics Proble.a Solving:
Theory and Practice”

The past nine years have yielded a large resew ch corpus on the
psychology of physical-science problem solving. Several re-
search approaches have developed analyses of problem solving
in physical science, emphasizing such aspects as qualitative
conceptions and search strategies. 1t is now appropriate to
evaluate what we have learned and what remamns to be done n

developing a coherent theoretical approach thut supports phys-
ical science education.

Funds are being provided for a fuour-part working conference that
will enable major rescarchers 1n the area of physics problem
solving and education to address this problem. The first part wall
attempt to confront and coordinate different research ap-
proaches to develop a core model of problem solving by novices
in physics. The second part will develop the educational 1m-
plications of the core model. The third part will critique the core
maodel by considering what science educators need from a
theory of problem solving to advance the effectiveness of phys-
ics instruction. In light of the critique, the fourth part will
discuss methodelogical and conceptual approaches that would
better coordinate psychological theory and educational practice.

The conference 15 scheduled to meet from July 21-23, 1986.
Working papers prepared beforchand will be used to focus and
mitiate discussion. The results of the discussions will be dis-
seminated through an American Educational Rescarch Associa-
tion symposium and three papers for appropriate rescarch and
education journals that summarize the current understanding of
novice physical-science problem solving, the limitations of that
understanding for educational purposes. and directions for fu-
ture research.

MDR 8550343
FY 86 $35.311
(18 mos)

Harris M. Cooper

Department of Psychology

UNIVERSITY OF MISSOURI-
COLUMBIA

Columbia, MO 65211

314/882-7888

“The Effects of Homework on Science and
Mathematics Achievement and Attitudes: An
Integrative Reseurch Review”

The practice of requiring students to carry out academic tasks
during nonschool hours is as old as formal schooling. Assess-
ments of the value of homework, however. have fluctuated cver
time with strong positive opwnions prevailing at the wrn of this
century and *"ie early 1960 and negative opinions holding sway
in the 1930 and 1970%. Recently, in response to calls for
higher standards ~f excellence in American education, schools
have begun to place increased emphasis on homework as a
means for improving student performance.

Opinions of homework and 1ts utlity have never been greatly
influenced by empirical data on the subject. This is due partly to
a general lack of public information on what research says about
homework and partly to the seemingly contradictory findings of
studies.

The purpose of this project 1s to locate, describe, summarize,
and integrate the empirical rescarch concerning the effects of

18
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homework on numerous student outcome variables. Outcomes
will include 21l the dependent measures employed in previous
rescarch. with special attention paid to academic achievenient,
attitudes toward school, and study habits. The review will go
beyond previous reviews by (1) including the most recent re-
search: (2) paying the greatest attention to schooling, home-
work, and research method charactenstics that migiit mediate
the effects of bomework: (3) focusing on homework effects on
different subject matters. with special attzntion paid to science
and mathematics, and (4) employing quantitative synthests
techniques to estimate the impact of homework and uncover any
subtle homework effects.

Vsierie Crane

RESEARCH
COMMUNICATIONS LTD.

824 Boylston Street

Chestnut Hill, MA 02167

617/277-5183

“An Exploratory Study of 3-2-1 Contact”

MDR 8552896
FY 86 $125.590
(12 mos)

This reseaich project will explore a number of factors con-
cerning the children’s television series **3-2-1 Contact’ includ-
ing: (1) awareness of the series on the part of children. parents.
and teachers: (2) perceptions of appeal and comprehensibihity of
the program format among both viewers and non-viewers: (3)
the demographics and viewing habits of viewers and teacher
users: (4) reasons for particular modes of viewing and use: and
(5) impacts that result from viewing. A major goal of this
exploratory study is to identify factors that require more de-
tailed, controlled research before their influence can be fully
understood and that offer promise of productive rescarch be-
cause their nfluence is clearly significant.

The study will focus on 100 children in the 8-12 year age range
(the target audience). 100 viewers in the 4-7 year age. 100
parents of viewers. and 150 teachers of grades 3-6. Two-hour
group sessions will provide study subjects with opportuniues to
respond to questions on series awareness. modes of viewing and
using the serics, and series impact. Subjects will complete
written questionnatres., view selected program segments from
the series, and then participate in oral terviews.

The expected outcomes of the study are: (1) a description of the
viewing audience: (2) an understanding of patierns or series
viewing at home ard use in the schools: (3) the role of parents
and teachers n stumulating children to view the senies; (4) a
picture of audience response to program formats and per-
formers, and (5) a measure of program comprehenstbility
among different types of viewers. The final outcome will be a
comprehensive research model for additional study of **3-2-1
Contact™ as a vehicle for science education.

ERIC

Rre L

Elsa Feher

Department of Natural Saience

SAN DIEGO STATE
UNIVERSITY

San Dicgo. CA 92182

619/265-5157

MDR 8652146
FY 86 $59.280
(12 mos)

“Investigating Children’s Concepts of Light and
Vision in a Science Museum Setting”

This exploratory project will study the intuntive notions of hght
and vision that are held by children ages 10-14. A novel feature
of this work 1s that it takes place in a science muscum and uses
wnteractive exhibits as the tasks that mediate the interviews with
the children. The project is expected to yield results that are
novel and that complement those obtained from work done in
the school setting. The specific aims are: (1) to expand the
existent empirtcal data on the explanations given by children by
cxploring the subject matter area of optics-shadow-formation,
images and color: (2) to determine the nature of tasks. activities
and experiences that enhance conceptual understanding and aid
the child’s development of scientifically valid concepts: (3) to
determine what overall organizing principles are most usefu! for
the rescarcher and for the teacher.

The project will begin to explore the practical applications of
this research for (1) exhibit design and. by exten.ion. classroom
activities: (2) the use of hands-on museums for exhibit-based
learning and teaching; (3) strategies for cnharncing concept
acquisition that can be used for curriculum development and
teacher education in both formal and inforral settings.

MDR 8550921
FY 86 $52.744
(9 mos)

Marjorie H Gardner

Lawrence Hall of Science

UNIVERSITY OF CALIFORNIA-
BERKELELY

Berkeley, CA 94720

415/642-4193

“Planning Conference: Strengthening the Research
Base for Science Education”

Science education requires a solid rescarch base if long-term
gains 10 educationai quality are tobe achieved and consolidated.
This rescarch base must take account of the contentand structure
of subject matter disciplines. the contexts in which science
teaching occurs. and the principles of teaching. learning, and
reasoning in scientific domains that are emerging in rescarch.

This project will convene a planning conference on research for
science education that will bring together forty leading profes-
stonals who are experts n (1) subject matter disciplines of
science, mathematics and computer scienee, (2) the study of
classroom teaching and curriculum development, and (3) the
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study of cognitive processes of learning. reasoning and problem
solving. Conference participants will assess the current state of
knowledge. cxamine the prospects for advances based on cur-
rently available resources. and identify activities likely to sig-
nificantly increase this knowledge and lead to changes in educa-
tional practices in science education.

Project participants will deveiop plans for further collaboration
and follow-up activities. In addition. the participants will draw
up a specific set of recommendations and prionties for mathe-
matics. science and technological education. including sugges-
tions concerning the relative nerits of various research
methodologies.

Conference proceedings will be published and distributed to
3.000 members of professtonal educational rescarch socicties.
universities, research centers. funding agencics and other inter-
ested parties  Results of the conference will be discussed in
organized symposta and will be presented at appropriate profes-
sional meetings in 1986.

Thomas L. Good
Douglas Grouws
Center for Research in Social

MDR 8550619
FY 86 $157.948
(12 mos)

Behavior FY 87 $173.349
UNIVERSITY OF M!SSOURI- FY 88 $ 46.577
COLUMBIA

Columbia. MO 65211
314/882-7888

“Small-Group Instruction in Mathematics:
Naturalistic Research in Teaching and Learning”

This systematic research project of classroom teaching and
learning of mathematics in grades 3 through 6 1s intended to: (1)
describe teachers’ beliefs about small-group athematics n-
struction with a particular interest in specifying mathematical
content that is especrally appropriate for small-group nstruc-
tion; (2) identify nstructional strategies teachers use during
small-group nstruction: (3) rephicate those nstructional strat-
egies n different educational contexts: (4) examine small-group
nstructton in the areas of problem solving. estunation. and
measurement (making videotapes of these lessons as well as
coding classroom behavior): (5) examine the correlation be-
tween different small-group nstructional strategies and stu-
dents” mathematics performance: (6) with the assistance of the
National Advisory Board. develop at least two tnnovative treat-
ments for inproving the cftectiveness of small-group mathe-
matics instruction: and (7) disseminate the results of the project
ina monograph discussing research findings and concepts and 1in
a videotape(s) that will illustrate effective practices
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SPA 3652096
FY 86 $228.313
(18 mos)
$226.000 (RTL)
$2.313 (SPA)

Thomas L. Hilon

EDUCATIONAL TLESTING
SERVICE

Princeton. NJ 08541

609/921-9000 x 5784

“Persistence in Science of High Ability Minority
Students”

A study will be conducted by the Educational Testing Service
(ETS) of the educational progress of black. Mexican American,
Puerto Rican. and American Indian students of high ability
(scoring 550 or above on SAT marh and scoring i1n the upper
quartile on achievement measurement in HS & B) who intend to
enroll n college and to major in mathematics. scrence. or
engineering. Three coborts will be studied. (1) the students i
high school and beyond who were high school semiors in 1982
and subsequently were followed up at two-year ntervals. (2)
SAT-takers who were high school seniors in 1984, and (3) SAT-
takers who were high school seniors in 1986. All the qualifying
SAT-takers will be surveyed by mail and a randomly selected
subsample of at least 100 in cach cohort will be interviewed by
telephone. The combination of cross-sectional and longitudinal
data will permit an analysts of variables related to the progress of
the persisters and non-persisters 1n each cohort at vartous time
pomts. Whether these charactenistics are changing will be of
tmportance.

MDR 8651552
FY 86 $178.226
(36 mos)

James Hicbert

Diana C. Wearne

Educational Development
UNIVERSITY OF DELAWARE
Newark. DE 19716
302/451-1655

“Instruction and Cognitive Change in Mathematics:
Learning Decimal Numbers”

The project examines changes in cognitive processes resulting
from instructional interventions and applies this information in
developing a prototype instructional program, The cognitive
processes of interest are those involved 1n constructing meaning
for decimal number symbols and using the meaning to solve
decimal number tasks. Previous work suggests that for many
students . the lack of meaning for wriiten symbols is th: source
of low performance across a range of mathematical tasks. Class-
room instruction designed to promote cognitive processes that
create meamings for symbols s implemented and evaluated
the context of decimal fractions.

Students 1 grades 4 and 5 will be instructed in whole classroom
scttings. Written tests and a series of individual interviews will

0O
O
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provide information on changes in key cognitive processes and
on how such changes are induced by specific instructional
events. The information on cogmtive change and instructional
effectiveness . gathered through a sequence of instructional stud-
ies. will be translated into a prototype instructional program Jor
developing meaning for written symbols in mathematics.

Moving from research to practice. from descriptions of students’
performance to prescripuons of instructional programs. 1s a
major objective of this program of research. In addition to
providing new knowledge and product outcomes. the project
provides a model, based on chain of inquiry notions. for trans-
lating research into practce.

David Klahr MDR 8554464
Department of Psychology FY 86 $196.359
Warner hall (24 mos)

$146.359 (RTL)
$ 50.000 (AAT)
FY 88 3 106.183

CARNEGIE MELLON
UNIVERSITY
Schenley Park
Pittsburgh. PA 15213
412/268-3670

“LOGO Debugging Skills: Analysis, Instruction and
Assessment”

This research addresses the question of how an important com-
puter programming skill — debugging — 1s acquired by ele-
mentary and middle-school children, and what the cognitive
consequences are of acquinng that skill. One preliminary goal
of the proposed research is the development of a well-specified
and empirically-supported account of what a child has to know
in order to debug a computer program. The proposed work
extends prehnunary studies of the debugging skills acquired
during the course of a normal LOGO curriculum. and it provides
for further assessment and elaboration of a computer-simulation
model of the precise components of debugging skill.

The work will have several interacting compenents. (1) Em-
parical evaluation of the model based on a study of expenenced
programmers’ debugging processes. (2) Further development of
precise assessment procedures for determining what component
skills 4 student has acquired. (3) Extending the model toa wider
range of programming contexts. (4) Using the model to guide
specific instructional procedures in teaching debugging skills:
(5) Extending and applying a complete onc-semester LOGO
curriculum with an emphasts on instruction in and assessment of
debugging skills: (6) Determining the extent to which debug-
aing skills, once taught, can transfer to near and far tasks: (7)
Construction of a model-based prototype debugging anl on a
powerful graphics workstation.

Jon D. Miller

NORTHERN ILLINOIS
UNIVERSITY

Public Opinion Laboratory

Dckalb. IL 60115

815/753-0555

MDR 8550085
FY 86 $296.783
(15 mos)
$146.743 (RTL)
$150.000 (SPA)

“A Longitudinal Study of the Development of
Adolescent and Young Adult Attitudes Toward and
Knowledge About Science and Technology”

The middle-school and ligh-school years are a period of change
and crystalization 1n terms of life goals. disciplinary and course
preferences. and social and political attitudes. The literature
provides a number of cross-sectional descriptions and models
concerning cognitive and attitudinal development during ado-
lescence and young adulthood. but there are no longitudinal data
available to study these processes.

The proposed longitudinal study will examine the (1) develop-
ment of nterest in science and mathematics. (2) the growth of
scientific literacy, (3) the development of attentiveness to sci-
ence and technology 1ssues. and (4) the attraction to careers in
science and engineering among two national cohorts of adoles-
cents and young adults. One cohort will begin with a national
sample of 3.000 7th graders and follow them through the 10th
grade. The second cohort will begin with a national sample of
3.000 10th graders and follow them for the next four years
through the first full year after high school. Data will be col-
lected from students. teachers. counselors, principals. and
parents.

A purposive sample of two or three school districts with exem-
plary elementary school science and mathematics educatiun
programs wiil be selected and comparable data will be collected
in these districts.

The analysis will consist of a series of expanding multivariate
developmental models that will seek to understand cogmtive
and atutudinal growth and change in the context of family,
school. and peer influences. Each wave of data collection will
provide an opportumty to examine cogmitive and attitudinal
change measures i an increasingly rich context of previous
measures. Periodic reports will be 1ssued with each cycle of data
collection and the data will be made available to other scholars
on a timely basis.

The first phase of the project. being funded at this time, provides
approximately 15 months for instrument development and pilot
testing. for sample selection, for monitor selection and training ,
and for working with the rescarch advisory committee
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Karen A. Schultz

College of Education

Curnculum & Instruction
GEORGIA STATE UNIVERSITY
Atlanta, GA 30303

404/658-4050

Co-PI:

Lynn C. Hart
KENNESAW COLLEGE
Marietta, GA 30061

“Metacognition, Teachers and Mathematical
Problem Solving”

MDR 8650008
FY 86 $306.548
(36 mos)

Some matheratics educators have taken the position that meta-
cogmtion -knowledge and beliefs about cogmtive activity as
well as awareness and control of that knowledge — is critical to
mathematical performance and that research in mathemat;cal
problem solving would benefit from exploration of this phe-
nomenon This project is designed (1) to investigate the rela-
tionship between inservice middle school teachers” metacog-
nitive activity and mathematical knowledge and their problem-
solving ability. and (2) to improve teachers’ problem-solving
ability through a problem-solving nstitute focusing on meta-
cognitive knowledge and experience in mathematical problem
solving.

Fifteen middle school teachers enrolled in an institute on prob-
lem solving and thinking will be the stbjects 1n the study.
Subjects will be videotaped solving unfar.itiar problems before
small groups of their own students and will be tested for prob-
lem-solving performance before and after the institute. Tech-
niques for recording and analyzing metacognitive activity are
grounded n the work of Echoenfeld (1983), and problem-
solving performance will be evaluated using a process/product
scale developed by Lucas et al. (1979) and Schultz (1985).

Sharon L. Senk
Departiment of Mathematics
200 Carnegic Building
SYRACUSE UNIVERSITY
Syracuse, NY 13244-1150
315/423-3749

MDR 8550211
FY 86 $61.096
(18 mos)

“A Conference on the Van Hiele Model of Geometric
Thought”

In 1957 in the Netherlands, Pierre Marie Van Hicle and his wife
Dina Van Hicle-Geldof postulated a model of the development
of geometric thought The model, which posits the existence of
discrete levels of geometric thinking and phases of instruction
that help students progress through the levels, explains why
many students have difficulty learning geometry. Since 1979

three major rescarch studies have mvestigated the vahidity of the
Van Hicle model and 1ts applicability to American Schools.

The project wili convene 30 people (the principal investigators
and senior personnel from previous Van Hicle-based research,
scholars from mathematics education. psychology and com-
puter science, local supervisors, and teacher trainers) for a two
and one half day conference at Syracuse University. The objec-
tives of the conference are (1) to analyze, synthesize. and
evaluate recent rescarch on the Van Hiele model: (2) to examine
alternative models of geometric thinking: (3) to plan ways to
utilize current rescarch results in developing materials for stu-
dents and teachers of geometry, and (4) to outhne directions for
future research.

Conference proceedings will be disseminated via a book of
scholarly papers edited by the conference organizer, via journal
articles and other professional publications. and via workshops
and lectures by conference participants at professional
meetings.

MDR 8550614
FY 86 $218.711
(14 mos)

FY 87 $164.760

Judith Threadgill-Sowder

Department of Mathematics

SAN DIEGO STATE
UNIVERSITY

San Diego. CA 92182

619/265-6191

“The National Council of Teachers of Mathematics
Research Agenda Project”

Rescarch efforts in some arcas of mathemat,cs education have
developed to a point where consensus 1s needed to establish a
conceptual framework to guide future inquny. The Research
Advisory Commuttee of the National Council of Teachers of
Mathematics has identified four such area. teaching and learn-
ing of middle school number concepts. effective mathematics
teaching, the teaching and learning of algebra, and the teaching
and cvaluation of problem solving.

The proposed project will establish working groups n these
arcas. Each of the four groups will meet for a four day con-
ference to consider the significant 1ssues in the arca  Each
confc ence will feature presentations by authors of itvited pa-
pers. small group discusston sessions. and plenary sessions.
The purposes of these conferences are to synthesize the current
knowledge base in each arca. identify significant directions for
future rescarch, and develop collegial rescarch groups. Four
monographs — one from cach working group conference —
will dissenunate 1nvited papers. conference proceedings. and
the rescarch agendas established by the conference participants.
A fifth monograph will contain a vaniety of viewpoints on the
proceedings and resulting agendas through retrospective papers
by members of the project advisory council.
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Harold W. Stevenson BNS 8605588
Shin-ying lec . FY 86 $69.098
UNIVERSITY OF MICHIGAN- (12 mos)
ANN ARBOR $50.000 (RTL)
Center for Human Growth & $19.098 (SDP)
Development
300 W. Ingalls Building. [0th
Floor
Ann Arbor, MI 48109
313/764-4484

James W. Stigler
UNIVERSITY OF CHICAGO

“Mathematics Achievement: Japanese, Chinese and
American Children”

American students lag behind students of many countrees in
their achievement in mathematics. Chinese and Japanese stu-

the highest national averages 1n a number of cross-national
comparisons involving many countries. This has been found to
be true for first-graders and fifth-graders in previous research by
these mvestigators and for juntor- and senior-high students
studies by other 1nvestigators.

ERIC

Aruitoxt provided by Eic:

dents, on the other hand. have obtained scores yielding some of

Stevenson and his collegues are now exploring the question of
o

why young American children perform so poorly. In their recent
rescarch, they have assessed mathematic., achievement of first-
and fifth-graders in Sendai. Japan: Taiper. Tawwan: Chicago.
Iltinots. and Beyjing, China through a group test of calcus.tion
and 12 mdividually administered schools tn cach city were
tested. except for Chicago. where a representative sample of 20
schools was sclected. Indrvidual tests were admie sstered to 3
boys and 3 girls. randomly selected from each cla. room. Four
hours of observation of mathematres classes in each classrosm
were conducted. Two observers were present each hour, one
writtng a running descrniption of the content of the lesson. and
the other following a coding scheme developed for a time-
sampling procedure. Mothers of the subsample of children from
edach classroom were iterviewed concerning daily activities at
home. and the teachers in each classroom were nterviewed
concerning therr behefs and practices concerning mathematics
instruction. A questionnaire was given to the fathers of the
children in the subsample and a brief interview was cecrducted
with the principal of each school.

This grant provides funds for data analvsis. Analyses of the data
will be directed at the cross-nattonal conparison of mathematics
abrhities and at the detection of significant correlates of mathe-
matics achievement.
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