
ACADEMIC PRECOCITY



Volumes based on the annual Hyman Blumberg Symposia

on Research in Early Childhood Education

JULIAN C. STANLEY, GENERAL SERIES EDITOR

Il.

III.

IV.

VI.

VI.

VIII.

IX.

Preschool Programs for the Disadvantaged: Five Experimental

Approaches to Early Childhood Education, 1972.

EDITED BY JULIAN C. STANLEY.

Compensatory Education for Children, Ages 2 to 8: Recent

Studies of Educational Intervention, 1973.

EDITED BY JULIAN C. STANLEY.

Mathematical Talent: Discovery, Description, and

Development, 1974.

EDITED BY JULIAN C. STANLEY, DANIEL P. KEATING,

AND LYNNH.FOX.

Social Development in Childhood: Day-Care Programs

and Research, 1977.

EDITED BY ROGER A. WEBB.

Aspects of Reading Acquisition, 1976.

EDITED BY JOHN T. GUTHRIE.

Intellectual Talent: Research and Development, 1976.

EDITED BY DANIEL P. KEATING.

The Gifted and the Creative: A Fifty-Year Perspective, 1977.

EDITED BY JULIAN C. STANLEY, WILLIAM C. GEORGE,

AND CECILIA H. SOLANO.

Women and the Mathematical Mystique, 1980.

EDITED BY LYNN H. FOX, LINDA BRODY, AND DIANNETOBIN.

Educating the Gifted: Acceleration and Enrichment, 1979.

EDITED BY WILLIAM C. GEORGE, SANFORD J. COHN,

AND JULIAN C. STANLEY.

Academic Precocity: Aspects of Its Development, 1983.

EDITED BY CAMILLA PERSSON BENBOW

AND JULIAN C. STANLEY.



ACADEMICPRECOCITY
Aspects of Its Development

 
 

Revised, Expanded, and Updated Proceedings of

the Tenth Annual Hyman Blumberg Symposium

on Research in Early Childhood Education

Edited by

CAMILLA PERSSON BENBOW
& JULIAN C. STANLEY

is 4 GEER*
os 4 eKa &1

 

THE JOHNS HOPKINS UNIVERSITY PRESS

Baltimore & London



© 1983 by The Johns Hopkins University Press

All rights reserved

Printed in the United States of America

The Johns Hopkins University Press, Baltimore, Maryland 21218

The Johns Hopkins Press Ltd, London

Library of Congress Cataloging in Publication Data

Hyman Blumberg Symposium on Research in Early Childhood

Education (10th : 1980 : Johns Hopkins University)

Academic precocity, aspects of its development.

“Revised, expanded, and updated proceedings of the

Tenth Annual Hyman Blumberg Symposium on Research in

Early Childhood Education.”

1. Mathematics — Study and teaching — United States —

Congresses. 2. Gifted children — Education — Mathematics —

Congresses. 3. Mathematical ability — Congresses.

I. Benbow, Camilla Persson. II. Stanley, Julian C.

Ill. Title.

QA13.H95 1980 371.95 83-48063

ISBN 0-8018-2990-9

ISBN 0-8018-2991-7 (pbk.)



To the memory of Professors Halbert B. Robinson
(1925-1981) and Dean A. Worcester (1889-1982),
innovative and effective proponents of improving the pace
and level of education ofintellectually talented youths.
Professor Robinson’s last publication appearsin this
book. Professor Worcester is especially remembered for
The Education of Children of Above-Average Mentality,
1956.



Contents

 
 

Contributors ix

Preface and Acknowledgments xi

Introduction

Julian C. Stanley /

Adolescence of the Mathematically Precocious: A

Five-Year Longitudinal Study

Camilla Persson Benbow 9

Manifestation of Creative Behaviors by Maturing

Participants in the Study of Mathematically Precocious

Youth

William B. Michael 38

Mathematics Taught at a Fast Pace: A Longitudinal

Evaluation of SMPY’s First Class

Camilla Persson Benbow, Susan Perkins, and

Julian C. Stanley J5/

Fast-Paced Mathematics Classes for a Rural County

John F. Lunny 79

Helping Youths Score Well on AP Examinations in

Physics, Chemistry, and Calculus

Karen Mezynski, Julian C. Stanley, and

Richard F. McCoart 86

An Accelerated Mathematics Program for Girls: A

Longitudinal Evaluation

Lynn H. Fox, Camilla Persson Benbow, and

Susan Perkins //3

A Case for Radical Acceleration: Programs of the Johns

Hopkins University and the University of Washington

Halbert B. Robinson 139

The Effects ofAcceleration on the Social and Emotional

Development of Gifted Students

Lynn Daggett Pollins /60

Vil



vill Contents

10

11

12

Statewide Replication in Illinois of the Johns Hopkins

Study of Mathematically Precocious Youth

Joyce Van Tassel-Baska 179

Eclecticism: A Comprehensive Approach to Education of

the Gifted

John F. Feldhusen 192

An Eight-Year Evaluation of SMPY: What Was Learned?

Camilla Persson Benbow and Julian C. Stanley 205

Name Index 215



Contributors

CAMILLA P. BENBOW is the associate director of the Study of

Mathematically Precocious Youth, an associate research scientist in the

psychology department, andan assistant professor in the sociology department
at The Johns Hopkins University, Baltimore, Maryland 21218.

JOHN F. FELDHUSENis the director of the Gifted Education

Resource Institute and a professor of educational psychology at Purdue

University, West Lafayette, Indiana 47907.

LYNN H.FOX is the coordinator of the Intellectually Gifted Child

Study Group and a professor of education in the Evening College and Summer

Session of The Johns Hopkins University, Baltimore, Maryland 21218.

JOHN F. LUNNY is the supervisor of mathematics, Charles County,

La Plata, Maryland 20646.

RICHARDF. McCOARTis a professor of mathematics at Loyola

College, Baltimore, Maryland 21210.

KAREN MEZYNSKIis a doctoral student in psychologyat

Vanderbilt University, Nashville, Tennessee 37203.

WILLIAM B. MICHAEL is a professor of education and psychology

at the University of Southern California, Los Angeles, California 90007.

SUSAN PERKINSis a doctoral student in clinical psychologyat

Boston University, Boston, Massachusetts 02215.

LYNN DAGGETT POLLINSis a doctoral student in education at

Duke University, Durham, North Carolina 27708.

HALBERT B. ROBINSON, now deceased, was the director of the

Child Development Research Group and a professor of psychology at the

University of Washington, Seattle, Washington 98195.

JULIAN C. STANLEYis the director of the Study of Mathematically

Precocious Youth and a professor of psychology at The Johns Hopkins

University, Baltimore, Maryland 21218.

JOYCE VAN TASSEL-BASKA 1s the director of the Midwest Talent

Search, School of Education, Northwestern University, Evanston, Illinois 60201.



Preface and
Acknowledgments
 

 

O, November 14, 15, and 16, 1980, a symposium was

conducted at The Johns Hopkins University to discover what had been
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long-term beneficial results? How adaptable are SMPY’s methodsto other
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results obtained by SMPYwere evaluated by its staff members and several

leading professionals in the field of education of gifted children. Findings

and conclusions are contained in the twelve chapters of this book.
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sity spoke about how his Talent Identification Program (TIP) adapted the

SMPY model and computerized some of its procedures. A revised version

xi



xii Preface and Acknowledgments

of his presentation was published elsewhere (Robert N. Sawyer and Lynn

M. Daggett, “Duke University’s Talent Identification Program,” G/C/T

(22, 1982), pp. 10-14).

Numerous individuals helped make the symposium a success and

assisted in the preparation of the manuscript for this volume. We are

especially indebted to Richard S. Broadhurst, Thelma V. DeCarlo,

William C. George, Susan L. Meyer, Lola L. Minor, Susan Perkins, Lori

S. Plotkin, Mildred Schwienteck, Barbara S. K. Stanley, and Paula M.

Zak. We owespecial thanks to Lois S. Sandhofer, SMPY’s administrative

assistant, who helped organize and manage the symposium and expertly

typed the manyrevisions of the manuscript. Without her total dedication

throughout, the project would have been muchless successful.

Weare also especially grateful to the Spencer Foundation; funds from

it enabled Professor Julian C. Stanley to form SMPYin 1971. Generous,

continuous support by that philanthropic organization has madeit possi-

ble for SMPYto enter its second decade.

Weare also thankful for grants obtained at various times from the

Robert Sterling Clark Foundation, the Geraldine R. Dodge Foundation,

the Camille and Henry Dreyfus Foundation, and the Educational Founda-

tion of America.

Dr. Steven Muller became president of The Johns Hopkins University

shortly after SMPY began. He has been ever supportive and helpful. Over

the years we havealso been helped greatly by other administrators, notably

Vice-President George S. Benton and Provost Richard P. Longaker.

With a generous grant from the William H. Donner Foundation,

SMPYis able to help hundreds of the mathematically ablest students in the

nation, those whobefore their thirteenth birthday score at least 700 on the

mathematical part of the College Board’s Scholastic Aptitude Test (SAT).

Only 4 percent of college-bound male twelfth-graders and 1 percent of

college-bound female twelfth-graders do that well.
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Introduction

JULIAN C. STANLEY

 
 

The Study of Mathematically Precocious Youth began
officially on September 1, 1971. Its origins went back at least thirty-three
years, however, to the time when as a young high-schoolteacher of science
and mathematics taking a summer“tests and measurements” course at the
University of Georgia I became enchanted byintellectual talent. It also
owes much to Galton (1869), Terman’s Genetic Studies of Genius,' Holl-
ingworth (1942), Pressey (1949), Worcester (1956), and Hobson (1963).

Its more immediate instigators were Doris Lidtke, Joseph Louis Bates,
Jonathan Middleton Edwards, Carl Swanson, and Sam Nocella. Doris
told me in the summerof 1968 about 12-year-old computer prodigy Joe.
Johns Hopkins Dean Swanson admitted him as a regular freshmanin the
fall of 1969; only 13 years old until that October 20, he performed out-
standingly, earning his B.A. and M.S. Engr. degrees at age 17. Jon heard
about Joe and insisted on being admitted to Johns Hopkinsin thefall of
1970 at age 13. He did well, too.

Asinternational vice-president of the Amalgamated Clothing Workers
of America, in 1969 Sam was instrumental in giving Johns Hopkins a
$110,000 endowment with which to start the Hyman Blumberg Sym-
posium on Research in Childhood Education. From timeto time the sym-
posia have helped SMPYreport orally and in book form the progress of
the many remarkable youthsit has discovered and assisted educationally.

The stage was well set in early 1971 when the newly created Spencer
Foundation of Chicagosolicited proposals. One of the foundation’s inter-
ests was intellectual talent. Having recently seen the potentialities for
research and developmentin the area of mathematical reasoningability, I
submitted a proposal to President H. Thomas James and Secretary (now
Vice-President) Marion M.Faldet. It was approvedinitially for five years,
with a grant of $266,100. This generous support, followed by renewal
grants for three, two, and three years, enabled us to create what is now a
vast, far-flung set of educationally facilitative special opportunities for
young students who reason exceptionally well mathematically or verbally.
For a detailed rationale of SMPYsee Stanley (1977).

I
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From thefirst talent search in 1972 (450 participants) to the tenth in

1983 (15,479), and from thefirst fast-paced mathematicsclass in 1972 (22

students) to the residential summer program for 1,000 students in 1983,

there are many milestones worth noting. That is why, with assistance from

the National Science Foundation, the Blumberg Fund, and the Spencer

Foundation, SMPY organized an overview symposium in Novemberof

1980 at Johns Hopkins. What had been accomplished during the first eight

years? What were appropriate guidelines for the future? This bookis the

augmented and updatedresult of the symposium’s deliberations. The main

focus of the volume is on mathematical talent because not until the seventh

talent search, in 1980, was verbal talent sought explicitly. Nevertheless, the

backgrounds of the participants at the symposium and of the authors of

this volume vary widely. The supplementary or complementary back-

grounds help guard against provincialism and bias.

Nearly all of the participants in SMPY’s first three talent searches who

had scored fairly well had graduated from highschool and entered a

postsecondaryinstitution by 1977. They were systematically followed-up.

Even though most of these students had been touched rather lightly by

SMPY’s educational-facilitation efforts (mainly through its newsletter, the

Intellectually Talented Youth Bulletin—the ITYB), studies of them

revealed definitely positive influences. As chapters 4-8 and 11 show

clearly, influence on educational pace and level was quite strong when

SMPYworked directly with some of the ablest young people found in the

talent searches.

Though tempted to summarize the papers, I shall leave the savoring of

their contents to you. See the concluding chapter of this volumeforrela-

tionships amongthe chapters. These reports point SMPY in the direction

of the twenty-first century, because by 2001 participants from thatfirst

talent search in 1972 will be only in their 40s. Having been born near the

end of World WarI, I cannot expect to see much (if any) of the new cen-

tury. Dr. Camilla P. Benbow is vastly younger, however, so to her will

probably go the privilege of learning via long-term follow-ups how

SMPY’s identified, acclaimed, and educationally facilitated young

students perform professionally and behave personally as adults. Other

persons, such as Dr. Lynn H.Fox,will also be observing the outcomes of

various programs.

Perhaps some ofthe talent-search participants will spark grass-roots

movements on behalf of intellectually talented youths. At least, many “ex-

prodigies” (see Wiener 1953) may be able to help their own children use

their abilities better. Programs based on unusualideas tend to die when the

zeal, fervor, and even fanaticism which characterized their original pro-

genitors wither in transition. We believe, however, that SMPY’s principles,

practices, and programs are robustly exportable, not like a delicate wine

on the hill at San Marino which will not travel well even to Rimini nearby.

Across the country manysuccessful replications and adaptationstestify
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to the power of the simple models SMPY developed by working directly
with youths who reason extremely well mathematically. For example, at
Duke University during the academic year 1980-81 Assistant Provost
Robert N. Sawyer, supported strongly by Provost William Bevan, con-
ducted Duke’s first search for verbal and/or mathematical talent, closely
following the SMPY model, in the following thirteen states: Alabama,
Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, Missouri,
North Carolina, Oklahoma, South Carolina, Tennessee, and Texas. Nearly
9,000 students, chiefly 12-year-old seventh-graders, participated. In 1982,
Iowa, Kansas, and Nebraska were added.

In the fall of 1980 former SMPYAssistant Director Sanford J. Cohn
begana talent search in Arizona, using ArizonaState University at Tempe
as his base for trying out the SMPY approach. In 1981 he extended the
program to California and Washington. In 1982 Oregon and parts of
Canada were added.

Dr. Joyce Van Tassel-Baska at Northwestern University, using elements
of the SMPY model, conducts an annual search in the Midwest for mathe-
matically apt youths. Educators in the Minneapolis-St. Paul area of Min-
nesota perform similar screening in order to form fast-paced mathematics
classes. There are other laudable efforts here and there, including Eau
Claire in Wisconsin, Omaha in Nebraska, and Berkeley in California.

Asof the seventh talent search, conducted in January of 1980, however,
SMPY relinquished the important service activity of Screening to an
agency under the provost at Johns Hopkins, the Center for the Advance-
ment of Academically Talented Youth (CTY).2 CTY conducts the talent
search each year, looking for mathematically, verbally, and/or generally
talented seventh-graders and youths in higher grades whoare of seventh-
grade age. In 1980 it added New Jersey to the group of political entities
involved in the fourth through sixth talent searches, which included
Delaware, the District of Columbia, Maryland (the sole state in thefirst
three talent searches), Pennsylvania, Virginia, and West Virginia. CTYis
also taking over the educational facilitation of all but the most
mathematically able of the talent-search participants. Currently the staff
of SMPY works only with students who before their thirteenth birthday
score 700 or more on SAT-Mathematical (SAT-M). These students receive
a great deal of individual counseling and educational facilitation.

Three Youths Move Ahead Especially Fast

The progress thus far of three of SMPY’s ablest protégés helps reveal
the great educational strides the intellectually most advanced young
students can make when they are allowed the curricular flexibility they
sorely need. By considering these extreme “radical accelerants,” one can
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readily infer that milder acceleration is appropriate for a considerable

percentage of youths (see George, Cohn, & Stanley 1979).

Oneoftheearliest intellectual “finds” under the original Spencer Foun-

dation grant occurred during the fall of 1971; this was a sixth-grade

Baltimorean named Colin Farrell Camerer, who had been born on

December 4, 1959. Having come from

a

state that had an earlier cut-off

date for school entrance than Maryland, he wasoneoftheoldest students

in his grade, although undoubtedly the ablest. Colin was cooperative and

ingenious, and so were his parents, so over the ten years — until the fall of

1981 —he went through to a Ph.D. degree and an assistant professorship

before his twenty-second birthday. Had his pace before being identified

initially as highly talented intellectually continued, he would have earned

only a bachelor’s degree by June of 1982. How did Colin move so fast and

so well?

First, of course, it was established by careful use of difficult tests that

Colin had the potential to accomplish far more than age-in-grade school

curricula require. Then he was encouraged to skip the seventh grade in

order to become one of the younger students in the eighth grade, rather

than oneofthe oldest in the seventh. Also, he tookfor credit the regular

introductory computer science course in the Johns Hopkinsday schoolat

age 13 and madea final grade of A. His easy success in the eighth grade

andin the college course emboldened him to take many more accelerative

steps. He skipped grades seven,nine,ten, twelve, and (by entering college

with sophomorestanding) thirteen. This allowed him to complete his B.A.

degree in quantitative studies at Johns Hopkins in five semesters (rather

than the usual eight) shortly after his seventeenth birthday. He did this

through a combination ofcollege courses taken for credit while still in high

school, Advanced Placement Program (AP) examinations, and heavy

course loads in college.

Yet, despite his academic speed he found plenty of time for extracur-

ricular activities: varsity wrestling and the television academic quiz team in

high school, varsity golf in college, much writing for the college

newspaper, and tutoring of several other mathematics prodigies. Also,

during the second semester of the academic year 1976-77, Colin, already a

college graduate, worked as a factotum for a weekly newspaper on the

Eastern Shore of Maryland until it was time for him to enter the University

of Chicago’s Graduate School of Business that fall while still 17 years of

age. Two years later, at age 19, he had earned the M.B.A. degree. By

December of 1981 he had completed the doctorate there in social science

aspects of finance. In Septemberof 1981 he became a 21-year-old assistant

professor andstatistics specialist in the Graduate School of Management

of Northwestern University. All of this was done with much zest and

gusto, quite unlike the public image of the student “pushed” too fast

academically by anxious, overly ambitious parents.

Colin seems to have a highly promising future, as at each point in the
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past he did. Success and, as Zuckerman (1977) put it, cumulative educa-
tional advantage breed more success and cumulative advantage. Of course
much depends on continued level of aspiration and many other personal
and environmental factors. In social science one cannot hopethat predic-
tion at the individual level will be as precise as, for example, predicting the
melting point of a bar of pure copper under knownconditions of tempera-
ture and pressure. In the aggregate, however, high scorers on the College
Board’s Scholastic Aptitude Test at age 12 can accomplish vastly more
than low scorers given the same opportunities.
A second example of the superb accomplishments by highly talented

youths which are eminently feasible is the career thus far of Chi-Bin Chien,
the American-born son of parents who grew up in Taiwan and completed
their bachelor’s degrees there. Hefirst came to myattentionvia his father,
a professor of physics at Johns Hopkins. Shortly after his tenth birthday,
Chi-Bin scored nearly as high on the verbal part of the College Board’s
Scholastic Aptitude Test as the average Johns Hopkins student did as a
I7- or 18-year-old twelfth-grader. He scored

a

little higher than their
average on the mathematical part.

With much help from extremely facilitative parents and some from
SMPY, he skipped grades six, seven, nine, ten, eleven, and thirteen,
graduating from oneof the country’s most outstanding high schools at age
12 with sophomorestandingin college because of the Advanced Placement
Program examinations, on which he had scored splendidly. In May of
1981 Chi-Bin, who was born on November 3, 1965, became (by seven
months) the youngest recipient of a baccalaureate in Johns Hopkins’s
105-year history. He broke the record set in 1887 by 16-year-old Charles
HomerHaskins, who went on to fame as a medieval historian and dean of
the Graduate School of Arts and Sciences at Harvard University.3

Chi-Bin took his B.A. degree in physics with the following honors and
awards: general and departmental honors, Donald E. Kerr Memorial
Award for the outstanding bachelor’s degree recipient in physics from
Johns Hopkinsthat year (shared with another student), SMPY award for
being the youngest graduate in the institution’s history, Churchill Scholar-
ship to study biophysics for a year at Cambridge University, and National
Science Foundation three-year fellowship with which to work toward a
Ph.D. degree at the California Institute of Technology after he returned
from England.

A third SMPYprotégé to make truly spectacular educational progress
thus far is Nina Teresa Morishige, the American-born (on June 5, 1963)
daughter of immigrants from Japan. Her accomplishments already seem
virtually superhuman: she won the Oklahoma high-schoolpiano contest as
a tenth-grader; plays the flute excellently, and also the violin; was elected
president of Oklahoma Girls’ State (the mock political gathering) at the
end of the eleventh grade; skipped the twelfth grade and came to Johns
Hopkins as a mathematics major minoring in piano at the PeabodyInsti-
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tute, a division of Johns Hopkins; arrived with full second-year standing

because of the five Advanced Placement Program examinations she had

taken in one week and on which she had scored superbly; took 50 percent

to 100 percent “overloads” of difficult courses in order to complete her

B.A. degree in mathematics by May of 1982 at age 18 ina total of four

semesters rather than the customary eight; won a RhodesScholarship with

which to study for two years at Oxford University, being one of the

youngest winners in the competition’s seventy-eight-year history; and also

won a Churchill Scholarship to Cambridge University, but had to declineit

because of the Rhodes Scholarship. In her “spare time” Nina taught some

of SMPY’s fast-paced mathematics classes and served as a mentor-by-mail

in calculus to six mathematically brilliant young students across the coun-

try.
Weknowof quite a few more as remarkablein their own waysas Colin,

Chi-Bin, and Nina, but mention of the precocious achievements of these

three should provide some idea of the progress readily possible for

extremely able students when curricular arrangements are sufficiently flex-

ible. None of these three cost their schools or parents a great deal in time

or money. They were amazingly cost-effective in, for example, earning

their bachelor’s degrees in four, five, or six semesters instead of the usual

eight. They also eliminated a total of ten years of schooling below the col-

lege level, and of course avoided much boredom and saved conscientious

teachers concern about their special educational needs.

It will be fascinating to follow the progress of SMPY’s “radical acceler-

ants” as they go throughlife. One must not create a reductio ad absurdum

expectation, as many have done for the Terman group, that each will

becomeas eminent as Einstein or Newton. A number of them arelikely to

becomefirst-rate scholars, researchers, or practitioners in their vocations.

Weencourage educators and parents everywhere to consider carefully

how far curricular flexibility of the kinds described in this book can take

young people (most of them, of course, not nearly as able as Colin, Chi-

Bin, and Nina) educationally and personally at minimum cost and with

only slight disruption of the schools’ usual educational processes. This

need for and importance of curricular flexibility for intellectually talented

students is perhaps one of the most salient findings of SMPY.Itis implicit

in all the chapters in this book, and explicit in most of them.

Notes

1. See Terman (1925), Cox (1926), Burks, Jensen, and Terman (1930), Terman

and Oden (1947), Terman and Oden (1959), Oden (1968), Sears (1977), and Sears



7 Introduction

and Barbee (1977). These pioneering worksarestill a basis for present-day research,
development, andservice to intellectually talented persons.

2. CTY wasoriginally called the Office of Talent Identification and Develop-
ment (OTID).

3. For further details about the youngest graduates of Johns Hopkins see
Stanley and Benbow(in press).

References

Burks, B. S.; Jensen, D. W.; and Terman, L. M. 1930. The promise of youth:
Follow-up studies of a thousand gifted children. Vol. 3 of Genetic studies of
genius. Stanford, Calif.: Stanford University Press.

Cox, C. M. 1926. The early mental traits of three hundred geniuses. Vol. 2 of
Genetic studies of genius. Stanford, Calif.: Stanford University Press.

Galton, F. 1869. Hereditary genius. London: Macmillan.
George, W. C.; Cohn, S. J.; and Stanley, J. C., eds. 1979. Educating the gifted:

Acceleration and enrichment. Baltimore: Johns Hopkins University Press.
Hobson,J. R. 1963. High school performance of underagepupils initially admitted

to kindergarten on the basis of physical and psychological examinations. Educa-
tional and Psychological Measurement 23 (1): 159-70.

Hollingworth, L. S. 1942. Children over 180 IQ, Stanford-Binet. Yonkers-on-
Hudson, N.Y.: World Book.

Oden, M.H. 1968. The fulfillment of promise: Forty-year follow-up of the Terman
gifted group. Genetic Psychology Monographs 77: 3-93.

Pressey, S. L. 1949. Educational acceleration: Appraisal and basic problems.
Bureau of Educational Research Monographs, no. 31. Columbus, Ohio: Ohio
State University Press.

Sears, P. S., and Barbee, A. H. 1977. Careerandlife satisfactions among Terman’s
gifted women. In The gifted andthe creative: A fifty-yearperspective, ed. J. C.
Stanley, W. C. George, and C. H. Solano, 28-65. Baltimore: Johns Hopkins
University Press.

Sears, R. R. 1977. Sourcesoflife satisfactions of the Terman gifted men. American
Psychologist 32 (2): 119-28.

Stanley, J. C. 1977. Rationale of the Study of Mathematically Precocious Youth
(SMPY) duringits first five years of promoting educationalacceleration. In The
gifted and the creative: A fifty-year perspective, ed. J. C. Stanley, W. C.
George, and C. H. Solano, 75-112. Baltimore: Johns Hopkins University Press.

Stanley, J. C., and Benbow, C. P. 1982. Using the SAT to find intellectually
talented seventh graders. College Board Review, no. 122 (Winter), pp. 2-7,
26-27.

. In press. Extremely young college graduates: Evidence of their success.
College and University.

Terman, L. M. 1925. Mental and physical traits of a thousand gifted children.
Vol. 1 of Genetic studies ofgenius. Stanford, Calif.: Stanford University Press.

 



8 Julian C. Stanley

Terman, L. M., and Oden, M. H. 1947. The gifted child grows up: Twenty-five

years’follow-up of a superior group. Vol. 4 of Genetic studies ofgenius. Stan-

ford, Calif.: Stanford University Press.

____, 1959. The gifted group at mid-life: Thirty-five years’ follow-up of the

superior child. Vol. 5 of Genetic studies of genius. Stanford, Calif.: Stanford

University Press.

Wiener, N. 1953. Ex-prodigy. New York: Simon and Schuster. (Paperbound

edition is available from M.I.T. Press, Cambridge, Mass.)

Worcester, D. A. 1956. The education of children of above-average mentality.

Lincoln: University of Nebraska Press.

Zuckerman, H. 1977. Scientific elite: Nobel laureates in the United States. New

York: Free Press.



Adolescence of the
Mathematically Precocious: A
Five-Year Longitudinal Study
CAMILLA PERSSON BENBOW

 
 

Abstract

SMPY’s first set of longitudinal findings are strong
indicators that SMPY’s identification measure is effective
in selecting students in the seventh grade who achieve at a
superiorlevel in high school, especially in mathematics
and science. Questionnaire data obtainedfrom 1,996
students who as seventh- or eighth-graders had scored
better on the SAT than a random sample of eleventh- and

twelfth-grade females were analyzed. Relative to the com-

parison groups SMPYstudents were superior in both

ability and achievement, expressed strongerinterest in

mathematics and sciences, were accelerated more fre-

quently, and were more highly motivated educationally, as

indicated by their desire for advanced degrees from dif-

ficult schools. Sex differences were found in participation

in mathematics and science, performance on the SAT-M,

and the taking of and performance on mathematics and

science achievement tests. The majority of the students

felt that SMPYhad helped them educationally while not

detracting from their social and emotional development.

The SAT-M score of an intellectually talented seventh- or

eighth-grader has much predictive validity.

 

The Study of Mathematically Precocious Youth officially
began with hopes of finding youths whoat an early age were able to reason
extremely well with simple mathematical concepts, “students who even
before taking or completing the first year of algebra would reason
mathematically much better than the average male twelfth grader does”
(Stanley 1977). SMPY then studied these youths further, helped to

9
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facilitate their educational progress, and disseminated its findings, e.g. in

Keating and Stanley (1972), Stanley (1973), Stanley, Keating, and Fox

(1974), Keating (1976b), and Stanley, George, and Solano (1977). In order

to identify mathematically talented students, the concept of a talent search

was devised (George & Solano 1976b). Six separate talent searches have

been conducted by SMPY (Benbow & Stanley 1980). This paper focuses on

longitudinal findings and evaluationsof the first three, which wereheld in

March, 1972, January-February, 1973, and January, 1974. The purpose

of the paper is to characterize at high-school graduation those students

who scored highly enough in these talent searches and trace their educa-

tional development.! Some of the special findings from this study are

presented by Michael in chapter 3 (manifestation of creativity), by

Benbow, Perkins, and Stanley in chapter 4 (longitudinal evaluation of

accelerated mathematics classes), and by Fox, Benbow, and Perkins in

chapter 7 (sex differences) in this volume.

Talent-Search Results

In the first three talent searches seventh- and eighth-grade? students in

Marylandwereeligible to participate if they scored in the upper 5 percent

(March, 1972) or the upper 2 percent (January-February, 1973, or

January, 1974) nationwide in mathematical ability on a standardized

achievementtest. As part of the talent search they took the College Board’s

Scholastic Aptitude Test-Mathematics and also, in 1973, the Scholastic

Aptitude Test-Verbal (SAT-V) (Angoff 1971). Results have been discussed

by Keating (1974, 1976a). In general, the average participant, who tended

to come from a home where the parents had been rather highly educated,

scored well and at a level better than or equal to that of a random sample

of high-school juniors and seniors. Although both sexes scored about the

same verbally, boys performed much better mathematically than girls.

This sex difference was especially evident in the upper ranges of

mathematical ability (Benbow & Stanley 1980, 1981, 1982a). It was par-

ticularly significant that this sex difference was observed in the seventh and

eighth grades. Up to that time these boys and girls had received similar

formal instruction in mathematics (Benbow & Stanley 1982b). Elsewhere

Benbow and Stanley (1980) have shown that differential course-taking

cannot account for the observed sex difference in mathematical ability.

Longitudinal Follow-Up Procedure

The students selected to be followed up by SMPYafter high-school

graduation had to have scored at least 390 on SAT-M or 370 on SAT-V
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during the talent search. If in 1972 the student had metthe scorecriterion
on

a

test of scientific information(i.e., 75 points or better out of 150 possi-
ble points on the sum of Form A and B scores on the Sequential Test of
Educational Progress [STEP] General Science Information Test, Series II,
Level 1a [first year of college]), he or she was also includedin this study.
This level of performanceselects for a group of students who as seventh-or
eighth-graders scored as well on the SAT as the average eleventh- or
twelfth-grader does.

Selected through the use of these criteria, 2,188 talent-search par-
ticipants received through the mail an eight-page follow-up questionnaire
(see Appendix 2.1) along with an offer of monetary compensation ($5 or,
in some cases, $6) as an incentive to complete the questionnaire. The ques-
tionnaires were mailed to students at a time when they would have been
graduated from high schoolif they had notaccelerated in their education
since their participation in a talent search. The questionnaire reached the
students and was usually completed by them while they were freshmen in
college. Because the students were sampled from three talent searches held
in 1972, 1973, and 1974 and because both seventh- and eighth-graders were
eligible to participate in the talent searches, the follow-up questionnaires
had to be sent out in four different waves: in December, 1976 (N = 214,
Cohn 1980),? 1977 (N = 594), 1978 (N = 881), and 1979 (N = 499). After
six weeks had passed, the students whostill had not completed the ques-
tionnaires were sent a reminderletter including an additional question-
naire. Six weekslater a postal card reminder wassent. Finally, to bring the
response rate up, each unresponsive subject was telephoned (sometimes
several times).

The responserates for each wave of the follow-up were 94 (Cohn 1980),

90, 93, and 90 percent, respectively, of the total sample. Omitting persons

we were unable to locate the response rates become 98 (Cohn 1980), 94, 96,

and 93 percent, respectively. Combining the waves, the overall response

rate exceeded 91 percent of the total sample of 2,188 students. In the

analyses, there were 1,996 students, 38 percent of whom were females.

DATA ANALYSIS

The data were coded, keypunched, and verified. For the first and sec-

ond wavesofthe follow-up they were entered onto the computer by means

of the SOS computer package (Shesko 1975). For the third and fourth

waves the data were entered throughthe use of the Filgen and Qgen com-

puter system (The Johns Hopkins University Computing Center). The

statistical analyses, performed by using the SPSS program (Nie et al.

1975), were done separately for the first wave, the second wave, and the

combined third and fourth waves of the follow-up.
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SAT Scores at Time of Talent Search

Mean SAT scores of the follow-up groups at the time of the talent

search can be seen in table 2.1. As expected, mean scores are muchhigher

than the average from SMPY’s six talent searches due to the additional

selection criteria. The group’s mean SAT-Mscores were also far superior

to the meansofa national sample of college-bound seniors (ATP 1979a).

On SAT-M,boysin each wavescoredsignificantly higher than thegirls (by

at least twenty-eight points), whereas girls scored higher on SAT-V —

significantly so for the second wave.‘Theeffect size for the sex difference

on SAT-M in the talent search was medium, while for the difference on

TABLE 2.1. Mean SAT Scores of Talent-Search Participants and College-Bound Seniors

 

National Sample

Third and of College-Bound

First Wave Second Wave Fourth Waves Seniors
 

Standard Standard Standard Standard

Mean Deviation Mean Deviation Mean Deviation Mean Deviation
 

Talent Search
 

 

 

SAT-M
Males 567 91 549 74 526 76

Females 505 58 510 58 498 61

t of mean 5.1 6.7 6.9

difference p<«.001 p<«.001 p< .001

SAT-V®
Males — 443 86 400 65

Females — 468 86 411 74

t of mean —3.1 not significant

difference p<.01

High School

SAT-M

Males 691 75 693 72 695 67 493 121

Females 652 72 643 68 650 75 443 109

t of mean 3.5 7.9 10.6

difference p<«.001 p<.001 p< .001

SAT-V
Males 596 100 602 82 590 88 431 110

Females 594 115 612 83 592 91 423 110

t of mean
difference not significant not significant not significant
 

SourcE: Edmund C. Short, “Knowledge Production and Utilization in Curriculum: A

Special Case of the General Phenomenon,” Review of Educational Research (Summer

1979): 237-301. Copyright 1979, American Educational Research Association,

Washington, D.C.

aTaken from S. J. Cohn, “Two Components of the Study of Mathematically Precocious

Youth’s Invervention Studies of Educational Facilitation and Longitudinal Follow-Up,”

Ph.D.diss., Johns Hopkins University, 1980.

bSAT-V was administered only in the 1973 talent search. Thus SAT-V scores were available

for the 1973 talent-search eighth-graders,all in the second wave of the follow-up, and for

the 1973 talent search seventh-graders,all in the third wave of the follow-up.
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SAT-V it was only small. Thus the sex difference on SAT-M was con-
sidered important, but the difference on SAT-V wasnot.

SAT Scores in High School

From their reports, by the end of high school the boys’ and girls’ mean
scores on SAT-M had been raised an average of 155 and 145 points,
respectively, from the time of talent-search participation (see table 2.1).
Thus the sex difference found on SAT-M at the time of talent-search par-
ticipation increased during the high-school years by about 10 points. (For
further discussion see Benbow & Stanley 1982a.) Both boys andgirls in the
follow-up scored approximately 200 points better than their respective sex
norm group of college-boundseniors(see the lower half of table 2.1). This
indicates that the students maintained their superior mathematicalability.
On SAT-V males improved by 159 points and females by 144 points in

the second waveof the follow-up. For the third wave males increased by
190 points and females by 181 points (see table 2.1). Thus the initial sex
difference on SAT-V favoring girls diminished, and for the second waveit
was no longerstatistically significant. Both on SAT-M and SAT-V the

boys improved significantly more than the girls (see Benbow & Stanley

1982a), unlike in some other studies (e.g., Shaycoft 1967) where it had

been found that members of the sex with the initial advantage improved
their scores most through high school.

Because the students wereselected initially on the basis of their high

mathematical ability, it was expected that they would score less well on

SAT-V than on SAT-M because ofstatistical regression toward the mean.

This was true both for the talent-search and for high-school results (see

table 2.1). In high school the students’ mean scores on SAT-V were

approximately 170 points above the mean for a national sample of college-

bound seniors, comparedto the 200-point superiority on SAT-M.This dif-

ference held up whenpercentile ranks were compared. Again, on SAT-V

the students maintainedtheir initial superior ability.

MATHEMATICS COURSE-TAKING

The mean numberof semesters of mathematics taken in grades eight

through twelve is shown by group in table 2.2. Boys reported taking

approximately 9.2 semesters, while girls reported approximately 8.4,sig-

nificantly different beyond the .001 level. The effect size, d, equalled

approximately .33. Thus the effect was considered small and not impor-

tant (see Benbow & Stanley 1982a). Boys and girls received mainly As and

Bs, with the girls obtaining slightly better grades (see Benbow & Stanley
1982a).

Approximately 66 percent of the boys took at least one calculus course,

compared to 40 percent of the girls (see table 2.2). Furthermore, many
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TABLE2.2. Reported Mathematics and Science Course-Taking in Grades 8-12

(by Wave and Sex)
 

Third and

First Wave Second Wave Fourth Waves
 

Males Females Males Females Males Females

(N = 133) (N = 69) (N = 310) (N = 221) (N = 785) (N = 478)
 

Total mathematics

Mean numberof

semesters 9.4 9.0 9.3 8.1 9.2 8.5

Standard deviation 2.3 1.8 2.5 2.6 2.6 2.4

Mean course grade 3.6 3.7 3.5 3.6 3.5 3.6

Standard deviation 0.7 0.5 0.5 0.5 0.5 0.5

Total Science

Mean numberof
semesters 7.0 6.8 7.0 6.0 8.4 7.6

Standard deviation 2.4 2.0 2.4 2.4 2.8 2.4

Mean course grade 3.6 3.7 3.5 3.6 3.6 3.6

Standard deviation 0.3 0.4 0.5 0.5 0.5 0.4

Percentage taking
biology 83 97 89 93 89 94

Percentage taking
chemistry 89 93 91 86 89 88

Percentage taking
physics 78 68 77 58 76 57

Percentage of total

taking a science
course 98 100 98 97 98 99

Calculus

Percentage taking

calculus 62 42 69 34 66 43
 

more boys than girls took two courses in calculus. The differences were

significant beyond the .001 level, with a medium effect size (A = .53). No

significant sex difference was found in grades earnedin calculus, which

were mostly As and Bs. For further discussion of the sex difference in

mathematical ability and course-taking see Benbow and Stanley (1980,

1982a), where they conclude that socialization theories (differential course-

taking, etc.) probably cannot account for all of the sex difference in

mathematical ability.

SMPYstudents studied mathematics muchlonger than 1979-80 college-

bound twelfth-graders in the middle states region of the United States

(New York, Pennsylvania, New Jersey, Delaware, Maryland, and the

District of Columbia).5 Those college-bound twelfth-graders took 7.4

semesters of mathematics during high school if male and 6.8 semestersif

female (ATP 1980). The difference between the two groups wassignificant

by a ¢-test beyond the p< .001 level. The effect size, d, varied between .50

and 1.22, which is in the medium to large range. Furthermore, in the

National Longitudinal Study of the High School Class of 1972, eight

semesters of mathematics were taken by only 8.8 percent of the males and

3.4 percent of the females (Wise, Steel, & MacDonald 1979). This was a
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decline in mathematics course-taking of almost 34 for the men and about

73 for the women from the 1960 Project Talent data (ibid.). Calculus had

been taken by only 4.7 percent of male and 3.1 percent of female 17-year-

olds in 1977-78 (NAEP 1979). At least ten times that percentage (for each

sex respectively) of the SMPYstudents took calculus. The difference in
proportions between the two groups wassignificant beyond the p < .01
level for both sexes. The effect size equalled 1.45 for the boys and 1.02 for
the girls, both of which are considered large. It can thus be concluded that
SMPYstudents take much more mathematics than students in general.

SCIENCE COURSE-TAKING

Essentially all SMPY students took science in grades eight through
twelve (see table 2.2). Biology and chemistry courses were most frequently
taken. Fewer students— more boys than girls—took physics, whereas
moregirls took biology. This agrees with Kelly’s (1979) findings. The mean
numberof semesters of science taken by the students was 7.6; the grades
received in those classes were mostly As and Bs.

The participation in science of this group compares favorably with the
participation in science of the 1978-79 college-boundseniors in the middle

states. The mean number of semesters of studying biological science was
2.8 for such boysandgirls (ATP 1980). For the physical sciences the mean
was 4.2 for boys and 3.4 for girls (ibid.). Although the total number of

semesters spent studying science was somewhat lower for college-bound

seniors than for SMPY’s students, the difference was not significant.

Benbow (1981) found that a comparison between the number of

semesters of mathematics and science taken in high school revealed that

SMPYstudents weresignificantly morelikely to have taken a mathematics

course than a science course. It is possible that this difference reflects a

greater access to mathematics courses than to science courses.

ACHIEVEMENT TEST SCORES

The students were asked to report their performance on the College

Board’s achievementtests. Table 2.3 is a breakdownof the performances
by sex for those tests that at least 8 percent of the students indicated they _
had taken at any time in high school. It can be seen in table 2.3 that for
every one of these tests, SMPY students’ mean scores were superior to the
means of college-bound high-school students. SMPY males scored on the
average 107 points better, and the SMPY females, 97. Boys were superior
to girls on the science and mathematics tests, while girls were superior on
the English composition and French examinations.

To test for significant differences in performance on the achievement
tests between the SMPYgroupand college-bound high-school students, a
sign test was utilized. The resulting chi-square equalled 5.2, which was
significant beyond the p< .05 level. The effect size, g, equalled .5, which is
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TABLE2.3. Reported Performance on the College Board’s High-School-Level

Achievement Tests Taken by at Least 8 Percent of the Students in a Group

(by Wave and Sex)
 

 
 

Third National

and Sample of

First Second Fourth 1978 College-

Wave Wave Waves Bound

(N = 202) (N = 531) (N = 1,263) High-School
Students4

Males Females Males Females Males Females
  

Math Level I

Mean score 692 664 698 656 695 644 541

Standard deviation 81 99 74 70 65 76 99

N 34 19 60 58 149 100 146,426

Math LevelII

Mean score 742 676 751 724 748 705 665

Standard deviation 67 93 60 57 59 71 95

N 46 7 91 29 281 99 32,743

English Composition

Mean score 653 667 634 656 624 638 512

Standard deviation 85 55 85 66 84 80 109

N 61 25 145 94 363 199 195,173

Biology

Meanscore 689 605 667 644 652 613 544

Standard deviation 86 134 78 68 71 93 111

N 11 2 27 23 58 43 47,291

Chemistry

Mean score 670 619 675 634 678 651 S577

Standard deviation 78 66 66 72 85 78 102

N 25 10 50 16 146 50 35,007

Physics

Mean score 684 530 683 618 672 607 591

Standard deviation 74 _ 71 84 81 86 106

N 23 1 42 8 100 15 15,408

French

Mean score 595 591 616 642 632 646 552

Standard deviation 121 103 84 93 74 95 109

N 12 8 26 41 45 68 25,673

 

Note: SMPYstudents scored significantly higher than college-bound high-school seniors

on all the achievementtests (X? = 5.2, p< .05, g = .5 [large effect size], and the power of

the test was greater than .43).

aTaken from Admissions Testing Program of the College Board, National Report: College-

BoundSeniors, 1979 (Princeton, N.J.: Educational Testing Service, 1979).

considered large and thus important. Interestingly, SMPYstudents did not

score higher on the mathematics achievementtest relative to the other

tests.

More males took the more difficult Math Level II than theeasier Math

Level I test (see table 2.3). In contrast, slightly more females took Math

Level I than Math Level II. The SMPY males’ mean scores on the Math

Level II approximated the maximum reported score, 800. Finally, SMPY

males scored better than SMPY females on both mathematics tests. The
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sex difference wasstatistically significant except on Math Level I in the
first wave of the follow-up.

In science the boys also took significantly more of these achievement
tests than girls, especially the ones in chemistry and physics (see table 2.3).
Scores were high and above the national mean for both boys andgirls.
Boys scored better than girls — significantly so, except in biology in the
first and second wavesofthe follow-up and chemistry in the first wave (see
Benbow 1981; Benbow & Stanley in press).

FAVORITE COURSES IN HIGH SCHOOL

Whenasked what their favorite course in high school was, respondents
_ named mathematics most frequently (36 percent of the males and 31 per-
cent of the females). The second favorite was science (34 percent of the
males and 25 percent of the females). In a national survey of 17-year-olds,
NAEP(1979) also found that the most frequently mentioned favorite
course was mathematics (18 percent namedit as their favorite). This was
followed by English (16 percent), social studies (13 percent), and then
science (12 percent). The SMPY grouptends to follow this pattern, but
mathematics andscience are significantly more strongly preferred (p< .01).
The effect size was medium (.70). Thus the difference between the groups
was judged as important.

RATED LIKING FOR MATHEMATICS

AND SCIENCE

These findings were further affirmed when the students were asked to

rate their liking for biology, chemistry, mathematics, and physics on a

five-point scale ranging from strong dislike to strong like. Forall of these

subjects the students had, on the average, a moderate liking. Mathematics

was most preferred by males and females. Boys appeared to like the

sciences about equally well, while for girls the ranking of preference was

biology (most), chemistry, and then physics.

PARTICIPATION IN SCIENCE FAIRS AND

MATHEMATICS CONTESTS

Approximately 23 percent of the boys and 12 percent of the girls had
participated in at least one mathematics contest. This wassignificantly dif-
ferent at the p< .001 level. With regard to science fairs, 17 percent of boys
and girls participated in at least one. Michael (see chapter 3 of this volume)
discusses the relationship between science fair and mathematics contest
participation and ability on the SAT and family variables. He concludes
that “a modest negative relationship exists between SAT-M scores and
extent of participation in science fairs for girls (but not for boys) and that a
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modest positive relationship occurs between SAT-Mscores and amount of

involvement in mathematics contests for boys (but not for girls).”

Summarizing, it appears from the preceding three sections that

mathematically talented high-school students, boys more so than girls, are

interested in mathematics and the related field of science.

ACTIVITIES AND JOBS

The students were asked to list the number of in-school and out-of-

school activities engaged in during grades eight through twelve. Activities

were grouped into seventeen categories ranging from academicto religious

(see Appendix 2.1). The mean ofthe total numberofactivities engaged in

by participants was twenty-three across all four waves of the follow-up.

The total reported numbers ranged from zero to ninety-one activities per

student. The three most popularcategories ofactivities for both males and

females were, in order of preference, reading and spectator activities,

social hobbies, and performingarts.

The numberofjobs held by the students were also ascertained. Across

all waves of the follow-up approximately 87 percent of the students

reported having had at least one job in grades eight through twelve. The

mean numberof jobs held was 2.2.

We conclude that SMPY students were actively doing many different

things throughout high school. There appears to be no evidence that these

gifted students have a narrow range ofinterests.

AWARDS AND HONORS

The students in the follow-up were asked to report any awards or

honors won and their degree of participation in the National Merit

Scholarship Competition. Performancein thelatter is judged on the basis

of the students’ scores on the Preliminary Scholastic Aptitude Test

(PSAT), typically taken in October of the eleventh grade. SMPYstudents

did well on the PSAT.At least 50 percent of them satisfied the criteria for

receiving at least a Letter of Commendation(see table 2.4). Any student in

the competition who goes further has to satisfy the criterion for the

previous level. For example, students who satisfy the criterion for a

National Merit Finalist have also satisfied the criterion for Semi-Finalist

and Letter of Commendation. Approximately 5 percent of SMPYstudents

received National Merit Scholarships (the highest level of the competition).

This finding attests to the fact that SMPY students are extremely able.

With respect to academic awards and honors won in high school,

approximately 67 percent reported receiving at least one. The mean

number wonbythe students is 2.5. The mean numbers of other awards

won can also be seen in table 2.4. They average 2. These were won by

approximately 59 percent of the students. Clearly, the group won

a

large

number of awards and honors.
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TABLE2.4. Reported Performance in the National Merit Scholarship Competition and
Number of Awards and Honors Wonin High School(by Wave)
 

 
 

Third and
First Wave Second Wave Fourth Waves
(N = 202) (N = 531) (N = 1,263)

National Merit

(%)
Letter of Commendation

only 27 41 38
Semi-Finalist 5 19 17
Finalist 13 15 14
Scholarship winner 4 4 5

Academic awards

Mean number 2.7 2.4 2.5
Standard deviation 2.4 2.8 3.1

Other Awards

Mean number 0.7 2.2 2.5
Standard deviation 1.2 3.0 3.2
 

aExcept for a Letter of Commendation, every student in successive echelons of the Na-
tional Merit Competition had satisfied the requirement for the previouslevel.

USE OF ACCELERATIVE OPTIONS

The various accelerative options available for facilitating a gifted stu-

dent’s education (Stanley 1978; Benbow 1979) and their use by the SMPY

students can be seen in table 2.5. The most widely knownofthese options

is grade skipping. Approximately 15 percent of SMPYstudents skipped at

least one grade or entered school early. The most frequently skipped grade

was the twelfth. No significant sex difference was found, except for the

first wave of the follow-up, in which 30 percent of males vs. 17 percent of

females skipped at least one grade (p < .05).

AP examinations can secure college credit for advanced course-work

completed in high school if the person scores highly enough on them

(Benbow 1978; Benbow & Stanley 1978). They are taken mainly by highly

able students (Hanson 1980). Approximately 40 percent of SMPY males

and 25 percent of SMPY females took at least one AP examination. Since

fewer than 5 percent of high-school students take an AP examination

(Hanson 1980), this is a high degree of participation by the SMPYgroup.
The mean numberof examinations taken was almost 1 for boys and about
.5 for girls (see table 2.5). Although there wasa significant sex difference

in the taking of AP examinations (p < .001), there was no difference in the

scores received on these examinations exceptin the first follow-up (p< .05,

Cohn 1980). The mean was approximately 3.6 on a five-point scale, where
a 3, 4, or 5 is considered a good score and makes a studenteligible for
some college credit at most colleges.

The most popular AP examinations for the boys were the mathematics,

which were taken by 29 percent of the boys (12 percent took the Calculus
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TABLE 2.5. Reported Use of Accelerative Options by the Beginning of College (by Wave)

 

First Wave (N = 202)

 
 

Males Females

Grade skipping

Mean number 0.5 0.2

Standard deviation 0.8 0.5

Percentage skipping at least one grade 30 17

APP exams

Mean numbertaken (s.d.) 0.8 (1.2) 0.3 ( .6)

Meanscore? (s.d.) 3.7 (1.0) 3.1 (1.0)

Percentage taking at least one exam 4\ 19

College courses as high-school student

Mean numbertaken 0.8 0.4

Standard deviation 2.0 1.2

Percentage taking at least one course 24 10

Early entrance to college (%) 29 16

Advancedstanding in college (%) 48 30

Mean numberofcredits for those

students (s.d.) 11.5 (8.8) 8.0 (5.6)

 

aScores on the APP examscan range from 1 (the lowest possible) to 5 (the highest possible).

Manycolleges give credit for a two-semester course for 3s. Most give such credit for 4s and

5s, except that only one semester of credit is usually awarded for 3-5s on the less com-

prehensive of the mathematics examinations(i.e., Level AB).

AB and17 percent took the more difficult Calculus BC exam). For girls

the English examination was most popular (second most popular for

boys); 19 percent of the girls took it. For girls, the mathematics examina-

tions were second most popular; 13 percent of the girls (8 percent took

Calculus AB and 5 percent took Calculus BC) took them. The students’

scores were not better on the mathematics tests than on the othertests.

Anotheraccelerative option available to students who want to move

ahead in their educational careersis the taking of college courses on a part-

time basis whilestill in high school (George & Solano 1976a). Although the

numbersvaried for each wave, approximately 20 percent of the SMPY

students took college courses while they werestill in high school(see table

2.5). Significant sex differences were not observed.

Early entrance to college is yet another educationally accelerative

option (Eisenberg & George 1978; Benbow & George 1979). Of the

1978-79 college freshmen, only 3.4 percent entered college at least one year

early (Astin 1978). Among the SMPYstudents, 14 percent did so (see table

2.5). This difference in proportions was significant beyond the p «01

level. The effect size equalled .42, which is considered to be almost a

medium effect.

Entering college with advanced standing earned through AP examina-

tions or through college course-taking in high school, for example, is one

of the favorite accelerative options. Approximately 38 percent of the

SMPYstudents did this, with a mean numberofcredits ranging from eight

to twelve (see table 2.5). Males used this option significantly more than

females (p < .005 for the four waves).
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Second Wave (N = 531) Third and Fourth Waves (N = 1,263)
Males Females Males Females

0.2 0.2 0.2 0.2
0.5 0.5 0.5 0.4

13 15 12 14

0.8 (1.3) 0.4 ( .8) 0.9 (1.4) 0.6 (1.0)
3.6 ( .9) 3.7 ( .9) 3.6 ( .9) 3.6 (1.0)

40 25 43 32

0.3 0.2 0.4 0.4
0.8 0.5 1.3 1.1
19 18 19 19
15 17 11 13
35 24 44 37

12.1 (10.6) 9.6 (8.8) 11.4 (10.0) 8.2 (6.4)
 

It is clear that a fairly high percentage of SMPYstudents used atleast

one of the educationally accelerative options for facilitating their educa-

tion. Furthermore, the students who did accelerate felt that this had

affected their social and/or emotional development somewhat positively.

Only 5 out of 1,104 (0.5 percent) students in the second, third, and fourth

waves of the follow-up who considered themselves to have been acceler-

ated felt that acceleration had affected their social and/or emotional

development much to the worse. In contrast, 203 (18 percent) of the

students felt the opposite.

COLLEGE ATTENDANCE

Over 90 percent of the SMPY students were attending college at the

time they completed the questionnaire (see table 2.6). The colleges attended

by these students were rated using the Astin (1965) scale. Each college was

given an intellectualism and status score, T-scores having a mean of 50 and

a standard deviation of 10. Astin (1965, p. 54) defines a four-year college

with a high intellectualism score as having a student body that “would be

expected to be high in academic aptitude (especially mathematical apti-

tude) and to have a high percentage of students pursuing careers in science

and planning to go on for Ph.D. degrees.” A four-year college with a high

status score is defined as having a student body that “would be expected to

have a high percentage of students who come from high socioeconomic

backgrounds and who themselves aspire to careers in enterprising fields

(lawyers, business executives, politicians)” (ibid.). Among the colleges

attended by SMPYstudents the mean intellectualism score was almost 59

and the mean status score 57 (see table 2.6). Thus the SMPY group

attended colleges or universities that were rated on the average almost one

standard deviation above the mean for four-year colleges and universities
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TABLE2.6. Talent-Search Students’ Attitudes toward College and Ratings on

Intellectualism and Status of Their Colleges
 

 

Third and

First Wave Second Wave Fourth Waves

(N = 202) (N = 531) (N = 1,263)

Percentage attending college 95 92 92

College intellectualism score

Mean(s.d.)@ 58.4 (11.5) 58.8 (11.8)

Meanforcolleges, including

community colleges (s.d.)® 56.1 (14.5) 55.7 (16.0)

College status score

Mean(s.d.)? 57.1 ( 9.4) 57.3 ( 9.4)

Meanforcolleges, including

community colleges (s.d.)> 55.1 (13.0) 54.3 (14.1)

Liking for college

Mean¢ 4.4 4.4 4.4

Standard deviation 0.8 0.9 0.8

 

aCollege intellectualism and status scores are T-scores, mean 50 and standard deviation of

10. Ratings are from A. W. Astin, Who Goes Where to College? (Chicago: Science

Research Associates, 1965).
b An arbitrary value of 15 was given to a communitycollege.

¢Liking for college was coded as follows: 5 = strong like, 4 = moderatelike, 3 = neutral

or mixed feelings, 2 = moderate dislike, 1 = strong dislike.

in academic difficulty, and almost as high in status. The students had a

fairly strong liking for their colleges (see table 2.6).

The intended college majors of the SMPYstudents as college freshmen

can be seen in table 2.7. Approximately 61 percent of the males and 50 per-

cent of the females are planning to major in science, mathematics, or

engineering. Except in the engineering area, where more boys are major-

ing, relatively small differences are seen between males and females. Com-

pared to college-bound high-school seniors of whom 45 percent of males

and 33 percent of females intend to major in science, mathematics, or

engineering (ATP 1979b), this mathematically talented group shows a

strong interest in these fields.

EDUCATIONAL ASPIRATIONS

The educational aspirations of the SMPY group were high. Fewer than

4 percent of the students hoped to obtain less than a bachelor’s degree. The

most frequently aspired to educational level was a doctorate (39 percent).

Compared to educational aspirations of high-school students in general,

where only 51 percent aspire to obtain a bachelor’s degree or more (Charles

Kettering Foundation 1980), the SMPYstudents are highly motivated. The

difference between proportions aspiring to at least a bachelor’s degree was

significant beyond the p <.01 level, and the effect size, h, equalled 1.5,

which is considered large. Thus the difference is considered important.
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TABLE2.7. Reported Intended College Majors (in Percentages)
 

 

Majors Males Females Total

Mathematical sciences/engineering 36 25 32
Science 26 25 26
Social science 10 13 11
Liberal arts 8 11 9
Other 11 12 11
Undecided 10 14 12
 

USE OF EDUCATIONAL OPPORTUNITIES

Overall, SMPY students felt that their use of all available educational
Opportunities was a bit above average. Only 2 percentfelt that they had
made extremely pooruse of their opportunities. In contrast, 58 percent felt
that they had used their opportunities either rather or extremely well.

SMPY’S INFLUENCE

Although, subsequentto the talent search itself, SMPY had hadlittle
contact with most of the students in its talent searches (only throughits
bulletin, the 77YB, for the most part), the students were asked to rate how
SMPY had helped them educationally and how SMPYhadaffected their
social and/or emotional development. Theresults can be seen in table 2.8.
Over 60 percent of the students felt that SMPY had helped them educa-
tionally at least some. Less than 2 percent felt that SMPY had hurt them

educationally. The majority (almost 80 percent) felt that SMPY had not

affected their social and/or emotional developmentatall. Since mostfelt

that SMPY had helped them educationally — a major purpose of SMPY —

and few (less than 3 percent) felt SMPY had negatively affected their social

and/or emotional development, the main goal of SMPYcan besaid to

have been fulfilled.

Summary

This chapter is an attempt to trace the progress through high schoolof

the intellectually talented students identified by the Study of Mathemati-

cally Precocious Youth in its first three talent searches (Keating 1974,
1976a). The students who were followed up had scored as seventh- or
eighth-graders better on the College Board’s Scholastic Aptitude Test-
Mathematics and/or -Verbal sections than a national sample of eleventh-
and twelfth-grade females had. Students were asked to complete an eight-
page questionnaire about themselves. Of the 2,188 students selected for
this study, over 90 percent (1,996) returned the survey form to us. The
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TABLE2.8. Ratings on Degree of Educational Help Received from SMPYand

SMPY’s Affect on Students’ Social and/or Emotional Development

 

 

Third and

First Wave Second Wave Fourth Waves

(N = 202) (N = 531) (N = 1,263)

Educational help?

At least some (%) 61 63 60

None (%) 39 36 38

Unfavorable

influence (%) 0 1 2

Mean? 2.9 2.8 2.8

Standard deviation 0.9 0.8 0.8

Social and/or emotional

development*

Positively (%o) 21 18 21

No influence (%) 79 80 77

Negatively (%) — 2 3

Mean — 3.2 3.2

Standard deviation — 0.5 0.5

 

aThe perceived degree of educational help received from SMPYwascoded as follows: 1 =

hurt me; 2 = none; 3 = alittle; 4 = considerably; 5 = much.

b The distribution of responses was significantly skewed and had a significant amount of

kurtosis.

¢The rated influence of SMPY on students’ social and/or emotional development was

coded as follows: 1 = much for the worse; 2 = negatively; 3 = no influence; 4 = posi-

tively; 5 = much for the better.

general conclusion is that these students did fulfill their potential during

high school.

These students maintainedtheirinitial superior ability throughout high

school. Compared to a national sample of college-bound seniors, SMPY

students’ mean scores on the SAT-M and SAT-V in high school were

approximately 200 and 170 points superior, respectively. The mean scores

on the SAT were close to the top possible score on that test, which is

designed for above-average students. SMPY boys and girls showed a mean

score gain on SAT-M of155 points and 145 points, respectively, from the

time of the talent search until they took the tests again in high school. On

the SAT-V males improved by 159 points and females by 144. Thus males

improvedsignificantly more than females during high school in both their

verbal and mathematical abilities (see Benbow & Stanley 1982a). Further-

more, SAT-V scores were lower than SAT-M scores on the 200- to

800-point scale and in percentile ranks by sex both at the time of talent-

search participation and in high school, as would be expected on the basis

of regression toward the mean.

To assess the SMPY students’ level of achievement, performance on the

College Board’s achievementtests was studied. Over all tests taken during

the high school years by at least 8 percent of the SMPY group, SMPY

students’ mean score was approximately 100 points above the mean for

1978-79 college-bound seniors (107 points for boys and 97 forgirls). The
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highest scores were not necessarily found for the mathematics achievement
tests. On not one of the tests studied was the SMPY group mean lower
than the college-boundseniors’ mean. Thus these studentsare superior not
only in ability but also in achievement.

Benbow (1981) showed that SMPYstudents took significantly more of
the college-level AP examinations taken in high school than students in
general do. Furthermore, on everysingle test taken by at least ten persons,
SMPYstudents scored above the mean,as they had done onthe achieve-
ment tests. Again, scores on the mathematics examinations were not
necessarily the highest.

A major purpose of this study was to determine the degree to which
mathematical talent of students in grades seven andeightrelates to subse-
quent course-taking, achievements, interests, and attitudes in high school.
The results suggest strong relationships.

The degree of participation in high-school mathematics by the
mathematically talented students was outstanding. As a group the SMPY
students took one year more of mathematics than college-bound seniors
and received mainly As and Bs for their course-work. With respect to

calculus, almost 66 percent of the boys took at least one calculus course,

compared to 40 percent of the girls. This is ten times the rate (for each sex

separately) at which high-schoolstudents in general take calculus. Thus for

both boys and girls, respectively, it was concluded that students identified

as mathematically gifted in grade seven or eight did have a high level of

participation in high-school mathematics courses. Participation and

achievement in high-school science courses were almost as high as for

mathematics and compared favorably to the 1978-79 college-bound
seniors’ performance.

A high degree of interest was also shown in mathematics and science.

Mathematics and science were the favorite courses in high school, with

mathematics being the most preferred course. When the students rated

their liking for mathematics, biology, chemistry, and physics on a five-

point scale, their responses were equated to a moderately strong liking.

Again, mathematics was rated most highly. The strong interest in

mathematics and science was exhibited not only in the number of courses

taken in thesefields in high school but also in the high degree of participa-

tion in science fairs and mathematics contests.

The use of accelerative options (Stanley 1978; Benbow 1979) wasat a

level much higher than that of the general population. The students who

considered themselves at least somewhataccelerated felt that this accelera-

tion had benefited their social and/or emotional development.

Although these students were highly successful academically and were

interested in academics, they pursued a wide variety of extracurricular

interests in high school. The mean numberofactivities was twenty-three;

reading, social activities, and performing arts were the most popular. Most
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of the students also won some type of award or honor. Although a high

percentage of them were academic awards, many other types of honors

were also won. It can thus be concluded that SMPYstudents did not have

a narrow range of interests and were not one-sided in their activities.

Over 90 percent of the students were attending college, typically at

academically and socially elite universities, and were enjoying it. Over 50

percent of the students were intending to major in mathematics, science,

or engineering. This is a high percentage compared to college-bound

seniors. Furthermore, the educational aspirations of the whole group were

extremely high. Over 96 percentof the students wanted to receive at least a

bachelor’s degree. A doctorate was the most popular choice.

Sex differences were found throughout this study in participation in

mathematics and science, performance on the SAT-M,andthe taking of

and performance on the mathematics and science achievement tests. No

statistically significant differences were found, however, in attitudes

toward mathematics and science. For further discussion of sex differences

found in this group see Benbow (1981) and Benbow andStanley (1982a).

Someother studies in sex differences are Benbow andStanley (1980), Fox,

Brody, and Tobin (1980), and Fox, Benbow,and Perkins in chapter 7 of

this volume.

It is clear that this group of intellectually able students identified by

SMPYwerein general quite successful in high school. But how much had

SMPYto do with that? In many cases a great deal, it appears. It is dif-

ficult, however, to reach and help personally 2,000 students. Yet this

group of SMPYstudents did feel that SMPY had given them some help

educationally while not detracting from their social and/or emotional

development. This was as much as SMPY had aspired to influence the

whole group, since the membersofits small staff concentrated their efforts

on the ablest, best-motivated students among the group.

In conclusion, SMPYhas shownthatits identification measureis effec-

tive in selecting students in the seventh grade who achieve at a superior

level in high school, especially in science and mathematics. The SAT-M

score of an intellectually talented seventh- or eighth-grader does have

predictive validity.

Notes

1. For more complete coverage of this topic see Benbow (1981).

2. Some accelerated ninth- and tenth-graders were also eligible.

3. The responsibility for conducting the first wave of the follow-up with 214

students who had met the science criterion and/or had scored at least 420 on
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SAT-M was Cohn’s. The data collection for the remaining three waves (N = 1,974)
was myresponsibility.

4. The first wave of the follow-up consisted only of students who had been at
least eighth-graders in the talent search, the second wave consisted mainly of
ex-eighth-graders but of some ex-seventh-graders in the talent searches, and the
combined third and fourth waves consisted mainly of ex-seventh-graders and also
of some ex-eighth-graders. The talent-search mean score difference on SAT-M and
SAT-V for the wavesis probably accountedfor by this difference in composition of
the groups.

5. They were considered to be the appropriate comparison group, since SMPY
students resided in that area.
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APPENDIX 2.1: Questionnaire used to

Follow Up SMPYStudents after

High-School Graduation
The Johns Hopkins University - Baltimore, MD 21218 1979/1980

Study of Mathematically Precocious Youth (SMPY)

Follow-up survey of SMPY students who are
of High School graduate age

Pieasefill out ALL of this questionnaire carefully and completely. Please print or type all answers. For any

questions that do not apply, write N/A; if your answer is “None” write None. Please sendit as soon as possible in the

enclosed envelope to SMPY, The Johns Hopkins University, Baltimore, Maryland 21218.All information will be kept

STRICTLY CONFIDENTIAL;youwill not be publicly identified with the information herein in any way. if you have

any questions, pleasefeel free to call (301) 338-7086.

1. GENERAL INFORMATION

A. PRINT your full name:
ast First Middie Maiden (if applicable)

Print your parents’ names: Father: 

 

 

 
 

 

Last First . Middle

Mother:
Last First Middie Maiden

Your home address:
Street No Street

County:
City State Zip Code

Your telephone no: ( )
Area Code 7-digit number

B. Your mailing address,if different from your home address:

 

. Please print the name and addressofa relatively young but stably located adult, not living in your

home, who would know your address in case you move. We needthis information in order to keep in

touch with you in the coming years if you move.

Name: . (
First Middie Relationship

Address: Street No. Street

( )
Zip Code Tel. No. with Area Code

 

D. Your sex (circle): F M

Your marital status: QO Single
O Married

OG Divorced

Your birthdate: 
Month/day/year

Today's date: 
Month/day/year

Spouse’s name: 

  

Given name Former Surname

E. Social Security No.: | | | | | | | | | | | |

F. Driver's license number: State:
 

I
M
P
O
R
T
A
N
T

 

G. Which, if any, grade(s) have you skipped? 

H. Whendid you enter kindergarten? 
Month/Year

. Whendid you enterthe first grade? 
Month/Year

Go to the next page.
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Il. GRADES 8 THROUGH 12

A. List all the schools below the college level that you have attended from Septemberof 1974 onward, in order of
attendance, with datesof attendance. Indicate with a checkmark ( @& ) each of the schools from which you
were graduated and the dates of your graduation.

Years during

which you Gradu- Yearof
School City, State attended ated? Graduation
 

 

 

      
B. Indicate all of the math courses youtook in grades 8 through 12. Whenpossible,list the final (overall) grade

(e.g., A,B,C,D, or F) you received for the subject, as well as the school grade you were in when youtook the
course.Also list how long you werein the course (e.g., half year, whole year) and any special comments about

the course (such as, no grade received). If you took a college coursein lieu of a high school course,list it under
“D. College courses while in high school,” which is on the next page. (If more room is needed, continue on
separate sheet.)

Final

course School Length

Subject grade grade of course Special comments

7. Calculus |

8. Calculus Ii

 
13. Unified Math Curriculum (please describe under “Comments” on last page of questionnaire) O yes

C. Indicate all of the science courses you tookin grades 8 through 12. Whenpossible, list the final (overall) grade

(e.g., A,B,C,D, or F) you received for the subject, as well as the school grade you were in when youtook the
course.Also list how long you werein the course(e.g., half year, whole year) and any special comments about

the course (such as, no grade received). If you took acollege coursein lieu of ahigh school course,list it under

“D. College courses while in high school,” which is on the next page. (If more space is needed, continue on
separate sheet.)

Final

course School Length

Subject of course Special comments

   
Go to the next page.
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D. List all the courses you tookfor credit at a college before becominga full-time college student, as well as the

nameof the institution, the year you took the course, the grade you werein at the time, the final (overall) grade

you received in the course, and the numberof credits.

Title of college course College Year

School Course Number

grade grade of credits
 

 

 

 

      
 

E. List in the appropriate spaces below the exact nameandlevel (such as, Calculus AB or BC, or Physics C

Mechanics)of all Advanced Placement Program (APP) examinations you havetaken. (Omit those subjects for

which you took APP courses butdid not take the APP exams.) Showthe year(s) you took the exam(s) and the
school grade(s) you werein at the time.

m

Name of APP exam Score on APP exam Year exam taken

School grade

at the time
 

 

 

 

    
 

List your scores onthe following standardized examinations, as well as the month and year you took theexam

and the grade you wereinatthattime. If you took the exam more than once,listeach score in order of when taken.

If you took the exam but cannotlocate the scores,so indicate.

Exam Math Verbal TSWE* Date (Mo./year) School grade
 

Scholastic Aptitude

Test (SAT)

 

 

 

 

Preliminary Scholastic

Aptitude Test (PSAT)

 

 

      
 

“Test of Standard Written English

 

 

 

 

 

 

 

     
 

Subject and level Score Date (Mo./year) School grade

College Board

Achievement Tests

Subject and level Score Date (Mo./year) School grade

College-level

Examination Program

(CLEP) Test

Natural Social Date

Mathematics Verbal Science Science Total (Mo./year) School grade
 

American College
Testing Program (ACT)        
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- What were your favorite subjects in grades 9 through 127 (Let 1 mean “most preferred.”)

1. 2. 3.
 

. Check the oneof the five rating-scale categories below that most appropriately describes your attitude toward
each subject listed. Then in the columnentitled “Ranking” rank your preference (1=most preferred, 2=next,
3=next, and 4-least. Please rank all 4 and use noties in ranking.)

 

 

Strong Moderate Neutral or Slight Strong
Subject liking liking mixed feelings dislike dislike Ranking

Biology

Chemistry
 

Mathematics
 

Physics        
. Have you considered a careerin any of the areas listed in item H? O Yes O No

If yes, which one(s)?

Why?

 

 

. List all of the science fair projects you submitted to sciencefairs in your school, state, region, or nation. Please
indicate the title of the project, science area (e.g., biology, chemistry, physics), year, the school grade you
werein at the time, and any prizes you received.

Areain School
Science fair projecttitle Level science Year grade Prize
 

 

       
. List all of the national, regional, or state mathematics contests in which you have competed. Please indicate

which contest, your score, and awards you received.  
Contest Year Score

. Did you take the PSAT? O Yes O No

Did you receive a National Merit Letter of Commendation? O Yes O No

Were you a National Merit Scholarship semi-finalist? O Yes O No

Were you a National Merit Scholarship finalist? O Yes O No

Did you receive a National Merit Scholarship? O Yes O No

. List (next to the appropriate categories) all honors or awards you won while in grades 8 through 12. Under the

columnentitled “Total number”indicate the total numberof awards and/or honors you wonfor each category.

Total School
Type of Award number Name(s) of award(s) How won Year grade
 

National scholastic
 

Regional scholastic
 

School scholastic

Artistic

(music, theatre, art)

 

 

Athletic

Community, service,
religious or political

       
Go to the next page.
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N. List (next to the appropriate categories) the fairly important in-schoolactivities in which you participated

during grades 8 through 12. Under the column entitied ‘Total numberof years”indicate in the appropriate box

the total number of school years you participated in each type of activity in this time period. Then namethe

activities and next to each one list each school grade during which you participated in it.

  

  

  

Total number
School

Type of activity of years Activities grades

Academic

Leadership
 

Membership (non-academic

clubs, committees)   

  

Performing arts
 

Sports
 

Technical (stage crew,
photography, etc.)  

Writing      
O. List (next to the appropriate categories) your hobbies and out-of-school activities (including summer

activities) in which you participated from the summer following your seventh grade through the summer

following your twelfth grade. Under the column entitled “Total number of years” indicate in the appropriate

box the total number of calendar years you participated in each typeofactivity. Then nametheactivities and

next to each one list the years during which you participated in it.

Total number

Typeof activity of years Activities Year(s)

 
 

Academic
 

Arts & crafts
  

Collections (coins,
stamps,etc.)
  

Community service/
volunteer  

Performing arts
 

Political
 

Reading & spectator activities

(watching sports, listening to

music, etc.) ps

Religious

 

 

Social hobbies
(cards, dating, etc.)   

Technological hobbies      
P. How manydifferent types of summeror part-time jobs did you have during grades 8 through 12? [

]

List your three most recent jobs, along with the employer(s) and dates of employment.

Type of job Employer (firm) Dates (from/till)

 
 

 

   
 

Goto the next page.
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Ill. HIGHER EDUCATION

A.

m

F.

G.

H.

Whendid you becomea full-time student or trainee beyond high school?
 

Month/year

At which school or program?
  

 
Nameof school or program

 

 City State

Did you enter any college, university, or other schoo! or training program full-time earlier than
your agemates? O Yes O No

If yes, after which grade?

. Did you enter with advanced standing? Thatis, had you earned any applicable credits before entering the
post-secondary institution? O Yes QO No

If yes, what was the total numberof semester, or quarter, hours of advanced-standing credits of all sorts you
received?

Semester hour [| Quarter hour

- What college, university, or other schoolor training program are you nowattending? (If none,
So State.)

 

Name of school or program

Whatis your mailing address at this school or program?
 

Street no. & street

( ) -
City State Zip Code Tel. no. (including area code)

List all of the colleges and universities and/or other schools or programsto which you submitted a complete
application for admission.

College, schoo! or program accepted waiting rejected
tist

 

 

 

 

 

 

    

List all scholarships or fellowships you were awarded,and for each one list the amount and the sponsorof the
award.

Description Amount Sponsor
 

 

    
As far as you know now,whatis your majorfield of study likely to be?

 

List the titles of the courses you have taken thusfar at college as a full-time student. (1f you prefer, enclose a
xeroxed copyof the transcript of your college credits.)

 

 

 

 

Go to the next page.
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I. List (next to the appropriate categories) the program activities in which you are participating now eitherin

school or outside of school, or which you plan to join this school year. Under the column entitled “Total

numberof activities,” indicate in the appropriate box the total number of activities within each category shown.

Total number

Type of activity of activities Nameofactivities

 

Academic   

Leadership   

Membership (non-academic

clubs or committees)   

Performing   

Sports   

Technical (e.g., stagecrew)   

Writing     Religion   

a _ How well do youlike college? (Check one.)

O Strong liking

O Moderate liking

0 Neutral/mixed feelings

O Moderatedislike

0 Strong dislike

Az . What is the highest level of education you hope to obtain? (Check one.)

Less than high school

High school diploma

Less than two years of college

Two or moreyears of college, but not a bachelor’s degree

Oo

Oo

Oo

oO

O R.N. (Registered Nurse, but not a bachelor’s degree)

O Bachelor’s degree

O Master's degree

O Doctorate (e.g., Ph.D., Ed.D.. M.D., D.D.S., LL.B., J.D., D.V.M.)

O Post-doctoral study

in what field(s) of study? 

IV. ATTITUDES

A. How well, to date, do you feel that you have used all available educational opportunities? (Check one.)

O Extremely well

O Ratherwell

O About average

O Rather poorly

O Extremely poorly
Go to the next page.
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B. To what extent do youfeel that your association with the Study of Mathematically Precocious Youth (SMPY)
has helped you educationallyvia its talent searches, various mailouts, letters, personal contacts,articles, local
and national publicity, and special opportunities? (Check one.)

O Much

O Considerably

0 Alittle

O None

QO It has hurt me educationally.

 

Please explain your answer:

 

C. How doesyoursocial and/or emotional development seem to have beeninfluenced by your association with
SMPY? (Check one.)

O Muchfor the better

O Positively

O Noinfluence

O Negatively

O Muchfor the worse

Comments:
 

 

D. Have you been accelerated in subject matter placement? O Yes ONo

Have you been accelerated in grade placement? O Yes ONo

If yes to either of the above, how do youfeel your social and/or emotional developmenthasbeenaffected by
this acceleration? (Check one.)

O Muchforthe better

O Positively

O No influence

O Negatively

O Muchfor the worse

Comments:
 

 

E. How might SMPY have beenof morevalue to you, especially if its resources had been greater?

 

 
 

  

 
  

F. Any other comments you care to make:

G. | hereby certify that | have read over my responses carefully and thoroughly. They are as complete and
accurate as | can make them.

 

Signature
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Manifestation of Creative

Behaviors by Maturing

Participants in the Study of

Mathematically Precoctous

Youth

WILLIAM B. MICHAEL

 
 

Abstract

The creative performance of mathematically apt

adolescents was investigated. In order to provide a

framework for the identification and evaluation of the

predictors of creative behavior reported by SMPY

students, two empirical studies based on SMPY data were

reviewed briefly. A summary of the statistical results of

the first three talent searches and of the follow-up showed

that SAT-M scoreis negatively related to participation in

science fairs for girls and positively related to participa-

tion in mathematics contests for boys. Major attention

was given to the problems encountered in analyzing these

studies. The ambiguity and inconclusiveness of the results

were attributed to substantive limitations associated with

the conceptualization of creativity, the operationalization

of the construct, and the nature of the learning environ-

ment. Methodological difficulties occurring in relation to

the unreliability of the measures, the restricted ability

range, and the violation of assumptions central to the

statistical procedures used were identified. In conclusion,

several recommendations for future investigations were

offered.
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How creatively have the boys andgirls identified as being
highly talented mathematically by the Study of Mathematically Precocious
Youth been performing as they have been maturing? In an effort to answer
this important question, the writer examined four volumes that have
evolved from SMPY (George, Cohn, & Stanley 1979; Keating 1976b;:
Stanley, George, & Solano 1977; Stanley, Keating, & Fox 1974), studied a
master’s thesis (Kusnitz 1978) and a journal article (Albert 1980), and
explored for the first three talent searches thestatistical relationships
between selected antecedent variables (responses to items) in question-
naires employed in the talent searches and those criterion variables (item
responses) in follow-up survey forms completed after high-school gradua-

tion (Benbow,chapter 2 of this volume) that were thought possibly to
reflect creative behaviors. Recent professional literature concerned with
the relationship of creativity to giftedness also was consulted to provide

additional insights. As had been expected, it became apparent that answer-

ing the question would not be easy and that both substantive and

methodological difficulties encountered in answering the question would

indeed be disconcerting.

In view of the manydifficulties encountered, it was decided that follow-

ing a brief review of two significant empirical studies based on SMPYdata

and a summaryofrelevantstatistical results from a survey of members of

the first three talent searches (approximately four to five years after their

selection for participation in SMPY) major attention would be focused

upon delineating several major substantive and methodological limitations

and then upon suggesting recommendations for future studies that could

furnish the kinds of evidence needed to answer the question posed. This

approach appeared to provide some promise for facilitating future

research efforts that could demonstrate possible relevant relationships

between later creative behaviors in mathematics and in science-related

activities to antecedent variables such as scholastic aptitude, family

background factors, personality characteristics at time of selection, and

initial indicators of creative potential.

Two Empirical Studies

In the SMPY endeavor two empirical studies (Keating 1976a; Kusnitz

1978) have afforded some evidence regarding not only the standing of

groups of mathematically talented youth on measures of creative behaviors

in comparison to that of normative samples but also the extent of the rela-

tionship of measures intended to reflect creativity to those indicative of
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general intelligence, selected abilities, value orientation, vocationalinter-

ests, artistic preferences, andlife-history factors. A brief review of each of

these investigations provides a pertinent framework within which

statistical results of post-high-school graduation follow-up studies of indi-

viduals in SMPY from thefirst three talent searches can be reported and

evaluated.

In his empirical study Keating (1976a) administered to a sample of

seventy-two male junior-high-school students who had scored highly in the

1972 and 1973 talent searches several cognitive and affective measures that

had been hypothesized as potential predictors of later creativity. These

measures were concerned with values, life-history characteristics,

preferences for various geometric figures, personality traits, and general

reasoning capabilities. Although the findings were somewhat contradic-

tory from one measure to another, Keating demonstrated a strong theo-

retical-investigative orientation for the group. He concluded that his

results supported the feasibility of a multifactor theory of creative

behavior that would permit the manifestation of creativity in different

ways by different individuals. It was anticipated that longitudinal follow-

up studies would resolve questions concerning the long-term predictive

validity of several of the measures.

By far the more comprehensive of the two empirical studies regarding

the relationship of creative behaviors of mathematically talented students

to selected cognitive abilities and affective characteristics was the one com-

pleted by Kusnitz (1978). Employing a highly homogeneous (in terms of

cognitive ability) subsample of sixty boys between 12 and 14 years of age

whohad scored at a high but not at the highest level in the fourth annual

talent search conducted by SMPY, Kusnitz typically found low and

statistically nonsignificant correlations between measures of ability and

those measures hypothesized as indicative of creative behaviors. Ability

was defined by scores on (a) the College Board’s Scholastic Aptitude Test-

Mathematics (Educational Testing Service 1948-80), (b) the Mathematics

and Natural Sciences Reading subtests of the American College Testing

(ACT) Assessment (American College Testing Program 1959-80), (c) the

Abstract Reasoning, Mechanical Reasoning, and Spatial Relations parts of

the Differential Aptitude Tests (DAT) (Bennett, Seashore, & Wesman

1947-80), and (d) an achievement test—the Cooperative Mathematics

Tests: Algebra I and II (Educational Testing Service 1962) — of first-year

high-school algebra before it was studied formally. Creative behaviors

were revealed by three scores in Fluency, Flexibility, and Originality in the

Verbal Test and by four scores in Fluency, Flexibility, Originality, and

Elaboration in the Figural Test of the Torrance Tests of Creative Thinking

(TTCT), Form A (Torrance 1966, 1974),' by standing on each of two

scales — Art-Writing and Mathematics-Science—of the Biographical

Inventory-Creativity (BIC) (Schaefer 1970), by performance on the

Barron-Welsh Art Scale (BWAS) (Barron & Welsh 1952; Welsh 1959;
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Welsh & Barron 1963), and by placement on the Watson-Glaser Critical
Thinking Appraisal Form (WGCT), Form YM (Watson & Glaser 1964). In
addition, Kusnitz explored the relationship between scores on each of these
measures representing creativity and those reflecting essentially non-
cognitive (affective) components on each of six scales— Theoretical,
Economic, Aesthetic, Social, Political, and Religious—of the Study of
Values (SOV) (Allport, Vernon, & Lindzey 1970) and on eachofthesix
categories — Intellectual (Investigative), Artistic, Realistic, Conventional,
Social, and Enterprising—of the sixth edition of the Vocational
Preference Inventory (VPI) (Holland 1965). Somewhat consistent with
MacKinnon’s (1962) observation that high scores on both the Theoretical
and the Aesthetic scales of the SOV werepresent for a sample of creative
mathematicians and scientists was the finding that the scores on the
Theoretical scale were significantly correlated with those on the
Mathematics-Science subtest of the BIC and that the scores on the
Aesthetic scale were reliably correlated with those on the Art-Writing
subtest of the BIC.

After relating his findings to those of several investigators whose work
he had carefully reviewed, Kusnitz formulated conclusions indicating that
(a) students of high mathematical ability within a sample having an

extremely narrow range of high (but not the highest) cognitive ability did

not constitute a particularly distinguished group in their standing on

measures of creativity, (b) measurement of creativity was complex and

ambiguous, and (c) the most helpful way to view creativity is through cen-

tering attention upon anindividual rather than a group. Furthermore, he

suggested that use of a comparison group of highly talented students in

mathematics in conjunction with one of students with so-called normal

ability in mathematics would furnish data that would clarify the nature of

the relationship between mathematical ability and creativity. He also urged

that tests of creativity be employed as predictors of academic achievement

across groups representing different ability levels.

Follow-Up Studies of Students in the
First Three Talent Searches

For the follow-up studies involving both boysandgirls in the first three

talent searches, correlation coefficients were calculated between the

ordered (quantifiable) responses to several questions (antecedentvariables)

in talent-search questionnaires and similarly quantifiable responses to

items (criterion variables) on the follow-up survey forms (of which more

than 90 percent were returned) (Benbow,chapter 2 of this volume). Items

in the talent-search questionnaire dealt with (a) numberofsiblings of the

respondent, (b) his or her birth order, (c) occupational status of the father

and the mother, (d) educational level of the father and the mother, (e)
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degree of liking for school and for mathematics, (f) amount of involve-

ment with others in learning mathematics, and (g) otherlife-history fac-

tors. Questions in the follow-up survey form were concerned with (a)

amount of participation in science fair projects, (b) amount of participa-

tion in mathematics contests, (c) number of honorsor awardsreceived,(d)

number of years of involvement in various academically oriented school-

related activities, and (e) number of years of association in a host of out-

of-schoolactivities (see Appendix 2.1, p. 5 of follow-up survey). Although

initially correlations were found only for the whole group, subsequently

separate correlations for males and females were determined for selected

pairs of variables of greatest interest.

In chapter 2 of this volume Benbowpresents comprehensive findings of

the interrelationships among several items within the questionnaire and

follow-up survey forms and describes how the follow-up study was con-

ducted and analyzed. Only those criterion variables that were thought to

be especially relevant to creativity have been includedin the data reported

for this study. The not entirely unexpectedresult was this: only 1 of the 655

correlation coefficients calculated between antecedent and criterion

variables from the questionnaires reached a value as large as .19. Approx-

imately 18 percent of the coefficients were statistically significant at or

beyondthe .05 level.

In view of the somewhat disappointing results, it was decided that for

each sex a small number of what appeared to be the most nearly relevant

and promising criterion variables (numberof projects submitted to science

fairs and numberof mathematics contests in which participation occurred)

would be related to each of four antecedent (predictor) variables (level of

father’s education, level of mother’s education, occupational status of

father, and occupational status of mother). In addition, the two criterion

measures reflecting creativity in science and in mathematics were cor-

related with SAT-M scores earned by the participants while they were in

the seventh or eighth grade (at the time of the talent search) and again

while they were typically in the eleventh or twelfth grade, that is, four or

five years later in their academic program.

Except for the coefficient of —.22 (p « .001) between father’s level of

education and numberofprojects submitted to science fairs for the sample

of girls in the second wave of the follow-up survey? and that of — .16 (p

« 05) between father’s level of education and number of mathematics con-

tests entered for the sample of boysin the first wave of the follow-up,all

other coefficients (excluding SAT variables as predictors) were less than

15. In the instance of the SAT-M measureas a predictor of number of

projects submitted to science fairs, coefficients with absolute values in

excess of .20 were found for samples of girls (only) in the first wave of the

follow-up (r = —.37, p «.001) when they were in the seventh or eighth

grade, in the second waveof the follow-up (r = — .22, p< .001) when they
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were in the seventh or eighth grade, and in the second waveofthe follow-
up (r = —.22, p< .001) when they were in the twelfth grade. Relative to
the prediction of number of mathematics contests in which students par-
ticipated from SAT-M scores, correlations in excess of .20 were obtained
only for boys: .33 (p< .001) and .28 (p< .001), respectively, for seventh-and
eighth-graders in the second and in the combined third and fourth waves
of the follow-up, and .28 (p « .001) for twelfth-graders in the second wave
of the follow-up. Thusthe data suggest that a modest negative relationship
exists between SAT-Mscores and extent of participation in sciencefairs
for girls (but not for boys) and that a modest positive relationship occurs
between SAT-M scores and amount of involvement in mathematics con-
tests for boys (but not for girls). One could hypothesize that the science
fairs may be social occasions for the less able girls and that the
mathematics contests are competitive affairs for the more able boys. In
any event, attention should becalled to the fact that within each of the
three talent-search samples at least 80 percent of the students had not sub-
mitted a project to a science fair and that in two ofthe three talent-search
samples more than 80 percent of the students had not competed in a math-
ematics contest. (Obviously, the resulting distribution of responses to the
criterion item would be anticipated to contribute to an attenuation in the
magnitude of any resulting correlation coefficient with SAT-M scores.)

Substantive and Methodological
Limitations

Thatthe findings in the two empirical studies were somewhatconflict-
ing and ambiguous andthat the outcomesofthe follow-up survey studies
were not definitive or conclusive could be attributed to a number of
substantive limitations associated with the conceptualization of creativity,
to the operational definition of this construct, and to the nature of the
learning environment. There were also identifiable methodological dif-
ficulties occurringin relation to the unreliability of measures, the restricted
rangein the ability levels of the subjects within the samples employed, and
the violation of assumptions central to the statistical procedures used.

SUBSTANTIVE LIMITATIONS

Amongthe principal substantive limitations that could have accounted
for the somewhat ambiguous and inconsistent outcomes were: (a) inability
to conceptualize(to identify or to define psychologically) subconstructs of
creativity relevant to problem-solving activities involved in mathematics
and science-related tasks, (b) corresponding inappropriateness of the
measure(test or scale) chosen to provide a meaningful operational defini-
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tion or duplication of psychological processes central to creative problem-

solving endeavors in mathematics or science, (c) absence of questions in

follow-up surveys that were indicative of actual creative behaviors during

later years of schooling or during time spent in part-time workor recrea-

tion, and (d) failure to provide in the school or homelearning environment

opportunities as well as reinforcement (rewards) for creative production

on the part of the SMPYstudents. Although one could argue quite con-

vincingly that limitations (b) and (c) were methodological rather than sub-

stantive, the conceptualization of creative behavior is so dependent upon

and interwoven with its measurement that these two limitations were cate-

gorized as substantive.

Need to conceptualize subconstructs underlying creativity in problem-

solving in mathematics and the sciences. Although the two empirical

studies reported provided interesting information, they appeared to lack a

preliminary theoretical framework to afford a direction for research.

Somewhat fragmented in nature (as evidenced by the introduction of

numerous measures without the presence of a unified rationale for their

selection), the rather theoretically barren studies were able to permit only a

limited basis for meaningful generalization. Similar comments would also

apply to the selection of items incorporated within the questionnaires and

follow-up survey forms that were employed.In short, there seemed to be

no definition of creative behaviors or products within the context of

problem-solving endeavorscentral to success in mathematics and scientific

thinking.

One possible theoretical orientation would be that of the structure-of-

intellect (SOI) model (Guilford 1967, pp. 60-66; Guilford & Hoepfner

1971; Guilford & Tenopyr 1968, pp. 26-29) or, preferably, that of the

information-processing structure-of-intellect problem-solving (SIPS)

model (Guilford & Tenopyr 1968, pp. 30-34). In a recent paper Michael

(1977, pp. 156-65) has combined the constructs of the SOI and SIPS

models and has related them in a systematic way to Rossman’s (1931)

seven-step paradigm for invention to furnish what could beat least a par-

tial description of the sequence of steps required for creative production

and for problem-solving endeavors in mathematics, science, engineering,

and technological invention. This formulation could provide some guide-

lines for (a) the selection of research questions in future studies that are

concerned with the manifestation of creative behavior appropriate to

mathematics, science, and engineering curricula, (b) the development of

testing instruments and the design of items to be included in follow-up

surveys, and (c) the planning of curricular orientations and instructional

strategies of relevance to SMPYstudents.

An alternative theoretical orientation appropriate to study of creative

problem solving in mathematics has been developed during the past few

years by Sternberg (1977a, 1977b, 1978, 1979, 1980; see also Carroll 1980),



45 Manifestation of Creative Behaviors

who has presented an information-processing methodology involving a
componential analysis of tasks leadingto use of analogical reasoning. The
model is particularly applicable to many kindsofinferential thinking and
to syllogistic reasoning. Sternberg’s theory of intelligence should have
important implications for the understanding of creative production.

Inappropriateness of measures intended to reflect creative behaviors.
Asso often has occurred in a numberof published works about creativity,
testing instruments have been chosen, it would seem, by their titles or
superficial properties rather than in terms of carefully hypothesized con-
structs or psychological operations relevant to the problem situation at
hand. Such a circumstance may havetaken placein the instance of some of
the measures used in the two empirical studies that have been reviewed.
For example, Kusnitz (1978) made use of Torrance’s (1966, 1974) TTCT
measures that emphasize divergent thinking primarily in a verbal and
figural context of content — abilities that for the most part are not very
relevant to creative production in mathematics, but possibly are quite
important to tasks in language arts and visual arts. Thus in terms of the
formulations of Guilford about problem solving as summarized by
Michael (1977, pp. 154-56, 162-65), the creative abilities required in prob-
lem solving in mathematics and in the sciences are quite different from
those needed by writers and artists.

For instance, whereascreative writers and public speakers are relatively
more dependent upon verbal fluency and elaboration (divergent produc-
tion abilities) than are mathematicians andscientists, mathematicians and
Scientists often rely quite heavily upon use of convergent production
abilities reflecting a flexibility of closure or redefinition of a problem situa-
tion or upon cognition, as in being sensitive to new problems or to the
implications of their solutions. Evaluation would also be an important
componentin problem solving in providing a critical judgment concerning
the appropriateness of a solution.

Although divergent production may be important to the mathematician
in the generation of hypotheses and although memory plays an important
part in the retrieval of needed information to cognize a problem situation,
adaptive flexibility may come closest to reflecting the Originality or
cleverness of the mathematician or inventor in finding a new solution or a
unique solution to a problem encountered in a new context. Thus adaptive
flexibility often requires finding new uses of familiar objects or of existing
knowledge in ambiguousor foreign contexts to attain a specific goal or
unique solution (convergent response), and the sensitivity to problemsfre-
quently demands an awareness (cognition) of implications, difficulties,
and risks that one is likely to encounter in undertaking a new assignment
or in solving a problem — risks that need to be evaluated along with the
promise and correctness of any solution proposed. In short, it would
appear that most measures of creative production employedin the context
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of problem-solving endeavors by gifted students in the areas of mathe-

matics and science have not been addressed to these complex components

of the problem-solving process.

Absence of relevant questions in follow-up surveys. One of the most

likely reasons for lack of realization of correlation between antecedent

variables in a talent-search questionnaire and the criterion items in the

follow-up survey formsis the failure to ask the appropriate or relevant

question indicative of creative behaviors in mathematics and in science-

related activities in the school setting. Of courseit is possible that the inclu-

sion of relevant questions in the survey form still would haveresulted in a

lack of significant correlations with the antecedent variables because of the

actual lack of relationship of background variables to subsequentcreative

behaviors.

Failure to provide in the learning environment opportunities and

rewards for creative endeavor. It is not known precisely the extent to

which opportunities were present for students to take part in science fairs

and in competitive contests in mathematics. Hence, some degree of atten-

uation in correlation coefficients might have occurred for lack of

availability of experiences challenging the students’ creative potentialities.

Even if relevant questions about creative endeavors had been posed in

follow-up surveys, significant correlations with antecedent variables might

not have been attained because many a teacher—even one of gifted

children — fails to offer a learning environment in which students can be

given unique, unusual, or challenging problems within the classroom set-

ting or can be rewarded for creative problem solving that can be initiated

either within or outside of school. Manya teacheris likely to be threatened

or inconvenienced by any changein the status quo of the classroom setting

or of the curriculum.Clearly, unless a teacheris prepared to individualize

instruction, the mathematically gifted child may become frustrated and

hence lost to society as a potentially creative contributor. Information

regarding how teaching for creative endeavor may be achieved was set

forth in detail by Michael (1968, pp. 237-60; 1977, pp. 165-68).

METHODOLOGICAL LIMITATIONS

Several procedural and methodological shortcomings undoubtedly con-

tributed to the realization of only a small degree of relationship between

pairs of variables studied. Unfortunately, the extent to which practical

remedial steps can be taken is often far short of what would be desired.

Unreliability of measures. Partly because of the restriction in range of

talent, the potential reliability of measures employed in the two empirical

studies was probably quite attentuated. Furthermore, reliability of scoring

the TTCT was questioned. Responses to single items in the questionnaire

and survey forms employed by SMPY could be expected to be com-
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paratively unreliable. Combining items into clusters to enhance the

reliability of resulting composites did not seem to be appropriate in most

instances because of the lack of homogeneity in the items.

The extent to which lack of uniformity in conditions underlying admin-

istration of tests, questionnaires, and survey formsor lack of accuracy in

the scoring and recording of data might have contributed to unreliability

cannot be determined. Another interesting concern would rest upon the

possible facilitating or inhibiting effect of the use of the word creativity in

a number of measures employed.

Restriction of range. In addition to its effect upon thereliability of the

criterion and antecedent measures obtained, restriction of range would

contribute concomitantly to a reduction to the coefficient of correlation

between any two measures. No attempt was made to correct coefficients

for restriction of range, as it was difficult to specify any rules of explicit or

implicit selection. Thus one should realize that the marked reduction in

range of talent probably militated substantially against obtaining higher

indexes of relationship between veriables.

Violation of statistical assumptions in data analyses. That several of

the distributions of responses to items with ordered alternatives were trun-

cated or skewed probably resulted in the inappropriate use of the Pearson

product-momentcorrelation coefficient relative to the analysis of data in

the follow-up studies of students. As curvilinearity was probably often

present in many pairs of variables, the correlation estimates were very

possibly lower than would have been the corresponding eta values. It must

be noted, however, that if two variables being correlated have quite dif-

ferent distribution shapes, they cannot correlate even close to the usual

— 1.00 and 1.00 limits. Not unless every examinee has the same z-score on

the X variable as he or she has on the Y variable can Pearson 7’s have the

unit limits. Obviously, in the instance of the two empirical studies reviewed,

no immediate determination of possible curvilinearity could be made.

Recommendations

On the basis of this critique, several recommendations are offered in

carrying out future investigations that might contribute to the realization

of an improved or more nearly accurate answer to the question posed at

the beginning of the paper:

1. At the time ofselection of future SMPYstudents, supplementary

measures reflecting the creative abilities required in successful problem

solving in mathematics and in the sciences (as determined from theoretical

considerations and the results of empirical studies) should accompanyuse

of the SAT-M to provide evidence of the nature and the degree ofthe rela-

tionship between creativity and general intelligence. In addition, these
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measures could be used as a basis for selection, placement, and counseling

of students.

2. Alternate forms of these same measures could be administered to

students just prior to their college entrance to examine gains in scores on

each of the measures and to ascertain whether a change in degree ofrela-

tionship between creativity and intelligence has occurred.(It is of interest

to note that in the current study mean SAT-M scores for samples of boys

in the first, second, and the combined third and fourth waves of the

follow-up surveys while they were in the seventh or eighth grade were 567,

549, and 526, respectively; four to five years later the respective means

were 691, 693, and 695. In the instance of girls the corresponding mean

scores while they were in the seventh or eighth grade were 505, 510, and

498; four to five years later, 652, 643, and 650.)

3. Itis urged that affective measures such as those pertaining to locus

of control and field independence (constructs based upon extensive

theoretical conceptualization and empirical research) also be administered

to determine whether any moderating effects could be identified and

whether subsequent prediction of college success could be enhanced.

4. In a manner somewhat parallel to that followed by Terman and

Oden(1959) and Oden(1968) long-term longitudinal studies should beini-

tiated for all participants in recent and in future SMPY groupsto obtain

evidence of tangible creative contributions to mathematics, science,

engineering, business, industry, and health professions in terms of prod-

ucts such as published papers, books, awards, honors, patents, and other

original or innovative works. If possible, the use of comparison or control

groupsof individuals with somewhat modest levels of mathematicalability

should be employed to obtain evidence of differential rates of productiv-

ity, both in quality and in quantity.

5. In future studies parallel to those just described efforts should be

made to follow males and females as separate groups to learn whether

womenwith requisite qualifications comparable to those of men achieveat

an essentially equivalent level, or are possibly inhibited by societal

restraints.

Concluding Statement

The Study of Mathematically Precocious Youth has made significant

contributionsto the identification of highly talented youth in mathematics

and has substantially facilitated their progress in the educational system.It

is incumbent upon the professional members of SMPY to monitor the

attainments of this truly exceptional group to ensure to the maximum

degree possible the fruition of their creative potentialities. From the infor-
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mation gained through frequent communication with these gifted individ-

uals during the next several years modifications can be made in educa-

tional programsthat will probably lead to increasingly significant creative

attainments on the part of members of newly selected groups.

Notes

1. Because the TTCT wasnot scored by the staff of SMPY, Kusnitz had no con-

trol over the reliability and quality of scoring ofthis test.

2. The follow-up of the studentsin the first three talent searches was conducted

in four waves so as to have the questionnaire reach the studentin the fall after high-

school graduation (see Benbow, chapter 2 of this volume).
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Abstract

Fast-paced classes have been advocated in SMPY’s pro-

posals for curricular flexibility. To evaluate the long-term

effects of such a class, the responses to two questionnaires

completed nine years later by both the participants and

the nonparticipants of SMPY’s first two mathematics

classes were analyzed. The participants scored significantly

higher in high school on the SAT-M, expressed greater

interest in mathematics and science, and accelerated their

education much more than the nonparticipants. Gaps in

knowledge of mathematics by the participants were not

found. All groups attended selective colleges, but the

students who completed the fast-paced class chose the

most academically difficult. It is concluded that when

highly able youths are presented the opportunity, many of

them will accumulate educational advantage.

 
 

L, chapter 11 of this volume Feldhusen arguesthat “eclec-
tic” educational programming is necessary to meet the needs of gifted
students. To meet the special needs of the highly gifted, Feldhusen advo-
cates acceleration. To meet the special needs of highly mathematically
precocious students, the Study of Mathematically Precocious Youth
devised a “fast-paced” mathematics class (Fox 1974; George & Denham
1976; Stanley 1976; Bartkovich & George 1980). As the name indicates,
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mathematics in it was taught at a rapid pace geared to the ablest members

of the class. The content was the regular precalculus curriculum taught in

junior high and senior high school (algebra I and II, geometry, college

algebra, trigonometry, and analytic geometry). The first class, designated

Wolfson I in honorofits splendid teacher, Joseph R. Wolfson, met from

June 24, 1972, until August 11, 1973.

The program was designed primarily for students in Baltimore County

public schools who hadfinished thesixth grade. In orderto beeligible, the

students had to have scored on the Academic Promise Test (APT) (Psy-

chological Corporation 1959) at the ninety-ninth percentile of sixth-grade

norms on the number(arithmetic) subtest and at the ninety-ninth percen-

tile of sixth-grade norms oneither the abstract reasoning or the verbal

subtest. In addition to the twenty-five students so identified there were six

highly recommended, able students known by SMPY. Thus thirty-one

students (nineteen boys and twelvegirls) were invited to attend the class;

fourteen boys and sevengirls accepted. One boy ' dropped out ofthe class

during the first week and a second onedid so withinthe first few weeks.

Oneboy and twogirls were added to the class in September. As a result,

thirty-four students had the opportunity to attend SMPY’sfirst fast-paced

mathematics class; twenty-two stayed long enough to reap some benefits

from it.

The initial success and progress of this class have been discussed

previously (Fox 1974; Stanley 1976, pp. 156-59). Thus only a brief sum-

mary is supplied here. As noted, nineteen students stayed in the program

and studied algebra I for nine weeks on Saturday mornings, two hours

each week during the summerof 1972. Of those nineteen, fourteen scored

high enough on the Educational Testing Service’s (ETS) Cooperative

Mathematics Tests: Algebra I (ETS 1962) to be able to continuein the pro-

gram and study algebra II. The other five students were advised to take

algebra I as seventh-graders the next year in school. At this time one other

student chose to dropthe class because hergirlfriend did, but three others

(two ex-seventh-graders and one ex-sixth-grader) were added. Thus in the

fall of 1972 sixteen students (nine boys and sevengirls) began the study of

algebra II for two hours on Saturday mornings. This group waslater split

into a “fast” class or group and a “slow” class or group. The members of

the slow group (two boys and fourgirls) had had trouble keeping up with

the pace of theclass or had scored low on the standardized AlgebraII test.

The goal of the slow group wasto finish algebra II by June, 1973, when

most of them would be completing the seventh grade. The goal of the fast

group was to complete algebra II, college algebra, geometry, trigonom-

etry, and analytic geometry by August, 1973. Of the ten personsin the fast

group, twogirls decided not to study plane geometry with the class during

the summer of 1973.
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Althoughthe goals for this pioneering group were impressive, they were

met successfully (see Fox 1974). The original Wolfson I class surpassed
SMPY’s expectations. In twelve to fourteen months, eight students com-
pleted 41% years of mathematics, two completed 3% years, and six com-
pleted 2 years.

More than nine years had passedsince the inception of this class when
this evaluation of its fairly long-term effects took place.

Longitudinal Follow-Up Procedure

In May 1980 two questionnaires were mailed to each ofthe thirty-four
students who hadbeen given the opportunity to attend the WolfsonI class.
One of the questionnaires was an eight-page follow-up survey that had
been sent to SMPYstudents in the fall when the students would have been
graduated from high school (see Appendix 2.1). Most of the students had
been mailed this questionnaire as part of the general follow-up conducted
by SMPY.For information on how the follow-up wascarried out and the
general results for the whole SMPYgroup, see Benbow,chapter 2 ofthis
volume. The students who were not in this follow-up or who had not
responded were sent another follow-up questionnaire with a $5 induce-
ment for completion, along with the second questionnaire, in May, 1980
(see Appendix 4.1). The additional three-page questionnaire brought each
student’s educational progress up to date as of the summer of 1980. An
autographed copy of one of SMPY’s volumesin the Studiesin Intellectual
Precocity series was offered as a compensation for completing that ques-
tionnaire. The response rates for the two questionnaires were 100 percent
for the follow-up questionnaire and 94 percent for the additional Wolfson
I questionnaire.

ANALYSIS

The resulting data were coded and keypunchedonto the computer by
use of the Filgen and Qgen systems (The Johns Hopkins University Com-
puting Center). The students in the study wereclassified into four groups
upon which the data analysis was performed using the SPSS program (Nie
et al. 1975). The composition of the four groups can be seen in table 4.1.
The student who had attended only onesession of Wolfson I was excluded
from all analyses. The following year he had attended the second fast-
paced mathematics class conducted by SMPY (Wolfson II). It was felt that
his inclusion for Wolfson I would bias the results.
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TABLE4.1. Classification of the Students Included in the Analysis Who Were Giventhe

Opportunity to Attend Wolfson I (by Their Course of Action)
 

Group A
 

Finished Wolfson I in the Fast Class4
 

Group B

Finished Wolfson I in the Slow Class
 

 

Number Number

Boys 7 Boys 2

Girls 3 Girls 4

Total 10 Total 6

Group C
 

Dropped Out or Were Asked to Leave

Wolfson I
 

Group D

Did Not Attend Wolfson I
 

 

Number Number

Boys 5 Boys 5

Girls 2 Girls 5

Total 7 Total 10
 

NOTE: To reduce bias, one boy was excluded from the analysis because he attended only one

meeting of Wolfson I and later completed Wolfson II.

aTwogirls in this group did not complete the whole sequence, because they did not attend

the class meetings during the summer of 1973.

Results

SAT SCORES

Most of the students who were extended the opportunity to join

Wolfson I participated in one of SMPY’s talent searches, where they took

the College Board’s Scholastic Aptitude Test-Mathematics and -Verbal in

January or February of 1973. Three were in SMPY’s March, 1972, search.

Their performance on the SATin the talent search as either seventh- or

eighth-graders and thenlater in high schoolis contrasted by groupin table

4.2. Every group’s mean SAT-Mscorein the talent search surpassed the

meanscore obtained in any of SMPY’stalent searches (Benbow & Stanley

1980). Furthermore, the mean scores on the SAT of the groups in high

school were much superior to the mean scores obtained in high school by

the participants in the first three talent searches (Benbow,chapter 2 ofthis

volume) and by college-bound seniors.

Although there were certain biases between the groups with respect to

taking the SATin

a

talent search (e.g., all ten members of Group A took

the SAT, whereasonly four of six — 67 percent — of Group B did), it seems

that at the timeofthe talent search the members of Group A (the ones who

completed Wolfson I in the fast class) received the highest SAT scores,

followed by Group B (the ones who completed Wolfson I in the slow

class). Groups C (who droppedout of or were asked to leave Wolfson I)

and D (whodid not attend Wolfson I) scored similarly on SAT-M (scoring
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TABLE 4.2. SAT Scores at the Time of Talent-Search Participation and
as Reported in High School (by Group)
 

 

 

 

 

Mean Standard Mean Standard Mean of
Group4 N SAT-M__ Deviation SAT-V_ Deviation Year Taken?

Talent Search

A 10 633 64 487 78 73

B 4 563 86 525 76 73

C 5 488 53 382 67 73
D 5 492 85 420 46 73.4

High School

A 10 751 47 624 80 75.2

B 6 736 30 645 108 76.3

C 7 708 61 582 56 77.3

D 10 708 39 613 71 77.2
 

4For the meaning of A, B, C, and D here andin tables 4.2-4.8, see table 4.1.
61973 talent-search SAT scores wereused if available.

approximately 140 points lower than Group A or 70 points lower than

Group B). The differences between the groups were significant by an

Analysis of Variance (ANOVA) (F = 6.9, p< .01). The talent search SAT-

V scores were also significantly different between groups by an ANOVA

(F = 3.8, p< .05). Group B, followed by A, had the highest scores.

In high school there is a complicating factor when comparing perfor-

mance on the SAT —the groups did not take the SAT at the sametime.

Group A took their SATsin high school oneyearearlier, on the average,

than Group B, whotook the SAT oneyear earlier than Groups C and D.

Yet on SAT-M GroupsA andB scoredessentially the same and superior to

Groups C and D, who scored similarly. The differences between the

groupsweresignificant by an ANCOVA(analysis of covariance) control-

ling for year taken (F = 3.7, p< .05). On the SAT-V, however, Group B

scored better than the other three groups, but the mean difference between

groups wasnotsignificant.

MATHEMATICS COURSE-TAKING

IN HIGH SCHOOL

The mathematics course-taking in high school by the students in the

various groupsis shown andcontrasted in table 4.3. Because of the format

of Wolfson I, 80 percent of the fast group would havefinished the 41%

years of precalculus mathematics, while 100 percent of the students in the

slow group should have finished algebra II. Later in high schoolall but one

(83 percent) of the students in the slow groupfinished the precalculus

sequence, and everyonein the fast group did. This percentage of students
reporting a completion of precalculus was muchhigher than for the other
groups.
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TABLE4.3. Reported High-School Mathematics Course-Taking (by Group)
 

Course Grade
 

Numberof Years of

Precalculus Courses
 

 

  

 

 

 

 

Taking Standard Standard

Group Course/Total Mean Deviation Mean Deviation

A 10/10 — — 4.5 0

B 6/6 3.4 0.6 4.3 0.3

Cc 7/7 3.6 0.6 4.0 0.5
D 10/10 3.6 0.6 3.9 0.6

Course Grade# School Grade®

Standard Standard

Mean Deviation Mean Deviation

Calculus I (Differential)

A 9/10¢ 3.4 0.5 10.1 1.1
B 4/6 3.8 0.5 11.3 1.0

C 5/7 3.2 1.3 11.8 0.4

D 8/10 3.6 0.5 11.3 0.9

Calculus II (Integral)

A 9/10¢ 3.6 0.7 10.4 0.9
B 4/6 3.8 0.5 11.3 1.0

C 2/7 4.0 0 12.0 0

D 5/10 3.8 0.5 11.2 0.8
 

Note: Noneof the group differences in course grades and school grades wassignificant by

an ANOVA.

af = AS3 =B2=C1=D;0=F.

b&§ = eighth grade,etc.
¢ Whilestill in high school the missing person took calculus at a college.

With regard to the next level of mathematics in high school, 100 percent

of Group A completed one year of calculus (one person did so at a com-

munity college as a high-school student), whereas 67 percent, 29 percent,

and 50 percent of GroupsB, C, and D,respectively, did so (table 4.3). Not

shown in Table 4.3 is that high-school mathematics enrichment courses

were taken mostly by Group B.

The grades earned by the students in the mathematics classes were

uniformly high. As expected, Group A students took their mathematics at

an earlier age than did students in all the other groups. Group B students

took precalculus mathematics, but not calculus or enrichment courses,

earlier than either Group C or Group D students (table 4.3).

AP MATHEMATICS EXAMINATIONS

Of the mathematics courses taken in high school, the most advanced

and difficult are those that have as their goal the taking of the Advanced

Placement Program examinations. Students are offered their choice of two

AP mathematics examinations, Level AB and the more advanced Level

BC. A high score on the Level AB examination can yield credit for a one-
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TABLE4.4. Performance of the Groups on the Advanced Placement Program
Mathematics Examinations (by Group)
 

 

 

 

 

Taking Exam/ Mean Standard Mean of
Group Total Score4 Deviation Year Taken

Calculus AB

A 3/10 3.7 0.6 75.3
B 2/6 4.0 1.4 76.5
C 2/7 3.5 0.7 78.0
D 1/10 4.0 — 78.0

Calculus BC

A 6/10 4.2 0.8 75.6
D 2/10 3.5 0.7 77.0
 

4Grades on the APP exams can range from 1 (the lowest possible) to 5 (the highest
possible).

semester college course in calculus, while two semestersofcredit in college
calculus can be gained from success on the BC examination. Grades on
these examinations range from 1 to 5, where3, 4, or 5 are considered high.
Ninety percent of the students in Group A took these exams, whichis a
higher percentage than for the other groups(see table 4.4). Group A took
mostly the BC exam. This wasnottrue for the other three groups. Further-
more, Group A took these examsearlier, on the average, than the other
groups.

COLLEGE COURSES AS A

HIGH-SCHOOL STUDENT

Some of the students took college courses on a part-time basis for col-
lege credit while they werestill in high school. With respect to college
courses, Group A, with a mean number of 4.8 taken, was much more
active than Groups B, C, and D, which took a mean of 0, .14, and .3,
respectively. Group A had taken at least sixteen times as manycollege
courses as the other groups. College courses taken by the students in
Groups C and D were mainly in the field of mathematics. Especially disap-
pointing, however, is Group B’s lack of use of this educational alternative,
coupled with the fact that not one memberof the group had taken the AP
Calculus BC exam. They had been the poorerachievers in SMPY’sfirst
fast-paced mathematics class and continued to be so thereafter.

COLLEGE BOARD ACHIEVEMENTTESTS

The performance of the four groups on nineofthe fifteen achievement
tests of the College Board can be seen in table 4.5. These tests measure the
students’ achievementin a high-school subject, usually during the eleventh
or twelfth grade.
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TABLE4.5. Reported Performance on the College Board’s Achievement Tests Taken byat

Least One Person (by Group)
 

National Sample of

1978 College-Bound

Students Taking

 

the Test

Mean of Percentile Rank

Mean Standard Year Standard of SMPY Students’

Group N Score’ Deviation Taken Mean Deviation Scores
 

Math Level I
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 1 800 — 76.0 99 +

B 3 697 95 74.5 541 99 93

C 2 745 49 77.0 97

Math LevelII

A 7 778 37 75.8 87

B 3 710 28 76.0 665 95 62

C 1 800 — 75.0 91

D 6 760 48 77.5 81

English Composition

A 6 683 102 75.8 94

B 4 655 41 76.3 90

C 4 589 169 76.5 512 105 74

D 4 727 17 77.5 98

Biology

A 710 — 77.0 92

B 555 78 75.0 544 111 50

Chemistry

A 4 630 99 75.5 67

B 1 540 — 77.0 40

C 2 620 71 76.5 577 102 63

D 3 727 47 77.7 91

Physics

A 2 670 85 77.0 72

B 2 545 92 75.5 591 106 35

French

C 2 615 35 76.5 72

D 2 640 28 77.5 552 109 75

Spanish

C 1 540 — 78.0 544 120 53

Russian

A 2 580 99 76.5 587 148 51

 

aThe differences between groupswerenotsignificant.
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Of special interest is the groups’ performance on the mathematics

achievement tests, Level I and the more difficult Level II. In table 4.5 it

can be seen thatall the groups scored extremely high. The meanscores are

not far from the maximum score of 800, except for Group B’s perfor-

mance on Mathematics Level I, which they took at an early age. The

percentile ranks of the mean scores were also high. Furthermore, the

groups’ mean score on Mathematics Level I was 189 points superior to the

mean of a national sample of college-bound seniors, and on Mathematics

Level II 96 points, also more than a standard deviation. Thusthe perfor-

mance of all the groups wasexcellent. Learning mathematics at a rapid

pace is seen not to be detrimental to longer-term retention or achievement

in mathematics, because if this were the case, we would expect Groups A

and B to receive lower scores than the other two groups.

Several interpretations of the data can be made from the performance
on the remaining achievementtests (see table 4.5). A high percentage of
the students took the English Composition examination in high school.
Group D madethe best scores, but the members of Group D werealso
much older than the other groups’ members whenthe test was taken. The
mean difference between groups wassignificant by an ANCOVAcontrol-
ling for year taken (F = 3.6, p< .05).

Anothertrend in the data of table 4.5 is that of the science examina-
tions; Chemistry (with ten takers) was most popular. Performanceonall
the examinations was excellent and for the most part was above the means
for a college-bound sample of high-school students (CEEB 1979).

AWARDS AND HONORS

In the two questionnaires the students were asked to report any awards
and honors won,including National Merit Scholarship Corporation and
mathematics contest participation. The National Merit competition is
judged on the basis of high scores on the Preliminary Scholastic Aptitude
Test.? All the groups, except perhaps C, did well in this competition(i.e.,
100 percent of Group A, 66 percent of Group B, 75 percent of Group D,
and 14 percent of Group

C

received at least a Letter of Commendation).
Two members of Groups A and D did not take the PSAT.

With respect to scholastic awards and honors won in high school, 40
percent, 67 percent, 43 percent, and 80 percent of Groups A,B, C, and D,
respectively, reported receiving at least one. In college the percentage of
the groups’ members reporting having received at least one award or honor
ranged between 29 and 60 percent.

With regard to participation in mathematics contests (not including
SMPY’s talent searches), 60 percent of Group A reported having par-
ticipated in at least one, while no one in GroupB did and only 43 percent
and 10 percent of Groups C and D,respectively, did.
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COLLEGE ENTRANCE AND STATUS

Every student except one in Group C had entered a college or university

on a full-time basis (see table 4.6). The students’ ages at college entrance

varied greatly, however. Group A wason the average two years ahead of

GroupB andat least three years ahead of Groups C and D in date ofcol-

lege entrance. Furthermore, the difference between groups in percentage

of students entering college early is large (see column 10 of table 4.6). Of

GroupA,90 percent entered early, while only 33 percent and 10 percent of

GroupsB and D,respectively, did so, and no one in Group C did. Totest

for significant differences between groups on date of college entrance, an

ANOVA was performed. The difference was significant (F = 9.7, p

« ,001).3 In addition, Group A students had on the average at least six

times as many advanced-standing credits as students in the other groups

when they began college. Appendix 4.2 updates where in college or

graduate school each student in the four groups was as of the summerof

1980; clearly the students in the fast group are much ahead of membersof

the other groups.

COLLEGE INTELLECTUALISM AND

STATUS SCORES

The colleges attended by the students were given, where available, an

intellectualism and a status score obtained from the Astin (1965) scale.

Astin (1965, p. 54) defines a four-year college with a high intellectualism

score as having a student body that “would be expected to be high in

academic aptitude (especially mathematical aptitude) and to have a high

percentage of students pursuing careers in science and planning to go on

for Ph.D. degrees.” A four-year college with a high status score is defined

as having a student body that “would be expected to have a high percent-

age of students who come from high socioeconomic backgrounds and who

themselves aspire to careers in enterprising fields (lawyers, business execu-

tives, politicians)” (ibid.). The scores are T-scores having a mean of 50 and

a standard deviation of 10.

The meansofthe college ratings by group were all above 50, but they

were notsignificantly different from each other by group. The mean intel-

lectualism scores ranged between 57 for Group C and 67 for Group A.

Group A attended the most academically difficult colleges or universities, *

followed by B, D, and C,in that order. In terms of the status scores,

Group D cameout highest, with a mean of 59, followed by A, B, and C,

all with mean scores of 55. Clearly, the four groups attendedintellectually

and socially elite schools. Appendix 4.2 lists the colleges attended by the

students.
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TABLE 4.6. Year of Reported College Entrance and Comparison of Reported College Status at Time of Entrance and Degree of Educational

Acceleration (by Group)

 

 

  

 

 

Year of College Entranc Percentage Mean Number

— oreo Standard Entering of Advanced Standard

Group 1974 1975 1976 1977 19784 1979 Entrance Year> Deviation Early Standing Credits® Deviation

A 2 1 4 1 2 0 1.4 90 24.7 11.9

B 0 0 2 0 4 0 1.0 33 2.0 3.1

C 0 0 0 0 6 0 0 0 3.4 3.8

D 0 0 0 l 6 3 0.5 10 4.1 7.7

Degree of Acceleration

(Percentage of Group)

Some, But At Least One

Less than Year, But Fewer ears Standard
Group N None One Year than Three Years Mean4, ¢ Deviation

A 10 0 10 20 2.6 0.7

B 6 50 17 33 0.8 1.0

C 7 29 43 29 1.0 0.8

D 10 30 50 20 0.9 0.7

 

aExpected year for most of these students.

bThe difference between group meanswassignificant (F = 9.

©The difference between group means wassignificant (F = 5

d Acceleration was coded asfollows:
0

1

2

3

©The difference between group meanswassignificant (F = 13.7, p «.001).

None

Less than 1 year

One year or more but fewer than 3
Three years or more
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TABLE4.7. Reported Use of Accelerative Options
 

Mean Number of

 

 

Mean Number College Credits

of Grades Standard Received from

Group N Skipped Deviation APP Exams

A 10 2.0 1.2 8.0

B 6 0.7 1.0 2.0

C 7 0.4 0.8 3.4

D 10 0.1 0.3 3.3

ACCELERATION

Each student was rated on the degree to which his or her educational

progress had become accelerated eight years after the beginning of the

Wolfson I class (see table 4.6). Members of Group A were much more

accelerated than membersof the other groups. In Group A 70 percent were

accelerated by three or more years, while not one person in the other

groups was. Membersofall the other groups were, however, somewhat

accelerated on the average, but no big differences can be seen between

Groups B, C, and D. The differences between groupsin acceleration were

statistically significant (F = 13.7, p< .001).

The way the students’ acceleration was achieved is shown and con-

trasted by groupin table 4.7. Group A madeuseofall the options and toa

muchgreater extent that did the other groups, which used the accelerative

options to about the same degree. Not includedin table 4.7 is the fact that

Groups A and B had beeninitially accelerated in mathematics as part of

the Wolfson I class. Appendix 4.2, where the status of each student’s

educational progress as of June, 1980, is shown, highlights the results of

tables 4.6 and 4.7.

ACCELERANTS’ VIEW OF ACCELERATION

The accelerated students in all groups were asked to rate howtheyfelt

their educational acceleration had affected their social and/or emotional

development. They were also asked to reconsider their decision to acceler-

ate. Overall, the students felt positive about their acceleration.

With regard to social and/or emotional development, only one (in

GroupC) of the twenty-two accelerants felt that acceleration had affected

him much to the worse. This same person, however, would accelerate his

educational progress again if he had a chanceto reconsider the decision. In

contrast, 18 percent of the accelerants felt acceleration had affected

him/her muchfor the better. On the average,all the groups felt that accel-

eration had slightly benefited their social and/or emotional development

and certainly had not hindered it. There were group differences, but they
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Mean Numberof Percentage

Credits Received Percentage Receiving

for College Work Completing Master’s Degree

Standard Completed in Standard College in Fewer Concurrently

Deviation High School Deviation Than Four Years with Bachelor’s

6.0 11.0 8.9 50 10

3.1 0 0 0 0

3.8 3.8 3.8 0 0

7.8 3.2 0 10 0
 

were not found to be significant by an ANOVA.It must be noted that

Group A was much moreaccelerated than the other groupsandstill held

overall positive feelings.

How did the accelerants reconsider their decision to accelerate? Most
students would accelerate at least as much asthey had already done. Only

one student, who had skipped three grades and received a high numberof
college credits for AP work, wouldin retrospect accelerate somewhatless.
Thus in conclusion it can be said that accelerated students tend to view
acceleration as being beneficial.

COLLEGE MAJORS: SCIENCE

VERSUS MATHEMATICAL SCIENCES

Atleast 50 percent of students are majoring in either science (including
engineering) or mathematical sciences in college (ranging from 50 percent
for Group B to 80 percent for Group A). Mathematical sciences are most
popular for Group A, with 50 percent majoring in them, while scienceis at
least equally as popular for the other groups (ranging between 30 and 40
percent majoring in science for all four groups). For Group A, computer
science is by far the most popular field. Each student’s major is shown in
Appendix 4.2.

COLLEGE COURSE-TAKING

The number of undergraduate courses taken in mathematics, science,
and engineering by the summerof 1980 and the mean gradesreceived by
group can be seen in table 4.8. Even though they had the most advanced
standing in mathematics, members of Group A had taken the greatest
number(6.9) of mathematics courses by summer, 1980. This was also true
for science and engineering. But of course Group A had beenin college
much longer. The differences between the groups in grades received were
not significant, but the differences in number of courses taken in
mathematics and engineering were (F = 5.1, p< .01 for mathematics and F
= 4.6, p< .01 for engineering). Their mean grades were for the most part
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TABLE4.8. Reported Mathematics, Science, and Engineering Course-Taking in College (Full-Time Students, by Group)

 

 

 

 

Mean Number Mean Grade Mean Number Mean Grade

of Mathematics Standard in Standard of Science Standard in Standard

Group N Courses? Deviation Mathematics Deviation Courses Deviation Science Deviation

A 9 6.9 4.1 3.0 0.7 6.6 3.7 3.3 0.4

(N = 8) (N = 8)

B 6 4.0 2.9 3.0 0.6 4.3 1.6 3.1 0.7

(N = 5) (N = 6)

C 6 3.2 1.2 3.3 0.5 3.8 3.9 3.4 0.5

(N = 6) (N = 5)

D 9 1.9 1.5 3.1 1.3 4.1 3.2 3.2 0.6

(N = 7) (N = 9)

Mean Number

of Engineering Standard Mean Grade Standard

Courses? Deviation in Engineering Deviation

A 10 5.7 5.5 3.2 0.7

(N = 7)
B 6 1.3 2.4 3.8 0.2

(N = 2)
C 6 1.0 2.5 2.5 0

(N = 1)
D 9 0.1 0.3 2.0 0

(N = 1)

aThe differences between the groups weresignificant by an ANOVA (F = 5.1, p<.0l).

bThe differences between the groups were significant by an ANOVA (F = 4.6, p<.01).
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above a B, and many courses were taken, except for in engineering for

Groups B through D.

USE OF EDUCATIONAL OPPORTUNITIES

The students were asked to rate how well they had madeuseofall their

available educational opportunities. For the students in all groups, the

mean response was “above average.” No significant differences emerged

between the groups, although it would objectively seem that Group A had

madethe best use of all available educational opportunities.

EDUCATIONAL AND

OCCUPATIONAL ASPIRATIONS

The educationalaspirationsforall students were for the most part high.

The meansfor all groups were to obtain more than a master’s degree. Not

one student aspired to obtain less than a bachelor’s degree. Only 51 percent

of students in the general population aspire to obtain a bachelor’s degree

or more (Charles Kettering Foundation 1980).

The occupational status of each student’s career goal was rated by the

Reiss (1961) scale. The average status occupation for the norm group on

this scale was 70, which is a score assigned to a nurse. Onthis scale the

highest score given to an occupation wasa dentist, with 93 points, and the

lowest was to a tobacco laborer, with 20 points. For the students in the

four groups the means of the occupational status of their career goal

ranged from 81.5 (Group B) to 84.2 (Group C). Occupations falling into

that range on the scale include engineers and college professors. Thus the

students in all groups have high educational and occupational aspirations,

with no significant group differences.

SMPY’S INFLUENCE

The final item of interest is how the students felt their association with

SMPY had helped them educationally. Not unexpectedly, the students

who had remained in Wolfson I felt that SMPY had helped them educa-

tionally more than did the students in the other groups (t = 2.9, p< .01).

The students in Groups A and B felt that SMPY had helped them con-

siderably, while Groups C and D felt that SMPY hadhelped themslightly

more than notatall.

Summary

Participation in a fast-paced mathematics class for highly mathemat-

ically precocious junior-high-school students appears to have many long-

term benefits, not only in time needed to complete the study of mathe-
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matics but also in time needed to complete a student’s education. This has

been demonstrated by this study and by the evaluation of the secondfast-

paced mathematicsclass, called Wolfson II (see Appendix 4.3). Because of

the small number of students, however, most differences between the

students participating at various levels were not foundto be significant.

Most of the students who were extended the invitation to join the

Wolfson I class participated in at least one of SMPY’s talent searches. At

the time of the talent search the students completing Wolfson I in the fast

group received the highest SAT-M scores, followed by the students

finishing in the slow group. The difference between groups wassignificant

(p< .01). On SAT-Vat talent-search participation the slow group, followed

by the fast group, had the highest scores. Again, the difference between

groups wassignificant (p < .05). In high school, when the SAT was taken

again, no significant difference was found between the groups on SAT-V,

but a significant difference was found on SAT-M (p< .05). Groups A and

B received the higher scores. We do not know whetherthe students in the

Wolfson I class earned significantly higher SAT-M scores in the talent

search and in high school than the students who dropped out or did not

participate because of their participation in the class or because they were

initially abler. Mostlikely it is a combination of the two,since the students

in Wolfson I also earned higher SAT-V scores,* but their superiority on

SAT-V was not as great as that on SAT-M. Furthermore,all the students

had met the sameability criteria before the class was begun. Therefore, the

fast-math class itself may serve to boost the students’ aptitudes for

mathematics.

The mathematics course-taking in high school was obviously affected

by Wolfson I. Many more of the students who stayed in the program

finished calculus in high school. Furthermore, many moreofthe students

who finished in the fast group took the AP mathematics examinations,

especially Level BC, and took many more college mathematics courses

(and other college courses) while still in high school. When the College

Board’s mathematics achievement tests were taken in high school, the

students in all groups who took them tended to make quite high scores.

Because Groups A and B did not score less well than Groups C and D

(whose members did not participate in the fast-paced mathematics pro-

gram), we conclude that having covered the content of the high-school

mathematics curriculum in an accelerated manner did not hinder long-

term retention or achievement or leave holes and gaps in students’

knowledge. The scores on the other, nonmathematics, achievementtests

were mostly above the meanscore for college-bound high-schoolstudents.

The students who completed Wolfson I in the fast group became much

more accelerated in their educational progress than the other students. The

amount was more than could be accounted for by just the fact that the

students were in Wolfson I. The difference between groupswassignificant
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(p «.001). On the average the accelerated students had positive feelings
toward their acceleration. Most would do it over again, perhaps to an even
greater extent.

All the students except one are attending or have attended college full
time at, on the average, academically and socially elite schools. Most of
the students majored in science or mathematically related fields. More of
the students in the fast group majored in mathematically related fields
than did those in the other groups. Furthermore,so far in college they had
also taken more courses in science, mathematics, and engineering than
students in the other groups. No significant differences were found
between the groupsin terms of educational aspirations and status oftheir
career goals.

The most successful students in WolfsonI (i.e., the ten finishing in the
fast group) had achieved much more by summer, 1980, than the six
students whofinished in the slow group. Since the slow group was com-
prised mostlyof girls (4:2) and the fast group mostly of boys (7:3), this dif-
ference in achievement could perhapsbe due partly to the unwillingness of
girls to accelerate their educational progress, especially in mathematics
(Fox 1976; Daggett, chapter 9 of this volume).

Thus a fast-paced mathematics class offered to mathematically
precocious students does have educational benefits eight years after the

class was conducted. The especially successful students in that class have

achieved much morein high school and college than the students who did

not participate but who had beenessentially equally able (see Appendix
4.2).

Conclusions

How muchdid the actual procedures and content of the Wolfson I class

help the members of Group A, who obviously have done extremely well

academically thus far? As is inevitable in a study involving highly mean-

ingful, demanding activities with human beings, one cannot fully disen-

tangle the influences of general and special abilities, motivation, and

facilitation by the student’s family and teachers. Comparisons of the four

Wolfson I groups help, especially because (as shownin table 4.2) ability

differences in high school were notlarge.
The five boys andfive girls who chose not to attend Wolfson I (Group

D) seem to have done so mainly because they had competing activities in
the summer of 1972. Not much time elapsed between the invitation to

enroll and the June 24 starting date, so some youths — likely, those from
the most affluent families — had madeotherplans. This inference receives
some support from inspection in Appendix 4.2 of the colleges they later
attended. As already noted, Group D students attended higher-status col-



68 Camilla Persson Benbow, Susan Perkins, and Julian C. Stanley

leges than did students in GroupsA,B, or C. As of the 1980-81 academic

year not a single member of Group D was accelerated in college placement

by age, and three of the ten were less than age-in-grade. In contrast, only

one of the Group A students wasnotaccelerated. All but one of the seven

males were more than oneyear ahead oftheir age-mates. One earned his

master’s degree at age 19, another at age 20, and a third at age 21. Oneis

the fourth youngest person to receive a bachelor’s degree from Johns

Hopkins in its 105-year history; until 1981 he was the youngest graduate

since 1887 (Stanley & Benbow 1982).

Therefore, even though it is possible that superior motivation alone

accounts for the splendid showing of Group A, we consider such an inter-

pretation most implausible. What has been demonstrated clearly is that

when highly able youths are offered the opportunity to forge ahead far

faster and morerigorously in precalculus, many will accept the offer, and

a considerable percentage of those will make mighty educational and pro-

fessional strides, probably for the rest of their lives. This observation,

based on the Wolfson

I

class, is amply supported by SMPY’s manyreplica-

tions of and extensions of the fast-paced mathematics model in a wide

variety of curricular situations (e.g., Keating, Wiegand, & Fox 1974;

George & Denham 1976; Stanley 1976; Mezynski & Stanley 1980; Bart-

kovich & George 1980; Bartkovich & Mezynski 1981; Mezynski, McCoart,

& Stanley, chapter 6 of this volume). It demonstrates the multiplicative

effect of the accumulative advantage (here, participation in the special

mathematics class) that Zuckerman (1977) describes as characterizing

Nobel Laureates.

Ofthe three girls in Group A, two are accelerated one year each, both

by finishing high school one year early. Onegirl in Group B finished col-

lege two years younger than average, as did one boy. One boy in Group C

is accelerated one year in college — actually, by high-school entering rules

in his state, by just two days, because he was born on January 2. As noted

earlier, no one in Group D was accelerated. In agreement with these

results, SMPY’s researchers have usually found only a few girls accelerated

even a single year by the time the baccalaureate is awarded; an appreciable

percentage of the boys proceed far faster (see Daggett, chapter 9 of this

volume).

There are somesigns that this gender differential is changing, however.

Twenty-five of the Johns Hopkins 632 fall of 1980 entrants wereat least

two years accelerated in grade placementrelative to chronological age; 9 of

them (36 percent) were female. This is slightly greater than the percentage

of Johns Hopkins students who are female. One of these girls entered at

age 13 with sophomorestanding, having already completed one year each

of college inorganic and organic chemistry, calculus, and biology, and one

semester of physics.

Paradoxically, however, whereas seven of the twenty males in Groups
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A through D attended Johns Hopkins, not a single one of the thirteen
females did. The chi-square for this difference was 3.87, p «.05. That
unintentional, unexpected side (or main?) effect of the Wolfson I recruit-
mentandinstruction suggests that ingratiating effects for an institution of
having youngsters studyat it may be related to gender.It will be interesting
to compare the mathematics course results with those found for fast-paced
verbal courses conducted by Johns Hopkinsto see whethera similar pat-
tern holds for them.

Notes

1. He later joined SMPY’s second fast-paced mathematics class, Wolfson II (see
Appendix 4.3).

2. The formula for qualifying as a semi-finalist is 20PSAT-V score) + 1(PSAT-

M score). The minimum composite score varies from state to state andis greatest in

those states where the highest-scoring students reside.

3. Acceleration by the groups is discussed further later in this chapter.

4. Six of the ten students in Group A attended Johns Hopkins.

5. High verbal ability was found to be important for success in a fast-paced

mathematics class (Fox 1974; George & Denham 1976).
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APPENDIX 4.1: Supplementary

Questionnaire Used to Update the
Educational Progress of All the Students
Eligible for the Wolfson I Class

THE JOHNS HOPKINS UNIVERSITY ¢ BALTIMORE, MARYLAND21218

STUDY OF MATHEMATICALLY PRECOCIOUS YOUTH (SMPY)

Please reply care of: DEPARTMENT OF PSYCHOLOGY

 

PROFESSOR JULIAN C. STANLEY, Director ofSMPY Mr. WILLIAM C. GEORGE, Ed.M., Associate Director

Ms. LOIS S. SANDHOFER, B.A., Administrative Assistant 125 Ames Hall, (301) 338-8144

127 Ames Hall, (301) 338-7087 Ms. CAMILLA P. BENBOW. M.A., Assistant Director
126 Ames Hall, (301) 338-7086

QUESTIONNAIRE FOR EVALUATING SMPY'S FAST-PACED MATHEMATICS PROGRAM

Please fill out carefully and completely all of the questionnaire below that applies

to you. Please print or type all answers and send the fully completed questionnaire

as soon as possible to the address on the letterhead. All information will be kept

strictly confidential; you will not be publicly identified with the information

herein in any way.

 

 

 

  

NAME:

First Middle Last (Maiden if applicable)

Permanent Address: Telephone:

Street City State Zip (Area Code)

Temporary Address if different from above:

Street

Telephone (__)
City State Zip YArea Code)

1. Are you currently employed full-time? (Circle one.) Yes No

If yes, please supply the following information about your present and past

post-high school occupations in chronological order.

  

 

 

Dates of

Type of Occupation Duties Involved Employer Employment

1)

2)

3)     
If you need more space, please continue on a separate sheet.

2. Please check the box that applies to you with regard to your attendance at an

institution of higher education (including technical school).

I am currently a full-time undergraduate student.

I have graduated from college and am not furthering my education at the

present time.

I have graduated from college and am furthering my education on a part-time

basis.

I have graduated from college and am (or will be this fall) furthering my

education on a full-time basis.
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I am currently a part-time undergraduate student after having attended

full-time.

I am a part-time undergraduate student.

I am not currently enrolled as a student but was previously.

I am not and have not been enrolled as a student in an institution of

higher education. (Go to question 3.)

 

 

 

 

 

 

 

a. Which school are you currently, will you, or were you attending? (Do not

list schools from which you have transferred.)

b. Dates of attendance:

c. If you have graduated, please indicate the date of graduation:

From which school if different from above? Month/Year

d. What is or was your undergraduate major?

e. If you have switched majors in college, please list the previous one(s) in

chronological order.

f. If you are furthering your education beyond college, please name the planned

field.

g. Please list the titles of the mathematics course(s) you have already taken

as an undergraduate (including your grade in this course(s) and the

semester(s) of attendance. ) If you prefer, send us a copy of your transcript.

Semester(s) of

Final Course{ Attendance (Include

Mathematics Course Grade Semester and date)

1.

2.

3.

4.

5.

6.   
If you have taken more mathematics, please continue on a separate sheet.

h. Please list the title(s) of the science course(s) (including engineering and
computer science) you have already taken as an undergraduate in college,

your final grade in these courses, and the semester(s) of attendance. If
you prefer, send us a copy of your transcript

Semester(s) of
Final Course| Attendance (Include

Science Course Grade Semester and Date)
 

R
n

Ww
W

&F
&

Ww
W

K
Y

F
F

  
If you have taken more science, pleage Continue on a separate sheet.
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i. Please list any awards, honors, or scholarships you may have won as an
undergraduate or graduate of college (Phi Beta Kappa, etc.).

 

Please list the college-level mathematics courses (if any) that you are planning
to take in the future.
 

Please describe your career goal (i.e., professor of mathematics or a prac-
ticing pediatrician).
 

Have you been accelerated in your educational progress (circle one)? Yes No

a. If no, do you wish you would have been? Yes No (Circle one.)

b. If yes to Question 5, please circle the letter of the sentences that are
applicable to you and then complete then.

1) I skipped the following grades:

2) I took Advanced Placement Program (APP) examinations for which I

 

(Number)

received credits of advanced placement in college.

(Number )

3) I was accelerated in subject matter placement in _ different subjects.

(Number)
4) I took college courses on a part-time basis as a secondary school stu-

dent, for which I received credits of advanced standing in college.

5) I finished college in years, rather than 4.

6) I received my master's degree concurrently with my bachelor's.
(Circle one.) Yes No

7) Other (Departmental examination, etc. Please specify.):
 

 

c. If you were to reconsider your decision to accelerate, which one of the

following would best describe your thoughts (check the most appropriate box)?

[--| I would not accelerate my education at all.

[--] I would accelerate my education somewhat but not as much as I have done.

Cc] I would accelerate my education to the degree which I have already done.

(-] I would accelerate my education somewhat more than what I have already done.

| I would accelerate my education much more.

How important do you feel mathematics will be or is in your career? (Circle one.)

Very Fairly Slightly Not very Not at all

If you have taken the Graduate Record Examinations (GRE), please supply the
following: GRE Quantitative Score GRE Verbal Score

Advanced test score in area.
 

I hereby certify that I have read over my responses carefully and thoroughly.

They are as complete and accurate as I can make them.

Please return this questionnaire to:

Ms. Camilla Benbow

SMPY, Dept. of Psychology

The Johns Hopkins University

Baltimore, Maryland 21218

 

Signature
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APPENDIX 4.2: Educational and Occupational Status of the Students Eligible for

the Wolfson I Class as of June, 1980

 

 

 

Student (Sex) Undergraduate Year Graduate Field or

(Date of Birth) Institution Graduated Major Institution Degree Employer

Fast Group (N = 10)

M Johns Hopkins Senior Mathematical

4/10/63 University Sciences

M Johns Hopkins B.Engr.S., Mechanics and Part-time, Master’s in Electrical/Mechanical

8/9/60 University 79 Material Sciences Carnegie-Mellon Mech. Eng. Engineer, Westinghouse

F Princeton Junior Architecture

8/6/60 University

M Johns Hopkins B.A., 79 Electrical Engi- Drexel Master’s, Elec. Electrical Engineer,

5/5/60 University neering, Biomedical Institute Engr., 12/81 AAI Corporation

Engineering

F University of Senior Russian

5/2/60 Virginia

M Johns Hopkins B.A., 78 Mathematical University of Computer Science, Westinghouse

4/12/60 University Sciences California, Master’s, 81

Santa Barbara

M Johns Hopkins B.A., 1/77 Quantitative University of M.B.A., 1979

12/4/59 University Studies Chicago, Business Ph.D. in Finance,

12/81

M Johns Hopkins B.A., 80 Mathematical Carnegie-Mellon Computer Science

10/29/59 University M.S.Engr., 80 Sciences

F University of B.S.Engr., 80 Computer Assoc. Engineer, JHU

2/1/59 Michigan Engineering Applied Physics Lab.

M University of B.A., 79 Mathematics Computer Programmer,

9/18/58 Steubenville
Mellon Bank NA

 



SL
 

 

 

Student (Sex) Undergraduate Year Graduate Field or
(Date of Birth) Institution Graduated Major Institution Degree Employer

Slow Group (N = 6)

F Virginia Poly- Withdrew, Forestry Paid by CETAto take11/12/60 technic Institute 5/794 accounting and office skill
courses

M Johns Hopkins B.A., 80 Economics University of Law
9/20/60 University Pennsylvania

F College of B.A., 80 Religion Yale Social Work
5/30/60 Wooster University

F University of Junior ComputerScience,
5/20/60 Pennsylvania Engineering

M University of Junior Civil
5/6/60 Delaware Engineering

F Virginia Poly- Junior Civil
1/5/60 technic Institute Engineering

 
‘Later entered The Bryant Institute, Tulsa, Oklahoma; graduated in data processing, 9/82.

 

M

10/5/61

M
1/2/61

M

10/12/60

M

9/20/60

M

4/11/60

F

2/29/60

F

1/30/60

Did not attend@

University of Junior

Maryland, College Park

University of Junior
Delaware

University of Junior
Virginia

University of Junior
Delaware

James Madison Junior
University

University of Junior
Richmond

Group That Dropped Wolfson I (N = 7)

Electrical

Engineering

Chemistry

Economics

Accounting

English

Political Science,

Sociology

 “Later entered and then withdrew from the University of Tampa, Florida.
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Student (Sex) Undergraduate Year Graduate Field or

(Date of Birth) Institution Graduated Major Institution Degree Employer

Group That Never Enrolled in Wolfson I (NV = 10)

M Wharton School, Junior Accounting

12/28/60 University of and Finance

Pennsylvania

M Youngstown State Withdrew

10/8/60

F University of Junior Biology

8/8/60 Denver

M Harvard Sophomore Biochemistry

6/9/58

F University of Sophomore Mathematics

5/9/60 Chicago

F Yale University Junior Biology

4/2/60

M Towson State Junior Accounting,

2/26/60 University Computer Science

M Maryland Institute Junior Graphic Design

2/21/60 College of Art

M Georgia Institute Junior Mechanical

2/6/60 of Technology Engineering

F Western Maryland Junior English and

1/6/60 College German

 



APPENDIX 4.3: Evaluation of the
Wolfson II Class

In evaluating the long-term effects of SMPY’s fast-paced mathematics classes,
we followed up the students who wereeligible for and participated in WolfsonI, the
results of which were discussed in this chapter, and also the students eligible for and
participating in the second class ofthis kind conducted by SMPY (Wolfson II). The
initial selection procedures and results for this class can be found in George and
Denham (1976). The students in the Wolfson II class were somewhat older (mainly
end-of-year eighth-graders) than those in Wolfson I. Furthermore, to be eligible for
the class the students had to have scored at least 500 on SAT-M, 400 on SAT-V,
and above a combinedscore criterion on two standardizedtests of knowledge of
algebra I. Of the ninety-two students eligible for the class, thirty-three participated.
All but two students began to study algebra II in June, 1973.

George and Denham (1976) discussed the success of this class. In summary,
twenty-three students of the thirty-three (the fast group) mastered algebraII andIII
and plane geometry. Among the twenty-three, fifteen students also mastered
trigonometry, and fourteen analytic geometry. As a result, twelve students were

able to enter a calculusclass in the fall of 1974, 120 class hours after the start of

algebra II. An additional five students in Wolfson II (but in its slow group) suc-

cessfully mastered algebra II and plane geometry. One person among them also

completed algebra III. Five youths droppedthe class before completing the study of

algebra II.

The longitudinal evaluation of Wolfson I and II resulted in quite similar find-

ings. The most successful students in both classes (i.e., the fast groups) achieved

much more in high school and became more accelerated than the other students

eligible for or participating in the classes. Furthermore, the students completing the

program in the slow groups were more successful than the students who dropped

the classes or never enrolled.

It was found that the students in the fast group were somewhat abler than the

other students on the SAT in high school but not on the College Board’s achieve-

ment tests. It was of special interest to take note of the students’ performance on the

College Board’s Math Level I and the more difficult Math Level II achievement

tests. On both tests most of the students earned nearly the top score possible. Thus

we can conclude with confidence that learning mathematics at a rapid and acceler-

ative pace is not detrimental to long-term achievementor learning. The opposite

seems to be true, because many more of the successful students in the Wolfson

classes than students not in the classes took calculus in high school, took the AP

examinationsin calculus, and in college took more courses in mathematics. In addi-

tion, those students showed moreinterest in mathematics.

There was one major difference between the Wolfson I and II classes. This was

in terms of acceleration. The successful students in Wolfson I were much further

ahead educationally (course-work and acceleration) than the successful students in

Wolfson II, although both fast groups were much further ahead of the other

groups. This difference might be related to the age difference between the two

classes. Members of Wolfson II were older than members of Wolfson I when they

began the class. Perhaps by the time a bright student reaches the end ofthe eighth
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grade he or she has lost some motivation because of the extra time spent in a

classroom notgeared tohisor herintellectual level. Thus it seems more beneficial or

necessary to find and educationally stimulate studentsearlier than the eighth grade.

Finally, members of bothclasses felt that their association with SMPY had been

of considerable help to them, and they viewed their acceleration as benefiting them

positively.

The fast-paced mathematics classes did have long-term educational benefits.

Since the students involved also had positive feelings toward their experiences in

class and with SMPY,we concludethat this is one excellent way of catering to the

differential needs of the intellectually talented.



Fast-Paced Mathematics
Classes for a Rural County
JOHN F. LUNNY

 

Abstract

A fast-paced mathematics program adaptedfrom the
SMPY model was developed to meet the needs of

mathematically talented students in a rural county. After
meeting screening requirements, eighth-grade students are
selected on the basis ofPSAT scores. Combining enrich-

ment and acceleration, the program offers weekly two-

hour evening classes in mathematics to students who take

related classes during the day. The entire precalculus

sequence as well as computer science can be completed at

the end of three years in this program. Calculus can then

be pursuedfor college credit, free of charge, at the local

community college. The use ofpre- and post-tests with

appropriate review sessions enables the students’ progress

to be monitoredclosely. Approximately 25 percent of

each year’s initial program enrollment completes the three-

year program, through computer science. Thus SMPY’s

model works fairly effectively even when the number of

students is small.

 

Cartes Countyis a rural county located on the Southern

Maryland peninsula approximately thirty-five miles southeast of the

District of Columbia. In 1968 the student population was 11,692; accord-
ing to the 1980 census it was then 17,641. The average county student’s
intelligence quotient (I.Q.) on the Cognitive Ability Test is 102.5. Only
about 8 percent of the county’s senior-high-school population is college
bound.

79
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Development of a Fast-Paced

Mathematics Program

Because a target group of 24 Charles County students were identified as

mathematically talented in SMPY’s 1974 talent search (Keating 1976), a

“Fast-Math Program” was developed to meet their needs. This program

was modeled after the SMPY fast-paced accelerative mathematics classes

(Fox 1974; George & Denham 1976). The goal was to prepare these mathe-

matics students for college.

STUDENT SELECTION

Thefirst class consisted of students from the SMPY 1974talent search.

These students had initially scored in the top 2 percent nationwide on the

mathematics subtest of a standardized achievement test (Keating 1976).

Then, in the talent search, as seventh- or eighth-graders, the students took —

the College Board’s Scholastic Aptitude Test-Mathematics. Charles County

students scoring at least 400 on SAT-M,a score that is 10 points above the

mean for a national high-school sample of eleventh- and twelfth-graders

(CEEB 1978), were invited to join the class.

During the subsequent years it was decided that any eighth-grade stu-

dent meeting these requirements would be an eligible participant: (1)

scored in the upper 4 percent (using national norms) on a standardized

mathematics achievementtest; (2) received As on classroom tests; (3) had

an intelligence quotient of 130 or better; and (4) was recommended bythe

classroom teacher and school guidance counselor on the basis of maturity.

Parental permission was also required. Participants satisfying these

requirements are given the Preliminary Scholastic Aptitude Test. Any

eager and willing student whoscoresat least forty on the mathematics por-

tion and thirty-six on the verbal section of the PSAT and has a combined

mathematics and verbal score of eighty or greater is invited. There is,

however, some leeway in these requirements.

THE PROGRAM

The program is a combination of enrichmentand acceleration. Students

are offered a special two-hour-per-week course beginning with algebraI.

This is followed by algebra II, college algebra, and computer science.

Simultaneously, during their regular school day, the students are offered

geometry, trigonometry, and analytic geometry. Henceat the end of three

years the students havesatisfied all the prerequisites for calculus. A flow

chart of the sequence of classes is shown in figure 5.1.

The weekly two-hourclass is held outside the regular school session,

and nolimit is placed on the duration of the course. A pre-test is given in
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FIGURE5.1. Flow Chart for Sequence of Courses in the
Charles County Fast-Math Program

Year | Year 2 Year 3 Year 4

Day Class Algebra I Geometry Trigonometry, Free
Analytic
Geometry

Evening Class,
First Semester Algebra II Computer Calculus

Science
Evening Class,
Second Semester Algebra I College Computer Calculus

Algebra Science

which content weaknesses are noted. The teacher then covers the content
for the course, giving special emphasis to the students’ weak areas. When
the teacher decides that sufficient time has elapsed for mastery of the
course content, a post-test is administered. Usually between ten and twelve
weeksis sufficient time to master the material. This model also recognizes
that a student may drop out of the Fast-Math Program.If that occurs at
any level, the student just continues with his or her daytime class schedule
without embarrassment or loss of sequentiality.

At this point the fast-math student who has completed the Fast-Math
Program hasalso completed the mathematics course offerings at the high-
school level. Calculus is not a part of the high-school mathematics cur-
riculum in Charles County. So, at the conclusion oftheir three-year pro-
gram, as high-school juniors, fast-math students take calculus, free of
charge, for college credit at the Charles County Community College.

Currently five classes are following this model with teachers who have
competency in the content area, whoare flexible in presenting the subject,
and whocan creatively motivate the minds of the students in an atmo-
sphere of productivity without being repetitive.

THE TESTING PROGRAM AND

FOLLOW-UP PROCESS

The importance of pre-tests and post-tests has been mentioned. The
Cooperative Mathematics Tests (CMT) series developed by the Educa-
tional Testing Service in Princeton, New Jersey, are used in the pre-testing
and post-testing program. Pre-test results serve as a guidein theselection
and development of the mathematics content for the class, and post-test
results are used for evaluation. The mathematics specialist assumes the
responsibility for post-testing. Thus objective decisions can be made
regarding whether certain students should continue in the program. For
grading purposes, achievementat the ninety-third percentile or better on
the forty-item CMTseries is equivalent to an A grade; eighty-seventh
percentile or better is equivalent to a B; and a seventy-fifth percentile or
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better is equivalent to a C. This performance puts the students in the

seventy-fifth through ninety-ninth percentiles on national norms of

students who have taken the course for an entire year.

Following each test students attend a review session conducted by the

specialist in which all test items that were missed by four or more students

are explained in detail. The grades are then sent to parents and to home-

based schools to be placed on students’ permanent records. A Carnegie

unit of credit is received by students upon successful completion of each

course.

Standards for the course are determined using the raw score and the

national norm.If these standards are not met by 80 percent of the class a

follow-up reteaching session is immediately initiated. The specialist enters

as teacher and reviews with the group the total content area for that

course. This review takes four to eight weeks. At the end of this session

CMT Form

B

is administered. The scoring and standards for this second

test are identical to those for the first. Those students whofail to meet the

expected achievementlevel are advised to leave the Fast-Math Program.

EVALUATION

A review of the successive fast-math groups of Charles County indi-

cates that the goals of the program have been reached. Flow charts of the

progress madebythefirst three groups (which beganclasses in 1974, 1975,

and 1976) can beseen in tables 5.1, 5.2, and 5.3. The most successful class

wasthefirst; approximately 40 percentofits initial enrollment completed

the program (see table 5.1). Most of the drop-outs left at the first semester

of the calculus level of the program. The remainder of the drop-outs from

the class occurred because, unlike the first year, when the students are self-

motivated and highly motivated by their parents, the second year finds

manyparents considering it a chore to transport their children on a weekly

TABLE5.1. Progress of the First Fast-Math Class in Charles County

 

 

Percentage

Proceeding

Total Standard to

Step in Selection Criteria Students Mean Deviation Next Step

Entered algebra I SAT-M > 500 23 520.00 54.51 100.0

Algebra I: post-test CMT> 28/40 23 33.34 4.10 100.0

Geometry: post-test CMT > 58/80 22 47.65 10.13 95.6

AlgebraII: post-test Grade A, B 22 95.0

Trigonometry: post-test Grade A, B, C 21 91.3

Analytic geometry: post-test Grade A, B 20 84.7

College algebra: post-test Grade 28/40 20 24.2 5.96 84.7

Computer science: post-test Grade A, B 20 84.7

Entered calculus Grade A, B 14 60.8

Calculus: post-test Grade A, B 9 39.1
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. TABLE 5.2. Progress of the Second Fast-Math Class in Charles County
 

 

 

 

 

Percentage

Proceeding

Total Standard to

Step in Selection Criteria Students Mean Deviation Next Step

Entered algebra I PSAT-M > 40 20 45.86 4.64 100.0

PSAT-V 236 40.71 3.73

Algebra I: post-test CMT > 28/40 20 30.76 4.88 65.0

Algebra II: post-test CMT> 26/40 13 29.92 4.94 65.0

Geometry: post-test CMT >A, B, C 13 45.0
Trigonometry: post-test Grade A, B, C 9 35.0

Analytic geometry: post-test Grade A, B 7 35.0

College algebra: post-test Grade 28/40 7 20.91 3.82 35.0

Computer science: post-test Grade A, B 5

TABLE5.3. Progress of the Third Fast-Math Class in Charles County

Percentage

Proceeding

Total Standard to

Step in Selection Criteria Students Mean Deviation Next Step

Entered algebra I PSAT-M > 40 16 28.76 4.73 100.0

PSAT-V >36

Algebra I: post-test CMT > 28/40 16 33.07 3.64 87.5

Algebra II: post-test CMT > 26/40 14 25.75 6.13 56.2

Geometry: post-test CMT>A, B, C 9 25.0
Trigonometry: post-test Grade A, B, C 4 25.0

College algebra: post-test Grade 28/40 4 24.0 5.93 25.0

Computer science: post-test Grade A, B 4
 

basis to the class site, which is in excess of twenty miles from their homes.

While some of the students in the first class were college bound,their

academic goals did not include a high level of mathematics. The preferred

course was to enter the communitycollege prior to setting fixed goals for

future careers. Of the nine students who completed the calculus course, six

students (one girl and five boys) attended a four-year college. Of the

remaining three students, one girl attended community college, one girl

married, and one boy entered the family business.

Originally seventh- and eighth-grade students were permitted to enter

the program. Early in the development of the program, however, we

found that many of the seventh-grade students dropped out while taking

algebra II. Therefore at present only eighth-grade students are screened for

this program. This accounts for the drop-out rate of the second class

between algebra I and algebra II. There is also a significant rate of

dropping-out between algebra II and college algebra (see figure 5.1). Both

are evening courses. These students are also taking geometry in their day-

time mathematics classes. The main cause of dropping the program for the
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second class is peer pressure. Recognizing the opposite sex for the first
time, not wanting to appear smarter than the boyfriend, and participation
in sports are some ofthe other reasonsgiven for dropping out. Approxi-
mately 5 percent of the student drop-outs are dueto the individual’s inabil-
ity to cope with the content area or his or her unwillingness to work alone.
The remaining classes follow the same pattern. In the second and third
classes no students pursued calculus as part of this program. However,
several students were college bound.

Eachyearthis county has an averageof eight students who complete the
program through computer science, which is approximately 25 percent of
the initial enrollment for that particular group. Charles County feels that
this is a sufficient return for the investment in the program.

Summary

“In retrospect the following five items seem needed for a successful
class: (1) the identification of qualified, mathematically oriented, and
highly apt students through appropriately difficult tests of mathematical
and verbal reasoning ability and prerequisite achievement; (2) the selection
of a bright, dynamic, assertive teacher who can create an atmosphere of
fun and productivity while introducing the mathematical reasoner to
challenging materials at a rapid-fire pace; (3) compatible learning styles
between student and teacher; (4) the development of good study habits,
learning new materials by doing homework well; and (5) voluntary par-
ticipation and self-motivation by the students” (George 1976). All five of
these ingredients can be found in the Fast-Math Program in Charles
County. Weare giving the students a better foundation in the knowledge
of mathematics than they previously received. Our county is raising its

standards so that we are reasonably equal to our peers in other counties in

the state of Maryland and even in the nation. As a result, we have

broadened our own educational system.
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on AP Examinations in
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Abstract

Special supplementary courses in physics, chemistry, and

calculus were developed to prepare mathematically apt

high-school students for the AP examinations in those

areas. The courses, texts, and instructional approachesare

described. Overall, SMPY students who remained in the

classes throughout the year scored as high as or higher

than the average highly able student taking the examina-

tion; most scored well enough to qualify for college

credit. The students for whom the AP-level classes proved

most beneficial were young, oriented toward careers in

science or mathematics, academically motivated, and

highly able mathematically. Several specific recommenda-

tions for improving future courses of this type are

offered.

 

Many intellectually talented students find that the level

and speed of instruction offered in the typical secondary school do not

challenge them. Fast-paced instruction is one potential solution (see Fox

1974; George 1976; George & Denham 1976; Stanley 1976; Bartkovich &

George 1980; Mezynski & Stanley 1980; Bartkovich & Mezynski 1981),

and there are manyothers(e.g., early graduation from high school, taking

college courses part time whilestill in high school). A particularly feasible

option for many is the Advanced Placement Program (AP), which was

86
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begun by the College Board in 1955 (Benbow & Stanley 1978; Hanson
1980). Through the AP, high-school students are able to do college-level
course-work andreceive college credit by examination in a wide range of
subjects.

In this chapter we discuss three experimental APclasses that were con-
ducted by the Study of Mathematically Precocious Youth during the
1979-80 academic year. These were physics (Level C, both parts:
mechanics, and electricity and magnetism), chemistry, and mathematics
Level BC (the more comprehensive of two calculus programs offered by
AP).

Earlier AP Classes

The 1979-80 classes were not the first AP courses sponsored by SMPY.
Supplementary AP calculus classes were held during the 1974-75 and
1975-76 school years. The details and results of those classes are discussed
in Stanley (1976, pp. 146-50) and Mezynski and Stanley (1980). In general,
the students became well prepared for the AP examination in Level BC
mathematics: the vast majority of them scored well enough to qualify for
two semesters of college credit. Students in both classes received higher
scores than high-school students who had not received the supplemental
instruction.

A third AP calculus class was conducted during the 1978-79 school
year. Results from this class have not been formally reported elsewhere
and are therefore summarized herein andin table 6.1.

Although the previous two classes had been taught by a college pro-
fessor, this one was taught by two college undergraduates (both of whom
had prior “fast-paced” teaching experience from SMPY-sponsored
precalculus classes). The students were all quite young, even by the stan-

TABLE6.1. 1978-79 AP Calculus Students

 

 

May, 1979, AP
Grade in Calculus BC

Student Age@ _ School Score Grade

1 12, 10 8 129 5
2 13,7 9 189 5
3 13, 11 10 150 5
4 11, 8 9 124 4
5 13, 5 9 114 4
6 14,7 9 85 3
7 14,8 10 100 3
8 15, 11 10 101 3
 

2As of September 1, 1978, in years and nearest month.

b Possible score ranges: 5: 127-210; 4: 103-26; and 3: 79-102.



88 Karen Mezynski, Julian C. Stanley, and Richard F. McCoart

dards of SMPY’sfirst calculus class. In September of 1978 the youngest

student (who was also the only female) was 11 years, 8 monthsold; only

one student in the class had reached the age of 15. The participants had

received most of their precalculus instruction during SMPY’s 1978 summer

mathematics institute (see Bartkovich & Mezynski 1981).

All eight students who enrolled in the course took the Level BC

mathematics examination in May of 1979. Three students received the

highest possible score of 5 (see table 6.1). A 14-year-old boy earned one of

the highest point scores in the country (189 points on a 210-point scale,

whereonly 127 points were needed for a 5). No student scored lowerthan 3

on the 1-to-5 scale, which is high enough to earn credit for two semesters

of calculus at most colleges.

RATIONALEFOR THE 1979-80 CLASSES

The results of the three previous AP calculus classes indicated that

talented young students could indeed benefit from college-level instruction

in mathematics. Not surprisingly, many of the students identified by

SMPYas being mathematically able also showed a strong interest in the

sciences. It seemed reasonable to offer courses that would give such

students a solid foundation in core science subjects (chemistry and

physics). AP-level courses in these subjects areless likely to be offered in

high schools than are AP calculus or biology. When APscience courses

are available, typically the high-school level course is a prerequisite, so a

student must spend two school years on that subject. The performanceof

students in earlier calculus classes indicated that, with appropriately paced

instruction, highly able students might successfully consolidate those two

years of instruction into oneyear.

Students were expected at least to be enrolled in their high-school-level

course, or, preferably, to have completed it. The students in chemistry and

physics had to obtain laboratory experience outside of SMPY’s course,

since no laboratory work was included. The purposeof all three courses

was to provide introductory college honors-level instruction in order to

give all students excellent preparation for the AP examination.

Overview of the AP Courses

SMPY’s ideal target population was junior- and senior-high-school

students who were eager to meet the challenge of college-level course-work

and who had shownthey were capable of such work. SMPYnotified more

than 400 high-scoring students from its 1976-77, 1977-78, and 1978-79

talent searches about the AP course offerings. Unfortunately, no talent

searches had been conducted by SMPY during the 1974-75 and 1975-76
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school years. Those students would have been in the eleventh or twelfth
grade andthe mostlikely ones to take advantage of these courses. SMPY
found a low response from the younger students (eighth-, ninth-, and
tenth-graders). Since so few students enrolled, SMPY extended the oppor-
tunity to enroll to older students from Baltimore area high schools. For the
high-school students, the following Scholastic Aptitude Test (SAT) scores
were suggested as minimal qualifications for enrollment: a mathematics
(SAT-M)score of at least 600, and a combined SAT-M and verbal (SAT-
V) score of at least 1,000. Consequently, roughly one-half of each class
was composedof students of theregular age for the course-work, some of
whom were only marginally qualified to participate. The ages and grade
levels of the students who enrolled were quite diverse. Ages ranged from a
12-year-old female in physics to an 18-year-old male in calculus. With
respect to grade placement, the range was eighth through twelfth.

The tuition chargedin all three courses was the same: a total of $100 for
the two semesters. In addition, students paid for their own textbooks and
were responsible for the AP examination fee ($32). Tuition was low
because most of the costs were absorbed by National Science Foundation
funding. !

The classes were scheduled at nonoverlapping times to allow highly
motivated students to enroll in more than one of them.Priorto thefirst
instructional meeting, students in all classes attended a two- to three-hour
testing session in which several aptitude and achievement measures were
administered.

All three courses were taught by college teachers; the professor who had

conducted SMPY’s first two calculus classes taught that course again.
Having taught the same material in college introductory classes, each
instructor had clearly defined criteria by which to monitor students’ prog-

ress. In many cases the lectures were the same onesthe instructors used in

their college classes, and the in-class examinations often contained many

of the sametest items. The instructors covered the topics listed in the AP

syllabus and in somecases taught additional topics not listed in the AP

syllabus. For example, optics and most of modernphysics are not included
in AP physics Level C, but the professor believed those topics were essen-
tial for a sound first-year college physics course.

Each instructor was assigned a college student as a teaching assistant
(t.a.). All three t.a.s were young men attending The Johns Hopkins
University, and all had been associated with SMPYforseveral years. They
wereall accelerated in their high-school and college work. SMPYselected
them as role models for the AP students as well as for their competence in
their respective subject areas.

Each class met once each week, for a two-and-a-half to three-hourses-
sion. Every session compressed the equivalent of an entire week of high-
schoolor college instruction into that one session. For this reason, regular
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weekly attendance wasessential — skipping one class was like missing one

full week of school. In all three courses, weekly homeworksets were

assigned. The students were expected to spend five to ten hours solving

problems and studying the textbooks. The relatively heavy assignments

were given to help the students assimilate and supplement the lectures.

The Physics Class

The professor teaching the physics class designed the instruction to be

similar to the regular introductory physics course given at Johns Hopkins.

The textbook and workbook were by Bueche (1975a,b). During the fall

semester the first seventeen chapters of the book were covered, which com-

pleted the study of mechanics. The last thirteen chapters, covering elec-

tricity and magnetism (E & M), were taught in the spring.

Of the thirteen students initially enrolled, ten persisted through May.

The ages, sex, and school grades of the physics students are given in table

6.2. Note that nine of the thirteen students were younger than 16 years

whentheclass started in September. One student was only 12 years and 8

months old. Only four students were high-school seniors.

Since calculus was used in both the textbook andlectures, all students

were strongly encouraged to have studied that course previously or to take

it concurrently. The two students (numbers 11 and 12 in table 6.2) who

dropped out of physics during the fall were the only ones who had no

calculus background. Ofthe three students who were taking calculus dur-

ing the year, one (number 13) dropped out, in February. The other two

(numbers 9 and 10) received the lowest AP scores in the class on the May

physics examination.

ASSESSMENT

Before instruction began, students in the physics class were given two

preinstructional measures, the College Board’s achievementtest in physics

and the Owens-Bennett Mechanical Comprehension Test, Form CC

(Owens & Bennett 1949). The latter, the most difficult of several forms of

that test, was designed as a screening measure for college freshman

engineering students. The physics achievement test measures physics

knowledge at the high-school level. The results of both tests are given in

table 6.3. In most cases scores on the achievement test were above the

mean of students who had taken one year of physics, which indicated that

almost all of the students were familiar with basic physics content; the

average score was the 65th percentile of students who take the test after

completing at least one year of high-school physics. Two of the lowest

scores were earned by the students who dropped out; the third drop-out
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TABLE6.2. AP Physics Class Students

 

 

Gradein Calculus Background
Student4 Ageb School (AP Calculus grade)

1c 13, 10 10 AP BC(5)
2 15,0 11 AP BC (5)
3 15,9 10 AP BC (5)
4c, d 15, 3 12 AP AB(4)
S¢ 15, 10 11 College course
6¢ 16, 7 11 College course
74d 12, 8 10 AP BC(4)
8¢ 15, 8 10 AP BC (3)
9c 17, 4 12 Concurrent

10¢ 17, 6 12 Concurrent
11¢ 14, 0 10 No calculus
12¢ 14,9 10 No calculus
13f 17, 8 12 Concurrent
 

4Listed in order of grades (highest to lowest) on the May, 1980, AP Level C physics
examination, and within AP grade by age (youngest to oldest).
> As of September 1, 1979, in years and nearest month.
°Fnrolled in chemistry and physics.
d Female.
©Enrolled in chemistry and physics but dropped out of physics.
f Droppedout.

received a score that tied for fourth lowest of the group. Only one of the
seven persons whose AP physics grade was 3 or more scored lower on the
physics achievement test than did the highest scoring of the other six
students.

The mechanical reasoningtest results borelittle relationship to scores
on the physics achievement test or the AP examination. In addition, they
did not help differentiate the three drop-outs from those whofinished the
course. (It is suggestive, however, that the lowest score on CC [29] was
earned by a top student whose 5 on AP physics mechanics was the lowest
of the four, but who did much better on E & M.)
Two in-class tests were given during each semester. These were con-

structed in large part by the instructor and t.a., but they also included
some problems taken from past AP examinations. One month before the
APtest students were given a full practice AP test, the 1974 examination
(Pfeiffenberger 1976).

In May of 1980 all ten of the students who completed the course took
both parts of the AP physics examination, Level C. This three-hourtestis
divided into four forty-five-minute sections: mechanics multiple-choice
items, mechanics free-response questions, electricity and magnetism
multiple-choice items, and electricity and magnetism free-response ques-
tions. Separate scores are given for mechanics and E & M,usingthe 1-to-5-
point grading scale, where 3, 4, and 5 are considered excellent grades.

Results on the test ranged widely, with three students receiving 5s on
both sections, three making 2s on bothsections, three earning 4 on onesec-
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TABLE6.3. Preinstructional Physics Testing Results

 

 

 

 

Ownes-Bennett May, 1980, AP

CEEBPhysics Mechanical Compre- Physics C

Achievement hension, Form CC Grade (and Score)

Student Score Percentile? Score  Percentile> Mechanics E&M

1 680 76 29 5 5 (47)°¢ 5 (63)4

2 740 90 41 45 5 (59)°¢ 5 (73)4

3 800 98 31 7 5 (64)°¢ 5 (59)4

4 570 41 38 30 5 (57) 4

5 690 78 46 70 4 5 (52)4

6 680 76 40 40 4 5 (66)4

7 730 87 34 13 3 4

8 680 76 33 10 2 2

9 580 45 36 20 2 2

10 620 58 37 25 2 2

11 460 9 25 3

12 580 45 34 13

13 550 34 37 25
 

aInterpolated from 1976-77 norms.

b Based on scoresoffirst-term Princeton University engineering students.

¢ Numberof points earned out of possible 90, where atleast 45 were needed for a grade of5.

d Number of points earned out of possible 90, where atleast 52 were neededfor a grade of

5.

tion and 5 on the other, and one student getting 3 on one section and 4 on

the other (see table 6.3). The average grade on the test was 3.9 on

mechanics and 3.7 on E & M. These were well above the nationwide

average of 3.4 on both parts.

The Chemistry Class

Like the physics course instructor, the chemistry instructor designed her

lectures to be similar to the ones used in the introductory chemistry course

at Johns Hopkins. The textbook used was Dickerson, Gray, and Haight

(1974). This was supplemented with two workbooks, Hutton (1974) and

Butler and Grosser (1974). Throughout the course problems from previous

AP examinations were used occasionally for homework ortest questions.

All chapters of the textbook were covered with the exception of chapter

12 (Special Role of Carbon), which was an introduction to organic

chemistry. Organic chemistry is not covered in the introductory course at

Johns Hopkins. Moreover, the instructor felt that time did not permit its

treatment in the AP course, despite its limited inclusion in the AP syllabus.

Students were encouraged to study chapter 12 on their own.

Twenty-two students (six female and sixteen male) enrolled in the

course. Sixteen of them attended class regularly and two attended
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TABLE6.4. AP Chemistry Class Students

 

 

Studenté Sex Ageb Grade in School

Ic F 15, 4 12
2 M 15, 3 10
3 M 15, 5 9
4c M 15, 10 11
5¢ M 16, 7 11
6 M 13, 0 8
7¢ M 13, 11 10
8d M 14, 0 10
gd M 14,9 10

10 F 15, 8 10
11¢ M 15, 8 10
12 F 16, 5 12
13¢ M 17, 4 12
14¢ M 17, 6 12
15 M 14, 7 10
16 M 16, 5 12
17 F 17, 7 12
18 M 17, 7 12
19¢ F 15, 10 11
20° M 16, 11 12
21¢ M 16, 11 12
22° F 17, 11 12

 

4 Listed in order of grades (highest to lowest) on the May, 1980, AP chemistry examination,
and within AP grade by age (youngest to oldest).

b As of September 1, 1979, in years and nearest month.
©Enrolled in chemistry and physics.

dEnrolled in chemistry and physics but dropped out of physics.
© Dropped out.

Enrolled in chemistry and calculus but dropped out of both.

sporadically throughout the year. Two students dropped out ofthe class
after the first semester. In January another two dropped out.

The ages, sex, and school grades of the twenty-two chemistry students
are given in table 6.4. Note that a five-year age difference existed between
the youngest and the oldest student. The four students who dropped out of
the course were the older students: three were seniors in high school and
one was a junior. The two students whoattended sporadically throughout
the year were seniors. This higherlevelof attrition among older studentsis
consistent with the pattern found in the calculus class, and is discussed
later in detail.

ASSESSMENT

The preinstructional measures used for the chemistry class were the
College Board’s chemistry achievement test, the American College Testing
Mathematics Usage Test, and the ACT Natural Science Reading Test. The
results are given in table 6.5. Scores on the ACT Mathematics Usage Test
ranged from a low of 20 out of 40 (sixty-third percentile) to three perfect
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TABLE6.5. Preinstructional Chemistry Testing Results

 

 

 

 

 

ACT ACT Natural CEEB May, 1980,

Mathematics Science Chemistry AP

Usage Reading Achievement Chemistry

Student Score Percentile Score Percentile Score Percentile?

|

Grade

1 39 99 44 99 630 67 5b

2 33 89 34 85 460 14 4

3 23 69 34 85 600 57 4

4 37 96 41 96 670 80 4

5 40 99 42 96 770 97 4

6 29 80 43 98 560 44 3

7 38 98 38 93 660 77 3

8 35 92 42 96 530 34 3

9 36 95 42 96 610 60 3

10 31 84 41 96 410 5 3

11 36 95 38 93 580 50 3

12 40 99 39 93 590 53 3

13 28 76 45 99 570 47 2

14 34 89 46 99 550 41 2

15 40 99 38 93 410 5

16 39 99 42 96 600 57

17 34 89 37 89 500 25

18 28 76 27 65 520 31

19 20 63 30 72 450 11

20 36 95 38 93 580 50

21 26 73 38 93 510 28

22 34 89 47 99 650 74
 

aInterpolated from 1976-77 norms.

bShe earned 121 points out of the possible 160 used for scoring the AP examination, where

at least 113 were required for a grade of 5.

scores (ninety-ninth percentile). The average score was 34, roughly at the

eighty-eighth percentile of college-bound twelfth-graders. Of the five

students whose scores placed them lower than the eightieth percentile, two

dropped out of the class, one attendedclass inconsistently throughout the

year and did not take the AP chemistry examination, one performed

poorly in class throughout the year as well as on the AP test (earning a 2),

and onereceived tutoring in mathematics and performed well in class and

on the AP examination (getting a 4).

The results of the ACT Natural Science Reading Test indicated that

most students in the class had a good general science background. Seven-

teen of the twenty-two students scored higher than the ninetieth percentile.

The median score was at the ninety-fifth percentile. Only two students

scored lower than the eightieth percentile; those students also scored lower

thanthe eightieth percentile on Mathematics Usage. One of them dropped

out of the class and the other did not take the APtest.

The College Board’s chemistry achievement test scores ranged con-

siderably, from a low of 410 to a high of 770 (on

a

scale of 200 to 800). The

mean score was 564, which was approximately at the forty-fifth percentile

for high-school students who had completed one year of chemistry.
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Overall, in the chemistry class the amount of high-school chemistry
knowledge was less than the knowledge of high-school physics in the
physicsclass prior to the beginning ofinstruction (forty-fifth comparedto
sixty-fifth percentile). Chemistry achievementtest scores for the fourteen
students wholater took the AP test averaged 585, while for the eight who
did not the average was 528. This difference, however, was not Statistically
significant.

Five in-class examinations (each lasting about one hour) and onetake-
hometest were given during the course. In addition, the free-responsesec-
tion of a previous AP examination was administered under timed condi-
tions approximately three weeks before the May AP examination. During
the last six weeks of class, free-response sections from past AP tests were
also assigned as homework. The emphasis on AP free-response questions
during the end of the course was desirable for the following two reasons:
the questions provided a review (and overview) ofall topics covered during

the year, and students became familiar with the types of questions they

would encounter on the May AP examination. Unfortunately, the College

Board does not make public the objective (multiple choice) questions from

previous tests, except when previously administered examinations are

published (e.g., Jones, Kenelly, & Kreider 1975; Pfeiffenberger 1976).

Nonehad been published for chemistry. Therefore students hadlittle prac-

tice with multiple-choice items. In lieu of official AP multiple-choice
items, the students were given a timed, in-class test using Part I of

Raymond’s (1979) multiple-choice examination. This examination was

designed as part of an annual competition for high-school seniors who

studied Dickerson, Gray, and Haight (1979).

Students in the AP chemistry class were quite heterogeneousin terms of

ability, chemistry background, and motivation to do class work. As a

group these students were the least able compared with those in physics

and with those who completed the calculus course. Not surprisingly, the

APresults for this class reflected the differences between the students. Of

the eighteen students who completed the course, four failed to take the AP

examination (two of them were students whoseattendance had been incon-

sistent throughout the year). Of the fourteen students taking the three-

hour APtest (half-objective, half-essay), one scored a 5, four made 4s,

seven scored 3s, and two scored 2s. Thus, the average for thosein the class

who took the APtest was 3.3, while the national average is 3.0.

The Calculus Class

The text used in the AP calculus course was Leithold (1976). Fourteen

of the sixteen chapters were covered; excepted were chapter 12 (on hyper-

bolic functions) and chapter 14 (on conic sections). Differential equations

were not included in the textbook, but some aspects of them were covered
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in class. All topics on the syllabus recommendedbythe College Board for

Level BC mathematics were covered during the year.

Seventeen students enrolled in the course (seven females and ten males).

The ages ranged from 13 years, 1 month, to 17 years, 11 months. Ten of

the students were older than 16 years. Nine of them were twelfth-graders,

and one wasalready a high-school graduate (see table 6.6).

One student withdrew from the course after four weeks. By early

November it was clear from homework and in-class performance that

manystudents were not doing well in the course. A letter was sent to all

members of the class reminding them of the importance of regular class

attendance and the necessity of spending several hours each week com-

pleting assignments. Finally, students were warned that SMPY would ask

any person whose workwasnotsatisfactory or showed no improvementto

withdraw from the course. At the end of Novembersix students were

asked to leave and four others were placed on probation. Ofthe latter, two

dropped out immediately and the other two were asked to withdraw in the

latter part of December.Six ofthe initial seventeen students completed the

course. This high rate of attrition is atypical of two of the three previous

fast-paced calculus classes conducted by SMPY.

ASSESSMENT

Prior to their instructional meeting, the calculus students were adminis-

tered the Quantitative Evaluative Device (QED; see Stake 1962) and the

College Board’s achievement test, Mathematics Level II. The scores are

presented in table 6.7. The average score on the QED was35 outof 60

possible points. The six students who finished the course averaged 38 on

QED,while the eleven who did not finish averaged 34. This difference is

not statistically significant.

The College Board’s Mathematics Level II achievementtest clearly dif-

ferentiated between those who completed the class and those who did not.

For the whole group the average was 675 (out of 800). The six students

who finished averaged 773 (three of these were 800s). The eleven who did

not finish averaged 622. This is a 151-point difference. It was especially

interesting that on this test score distributions between the two groups did

not overlap. Every student finishing the course scored higher than anystu-

dent not finishing the course.

By the end of the course, six teacher-designed in-class tests had been

given, each taking half of a class period (roughly eighty minutes). In

March an eighty-minute standardized calculus test, Cooperative Mathe-

matics Tests series, Calculus, Form B, was given. This test was adminis-

tered to see how the class’s performance compared with performance on |

the national level. One student scored at the ninety-fourth percentile, and

the other five scored at or above the ninety-ninth percentile based on
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TABLE6.6. AP Calculus Class Students
 

 

Student Sex Age@ Grade in School

Completed course
1 M 13,1 9
2 F 14, 8 11
3 M 14, 11 10
4 M 16, 9 12
5 F 17, 5 12
6 M 17, 10 High-school graduate

Did not complete
course

7 M 14,6 10
8 M 14,7 9
9 M 14, 10 10
10 M 15,2 10
11 F 16, 8 12
12 M 16,9 12
13 M 16, 10 12

14 F 17, 5 12

15 F 17, 5 12

16 F 17,5 12

17> F 17, 11 12
 

4As of September 1, 1979, in years and nearest month.

>Enrolled in chemistry and calculus, but dropped out of both.

national high-school norms. Scores ranged from 49 to 58 points out of a

possible 60. In April, several weeks prior to the May APcalculustest,

students were given a full practice AP test under standard three-hour

testing conditions. The May 1973 test was used (Jones, Kenelly, & Kreider

1975).

The grades ofthe class on the official May, 1980, AP examination were

exceptional: all six students made the highest possible, 5. The national

mean grade on that test was 3.2. Even morestrikingly, on the 210-point

scoring scale, where at least 144 points were needed for a grade of 5, the

lowest scoring of the six exceeded that minimum by 13 points; the other

five students wereat least 33 points above it, and one— with 190 points —

was 46 points ahead(table 6.7, last column). The grade of 5 is equivalent

to A+ in two semesters of calculus at a college or university such as Johns

Hopkins.

Discussion of AP Results

There are many potential reasons for the differentiation in preparation
for the AP between the physics, chemistry, and calculus classes. Clearly,
high ability and a great deal of intrinsic motivation are required of the
students. It also seems that a teacher’s firm, steady insistence on maintain-
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TABLE6.7. Preinstructional Calculus Testing Results
 

  

 

CEEB Mathematics May, 1980, AP

QED? Achievement, Level II Calculus BC

Student Score Percentile Score Percentile® Grade (and Score)4

| 34 89 800 91 5 (181)

2 49 99.5 800 91 5 (178)

3 38 96 740 74 5 (177)

4 35 91 730 71 5 (190)

5 29 74 770 83 5 (157)

6 44 99.5 800 91 5 (187)

7 38 96 670 46
8 35 91 580 17
9 33 87 620 27
10 36 93 640 34
11 40 98 720 65
12 31 82 580 17
13 32 85 610 24
14 25 58 600 21
15 32 85 570 15
16 34 89 620 27
17 33 87 630 31
 

aQuantitative Evaluative Device (R. E. Stake, “A Non-Mathematical Quantitative Apti-

tude Test for the Graduate Level: The QED,” Journal of Experimental Education 3) [{\,

Sept., 1962]: 81-83).
b Based on 925 postbaccalaureate personsdesiring to qualify as graduate students in educa-

tion at the University of Nebraska.

‘Interpolated from 1976-77 norms.

d Of the possible 210 points, 144 or more were required for a grade of5.

ing high standards for student performanceis an important factor for suc-

cessful AP preparation.

In comparison with that in the courses in calculus and physics, less

emphasis was placed in the chemistry class on diligent completion of

homework assignments or on regular class attendance. Early in the school

year a fundamental philosophical difference was apparent between the

instructors in calculus and physics versus the chemistry instructor. The

chemistry instructor’s philosophy was that the AP course was anenriching

experience for the students. In addition, she believed that even if the

students did not get college credit for their efforts, they would receive a

good background to build on later. The emphasis was on gaining exposure

to concepts. The students could do as much oraslittle work as they

wished.

In sharp contrast, the calculus and physics instructors insisted on

regular class attendance and thorough completion of weekly assignments.

Students in both of these classes were aware that failure to make consistent

efforts would result in their dismissal from the course. In fact, a large

numberof students in calculus (eleven out of seventeen) either dropped out

on their own or were asked to leave. The calculus and physics instructors
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were strongly oriented toward teaching a year of college-level course-work,
with the expectation that their students would subsequently be well
prepared for more advancedstudyin their respective subjects. Explicit
attrition from the chemistry class (eighteen percent) was lowerthanthat in
either of the other two classes (65 percent for calculus and 23 percent for
physics), perhaps because less effort was required from the students in
terms of homework and attendance. In supplementary courses such as
these, attrition is likely to occur among the less motivated or less able
students. This is especially true if the course requires considerable effort.
The greater the attrition, the moreselect the final group becomes. Thus
one would expect the test scores for these remaining students to be excel-
lent.

In the calculusclass, all students scored a 5 on the AP exam. Only six of
the original seventeen completed the course, however. Physics students
averaged 3.8 on the APtest, with all ten of the students who remained (of
the thirteen who began theclass) taking the test. Four students dropped
out of chemistry. Of the eighteen who completed chemistry, four did not
take the test. The scores of the fourteen who did averaged 3.3.

Attrition

It was suggested earlier that attrition from the AP classes was at least
partially a function of the degree of effort required of the students by the
instructor. If this was true, what types of students were most likely to per-
sist? Several comparisons were made between students who completed a
class and those who dropped out.

An analysis was made of attrition from the three calculus classes
(1974-75, 1975-76, and 1979-80), which were all taught by the same
instructor. In the 1974-75 class fifteen students enrolled and thirteen com-

pleted the class. The majority of students in this first class were young

(tenth grade) and had learned much of their precalculus mathematics in

SMPY-sponsored fast-paced courses. The 1975-76 calculus class initially

enrolled twenty-three students, most of whom were juniors andseniors in
high school. Eleven students dropped out. In the 1979-80 class only six of
the original seventeen students completed the course. Thus of a total of
fifty-five students enrolled in these three classes, thirty-one finished the
course and twenty-four did not. The average SAT-M and SAT-Vscoresof
the students whofinished as well as those who droppedoutcan beseen in
table 6.8. The average SAT-M scorefor those finishing was 689; for those
who droppedoutit was 647. A t-test of the difference wassignificant past
the .05 level. The average SAT-V score for those dropping out (536),
however, was higher than that for those whofinished (516). Althoughthis
20-point difference was notstatistically significant, fifteen of the thirty-
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TABLE6.8. SAT Scores for Three AP Calculus Classes

 

 

 

Students

Completed Course Dropped Out

(N = 31) (N = 24)

Average SAT-M 689 647

Average SAT-V 516 536

Average SAT-M plus SAT-V 1,205 1,183

Average difference:

SAT-M minus SAT-V 172 111

 

TABLE 6.9. SAT-M Scores for Three AP Calculus Courses (by Age)

 

 

 

Students

Younger than 16 Years Old 16 Years Old or Older

Completed Dropped Completed Dropped

Course Out Course Out

(N = 16) (N = 7) (N = 15) (N = 17)

Average SAT-M 653 624 727 656

 

one students who completed the course had SAT-M scores at /east 200

points higher than their SAT-V scores, while only three of the twenty-four

students who dropped out hadscores that differed so greatly. These com-

parisons suggest that students whose aptitude for mathematics far exceeds

their verbal aptitudes have more interest and motivation to be successful in

a fast-paced mathematics class. In contrast, when verbal scores are quite

high compared with mathematics scores, the students may tend to have

stronger interests in subjects other than mathematics.

Therelationship of age, SAT scores, andattrition was also examined

for the three calculus classes. The results can be seen in table 6.9. Students

were divided into two categories: those who, when the course began, were

younger than 16 years (N = 23) and those who were 16 years or older (N

= 32). Only 30 percent of the younger students dropped the course (seven

of twenty-three), while 53 percent of the older students dropped out

(seventeen of thirty-two).

The SAT scores given in table 6.9 cannot be compareddirectly across

age groups. Undoubtedly, the SAT-M scores of the younger students

would increase with age. It seems, however, that SAT-M is a better predic-

tor of attrition for older students than for younger ones. A within-age-

group comparison showed that there was only a twenty-nine-point dif-

ference in SAT-M scores between the drop-outs and non-drop-outs in the

young group. The difference of seventy-one points found for the older

group wassignificant at the .01 level. These findings are consistent with a

general hypothesis that (possibly because of previous exposure) the
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younger students were better prepared for a fast-pacedclass than the older
ones were. The older students coming from regular-paced instructional
backgroundswereless likely to remain in the class unless they had high
mathematical reasoning ability.

In addition to examining attrition from the calculus classes, a compari-
son was made amongstudents in the three 1979-80 courses. A comparison
of twelfth-graders with students in all lower grades combined indicated
that a twelfth-grade student was more likely to drop out than a non-
twelfth-grader was. This informationis presented in table 6.10. Fifty-two
students were enrolled in calculus, chemistry, and physics (any student
enrolled in two of the classes was counted twice). Thirty-four students
finished the course in which they were enrolled; eighteen did not. Forty-
four percent of the twelfth-graders dropped out, while only 25 percent of
students in lower grades did. The higher percentage of twelfth-grade
students dropping out might be explained by less motivation to succeed.
The class was not as “accelerative” for the twelfth-graders as it was for the
younger students. It is also possible that the older students had acquired

poor study habits in slower-moving high-school classes. Older students

were also morelikely to have other commitments, such as a part-time job.

Finally, many of the younger students had had previous exposureto fast-

paced instruction, while few of the twelfth-graders had. Experience with

the demandsof fast-paced course-work may provide important prepara-

tion for classes such as these and serve as an excellent screening method.

Homework and Tests as Predictors of

AP Performance

Based on experience with previous fast-paced courses, it was expected

that diligent completion of homeworkassignments wouldrelate positively

to in-class test scores and subsequent AP examination performance. These

relationships were examined separately for calculus, chemistry, and

physics.

TABLE6.10. Attrition in 1979-80 AP Classes (by School Grade)
 

Students: All Three Courses

Before Twelfth

Grade Twelfth Grade Total

Number Percentage Number Percentage Number Percentage
 

 

 

Completed course 21 72 13 56.5 34 65

Dropped out 8 28 10 43.5 18 35

Total 29 23 52
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Differences in homework and in-class performance between the

calculus students who completed that course versus those who did not were

large. Perhaps someof the students who performed poorly were in fact

working hard but were not ready for the high level of course content.

Others clearly were makinglittle effort. The six students who finished the

calculus course probably had the strongest mathematics backgrounds of

all seventeen students. In addition, they were willing to spend time com-

pleting the assignments. Although there was a fairly consistent rank-

ordering of the students on homeworkandtest scores, even the weakest

student in this group scored extremely well (thirteen points above the

minimum score for a 5) on the AP examination.

In both the chemistry and the physics classes, performance on the AP

test was heterogeneous enough to warrant investigation of the relationship

between homework andin-class test scores and APtest results. In each

class some support was foundfor the conclusion that good in-class perfor-

mance was required for success on the AP examination. Table 6.11 gives

for the chemistry students the intercorrelations of homework,in-classtests,

the practice AP test (essay section only), and the May AP examination.

Although all the correlation coefficients were positive and moderately

large, because of the small number few werestatistically significant. In-

class tests correlated .70 with the practice AP test scores and .60 with the

MayAPtest results. It is unfortunate that only the essay section of the

chemistry AP test was available for practice. Had the class been able to

take a full practice test the correlation between it and in-class tests, as well

as the May APtest, probably would have been increased. (The essaysec-

tion contains far fewer items than the objective section and is scored

somewhat subjectively. Hence, scores on it tend to be considerably less

reliable than for the full AP test, which includes multiple-choice items.)

The correlation of homeworkscores with AP test scores was a surprisingly

low .39.

A similarly low correlation was found for the physics students between

their homework scores and May APtest scores. These and othercorrela-

tion coefficients are given in table 6.12. Mechanics and E & Mdataare

TABLE6.11. Intercorrelation of Chemistry Student Performances in Four Areas (N = 14)
 

Practice AP

 

 

Homework In-Class Tests Chemistry Test

Homework
In-class tests .53*

Practice AP
chemistry test 42 .70 **

May, 1980, AP

chemistry test .39 .60* 50

*p «05.

** «Ol.
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TABLE6.12. Intercorrelation of Physics Student Performances in Four Areas (N = 10)
 

Practice AP
Homework In-Class Tests Physics Test

M E&M M E&M M E&M

 

 

 

 

 

Homework M

E&M 59
In-class tests M .68*

E&M .71*
Practice AP M .42 .88 ***
physics test E&M 52 .82 **
May, 1980, AP M 36 85 ** 84 **
physics test E&M 36 .68 ** 59

*p«.05.

** «01.

***D «001.

treated separately. Manyofthe rs fail to reach the .05 level of significance,
again because of the small sample size. Homework performancecorrelated
best with in-class test scores, which were highly related to May APtest
scores. In general, in-class and practice AP test scores predicted May AP
scores better for mechanics than for E & M.

Despite the relatively weak direct relationship between homework and
MayAPtest scores, homework performance showed

a

clear relationship
with in-class test scores. This indicates that over shorter periods of time the
effect of homeworkis quite strong.

Evaluation of the 1979-80 AP Classes

In evaluating the success of the AP classes, two criteria were con-
sidered. First, how manystudents scored well enough to receive college
credit? Second, how did SMPY’s students score in comparison with the
national results and with a representative public school district?

Manycolleges and universities grant full course credit for a grade of 3
or higher on the AP examination. Based on this, 100 percent of the six
calculus students qualified for two semesters of college credit.

In the physics course, 70 percent of the students who completed the
course scored well enoughto receive two semesters of college credit. The
other 30 percent, with only 2s, would probably receive not even one
semester of physics credit.

In chemistry, fourteen of the eighteen students finishing the course took
the AP examination. Eleven of them scored 3 or higher, representing 61
percent of those whofinished the course.

In summary, most of the students who remained in the classes
throughout the year did score well enough to qualify for college credit at
institutions accepting 3s for this purpose.
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TABLE 6.13. Performance of SMPY’s Students, a Public School System’s Students, and

Students Nationwide
 

 

SMPY’s May, Public School May, 1980,

1980, Results Results National Results

Score (%) (%)@ (%)

Physics C, 5 50.0 12.7 24.5

mechanics 4 20.0 13.8 26.8

3 0 21.8 19.4

2 30.0 32.2 19.2

1 0 19.6 10.1

Average 3.90 2.68 3.36

N 10 87 2,121

Physics C, 5 40.0 5.7 26.0

E&M 4 20.0 15.5 26.0

3 10.0 31.0 19.4

2 30.0 22.6 15.8

1 10.0 25.3 12.8

Average 3.70 2.54 3.37

N 10 71 1,690

Chemistry 5 7.1 11.3 12.9

4 28.6 22.0 19.5

3 50.0 43.5 36.3

2 14.3 16.6 19.9

1 0 6.4 11.4

Average 3.29 3.15 3.03

N 14 282 8,209

Calculus BC 5 100 12.2 21.8

4 0 18.7 20.7

3 0 29.9 26.5

2 0 20.6 16.3

1 0 18.0 14.7

Average 5 2.87 3.19

N 6 1,599 7,783

 

aResults obtained from reports from the Fairfax County Public Schools of Northern

Virginia, 1974-80.

Thescores of students in all three courses were equal to or higher than

nationwide AP examination performancelevels. Table 6.13 is a presenta-

tion of the results for the May, 1980, AP examinations for SMPY’s

students, students in a public school system, and students nationwide in

physics, chemistry, and calculus.

The physics students in SMPY’s course exceeded the national averages

on both the mechanics and the E & M sections. This was due to a relatively

high proportion of 5s on each section. The average mechanics grade for

SMPY’s class was 3.90, with 70 percent earning 3 or higher. The national

average, based on 2,121 students, was 3.36, with 71 percent earning 3 or

more. On E & M,the average for SMPY’s class was 3.70, with 70 percent

earning at least a 3. Nationally, the 1,690 students taking E& M averaged

3.37, and 71 percent received grades of 3 or higher.

The grades earned by SMPY’s chemistry students wereslightly higher

than those earnedat the national level. A total of 8,209 students took the
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AP chemistry examination; their grades averaged 3.03. SMPY’s students
averaged 3.29; of the fourteen students taking the test, 86 percent earned
grades of 3 or higher. Nationally, 69 percent of the students obtained at
least a 3.

In calculus, 22 percent of the 7,783 students taking the Level BC exam-
ination earned a 5; the average was 3.19. In comparison, 100 percent of
SMPY’s calculus students received a grade of5.

For all three courses, then, SMPY’s students performed as well as or

better than students nationwide.

Information about student AP achievement was obtained from the

Fairfax County Public Schools of Northern Virginia for a comparison

with SMPY’s students’ scores.2 The data from seven years (1974-80) were

combined and averaged (see table 6.13). Scores were available only for

twelfth-grade students. Over seven years, a total of 1,599 students in Fair-

fax County took the Level BC mathematics examination (about 228

students per year). Their average grade was 2.87, with 61 percent receiving

3 or higher. In chemistry, 282 students (40 per year, on the average) took

the AP test. Their mean grade was 3.15, with 78 percent earning 3 or

higher. Not many county students took the physics Level C examinations

in mechanics or E & M. Thetotals for seven years were 87 (12 per year)

and 71 students (10 per year), respectively. The average mechanics grade

was 2.68; about 48 percent earned at least a3. On E& M,the average was

2.54; 52 percent received a 3 or higher.

In summary, the performance of SMPY’s AP students was equivalent

to the levels shown by the Fairfax County school system for chemistry, but

exceeded the performance of that county’s students on mathematics and

physics. This was the case despite the fact that SMPY’s students were

younger on the average andthat each year only a select few of the approx-

imately 10,000 seniors in Fairfax County’s twenty-three senior high schools

took the examinations.

STUDENTS’ EVALUATIONS

In addition to the quantitative comparisons of course success, a

valuable source of evaluative information wasthe students’ opinions of the

courses. During the summer following receipt of the official AP score, a

questionnaire was mailed to all students who had enrolled in the 1979-80

courses. The questionnaire was designed to assess the students’ opinions

toward the classes, especially regarding AP test preparation. The response

rate was 100 percent for all three courses. Tabulations by class of

responses to some questionnaire itemsare given in table 6.14. Note that the

percentages given in table 6.14 were calculated based onall students who

enrolled, including those who dropped out and/or did not take the AP

examination.
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TABLE 6.14. Students’ Evaluation of 1979-80 AP Courses (in Percentage)

 

Calculus Chemistry Physics

(N = 17) (N = 22) (N = 13)
 

1. Did you think SMPY’s course as a Yes 35 50 54

whole prepared you well for the No 0 23 23

AP exam? Didn’t take
exam 65 27 23

2. Even if you do not get any college Yes 35 73 77

credit for the course, do you think it Somewhat 8 9 15

was a worthwhile experience? Not sure 18 5 8

No 18 9 0

No response 12 5 0

3. Would you recommendthis course Yes 65 73 92

to a qualified friend? Not sure 18 18 8

No 18 9 0

4. How have your feelings toward the Like more 12 64 77

subject changed as a result of your No change 77 23 23

experience with SMPY’s course Likeless 12 14 0

this year? No response 0 0 0

5. Has this course influenced your Yes 18 41 69

decision to study the subject No 71 41 31

further in the future? No response 12 18 0
 

Responses to the first question (Was SMPY’s course good preparation

for the AP test?) generally were favorable from students who tookthetest.

All six students who took the calculus test thought SMPY’s course pro-

vided good preparation. In chemistry, ten (71 percent) of the fourteen

students who took the AP exam thought the course was good preparation,

as did 80 percent of the ten students who took the physics APtest.

Answersto the second question indicated that all six students who took

the AP mathematics test thought the calculus course was a worthwhile

experience. Students who had not completed that course showed ambiva-

lent or negative reactions. A more uniformly positive response was found

in the chemistry and physics classes. In chemistry, 82 percent felt that the

course was at least somewhat worthwhile, as did 92 percent of the physics

students.

Another indication of students’ opinions about the courses was their

willingness to recommend them to a friend. Of the calculus students, 65

percent said they would recommendit, while 73 percent and 92 percent of

the chemistry and physics students, respectively, said they would.

Therefore, even though some of the students had doubts about how useful

the course had been for them, most felt it would benefit other qualified

individuals.

Regarding attitude changes as a result of the courses (questions 4 and 5

in table 6.14), a discrepancy was observed between the calculus and science

students’ responses. Most of the calculus students (77 percent) reported

that their liking for mathematics had not changed, while 64 percent ofthe
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chemistry students and 77 percent of the physics students said their liking
for the subject had increased. A similar pattern of responses was observed
regarding whether students would belikely to study the subject again in the
future. Possibly this discrepancy reflects the different amounts of prior
exposure to the subject students were likely to have had. Chemistry and
physics were probably more unfamiliar to the students before they took
the courses; they could not knowa priori if they would like these subjects.
In contrast, students who enrolled in calculus had had considerable prior
experiences with mathematics and presumably already had favorable atti-
tudes towardit.

Whenconsidering the questionnaire responses as a whole, it was found
that reactions were generally less favorable from the students who dropped
out. Those who completed the courses and took the AP examination were
almost without exception uniformly positive in their reactionsto the class.

Conclusions and Recommendations

Oneof the mostsalient findings of the 1979-80 AP courses was that the
greatest success was obtained with the younger students. For a combina-

tion of reasons, the participants who had notyet reached the twelfth grade

(or twelfth-graders who were young in grade) were morelikely to persist

and do well in the courses. Alternately, they may have been abler than

their regular-aged twelfth-grade counterparts. These conclusions had been

drawn previously from the three AP-level SMPY calculus courses (1974-

75, 1975-76, and 1978-79). (See Mezynski & Stanley 1980.) The 1979-80

chemistry and physics courses demonstrated that the younger students do
better in the sciences, also.

The courses did help to prepare students for the AP examinations. One

criterion was the number of participants who scored high enough to

qualify for college credit. All of the calculus students finishing the course

did so, as did 61 percent of the chemistry students and 70 percent of the

physics students. Relative to national levels, SMPY’s calculus and physics

students exceeded the average of highly able students taking the examina-

tions. The chemistry class average was about equivalent to the national

norms, but a greater percentage of SMPY’s students scored 3 or higher.

SMPY’s students in calculus and physics surpassed the achievementlevels

of high-school seniors from an excellent county public school system near

Washington, D.C., while the chemistry class’s performance was about the

same as the public school seniors’. Since virtually none of the students in

SMPY’s courses wasreceiving AP-level instruction in their high schools,

we can conclude that the weekly sessions were largely responsible for the
APresults. Thus with about one-half the amount of formal instruction
(and, in chemistry and physics, no laboratory experience), SMPY’s



108 Karen Mezynski, Julian C. Stanley, and Richard F. McCoart

students performed as well as or better than the highly selected students

who study APcoursesin their high schools and then take the AP examina-

tions.

Other conclusions drawn from SMPY’s courses concern the type of

background needed for successful performance in AP-level mathematics,

chemistry, and physics. All four calculus courses offered by SMPYindi-

cated that students with previous experience in fast-paced mathematics

classes do better than students who have had regular mathematics

backgrounds. Successful experience in fast-paced classes is indicative of

three prerequisites for success in AP calculus: mathematical reasoning

ability, a good foundation in precalculus mathematics, and a high level of

motivation. Hencethe fast-paced classroom experienceitself is not essen-

tial if students can be screened well for aptitude and knowledge. The Col-

lege Board’s mathematics achievement test, Level II, is a particularly

useful screening device for the latter.

In chemistry and physics there seemed to be no difference between

students who had already completed the high-school-level course and those

who were taking it concurrently with SMPY’s AP-level course. The most

important implication of this is that highly able, well-motivated students

need not spend two school years studying a course through the APlevel

(when the high-school course typically is a prerequisite). Consequently,

they could take several AP-level science courses during their high-school

years. In fact, several students in SMPY’s courses completed both

chemistry and physics at a high level, indicating that well-motivated,

exceptionally able students can learn two different AP-level science courses

in only one year. In physics, however, it was shown that calculus was a

needed prerequisite.

In summary, the population of students for whom SMPY’s AP-level

courses were most beneficial was young (median school grade, ten),

science- or mathematics-career oriented, motivated to move ahead aca-

demically, and highly able mathematically. Given a group of students

which met those criteria, the courses would probably be satisfactory

without major improvements in format or technique. Consequently, the

chief recommendation for improving future courses of this type is to

improve methodsof screening applicants. Several other recommendations

can be made onthe basis of student questionnaires and informal discus-

sions with the instructors:

1. A laboratory facility for the chemistry and physics courses, while

not essential, would provide valuable “hands-on” experience.

2. Lectures should incorporate more problem solving and applica-

tions of the topics.

3. The teaching assistant should be accessible before and after class to

work with students who need extra help.



109 Helping Youths Score Weill on AP Examinations

4. Short quizzes should be given weekly; longer tests should continue
to be administered on a four-to-six-week basis.

5. Individuals who consistently perform below the instructor’s stan-
dards should be warned, then placed on probation, and, if necessary,
dismissed from theclass.

AP-level courses of the type conducted by SMPY have shown them-
selves to be very beneficial to highly motivated, extremely able students.
These courses are particularly useful to students who have no access to
AP-level instruction in high school, who are readyfor it before the twelfth
grade, and/or whodo notwish to spend twofull school years on one sub-
ject. The chief difficulty in conducting such coursesis attracting a suffi-
ciently large numberof qualified individuals to make the program feasible.

RESIDENTIAL SUMMER HIGH-SCHOOL-

LEVEL SCIENCE COURSES

The key problemswith such recruitment seem to be distance and time.
All six of the supplemental AP courses described herein were nonresiden-
tial; students had to commute from their homes to the Johns Hopkins
campus and back approximately thirty Saturdays or Sundays during the
school year. Some camelong distances. Others lived too far away to make

taking the course feasible. Many potential members of these classes had

other activities on weekends that interfered.

In collaboration with SMPY, the Center for the Advancement of

Academically Talented Youth at Johns Hopkins has conducted three-

week, intensive residential courses for four summers (1980, 1981, 1982,

and 1983) in order to permit intellectually talented students from all over

the Middle Atlantic Region and, indeed, the entire country to accelerate

and enrich their knowledge of several subjects. In 1982, for thefirst time,

the equivalent of one school year of high-school biology was offered in

three concentrated weeks to certain highly selected 12- to 15-year-old

students. This course, conducted at Franklin and Marshall College in

Pennsylvania, included some experience in a college biology laboratory.

During the subsequent three weeks, chemistry was offered in the same

way. Thus students could elect to study biology in the first session and

chemistry in the second. High-school physics was offered for thefirst time

during the summer of 1983. Biology and chemistry were also available

then, both eachsession, so the ablest students had their choice of any two

of the three. They were expected to have completed most of precalculus

already (and, for physics, one year of calculus). Precalculus is available at

each of the two three-week sessions each year.
It may seem strange for us to recommend high-school-level courses

after extolling the virtues of AP-level ones. The main purposeis to save the
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brilliant student from being incarcerated for 180 to 190 periods in a routine

biology, chemistry, and/or physics course when heor she could learn the

basic material well amongintellectual peers in five or six hours per day for

three weeks. In the subsequent school year the student should be able to

work on the APlevel of the course in whatever fruitful ways can be devised

in the local school context. If an excellent AP courseis available in the

high school, the student will be ready for it. If supplemental AP courses

such as those described earlier in this report are available, his or her prog-

ress in them is likely to be excellent. The best solution under some circum-

stances will be to take a college course for credit at as excellent a tertiary

institution as the student can reach regularly, and then take the AP exam.

Another sequel to the summer courses that SMPY is exploring for a

special subgroup, its extremely special youths who before age 13 have

scored at least 700 on the mathematical part of the College Board’s

Scholastic Aptitude Test, is providing skilled “mentors-by-mail” to help

students learn AP-level calculus, biology, chemistry, and/or physics. Ini-

tial results with calculus, biology, and chemistry are encouraging, but

obviously this method demands great academic maturity from the

“mentees,” their parents, and their teachers. Other follow-up procedures,

where available, will usually be preferable for most students.

Entering college two years early with full sophomore-year standing in

calculus, physics, chemistry, biology, and several other subjects is an

attainable goal for several hundred youths across the country each year.

Most of them will be able to obtain an excellent college educationin three,

two and one-half, or even two years. Savings of money and time and

prevention of boredom will be among the rewards. For other intellectually

talented youths whoareless accelerable than these several hundred out of

morethan three million students their age, the pace will be slower. By age

16, however, at least fifty thousand of the age group could benefit greatly

from one or more AP-oriented mathematics and science courses. We urge

communities, colleges, and universities to help make this possible.

Notes

1. This study was prepared with the support of National Science Foundation

Grant SPI 78-27896 for calculus and Grant SED 79-20868 for chemistry and

physics. Any opinions, findings, conclusions, or recommendations expressed herein

are those of the authors and do not necessarily reflect the views of the National

Science Foundation.

2. We are indebted to Joseph Montecalvo for providing us this valuable infor-

mation.
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Abstract

Moderately gifted seventh-grade girls were invited to

attend a fast-paced summerclass in algebra I that pro-

vided for the special needs of girls. In addition to empha-

sizing algebra, the program catered to the social needs of

girls, provided interaction with female role models who

had careers in the mathematical sciences, and encouraged

the girls to study a number ofyears of mathematics. Two

control groups, one of boys and one ofgirls, similar in

ability and parental variables, were chosen. Seven years

after the class, its long-term effects were investigated by

analyzing the group’s responses to two questionnaires.

Girls who completed the program successfully (i.e., were

placed in algebra II the following fall) were more

accelerated and took more mathematics courses in high

school and college. Those were, however, the only major

differences between the girls who constituted the

experimental group and the two control groups. No such

effects were foundfor the girls who attended the class but

were not successful in it. There were no major differences

in educational experiences, educational aspirations, or

career goals. Girls perceived the lack of role models as the

greatest barrier women face when contemplating a career

in mathematics or science. Boys, however, felt that for

womenthe difficulty of combining career andfamily

responsibilities was the greatest barrier. It is concluded

that in order for girls to receive the long-term benefits of

an early intervention program, they must complete the

program successfully and also be mathematically abler

than most of these girls were.
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Fiz fewer women than men pursuecareers in mathemati-

cal andscientific fields (Dearman & Plisko 1979, pp. 232-33). It has been

suggested that many gifted girls limit their opportunities for careers in

mathematics and science by not electing to take advanced mathematics

courses in high school (Sells 1980). Among college-bound students, more

boys than girls take four or more years of high-school mathematics, and

far more boysthangirls take the College Board’s Advancement Placement

Program courses and examinationsin calculus (CEEB 1975). Therefore,it

would seem that efforts to increase the number of women inscientific

career areas might begin by developing strategies to encourage high-ability

girls to take upper-level mathematics courses in high school.

One wayto increase female enrollment in advanced mathematicsclasses

would be to attempt to influence younggirls’ attitudes about the impor-

tance of taking such courses for their future careers. Another more direct

strategy would be to have girls who reason well mathematically begin the

sequence of advanced mathematics courses at an earlier age.

The Study of Mathematically Precocious Youth is a unique program in

which both counseling and accelerated mathematics courses are offered to

mathematically highly able boys andgirls as early as grade seven. Results

of SMPY’s first accelerated mathematics class, begun for both boys and

girls in the summerof 1972, suggested that attention to the socialinterests

of girls was necessary to attract them to and retain them in an accelerated

mathematics program (Fox 1976). Therefore, in the summer of 1973, an

experimental mathematics program was conducted for mathematically

gifted end-of-the-year seventh-grade girls (Fox 1976). The class met two

days each week for approximately two hours from May through July and

covered a standard algebra I curriculum. It was hopedthat a positive expe-

rience in mathematics at the junior-high-school level, when mathematics

becomes moreabstract, along with the opportunity to accelerate one year

in mathematics, would increase the likelihood that the girls would take

advanced mathematics courses in high school.

The class was designed to provide social stimulation in several ways.

The teacher, a woman, wasassisted by two female undergraduate mathe-

matics majors. The structure of the class was informal. Both individual-

ized and small group instruction were utilized. Furthermore, cooperative

rather than competitive activities were stressed, and sometraditional word

problems were rewritten to make them moresocially appealing. The class-

room work was supplemented by a series of speakers, both male and

female, who met with the girls to talk about their careers in mathematics

and science (Fox 1976).

Students were selected for the program onthe basis of performance on

the mathematics subtest of the College Board’s Scholastic Aptitude Test-
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Mathematics in either the mathematics or the verbal contests conducted by
SMPYand the Study of Verbally Gifted Youth (SVGY), respectively, at
The Johns Hopkins University in January or February of 1973. Thirty-two
seventh-grade girls enrolled in public schools in Baltimore County,
Maryland, who hadscored at least 370 on the SAT-M as seventh-graders
were invited to take part in the class. Two additional girls were invited on
the basis of referral and subsequenttesting. Twenty-six of these girls (77
percent) enrolled in the course. This was considerably better than the
enrollment rates of 58 percent and 26 percent, respectively, for the 1972
and 1973 summer, mixed-sex accelerated classes conducted by SMPY (Fox
1974; George & Denham 1976).! Thus the emphasis on social factors was
successful in recruiting girls for such an accelerated program.

The mathematics course for the experimentalgirls was not totally suc-
cessful. Of the twenty-six girls who enrolled for the course, only eighteen
actually attended the classes on a fairly regular basis and completed the
course. The completion rate for the course was not significantly higher
than the completion rate for girls in the two other accelerated classes,
which were coeducational (Fox 1974; George & Denham 1976).

The letters to the experimental girls, their parents, and their schools

before the start of the program had explained that girls who were suc-

cessful in learning first-year algebra during the summer wouldbe allowed

to take an algebra II coursein the fall. By the end of the summer, eighteen
experimental girls were considered to be ready to take the algebra II course

in the eighth grade. They had met Baltimore County public school

officials’ criterion for success —the sixty-fifth percentile on ninth-grade
national norms on Form A of the Algebra I Test of the Cooperative
MathematicsSeries.

During the late summer andearly fall, however, nine girls found their

principal or guidance counselor reluctant to place them in algebra II.

Three of these girls were quickly persuaded by their schools to repeat

algebra I, and onegirl (in a private school) was placed on one-month pro-

bation in algebra II. The remaining fourteen girls were officially enrolled
for algebra II by the third week of school.

Negative reactions from the schools appeared to have had a detrimental
effect upon the progress of quite a few of the girls in their mathematics

classes. Three girls gave in to the wishes of their schools and repeated

algebra I. Of the fifteen girls who began algebraII in the fall, two were

transferred into algebra I by the endofthefirst six weeks of school. One

girl was put back because she missed two weeks of school and earned a

failing grade for the first six weeks. She had been placed in algebra II but

because of scheduling problems she could meet with the class for only

three of the five class sessions. The second girl who wastransferred to

algebra I after the first six weeks was the one on probationin the private
school.
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At the end of the first semester two moregirls were put back into

algebra I. These girls attended the same school. They were the twogirls

who had not met the sixty-fifth-percentile criterion on the algebra test at

the end of the program but were retested before school began and allowed

to enter algebra II. Both of these girls met with unfavorable reactions from

their teacher or guidance counselor concerning their acceleration.

Thus, of eighteen girls who completed the program,only eleven (61 per-

cent) were able to accelerate their mathematics progress in school. This is

42 percent of the twenty-six girls initially enrolled for the course. Of the

fifteen girls who wereinitially placed in algebra II, eleven (73 percent) suc-

ceeded in staying in algebraII; eight of these girls (53 percent) madeexcel-

lent progress. Of the eleven girls who completed algebra II, four earned

final grades of A, five earned B, one C, and one D. Ten ofthesegirls took

geometry the following year (1974-75), and nine of them reported grades

of A for the first grading period. The tenth girl did not report her grade.

Two control groups had been formed,oneofgirls and one of boys (Fox

1976). For each experimentalgirl enrolled in the course, a control boy and

a control girl had been selected from among other seventh-grade par-

ticipants in the 1973 contests. These students were seventh-graders enrolled

in schools in all areas of Maryland except Baltimore County. The control

students were matched with the experimental subjects on the basis of

scores on the mathematical and verbal subtests of SAT, education and

occupation of father, and education of mother.

Although the matching was not perfect, the general pattern was to

match within plus or minus twenty points on the SAT-M and the SAT-V

while controlling for the educational and occupational levels of parents.

The details for the matching variables for the three groups are reported

elsewhere (Fox 1976) and are summarizedin table 7.1.

The 1980 Follow-Up Study

In the spring of 1980 each student in the experimental and control

groups was sent a brief questionnaire to determinehis or her educational

status and career plans (Appendix 7.1). This was the time at which most of

the students were completing their second year of college. Most of these

students had also been included in a follow-up survey of 1973 talent-search

participants in December, 1978, the fall after which they would normally

have become high-school graduates. Students who had not responded to

this questionnaire then were requested to complete it in 1980. (Details of

the follow-up surveys are contained in Benbow,chapter 2 of this volume.)

Short questionnaires were received from all students, and only one experl-

mental girl never completed the follow-up survey. Data from the two
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TABLE 7.1. Mean Scores on SAT-M and SAT-Vin the 1973 Talent Search and in
High School and the Educational Level of Parents (by Group)
 

 

 

 

Mean4 Mean@6 Mean
Talent Search High School Educational Level¢

Group N SAT-M_ SAT-V_ SAT-M_ SAT-V_ Mother

_

Father

Experimental girls 26 436 399 631 595 2.9 3.3
Control girls 26 433 390 634 594 2.9 3.7
Control boys 26 443 393 658 564 2.7 3.5
 

4The meanscores of college-bound high-school seniors on the SAT-M are 492 (males) and
443 (females); on the SAT-V they are 430 (males) and 418 (females). (Admissions Testing
Program ofthe College Board, National Report: College-Bound Seniors [Princeton, N.J.:
Educational Testing Service, 1981].)
> These scores were reported by the students on their questionnaires. Twenty experimental
girls, twenty-three control girls, and twenty-five control boys reported taking thetest.
©The scale was as follows: 1 = less than high school; 2 = high-school diploma; 3 = some
college; 4 = bachelor’s degree; 5 = graduate study beyond the bachelor’s degree.

surveys include detailed information on course-taking in high school as
well as information about the students’ attitudes toward acceleration and
mathematics. The educational experiences and career goals of the three
groups are summarized in the following sections.

SATScores in High School. Most of the students in the three groups

took the Scholastic Aptitude Test sometime during their junior or senior

year of high school. In the 1978 questionnaire they reported their scores on

the examination as well as the date they took it. Since the times the exam-

ination was taken varied by six months or less, the mean scores for the

groups were determined and are shown in table 7.1. An analysis of

variance for matchedtriads wasnot significant. Thus the groups were very

similar in high school on measures of mathematical and verbal aptitude

and were superior to a national sample of college-bound seniors, even

thoughtheslightly higher SAT-M mean for boys in 1973 had beensignifi-

cant. A table of intercorrelations among the groupsis included in Appen-

dix 7.2. It can be seen there that talent-search and high-school SATscorre-

late highly. Moreover, the 7s are consistent across the groups. For example,

talent-search SAT-M scores of the experimental girls correlate with high-

school SAT-M scores of the control girls to the same degreeas the talent-

search SAT-M scoresof the control girls do (i.e., .74 for the experimental

girls’ talent-search SAT-M with controlgirls’ high-school SAT-M and .73
for control girls’ talent-search SAT-M with control girls’ high-school
SAT-M).

At the time of the talent search the correlation of SAT-M and SAT-V
scores of experimental girls and the control boys and girls was much higher
(i.e., 7 » .90). In high school the matching had becomeless tight, as would
be expected, yet it was still significant. The lowering of the r can have
resulted from different high-school experiences. Also, the date of taking
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the SAT was not uniform, which would lower the r. Nevertheless, in high

school the matching was significant.

Acceleration. As noted earlier, at the end of the 1973-74 schoolyear

following the summerof 1973 class, only eleven of the experimental girls

were accelerated in their mathematics course-taking. None of the control

boys or control girls was accelerated in mathematics at that time. By the

end of the ninth and tenth grades the eleven experimental girls were still

accelerated, and some ofthe control girls and boys had begun to accel-

erate.

An analysis of variance was performed using acceleration in

mathematics at the end of the ninth grade as the dependentvariable. The

independent variables were group belonged to andtriad, ranked in order

of increasing ability on SAT-M and SAT-V, belonged to. The ANOVA

wassignificant (F = 4.2, p « .05). By the end of the tenth grade the dif-

ferences were almost significant (F = 3.1, p = .07). The control boys, but

not girls, had caught up with the experimental girls. The degree of accel-

eration is shown in table 7.2.

A major reason for attempting the acceleration of the experimentalgirls

was to increase the likelihood of their taking a calculus course in high

school. Seven experimental girls did complete the four-year precalculus

sequencein the tenth grade but chose anotherelective instead of calculus

the next year. The percentage of students who tookcalculusin high school

within each groupis also shownin table 7.2. More boys thangirls of either

group took a calculus course in high school. As matched pairs, however,

the difference was not statistically significant by an ANOVA with two

independent variables, membership in group andtriad. Triad membership

was ranked in order of increasing ability on SAT-M and SAT-V. The F'

equalled 2.6 for the group effect, which was notsignificant. The effect of

triad and the interaction term were also not significant. Essentially equal

vroportions of experimental and control girls (about 35 percent each) took

calculus, compared to 62 percent of the boys. The percentages of boys and

girls in this study who tookcalculus are similar to the percentages of boys

and girls, respectively, included in the high-school follow-up of students

from thefirst three talent searches who took calculus (see Benbow,chapter

2 of this volume). Overall, the experimental girls and control boys took

moreyears of high-school mathematics than did the controlgirls (see table

7.2). Again, the difference in mathematics course-taking between the three

groups wasnotsignificant by an ANOVAusing group and triad member-

ship as independent variables. The F for group membership equalled 1.2.

The degree of total acceleration for students in each group can be seen

in table 7.3. Although there were nostatistically significant differences

amongthe groups, there were more control girls who were accelerated by

one or two years. Three of the control girls were accelerated prior to the

1973 talent search, and two skipped eighth grade immediately following



119 An Accelerated Mathematics Program for Girls

TABLE7.2. Students Accelerated in Mathematics in Grades 9 and 10, Taking High-SchoolCalculus, and Taking More than 5 Years of High-School Mathematics
(by Group, in Percentages)

 

Mathematics“¢ Took More than
Took High-School Five Years of

 

Group N  Grade9 Grade 10 Calculus4 Mathematicsa: b

Experimentalgirls 26 42 42 36 32¢
Controlgirls 26 4 8 35 12
Control boys 26 19 31 62 19
 

4The differences between the groups were not significant by an ANOVA.
b Data for one experimental girl were incomplete.
¢This includes the algebra I that some completed during the summerof 1973.

TABLE7.3. Degree of Educational Acceleration
(by Group, in Percentages)

 

Degree of Acceleration? >

 

Group N 0 1 2 3

Experimental girls 26 46 31 23 0
Control girls 26 38 27 35 0
Control boys 26 38 38 23 0
 

@ Degree of acceleration was coded as follows: 0 = no acceleration; 1 = someacceleration
but totalling less than one year; 2 = moderate acceleration totalling 1 year or more butless
than 3; 3 = acceleration totalling 3 years or more.
> Differences between the groups were not significant by an ANOVA.

the talent search. Only one experimental girl and two control boys had
skipped kindergarten or elementary grades prior to the talent search.
Acceleration in these two groupshadresulted primarily from skipping the
senior year of high school.

Students were asked how they viewedtheir acceleration. The majority
of accelerated students within each group now wished they had accelerated
more. One experimentalgirl wished she had notaccelerated atall, and two
control girls wished they had accelerated less. Of those who had notaccel-
erated, most seemed to feel they had madethe right choice.

Students in each group wereaskedif they felt they had madeuseofall
available educational opportunities. The majority of control girls and con-
trol boys felt they had done as well as possible. More experimental girls
than control group boys orgirls, however, felt that they had not made
good use of their opportunities. An analysis of variance on the dependent
variable (i.e., rated use of educational opportunities) by matched groups,
however, was notsignificant.

The College Experience. In the spring of 1980 the majority of students
in each groupwerestill enrolled in college as full-time students. One exper-
imental girl and one control girl had never enrolled and were working. A
few students in each group were enrolled and were working. Somein each
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TABLE7.4. College Attendance andIntellectualism and Status Scores of

Colleges Attended (by Group)

 

Not

Full-Time Part-Time Presently

Student Student Enrolled

Group N (%) (%) (%)

Experimental girls 26 77 4 15

Control girls 26 85 4 8

Control boys 26 77 12 12

 

alntellectualism and status scores, derived from the scale by A. W. Astin (Who Goes

Where to College? [Chicago: Science Research Associates, 1965], pp. 57-84), are reported

as T-scores for most four-year colleges. Scores reported here were found from twenty,

group wereenrolled part time or had dropped out of college. The details of

college attendance can beseen in table 7.4. No significant differences were

found amongthe three groups.

The choice of college ranged from local junior colleges to prestigious

universities. An analysis of variance of the intellectualism and status

ratings of the institutions (Astin 1965), respectively, showed no significant

differences amongthe three groups,as can be seen in table 7.4. The trend,

however, was for the males and then the control females to attend the

academically more prestigious schools. A more personal analysis of the

actual list of institutions suggested that control girls went farther from

hometo college while the experimental girls and control boys chose more

local colleges. Six control boys, one control girl, and one experimentalgirl

attended The Johns Hopkins University. The experimentalgirl, an evening

college student in engineering, left Drexel University for reasons of a fam-

ily financial crisis. The control girl who enrolled at Hopkins is the

daughter of a faculty member. Thus the appeal of Johns Hopkins, due

perhapsat least partly to participating in the talent search or experimental

class, seems to have been weak for the girls but rather strong for boys.

Overall the students seemed happy with their college choices; they did not

differ significantly in their rated liking of college. Only two boys and one

control girl reported that they disliked college, and no experimentalgirls

did so.
A distribution of students by college major can beseenin table 7.5. For

purposes of comparison, five broad categories were formed. Thefirst was

mathematics, in which engineering and economics were included. The sec-

ond wasscience, which includes those indicating premedical preparation.

The third, fourth, and fifth were social sciences, humanities, and business

or law. Analysis of the paired distribution of those enrolled in mathemat-

ical or science majors versus those in other areas was notsignificant. The

trend, however, was for more boysthangirls in either group to majorin a

mathematical or scientific area. Slightly more experimental girls were in

mathematical majors than science areas, but control girls were divided
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Never Intellectualism Score4 Status Score4
Enrolled Standard Standard
(%) Mean Deviation Mean Deviation

4 53 14 55 10
4 56 14 55 10
0 61 12 58 12
 

twenty-one, and twenty-four colleges attended by the experimental girls, the controlgirls,
and the control boys, respectively.

evenly between mathematical and scientific majors. Studies of large
samples of college students typically find a higher attrition rate in
mathematical majors for women than men (Melone 1980). In the present
study, however, only one person in each group hadalready changedhis or
her major away from mathematics.

Onthe basis of the similarity in college majors, one might expect there
to be little difference, or a slight difference in favor of the control boys,
among the three groups in the mathematics courses taken in college. It is
interesting to see that in terms of the number of semesters of mathematics
studied, control boys and experimental girls were identical. As can be seen
in table 7.6, they took more mathematics courses than did control girls. An
analysis of variance for matched groups, however, was not significant.

With regard to attitudes held toward mathematics, no differences
between the groups were detected. While in high school the control girls

TABLE7.5. College Majors and Career Plans of Students
(by Group, in Percentages)

 

Group N M S SS H B/L N
 

College Major
 

Experimentalgirls 22 32 14 18 18 18 0
Control girls 24 21 21 17 21 21 0
Control boys 24 42 21 13 17 8 0
 

Career Plan
 

 

Experimentalgirls 26 19 8 4 12 27 30
Control girls 26 15 23 19 15 19 9
Control boys 26 31 15 4 23 15 12

NOTE: M = Mathematics, engineering, and economics
S = science

SS = social sciences
H = humanities

B/L = _business or law

N = no response or undecided
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TABLE7.6. Mean College Semesters of Mathematics and Grade Point Average in the

Mathematics Courses for Those Enrolled Full Time (by Group)
 

 

Math Grade Point

Group N Semesters N Average

Experimentalgirls 20 3.25 17 3.24

Control girls 22 2.64 19 3.38

Control boys 20 3.20 16 3.34
 

rated their liking for mathematics morepositively than the experimental

girls, but the differences were notstatistically significant. Moreover, the

three groups, while in high school, did not differ in the perceptions of the

usefulness of mathematics for their future careers.

Educational Aspirations and Career Goals. The educational aspira-

tions of students in all three groups are high, as one might expect given the

fact that as seventh-graders they wereall in the top 3 percent of their age

group with respect to mathematical ability. There were no differences

among the three groups, as can be seen in table 7.7. The mean of the

educational aspirations for all three groups was somewhat more than a

master’s degree.

The distribution of students by category of career goal, by group, can

be seen in table 7.5. No significant differences emerge whencareerinterest

in mathematical/scientific/medical careers are compared with all other

career interests, and no clear trends appear. Experimental girls are oriented

toward careers in business, law, or mathematics/science, with only a few

interested in the social sciences or humanities. In contrast, the control girls

are more evenly distributed among the options. Finally, control boys are

very strongly oriented toward the careers in mathematics and science,

followed by interest in business or law. The boys show less interest in

careers in the humanities and social sciences than do the control girls but

about the same degree of interest as the experimentalgirls.

PERCEIVED BARRIERS TO MATHEMATICAL

OR SCIENTIFIC CAREERS

On the 1980 questionnaire each student was asked to rate eight possible

barriers to careers in mathematics or science for women on scale of zero

to two. Zero was “no problem”; one was a “minor problem”; and two was

a “serious problem.” The results can be seen in table 7.8. There were no

statistically significant differences among the three groupsin their ratings

of six of the eight factors.

Girls in both groups viewed the lack of appropriate role models and

lack of information about careers in mathematics as more serious prob-

lems than did the boys. These differences in ratings were significant. Boys

rated the “perception of women majoring in engineering and science as
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TABLE7.7. Highest Level of Educational Aspiration of Students

 

 

(by Group)

Some

College or Post-
High Vocational Ph.D., doctoral Standard

Group N School Training B.S. M.A.

_

etc. Study Mean’ Deviation

Experi-

mental

girls 25 0 8 4 56 28 4 4.2 0.9
Control

girls 26 4 0 23 35 27 12 4.2 1.2
Control

boys 25 0 4 20 36 32 8 4.2 1.0
 

b Educational aspiration was coded as follows: 1 = high school; 2 = somecollege; 3 =
bachelor’s degree; 4 = master’s degree; 5 = doctorate degree; 6 = postdoctoral study.

unfeminine” as a more serious problem than did the girls, but the dif-

ference wasnotstatistically significant.

A rankordering from the greatest to the least problem, based on mean

ratings, is similar for the two groupsofgirls. The lack of role models was

viewed as the greatest problem; the perception of scientists as cold and

impersonal wasthe least. Boys, however, viewed the problem of combin-

ing a career and family responsibilities as the most serious problem for

women and the long years of preparation required as the least serious

problem. It would seem that the boys did not perceive these possible bar-

riers in the same waythegirls did.

Since the lack of encouragement and support for mathematical and

scientific careers for women wasviewed as a problem byall three grougs,it

is interesting to look at how much encouragementand supportthe students

in each groupfelt they had received. We had expected that the boys would

have received the most. There were nostatistically significant differences,

however, amongthe three groupsin their responsesto a Likert-scale rating

of encouragement and supportreceived for their interest in and study of

mathematics (see table 7.9). All three groups reported receiving “some,”

but not “much,” encouragement.

On an open-ended question as to whythey had or had not personally

chosen to pursue a career in mathematics or science, the responses varied

widely. For those who were interested in a mathematical or scientific

career, the most frequent response was that they enjoyed thefield. This

was the most frequent response of experimental girls and control boys in

particular. Control girls were more likely to mention the possibility of

helping people as a major reason. This perhapsis related to the somewhat

higher percentage of control girls in the medical science majors. The factor

of having the ability was mentioned by one experimentalgirl and one con-

trol boy, but no control girls mentioned this. Only one experimentalgirl
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TABLE 7.8. Rated Importance of Possible Factors Preventing Women from Pursuing

Careers in Mathematics, Science, and Engineering (by Group)
 

No Minor Serious Standard

Group N Problem Problem Problem Mean? Deviation
 

Long Years of Formal Preparation
 

Experimentalgirls 26 10 12 4 0.8 0.7

Control girls 26 11 11 4 0.7 0.7

Control boys 26 16 8 2 0.5 0.6
 

Conflicts in Combining Career and Family
 

Experimental girls 26 4 13 9 1.2 0.7

Control girls 26 2 17 7 1.2 0.6

Control boys 26 4 14 8 1.2 0.7
 

Perception of Women Majoring in Engineering and Science

as Unfeminine
 

Experimental girls 26 15 9 3 0.5 0.6

Control girls 26 12 11 3 0.7 0.7

Control boys 26 9 11 6 0.9 0.8
 

Lack of Encouragement
 

 

 

 

 

 

 

 

 

Experimentalgirls 26 5 13 8 1.1 0.1

Control girls 26 9 9 8 1.0 0.8

Control boys 26 9 8 9 1.0 0.8

Perception of Science and Math Workas

Being Too Difficult

Experimental girls 26 6 10 10 1.2 0.9

Control girls 26 12 8 6 0.8 0.8

Control boys 26 14 7 5 0.7 0.8

Lack of Information about Careers in Science and Math

Experimental girls 26 3 11 12 1.3 0.7

Control girls 25 3 13 9 1.2 0.7

Control boys 26 8 16 2 0.8 0.6

Lack of Appropriate Role Models

Experimentalgirls 26 1 13 12 1.4 0.6

Control girls 25 1 13 11 1.4 0.6

Control boys 26 5 16 5 1.0 0.6

Perception of Scientists as Cold and Impersonal

Experimental girls 26 19 4 3 0.4 0.7

Control girls 26 13 10 3 0.6 0.7

Control boys 25 12 12 1 0.6 0.6
 

a Responses were coded as follows: 0 = no problem; 1 = minor problem; 2 = serious prob-

lem.
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TABLE 7.9. Encouragement and Support Received by Students for Interest in and
Study of Mathematics (by Group)
 

 

 

 

Degree of Support@ Mean Standard
Group N (%) of Support4 Deviation

1 2 3 4 5

Experimentalgirls 24 4 0 45 29 21 3.6 1.0
Control girls 24 0 0 54 25 21 3.7 0.8

Control boys 26 0 0 38 42 21 3.8 0.7

4Degree of support was coded as follows: 1 = much discouragement; 2 = some

discouragement; 3 = neither support nor discouragement; 4 = some support; 5 = much
support.

attributed her interest in a mathematical career to the fact that she had

becomeaccelerated in the study of mathematics. One controlgirl, but no

experimental girls or control boys, cited direct encouragement from a

significant other (in this case, the parents) as important.

Those who chose careers in other areas were often vague abouttheir

reasons for not choosing mathematics, citing only “other interest.” Three

experimental girls cited the difficulty of mathematics as a deterrent, but no

others did so. On the ratings of barriers and reasons for not pursuing

careers in mathematics or science, the experimental girls had rated diffi-

culty as a more serious problem than had the other students.

If difficulty of science and mathematics majors deterred our students

from entering them, we would expect that our boys would rate their math-

ematical ability as superior to that of the girls since more boys than girls

pursued these majors. When students were asked to rate their mathemati-

cal ability relative to that of their high-school peers, however, the three

groupsdid notdiffer significantly. Nineteen experimentalgirls, twenty-one

control girls, and twenty-two control boys rated themselves as superior.It

is of interest to note here that the students in each group hadbeeninitially

matched on mathematical and verbal ability.

TREATMENT EFFECTS

Whenthe total group of experimental girls was compared with the con-

trol groups on various outcome measures, such as acceleration, course-

taking up through college, and college majors, there was only one

statistically significant difference. The experimental girls were more accel-

erated than the control girls in their mathematics course-taking at the end

of the ninth grade.
Notall of the experimental girls, however, completed the summerpro-

gram, and some whodid finish the summer course were not able to accel-

erate their course-taking in high school the following year. Therefore, it

seemed desirable to look within the experimental group for effects of dif-
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ferential treatment. Three subgroups of the experimental girls were

studied, and their progress relative to that of their matched counterparts

was evaluated.

Subgroup A. Theeleven girls who completed the summer program

and completed an algebra II class during the eighth grade had the full

benefit of the program. They continued to be accelerated in their

mathematics course-taking in the ninth and tenth grades. Six of these

students took calculus in the eleventh grade. Three others took college

algebra in the eleventh grade andcalculusin the twelfth grade. The eleven

girls averaged 5.5 years of mathematics courses in high school.

Twogirls never took high-school calculus. They were also the only two

of the eleven who had not continued to attend college full time. One, a

part-time student at the Peabody Institute of The Johns Hopkins Univer-

sity, majored in dance. The other, also at the Peabody Institute, dropped

out of the music program.

Of the nine girls who werefull-time college students in the spring of

1980, three majored in engineering, two in mathematics, one in business,

one in English, and onein biology. One had an undeclared major but had

previously been a physics major. She was contemplating a career in nurs-

ing. Considering the strong interest in mathematics andrelated areas,it is

not surprising that this group of nine students took an average of 3.6

semesters of college mathematics courses in their first two years ofcollege.

Of the eleven matched control girls, only two accelerated their

mathematics course-taking in high school, but seven took a calculus course

(compared to nine for the experimental girls). They averaged only 4.6

years of high-school mathematics, however. Nine of the eleven were

enrolled full time in college and had averaged only 2.5 semesters of college

mathematics. Two were majoring in engineering, two in science, two in

business, two in the social sciences, and one in the humanities.

Of the eleven matched control boys, two had accelerated their course-

taking and six took a calculus course in high school. They averaged 4.5

years of high-school mathematics. All eleven were enrolled full time in col-

lege and averaged 2.5 semesters of college mathematics. Seven majored in

engineering, science, accounting, or economics. Three were social science

majors and one wasa fine arts major.

In summary, for these eleven matched triads, the only differences

found werein favor of the experimental girls. The amount of mathematics

studied by them in high school or college was greater. These data are sum-

marized in table 7.10.

Subgroup B. This group consists of the seven girls who completed the

summer course but who either did not enter or did not remain in an

algebra II class in the eighth grade. They did not later accelerate their

course-taking in mathematics, nor did any of them take a high-school

calculus course. The average numberof years of high-school mathematics

studied by the group wasfour.
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el TABLE 7.10. Mathematics Course-Taking in High School and College and College Major (by Subgroups within Groups)
 

 

Mean Number Percentage Percentage Mean Number Percentage
of Years of Taking Enrolled in of Semesters of Majoring
Mathematics Calculusin College Full-Time Mathematics in Mathematics/

Subgroups4 Groups N in High School High School in 1980 in College Science Field>

Experimental girls 11 5.5 82 82 3.6 67
A Control girls 11 4.6 64 82 2.5 56

Control boys 11 4.5 55 100 2.5 63

Experimental girls 6 4.0 0 83 1.4 40
B Control girls 7 4.2 0 100 1.6 29

Control boys 7 4.2 29 43 2.7 29
Experimental girls 8 4.0 0 75 1.8 17

C Control girls 8 3.8 25 75 2.3 33
Control boys 8 5.8 100 75 2.5 67
 

a Subgroups are composedas follows: A = experimental girls who completed algebraII in the eighth grade and their matched controls; B = experimentalgirls
who did notenroll in or complete algebra II in the eighth grade and their matched controls; C = experimental girls who did not complete the program and
their matched controls.

bNumberofcasesis those still enrolled full time in college at the end of their second year of college.
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Of the seven girls, five were full-time college students in the spring of

1980. One had never enrolled, and one had dropped from a major in

special education. The majors of those in college were accounting,

business administration, political science, dental hygiene, and theater. The

business administration major was interested in a career with a mathe-

matical or statistical emphasis and had taken 3 semesters of college

mathematics; the other four had each taken only 1 semester of mathemat-

ics in their first two years of college. (The average for the group was 1.4

semesters.)

In comparison, none of the seven matched control girls had accelerated

her study of mathematics, and none took calculus in high school. Thus

they were similar to their experimental counterparts in mathematics

course-taking in high school and college. All were full-time college

students but only two majored in a science area. With respect to the seven

matched control boys, two of them had accelerated their course-taking in

the ninth or tenth grade and had taken high-school calculus. The seven

boys averaged 4.2 years of high-school mathematics. Only three of the

seven were full-time college students. One was majoring in computer

science, one in engineering, and one in business.

The differences among these triads were small. They can be seen in

table 7.10.

Subgroup C. Eight young women did not complete the summer

algebra program and subsequently never became accelerated in their

mathematics programs in school. Like the members of group B, they

averaged four years of high-school mathematics, and not one of them took

calculus in high school.

Six of the eight in this group werefull-time college students in the spring

of 1980. Three students had a business or economics major; one majored

in psychology and education, anotherin political science, and onein horti-

culture. During the first two years of college a business major took 4

semesters of college mathematics, the horticulture major 1, and the

political science major did not take any. The remaining three students took

2 semesters. For the group the overall average was 1.8 semesters.

None of the control girls who were matched with the eight program

drop-outs had accelerated her mathematics progress, either, but two of

them had taken high-school calculus. This group averaged 3.8 years of

high-school mathematics. Two were pursuing college majors in mathe-

matics, two in the social sciences, one in English, and one in nursing.

Four of the matched control boys had accelerated their study of

mathematics in high school. Moreover, all eight took calculus in high

school. These boys averaged 5.8 years of high-school mathematics. Six

were full-time students in college and averaged 2.5 semesters of college

mathematics. Four of the six were majoring in a mathematical orscientific

career, and two werein the social sciences.

Thusit is within this triad that large sex differences emerge. The boys
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were more accelerated in mathematics in high school. They also took more
courses, especially calculus. In college, however, the boys took only
slightly more mathematics than the girls, even though more of these boys
majored in a mathematics-related area. These data are also summarized in
table 7.10.

Clearly, the nature of the treatment was important. It appears that at
the time the achievement of the experimental females in mathematics and
science was only enhancedif they received the full effect. Thus an early

intervention strategy such as this can be effective in increasing the par-

ticipation of females in mathematics and science, but girls participating

must be successful in it. Moreover, providing only exposure to mathe-

matics and role models is not enough to enhance achievement.

Conclusions

An experimental mathematics class with twenty-six seventh-grade

female students was conducted during the summer of 1973. The purpose

of this all-girls class was to enhance the participation in mathematics and

science of moderately gifted females. For each girl in the study there was a

control girl and a control boy who was matched with her on ability and

parental backgroundvariable. The progress of the twenty-six experimental

girls through high school andthefirst two years of college was studied and

comparedto the progress of the control boysandgirls. It was hypothesized

that this early intervention strategy would enhance the achievement of the

experimental girls so that they would have participated more in mathe-

matics than the control girls and at least at the level of the control boys.

(Boys tend to participate more in mathematically related areas.)

If we view the students in the control groups as having had a “weak”

treatment (only counseling by mail as to the benefits of accelerating their

study of mathematics), and if we view the experimental girls as having had

a “strong” treatment (a special class with exposure to role models and an

immediate opportunity to accelerate their study of mathematics), one must

conclude that for the moderately gifted, the “strong” treatment was not a

significantly more effective treatment.

There wereeleven girls in the experimental groups, however, who expe-

rienced success in the program. These students’ participation in math-

ematics was later enhanced. Thus an early intervention strategy can

improvetheparticipation of girls in higher-level mathematics, but the girls

have to be successful in the program.

Three factors may have confounded the results. First, the selection

criteria for admission to the program wassuch that several students with

very modest SAT scores were admitted to the class. Other special classes

conducted at SMPY have used much highercriteria for admission than a



130 Lynn H. Fox, Camilla Persson Benbow, and Susan Perkins

370 on the SAT-M.If the selection score had been 450, there would prob-

ably have been a higher successrate but also a very small class. The second

explanation is related to the first. Only eleven girls actually received the

full extent of the “strong” treatment. Therefore, comparisons in whichall

twenty-six experimental girls are included actually involvefifteen girls who

had a moderate treatmentor a failure experience. The eleven girls who did

experience the total program were moreaccelerated, took more mathe-

matics courses in high school and college, and scored higher on the SAT-M

in high school than any other group. Third, the numbers wereso smallthat

the selection of the control groups was such as possibly to bias the results

in that the students were from a variety of different school systems. Some

of these school systems may have encouraged more acceleration in

mathematics than did the school system in which the experimental girls

were enrolled. For example, some of the control boys were enrolled in an

accelerated program in a Baltimore City school. Several control boys and

girls were enrolled in schools in Maryland’s Howard and Montgomery

counties, where accelerated programsfor the gifted were later developed

along the lines of the SMPY model.

On the basis of this study and theresults of the evaluations of other

accelerated classes conducted by SMPY for both boys andgirls, we can

draw two major implications for programs for the gifted. First, intensive

intervention programs during the summer by an outside-of-school agency

such as SMPYare more necessary and effective for the highly gifted than

for the moderately gifted. Second, what may be most beneficial for the

moderately gifted is the provision of flexible scheduling in the junior and

senior high schools to allow these students to accelerate their study of

mathematics at a moderate rate within the existing school program.

Perhaps the most encouraging result of the present study is that boys

and girls who were matched on measures of ability and socioeconomic

backgrounds in grade seven did not differ strikingly in terms of educa-

tional experiences, aspirations, and career goals. While one maystill con-

clude that mathematically apt girls may need encouragement to take

calculus in high school, it is gratifying to see that most of these gifted

students, male and female, are continuing their education beyond high

school and aspire to professional careers.

Notes

Wethank Julian C. Stanley for helpful comments on an earlier draft of this

chapter.

1. These differences are even more remarkable because most of the students

eligible for the mixed-sex classes were considerably apter mathematically than were

these thirty-four girls.
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APPENDIX 7.1: 1980 Follow-Up

Questionnaire Used Only for
Summer, 1973, Study

  

\, THE JOHNS HOPKINS UNIVERSITY @ BALTIMORE, MARYLAND 21218

  
Ka

a STUDY OF MATHEMATICALLY PRECOCIOUS YOUTH (SMFY)

Please reply care of: DEPARTMENT OF PSYCHOLOGY

Mr. WILLIAM C. GEORGE. Ed.M., Associate Director

125 AmesHall, (301) 338-8144

PROFESSOR JULIAN C. STANLEY, Director ofSMPY

Ms. LOIS S. SANDHOFER, B.A., Administrative Assistant

127 Ames Hall, (301) 338-7087 Ms. CAMILLA P. BENBOW. M.A., Assistant Director

126 Ames Hall, (301) 338-7086

QUESTIONNAIRE ON FACTORS IN MATHEMATICS ACHIEVEMENT

Please fill out carefully and completely all of the questions below that apply

to you. Please print or type all answers and send the completed questionnaire

as soon as possible to SMPY, Dept. of Psychology, The Johns Hopkins University,

Baltimore, Md. 21218. All information will be kept strictly confidential; you

will not be publicly identified with the information herein in any way.

 

 

NAME:

First Middle Last (Maiden, if applicable)

Permanent address: Telephone ( )

Street City State Zip Area Code

Temporary address if different from above:
 

Street

Telephone ( )

City State Zip Area Code

1. Are you currently employed full-time? (circle) yes no

If yes, please supply the following information about your present and past

post high-school occupations in chronological order.

  
Dates of

Type of Occupation Duties Involved Employer Employment

1)

2)

3)

2. Please check the box that applies to you with regard to attendance in an insti-

tution of higher education.

am currently a full-time student.

| have graduated.

am currently a part-time student after having attended full-time.

am a part-time student.

am not currently enrolled but was previously.O
U

L
U
O

am not and have not been enrolled. (Go to question 3.)
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Which school are your currently or were you attending? (Do not list
schools you may have transferred from.)
 

 

 

Dates of attendance:
 

Month/Year to Month/Yéar

If you have been graduated, date of graduation: 
Month/Year

What is your major field of study?
 

If you have switched majors in your undergraduate career, please list your
previous major(s) in chronological order:
 

Please list the titles of the mathematics courses you have already taken

in college, your grades in these courses, and when they were taken.

Dates of

Mathematics Course Grade Attendance 

W
m
&

W
w

N
Y

-

If you have taken more mathematics, please continue on a separate sheet

of paper.

Please list the titles of the science courses you have already taken in

college, your grades in these courses, and when they were taken.

Dates of

Science Course Grade Attendance

1.

2

3.

4

5

If you have taken more science courses, please continue on a separate sheet

of paper.

Please list the college-level mathematics courses you are planning to take

in the future:
 

 

Please describe your career goal (i.e., a professor of mathematics or a prac-

ticing pediatrician):
 

 

a. If this career is in the field of science or mathematics, why did you choose

this career goal?
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5.

6.

b. If this career is not in the field of science or mathematics, why did you

not pursue a career in those areas?
 

 

Have you been accelerated in your educational progress? Yes No (Circle.)

If no, do you wish you would have been? Yes No (Circle.)

b. If yes, please circle the letter of the applicable sentences to you and

then complete them.

1) I skipped the following grades:
 

2) I took Advanced Placement Program (APP) examinations for which I

received credits of advanced placement in college.

3) I was accelerated in subject-matter placement in subjects.

4) I took college courses on a part-time basis as a high-school student

for which I received credits of advanced standing in college.

5) Other. (Please specify.)
 

 

c. If you were to reconsider your acceleration, which one of the following

would best describe your thoughts (check the box)?

(7 I would not accelerate my education at all.

| I would accelerate my education somewhat but not as much as I have done.

[TJ1 would accelerate my education to the degree which I have already done.

| | I would accelerate my education somewhat more than what I have already

done.

| I would accelerate my education much more.

In general terms, how would you describe the amount of encouragement and support

that you have received for your interest in and study of mathematics?

I Much [I Some Neither Some Much

support support support nor discourage- discourage-

discouragement ment ment

How important do you think mathematics will be for your future career?

(Circle.) Very Fairly Slightly Not very Not at all

Relative to students who went to high school with you, how well do you feel

that you rank in general mathematical ability?

{ | Much superior to my peers

| | Somewhat superior to my peers

l | About as well as my peers

| | Less well than my peers

| Much less well than my peers
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In the past, fewer women than men have pursued careers in mathematics, science,
and engineering. The reasons listed below have been mentioned as factors con-
tributing to this. Indicate whether you think these reasons constitute serious

problems, minor problems, or no problem to most mathematically talented girls

today by placing a (’) in the appropriate column.

NO PROBLEM MINOR PROBLEM SERIOUS PROBLEM
 

Long years of formal prepara-

tion required

 

Possible conflicts combining

a career and family respon-

sibilities
 

Perception of women majoring

in engineering or sciences as

unfeminine
 

Lack of encouragement from

teachers and counselors
 
Perception that the work will

be more difficult than they

can handle
 

Lack of information about

careers in science and

mathematics
 

Lack of contact with women

employed in those fields
 

Perception of scientists and

engineers as cold and imper-

sonal   
  
I hereby certify that I have read over my responses carefully and thoroughly.

They are as complete and accurate as I can make them.

 

Please return this questionnaire to:

Ms. Camilla P. Benbow

SMPY

Department of Psychology

The Johns Hopkins University

Baltimore, Maryland 21218
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A Casefor Radical
Acceleration: Programs of the
Johns Hopkins University
and the University of
Washington
HALBERT B. ROBINSON

 
 

Abstract

Common arguments for and against accelerated pacing

are presented. The conclusion is reached that educational

programs must be adapted to fit the needs of the intellec-

tually talented student. SMPY at The Johns Hopkins

University and the Child Development Research Group at

the University of Washington, both of which espouse cur-

ricular flexibility and emphasize radical acceleration, are

described and exemplified by individual case studies. The

description of the Washington program stresses the

Radical Acceleration Group of the Early Entrance Pro-

gram (EEP). This aspect of the program involves early

entrance to the University of Washington for those

students 14 years old and under, not yet in the tenth

grade, who score better than college freshmen on the

Washington Pre-College Test. Providing a structured sup-

port system, the program aids in the transition from

jJunior-high to college-level work. Although some prob-

lems have been encountered, overall the students have

made satisfactory academic and social progress in college.

 

The purpose of this paper is to discuss arguments for and

against the accelerated pacing of intellectually precocious children in the

educational system and to describe the experience of two programsthat

promote radical acceleration of highly talented young people.
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It is customary to refer to the practice of permitting intellectually

talented children to move to more difficult levels of a curriculum as

“educational acceleration.” This phrase implies that the advancementis a

result of educational practice, as though somehowaneducational method

had been discovered that can speed up the inherent rate of a child’s

development. At the opposite end of the continuum, one does notrefer to

“educational retardation” but to “mental retardation,” a description of the

slowed pace of intellectual development. It would be more accurate,

similarly, to refer to “mental acceleration” and to acknowledge that educa-

tional adaptationsare responsive to, but usually are not largely responsible

for, the mental advancement of gifted children.

A central conclusion of the present paperis that the pace of educational

programs must be adapted to the capacities and knowledge of individual

children. In a few instances, the appropriate fit of child and program calls

for placement several levels above the child’s age-mates and is termed

“radical acceleration.” The rationale behind the position to be advancedis

grounded in the bedrock of developmental psychologyas it has evolved,

theoretically and empirically, during the past century. The propositions

that follow may seem so obvious that they are no longer worth stating.

Their triteness, however, is of particular significance because of the

regularity with which they are ignored by educatorsof gifted students.

Premise 1. Learning is a sequential, developmental process. Attain-

ment of skills, understanding in domains of knowledge,andstrategies for

solving problemsare all acquired gradually and in sequences that are more

or less predictable (Hilgard & Bower 1974). The learning of language,

reading, and mathematics, and the understanding of logical and scientific

relationships, proceed in orderly patterns that have been well described,if

not altogether understood (Gagné 1965; Rohwer 1970).

Premise 2. Effective teaching must involve a sensitive assessment of

the individual’s status in the learning process and the presentation of prob-

lems that slightly exceed the level already mastered. Too-easy tasks pro-

duce boredom; too-difficult tasks cannot be understood. This is what

Hunt (1961) referred to as “the problem of the match,” which is based on

the principle that learning occurs only whenthereis “an appropriate match

between the circumstances that a child encounters and the schemata that

he has already assimilated into his repertoire” (p. 268). Hunt notes that

“this principle is only another statement of the educator’s adage that

‘teaching must start where the learneris’” (p. 268).

Premise 3. There are substantial differences in learning status among

individuals of any given age. Acquisition of knowledge and the develop-

ment of patterns of cognitive organization follow predictable sequences,

but the rates with which children progress through these sequences vary

considerably (Bayley 1955, 1970; George, Cohn, & Stanley 1979; Keating

1976; Keating & Stanley 1972; Robinson & Robinson 1976). Individualdif-
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ferences characterize both the rate of overall cognitive development(i.e.,

general intelligence) and the acquisition of specific skills (e.g., reading).

Despite the axiomatic character of these truisms, current educational

“wisdom” about the education of gifted children flies baldly in their face.

If it is true that learning is a sequential process, that effective teaching

must be grounded where the learner is, and that there are striking dif-

ferences in developmental rate among individuals of the same age, then

how do we justify an educational system that ignores competence and

utilizes age to place students for the purpose of educating them?

In the schools ofall fifty of the United States, classes are organized by

age of pupils, and deviation from age-graded placementis disapprovedof.

Children whoare slow learners are socially promoted until their deviance

from the class mean becomes intolerable; exceptionally precocious

children are advanced with their age-mates no matter what their deviance

from the class mean. Even mostspecial programs for gifted children tend

to assume that students will advance one grade peryear.

Most teachers, however, do try their best to accommodate to the dif-

ferent learning rates of their pupils. They may create smaller subgroups

within the classroom, allowing students to do special projects or even to

study a more advanced textbook on their own. These adjustments, how-

ever, tend to be piecemeal, inconsistent from one year to the next, and

sometimes conflicting (as when children who have mastered a more

advancedlevel of reading or mathematics must repeat the curriculum when

they reach “the right age for it”). Seldom do schools take the very sensible

step of utilizing their own resources — existing classes at more advanced

grade levels — for academically advanced children.

The rigid correspondence between age and grade placement is a new

phenomenon in American education and rarely characterizes programs

outside the large bureaucracy that constitutes the present-day educational

establishment. Not only the fabled one-room schoolhouse butalso larger

school districts formerly permitted a considerable degree of flexibility in

advancing or holding back studentsin order to achieve a reasonable match

between placement and competence (Kett 1974). Prior to World WarII

onetypically found some mixture of ages represented in the classroom. In

Terman’s study (Terman & Oden 1947, 1959), for example, most of the

children with IQs of 140+ were accelerated one or more grade levels by

the time of graduation from high school.

In manyrealms of education weeasily accept the principle of placement

according to competence. Music and sports instructors, for example,

clearly place higher value on skill and attainment than on age. Child prodi-

gies in the performing arts and athletics have always been recognized and

applauded, while adult pupils in manyskill areas have been welcomed as

beginners at any age. Even the most bureaucratic school systems often sup-
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port orchestras in which children advance according to talent and com-

petence, sports programs in which age is a minor consideration, and

science andart fairs that reward excellence, not seniority. The age-graded

system is not inevitable or preordained;it is a modern invention motivated

largely by egalitarian goals. In the process of equalizing educational

opportunity, however, the rights of many children to an appropriate

education have been abrogated.

Rationale for the Age-Graded System
of Education

What are the fundamental reasons for an age-graded educational

system? The one most often proposedis that advancing students according

to their demonstrated mastery of subject areas fails to take into considera-

tion the level of their social competencies and their emotional strengths

and weaknesses (Hildreth 1966; Hollingworth 1929). Social and emotional

maturity is thought to correspondrather specifically to chronological age

(Gold 1965; Rothman & Levine 1963). It is argued that intellectual and

academic accomplishments indicate very little about social and emotional

developmentand that to advance individuals according to their progress in

one domain mayseriously jeopardize healthy progress in the other areas

and impair the child’s immediate adjustment as well as his or her future

mental health (see, e.g., Congdon, 1979). |

More than two hundredarticles that I have examined report experiences

of students who have, in one way or another, been advanced in school

because they appeared to be academically ready for a challenge beyond

their years. Some reported on students who were granted early admission

to kindergarten or first grade, others on students who skipped one or more

grades, and still others on students who earned college credit while in high

school or who entered college early. Not one of these studies lends

credence to the notion that such practices lead to majordifficulties for the

students involved. It is, indeed, much easier from the available evidence to

make the case that students who are allowed to move ahead according to

their competencies are benefited in their social and emotional development

than it is to make the case that they are harmed. Reviewers who have

examined this issue (Daurio 1979; Gallagher 1975; Newland 1976) have

arrived at essentially the same conclusion. As Keating (1979) observed, “As

for the socio-emotional concerns, it seems time to abandon them unless

and until somesolid reliable evidence is forthcoming that indicates real

dangers in well-run programs” (p. 218).

A secondobjection to allowing academically advanced students to pro-

gress at their own pacestresses the importance of the academic experiences

that would belost if they were moved aheadof their age peers. Grade skip-
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pingis said to produce gaps in knowledge because students miss important
learning experiences (Hildreth 1966). The argument is not entirely
specious. There is a danger that gaps may occur whensignificant portions
of a curriculum are omitted. Few children are likely to invent logarithms
and few are likely on their own to memorize the multiplication tables.
Although skipping grades may not be the best alternative, there is little
evidence to support the position that bright students who do skip are

afflicted with substantial lacunae in their knowledge base (Keating 1976;

Stanley, Keating, & Fox 1974). Specific gaps that do appear can usually be

handled bybrief, targeted, individual tutoring. Missed subject matter in

nonsequential subjects, such as history and English, can be acquired at

many different levels in elementary and secondary schools, as well as

through college work and by independent study.

A third argument against acceleration, which is closely related to the

second, is that valuable nonacademic experiences will be eliminated by

rapid advancement through the system (Rothman & Levine 1963). One

cannot, of course, be president of the junior class if one skips the junior

year, and it does seem very unlikely that a 12-year-old will be able to play

with his high-school football team. It is not clear, however, just how far

this argument should be extended. A student who is younger than his or

her classmates may well be permitted to edit the school paper, participate

in the debate club, or go out for noncontact sports. The available evidence

suggests, in fact, that age per se is not an important determiner of extra-

curricularactivities. Indeed, in a study of high-school performance ofindi-

viduals who were younger than average because they had been admitted to

kindergarten at an early age, Hobson (1963) found that underage students

“engaged in a significantly larger average number of extracurricular activ-

ities over a four-year period. Their activity participation was not overly

weighted with activities of a scholastic nature. Athletic and social honors

and elective positions came in for their full share of underage participa-

tion. .. . In the matter of honors, awards, and distinctions at graduation

the underage boys andgirls exceeded their fellows by a ratio of about two

to one” (p. 168).

Many other arguments have been advanced to support the practice of

keeping children with their chronological age peers, but the evidence for or

against them is difficult to marshal. It has been proposed, for example,

that the fact that a child is accelerated in intellectual development and the

attainment of academicskills at one age does not guarantee that he or she

will be similarly advanced at a later age. It is also asserted that young

people who are pushed ahead will be robbed of a carefree childhood and

that they will likely “burn out” before they can produce anything worth-

while. Furthermore, there are those who contend that to allow academi-

cally talented young people to move ahead deprives their nongifted age

peers of valuable role models.
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The available research evidence does not justify any of these concerns.

Indeed, the available data tend to suggest the opposite conclusion. Stabil-

ity in rate of intellectual development from one age to another cannot, of

course, be guaranteed, but longitudinal studies indicate that, on the whole,

individuals who are significantly advanced at one age tend to be similarly

advanced at subsequent ages (Burks, Jensen, & Terman 1930; Terman

1925; Terman & Oden 1947, 1959). As is well known,the older the child,

the greater the stability. Even for children whose academic achievement

does not keep pace, however,it is quite possible that retention in age-grade

has exerted a dampening effect on development. All of the evidence we

have suggests that, as a group,gifted children who are educationally accel-

erated tend to experience satisfying childhoods and that they are produc-

tive and relatively content with their positions as adults (Burks, Jensen, &

Terman 1930; Terman & Oden 1947, 1959).

Finally, nongifted children may indeed be deprived of role models when

their gifted age-mates are placed in special classes. When the gifted

children are simply movedto other, higher-level classes, however, they can

continue to provide models of high achievement and motivation to their

(somewhat older) classmates. Presumably, talented children will make a

greater contribution to their classmates when they are challenged than

whentoo little is demanded of them.

Rationale for a Competency-Based
System of Education

Perhaps the most cogent reason for an age-graded system of education

is the lack of hard evidence conclusively demonstrating that any other

system produces more beneficial results. Even though acceleration does

notlead to the evils that have been attributed toit, thereis little evidence as

yet which indicates that children who are denied the opportunity to move

ahead according to their abilities and academic attainments are harmed.

Indeed, evidence that acceleration producesbenefits lasting into adulthood

is Sparse as well.

Yet, despite the lack of hard data concerning the consequencesof accel-

erating or decelerating academically gifted children, there is good reasonto

believe that forcing them to conform to a rigid age-graded system may

have harmful consequences. Those who have worked with precocious

children have often noted their boredom and frustration (Hollingworth

1942; Newland 1976; Terman 1925). Whatever one’s theoretical view,it is

clear that a child exposed to a too-easy curriculum day after day haslittle

alternative but to “tune out” and “turn off.”

Perhaps more serious is the fact that gifted children in an age-graded
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educational system are seldom encouraged to develop good study habits,
habits of application and perseverence in the face of difficulty. The child
for whom everything comes easily may learn to expect that everything
should comeeasily. He or she may be madeanxious and discouraged when
faced with a degree of challenge or even a minorfailure that a less capable
student would take in stride. Encounters with adversity may have
devastating effects, including avoidance of difficulty, feelings of self-
abasement, and even withdrawal from college or graduate study.

It is obvious that academically advanced young people are required to
waste time. Enrichment programscan help them fill up time, of course,
and expandtheir horizons, but in a typical enrichment program thereis
likely to be a wide range of children, from those with capabilities several

months to several years beyondthose of their age-mates. Almost inevita-

bly, then, the enrichmentclass suitable for the mean of that class will be

little better suited to somechildren than the program ofthe “regular” class

from which they came. The problem of the match will not have been
solved.

Many gifted children who are deviant in their school situation are

isolated and lonely, particularly those with very precocious capabilities

(Hollingworth 1942). Such children seldom become class presidents,

cheerleaders, or editors of their school paper. They are likely, rather, to be

regarded by teachers and classmates as “smart alecks,” “class clowns,” or

“misfits.” The social consequences of engaging all day with their “peers”

(actually, their age-mates) are negative rather than positive.

In summary, gifted children are deviant and therefore they are at risk.

Doing nothing — failing to accelerate children who seem ready for more

advanced educational placement —is not necessarily the safest course.

Using their best judgment on behalf of the individual child, courageous

educators need to try to adapt the system to the child with special needs.

One cannot expect them to do so perfectly. One can only ask them to try in

the best-informed ways feasible.

Programs of Radical Acceleration

The outcomeof such reasoning implies that matching the competencies
of manychildren to the learning environment may demandextraordinary
measures. On the one hand, children may be educated individually by
tutors or, worse yet, given no guidance while left to pursue academic goals
on their own. On the other hand, they may be permitted to attend classes
with older students, with a teacher, the “props,” and thesocialfacilitation
that only classroom learning can provide. Choosing thelatter alternative,
at least two investigators during the early 1970s became convinced that
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accelerated educational experiences can be appropriate for some gifted

children, and that for extraordinarily precocious children acceleration may

well be essentially mandatory.

THE STUDY OF MATHEMATICALLY

PRECOCIOUS YOUTH

In 1971 Julian C. Stanley, professor of psychology at The Johns

Hopkins University, initiated his Study of Mathematically Precocious

Youth. He sought to identify and recognize the achievements of a large

number of young people who weresignificantly advanced in mathematical

reasoning ability and to give special assistance to those with extraordinary

talent. His program wasdesigned to facilitate the appropriate education of

such talented young people. Under the auspices of SMPY he has been

influential in the lives of many thousands of mathematically talented

young people.

Manyofthe children thus identified have undergone accelerated educa-

tional programs, some with the aid of special, preparatory “fast-math”

programs provided under Dr. Stanley’s direction on the campus of Johns

Hopkins (see Benbow, Perkins, & Stanley, chapter 4 of this volume).

Many have skipped grades or have taken advanced mathematics and

related courses while pursuing other studies in settings with students closer

to their age. A good manyof the students identified by Professor Stanley

have entered The Johns Hopkins University, thereby assuring the personal

support of Professor Stanley and his staff, though no formal program

especially for them has been undertaken.

A few of Professor Stanley’s protégés have been radically accelerated,

1.e., they have becomefull-time college students when only 10 to 13 years

old. A description of a few of these students will provide a sense of the

kind of youngster involved in radical acceleration.

C-B.C. is one of the brightest students identified by any SMPYtalent

search. In December, 1975, one monthafter his tenth birthday, he took the

SAT in a regular administration and scored 600 Verbal and 680 Mathe-

matical; one year later he raised these scores to 710 and 750, respectively.

A variety of intelligence test scores indicated an IQ of about 200. A

Chinese-American youngster whose father is a professor of physics and

whose mother has a master’s degree in psychology, C-B. has two younger

siblings who are also very bright. He attended a private school in

Baltimore, where he was given somespecial opportunities.

It was discovered that, although C-B. had taken only first-year high-

school algebra (as a fifth-grader), he had acquired by age 11 the subject

matter of algebra II, algebra III, and plane geometry. Trigonometry took

him a few weeksto learn, as did analytic geometry. At age 12, while his

father was doing research using the linear accelerator at Stanford Univer-
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sity, C-B. completed his high-school career in Palo Alto while simultane-

ously taking demanding calculus courses at Stanford. In the fall of 1978,

whenstill 12 years old, C-B. entered The Johns Hopkins University with

sophomore standing. He had been accepted at Harvard and California

Institute of Technology as well. He received his baccalaureate in May of

1981, at age 15, with a major in physics, general and departmental honors,

the physics award, a Churchill Scholarship for a year’s study at Cambridge

University, and a National Science Foundation three-year graduate

fellowship to work towardhis doctorate in physics at the California Insti-

tute of Technology.

C.F.C., born in 1959, completed his doctorate in finance before his

twenty-second birthday at the University of Chicago Graduate School of

Business, after earning his MBA there when he was19.C.’s father, a col-

lege graduate, is a sales manager; his mother, a high-school graduate,is an

executive secretary. C. skipped grades seven, nine, ten, and twelve and

entered Johns Hopkins with sophomore standing through Advanced

Placement Program course work and college credits earned while attend-

ing the eighth and eleventh grades. He held a variety of jobs while in col-

lege, including summerjobsas a staff writer on a weekly publication and a

junior security analyst covering publication stocks. His hobbies include

skiing, tennis, golf, horseracing, and writing. Several letters written during

graduate schoolreflect not only the substance but also the style of a stu-

dent well into his twenties. With several research publications already to

his credit, he joined the faculty of the Graduate School of Managementof

Northwestern University in the fall of 1981.
B.J.T. was born in 1967, one of four children of the owner of a data-

processing company. In May, 1979, while still only 11 years old, he

achieved high marks on the AP mathematics examination (Calculus Level

BC) and on both of the difficult Level C AP physics examinations

(Mechanics, and Electricity and Magnetism). One year later he scored

extremely well on the AP chemistry examination. On the calculus exami-

nation he was, indeed, one of the highest scorers in the country. At age 10

years 7 months he scored 770 on the SAT-Mathematics and 590 on the

SAT-Verbal tests. Later that year he took a fast-paced mathematics pro-

gram at Johns Hopkinsfor brilliant ex-seventh-graders. B.’s family lives in

New Jersey, where in the fall of 1980, shortly after his thirteenth birthday,

he entered Princeton University as a full-time student. Princeton does not

award sophomore-class standing for AP scores, and he therefore entered

as a freshman but with advanced standing in mathematics, physics, and

chemistry. Apparently he is doing well academically and also from a

social/emotional perspective as well.

A final example from the SMPYprogram is L-H.R., a young woman

born in 1967 who in January of 1980 earned SATscores of 760 on the Ver-

bal segment and 790 on the Mathematics segment. She hopes to be a
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medical researcher. During the summer of 1980 she carried a full-time
course-load at Johns Hopkins by taking organic chemistry. At 13 years of
age she becamea full-time resident student there with sophomore-class
status. She is doing well.

Many moreboysthangirls have achieved extremely high SAT-Mscores
in the SMPYtalent searches (Benbow & Stanley 1980, 1981), and an even
smaller proportion of young women haveenteredcollege as radical accel-
erants from that program (Daggett, chapter 9 of this volume). L-H.
appears to be one of the mostintellectually talented of the girls identified
so far.

One of the most remarkable students in Johns Hopkins’s history is

N.7.M., a first-generation American from Oklahoma whose parents

immigrated there from Japan. She skipped the twelfth grade of her public

high school and came to Johns Hopkins with full sophomore-class stand-

ing via five AP examinations taken in one week during May of her

eleventh-grade year on which she had earned four 5s and one 4 on the

1-to-5 grading scale. By taking heavy course-loads of difficult courses, she

completed the B.A. degree in mathematicsin a total of four semesters with

nearly all As and was elected to membership in Phi Beta Kappa. Besides

earning her baccalaureate at age 18 with both general and departmental

honors, she became one of the youngest persons ever to win a Rhodes

Scholarship with which to study for two years at Oxford University and a

Churchill Scholarship with which to study for one year at Cambridge

University. Having to make a choice between the two scholarships, she

chose the Rhodes.

N.T. had won the state piano competition as a tenth-grader, competing

with eleventh- and twelfth-graders. While at Johns Hopkins she minored

in piano at the PeabodyInstitute. She plays the flute excellently and also

the violin. At the end of the eleventh grade she attended Girls’ State, a

political-experience camp, in Oklahomaandwaselected president ofit. At

Johns Hopkins she was a memberofthe varsity women’s fencing team.In

addition to these accomplishments, sheis a skilled teacher of fast-paced

mathematics through the calculus to SMPY’s youths whoreason extremely

well mathematically. Also, during the summer of 1982, after graduation

from Johns Hopkins, she worked as a junior researcher in mathematics

and physics at the Bell Telephone Laboratories.

These examples give a flavor of the outstanding students located by

Professor Stanley and his co-workers at Johns Hopkins. These young

people not only appear appropriate for marked acceleration in their

studies, but indeed would very probably be seriously handicapped by the

requirement that they complete their regular schooling at the ordinary,

prescribed pace.
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THE CHILD DEVELOPMENT

RESEARCH GROUP

Shortly after Professor Stanley established SMPY, efforts were begun

at the University of Washington, under my directorship, to investigate

aspects of intellectual precocity. In 1973 the Child Development Research

Groupwasestablished and undertook a formal study of the identification

and nurturance of very young, highly precocious children. This group has

nowestablished a broad spectrum of research and educational programs,

including: (1) a longitudinal study of some 500 gifted youngsters identified

by the age of five as exhibiting precocious development, (2) a preschool

serving a segment of these youngsters, (3) an accelerated educational pro-

gram in the Seattle Public Schools intended for children achieving four

grades or more above their age-mates, (4) a diagnostic and counseling

center serving families with children who seem to be experiencing school

and/or behavioral problems related to markedly advanced intellectual

development, and (5) a program of early entrance to the University of

Washington for very academically talented young people.

For the purposes of the present paper, the Radical Acceleration Group

of the Early Entrance Program, which accepts students to the University

of Washington who are age 14 or younger and/or who have not yet

entered the tenth grade, will constitute the focus.! This program began in

the spring of 1977 with two students, a 12-year-old girl and a 14-year-old

boy, each of whom enrolled part time while attending junior high school.

By 1981 it had grown to twenty students who were taking part-time or full-

time academic loads. Two of these students transferred to a small, residen-

tial college, but the other eighteen were located on the university campusin

Seattle.

To qualify for admission to the EEP a student must be 14 years old or

younger and/or not yet in the tenth grade, have demonstrated high

academic achievement, and have attained scores on the Washington Pre-

College Test (Noeth 1979) that compare favorably with those of high-

school juniors who subsequently enter four-year colleges. Specifically, the

applicant must attain a score at the eightieth percentile or better of that

group on either the verbal or the quantitative portion of the test and a

score at least at the fiftieth percentile on the other segment. Applicants are

thus being compared with norms appropriate for college-bound students,

whoare at least four years, and sometimes as muchaseight years, older.

Applicants must also be judged strongly motivated to enter the program

and be prepared to exert the effort and maturity needed to succeed in col-

lege courses.

Having qualified, students are invited to enroll in University of

Washington courses concurrently with the pursuit of their elementary- or
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junior-high-school programs. Having succeeded at a few such courses, the
student can attend a summer quarter at the university, taking a variety of
college courses (not just “favorites”). Thirty-two students have entered the
EEP;eleven of them opted during the gradual screening process to return
to their former schools, and one other was required to do so, with the
possibility of returning to the program at a more propitious time. The
majority of those whostarted the process have, however, entered the uni-
versity on a full-time basis, at ages which thus far have ranged from 10 to
14 years.

The following is a presentation of our experience up to January 1, 1981;

the left-hand column indicates the number of students in that category.

172 Took the Washington Pre-College Test

46 Qualified for the Early Entrance Program

32 Entered the EEP and took one or more courses

20 Werestill students in good standing in the EEP

8 Dropped out after attempting only one university course

4 Dropped out after attempting two or more courses

About one-quarter of those who were nominated by a teacher, counselor,

or parent qualified to try out for the EEP by taking college classes.

Approximately two-thirds of those who qualified elected to take at least

One university course, and more than one-half of these actually proceeded

through the probationary period and becamefull-time university students.

The deficiencies in the education of EEP students when the students

enter the university make it necessary to add required coursesto their pro-

grams. Forthis reason, and because students are encouraged to explore a

variety of potential career options and to obtain a broad, well-rounded

education, a typical program will take about five academic years.

The EEP provides guidance and a homebase for these young students,

acting far more actively in loco parentis than is the custom in colleges

today. This is particularly true of the first two years of the students’ college

lives, after which manybegin to feel that they have “outgrown”the pro-

gram. During their beginning college years the students are required not

only to use the various departmental and college advising offices, but also

to check programs and program changes with EEP counselors. Their own

talents and the special university requirements must be carefully inter-

meshed. Progress in their courses is monitored by mid-quarter student

interviews, end-quarter contact with professors, and written course evalua-

tions by the students. Group meetings are held twice weekly; at these,

attendance is mandatory duringthefirst year and is encouraged during the

second. The group meetings are used to furnish an orientation to the

university community and the study/social skills needed in this setting.

They also provide an opportunity for students to share the problems (and

the solutions) they are experiencing. A lounge provided serves as a “home
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base.” Conferences are held with parents as needed. The program plays an

importantrole in the lives of the students, at least at times of crisis and/or

decision. For the most part, however, youngsters are simply University of

Washington students. They attend regular classes, eat at university

facilities, participate in the extracurricular activities they choose, and

assume responsibility for their own scholastic achievement. All are

required to live with their families (or, occasionally, in some nonfamily

homesetting) when they enter the program, but approximately 85 percent

of the undergraduate population of approximately 36,500 students also

live off campus. The EEP students have done well. Table 8.1 presents in

capsule form the standing and academic progress of the group through

1980.

By far the majority of the EEP students who have madethetransition

to full-time status are progressing handily through their college careers,

taking a variety of courses, meeting university requirements, choosing

(and often rechoosing) majors, and generally acquitting themselves with

success, poise, and an air of optimistic self-confidence. All the students

have made friends not only within the program but also with college

classmates, though the extent of these friendships varies, of course, from

onestudent to another. As a group they appear to be socially skilled, com-

mitted to their own endeavors, and making satisfactory progress. Such

matters are hard to quantify, but the overall situation appears to be quite

salutary.

This is not to say that these young people have experienced no prob-

lems. Many of them were socially rather isolated when they applied to the

program, having been considered very different from their classmates and

having had a difficult time finding compatible friends. Some have been at

times less mature than they needed to be in the university milieu.

One set of problems stems from conditions inherent in the lock-step

educational system from which the young people come. Few of them, for

example, had previously learned to take good notes. A few who skipped

the third and fourth gradesstill print rather than write cursively. More

serious, most of them have not learned to manage time well because they

have never had to do so. Indeed, with regard to schoolwork, they have

generally had a great deal of time to waste; they have almost never had to

study at home.

The structure of our young students’ lives tended to have been imposed

by others — parents who have determined when they should go to bed and

how much TVthey should watch, for example. Students who have engaged

in demandingactivities such as competitive athletics or serious study of a

musical instrument, drama, or dance seem to have learned to usetheir time

better and to expect (and even relish) challenges.

A few students have not handled the freedom of the university well.

They spent too much time playing with the computer or chatting with
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TABLE 8.1. Status of EEP Students after Autumn Quarter, 1980
 

 

Level N Total Credits Grade Point Average

Freshman(- to 44 credits) 4 169 3.49

Sophomore (45 to 89 credits) 7 322 3.45

Junior (90 to 134 credits) 4 291 3.53

Senior (135 to - credits) 3 394 3.62
 

friends, or they simply did not apply themselves to their studies. They

expected to complete the university courses as they have always completed

their school requirements — easily, “without opening a book.” Whenthis

tactic proved unsuccessful, some became discouraged, cut classes, and

tended to sink deeper into failure. Program staff try to help students to

monitor their time and their school progress, particularly during thefirst

year. This task, however, has been difficult with some students to whom

everything has always comeso easily and whose parents have so willingly

taken responsibility for providing the “goodlife.”

Perhaps surprisingly, the social maturity of these young people has

tended to exceed by a considerable degree that of their age-mates. The

important variable here seems to be the age at which the youngster enters

puberty. All of the female students who have been full-time students at the

university were post-pubescent. Their social maturity has tended to be

fully adequate to handle the campussituation. Most ofthese girls, in fact,

madeclose female friends within the program and,in addition, established

male (and sometimes female) friendships with their non-EEP classmates.

Some have dated and some have not, but their friendship patterns have

seemed to be mature and gratifying to them.

A number of our boys, on the other hand, were prepubescent,still

“children” in appearance as well as demeanor. They have not blended into

the campus setting as did the more mature EEP students. They did not

tend to makefriends outside the program as did the post pubescent boys
For the most part, however, they seemed to be quite content with their

lifestyles. A few have continued their neighborhood friendships and

athletic activities outside the university. Our young boys have tended to

rely on their parents for transportation and for structuring their lives; this

in turn has postponed their assumption of responsibility for themselves

and has led to a high degree of involvement of their parents with EEP

staff. As the boys reach puberty this state of affairs has diminished and a

natural progression can beseen.

With the girls and the postpubescent boys, issues of dependence-

independence have tended to becomerathercritical. Some students have

manifested a strong desire to become morea part of the college commu-

nity by moving away from home. Ofthe ninegirls in the program, two

transferred to a small, residential college in Oregon and onelived in a cam-
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pus cooperative; of the eleven boys in the program, onelived in a dor-

mitory. The youngest of this subgroup was 15, and the others were 16 or

17. The parents in each case agreed reluctantly to permit their child to

move from home. Therecognition that their age-role expectations must be

determined in part by the circumstances in which their child functions has

come easily to few of the parents.

Anygroup of adolescents hasits share of crises and conflicts, and our

groupis certainly not atypical in this respect. There have been, as far as we

know,practically no problems with some hazardsoriginally anticipated,

such as alcohol or drug use, psychiatric disorders, or sexual encounters

exceeding the student’s capacity to handle them. Staff members have,

however, been called to mediate between child and parents and make

themselves available for that purpose. Parent meetings are held quarterly

and often become “rap” sessions at which parents share their experiences

and provide mutual support. Indeed, in some ways the problemsthat have

been encountered have been moreacute for parents than for their children.

On the whole, both the academic and thesocial progress of this group

of highly capable young people has beenvery satisfactory. The following

sketches introduce a few of our group and provide a multifaceted picture

of the kind of young person whoenrolls in the EEP. Asthis diverse group

indicates, each student is so distinctive an individual that it is almost

impossible to pick a “typical” one.

F.M.Q. was one ofthe first students to enter the program, in spring

quarter, 1977. She is the youngest of four children of two university fac-

ulty members. At age 12 years she enrolled in college calculus and astron-

omy courses while attending a private middle schoolin Seattle; she had

had only introductory algebra at this point. She earned Asin both courses

and experienced no difficulties in adjusting to the university. Her parents,

though, were apprehensive about her becoming full-time college student

and enrolled her in a private high school with high academic standards.

She was skipped a grade butstill remained insufficiently challenged; she

consequently took a second calculus course at the university during spring

quarter, 1978. She entered the EEPasa full-time student that summer. F.’s

Washington Pre-College Test at the age of 12 years 8 months yielded a

Verbal composite of 55 (sixty-fifth percentile) and a Quantitative com-

posite of 66 (ninetieth percentile). Her SAT scores at the age of 13 years 7

months were 630 Verbal and 750 Mathematics. As a youngster who had

long been interested in physics and mathematics, she enrolled in the

undergraduate honors program and undertook a major in each of these

areas. During the summer of 1979 she worked at the Nuclear Physics

Laboratory, and as a sophomoreshe was appointed as a teaching assistant

for the first-year physics program. At the end of the 1979-80 academic

year she had attained a grade point average (G.P.A.) of 3.72 and senior

status. She and a close friend within the program transferred to Reed Col-
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lege in 1980, where she decidedto stay for two years in order to obtain an
enriched liberal arts background in addition to a combined physics-
mathematics major. Socially poised and mature beyond her years, she
experienced some conflicts with her parents over her new independence.
For the most part, however, she had a relatively smooth and certainly a
successful academic career.

T.G., the oldest of four children of a Chinese-born physician father and
biochemist mother, was 10 years old in 1978 when he entered the university
as a part-time student. He had been a very unhappyfirst-grader in public
school and had been enrolled the following year in an ungradedprivate
school. After only one year he returnedto a public school as a fifth-grader
and then proceeded to advance rapidly through junior-high-school and
high-school subjects, particularly in the mathematics and science areas.
T.’s Washington Pre-College Test taken at the age of 9 years 4 months
yielded a Verbal score of 63 (eighty-seventh percentile) and a Quantitative
score of 58 (sixty-fifth percentile). The SAT taken at the age of 9 years 10
months produced scores of 550 Verbal and 630 Mathematics. A very
serious boy in general demeanor, T.illustrates the prepubescent student
who doesnot easily blend into the university student body. He haddiffi-
culties in learning to budget his time and to accept responsibility for com-

pleting his work independently. He would rather work at a computer

terminal than finish an English theme or read a history assignment. His

intellectual competence, however, was sufficient that he made satisfactory

grades despite these problems. Taking notes was particularly difficult for

him. At the end of autumn quarter, 1980, he had completed 76 credits with

a G.P.A. of 3.56, not the academic level of which heis basically capable,

but a record that showssteady progress. He had begunalso to exhibit the

capability of succeeding at university classes aside from the sciences and

mathematics, which heso clearly preferred.

M.B.is not one of our success stories, at least not in the short run. The

older of two sons of a widowed father, he entered the university when he

was 13. His scores on the Washington Pre-College Test taken when he was

13 years 3 months old, were 67 Verbal (ninety-fifth percentile) and 62

Quantitative (seventy-seventh percentile). He was enthusiastic aboutall

aspects of university life except studying. Weighing at the timeless than

ninety pounds, he was welcomedas a coxswain on the freshman crew, an

activity that he pursued not only during practice hours but socially, at the

crew house, during most of every day. A somewhat troubled youngster to

begin with, he never managedto apply himself to his courses. Eventually

he ceased attending university classes and finally transferred to an alter-

native public high school. He did not achieve a distinguished record there
and remains somewhattroubled.It is clear that his acceptance by EEP and

other university students was a distinctly positive experience for him, and

the recognition of his considerable academic competence was importantto
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him as well. On balance, perhaps the EEP wasneither particularly helpful

nor harmful to M.

E.V.C. was 12 years old when she entered the EEPin the summerof

1978. The oldest of seven children of an intellectually outstanding but

economically troubled family, sheinitially showed a strong preference for

the study of classic languages and literature but soon began to explore

other areas such as mathematics and science. Her test scores on the

Washington Pre-College Test at age 12 years 4 months were 70 Verbal

composite (ninety-seventy percentile) and 58 Quantitative composite

(sixty-fifth percentile); on the SAT at age 13 years 5 months her scores

were 610 Verbal and 540 Mathematics. E. is one of those students who had

previously been challenged to assumeresponsibility and to handle her time

well. She is a highly trained dancer, a participant in local dramatic com-

panies, and for several years held paid jobs such as housecleaner and

assistant in campus laboratories. She continuedto fill her life with these

activities, including highly rigorous dancing instruction. At the same time

she achieved a G.P.A. of 3.35 for 142 total units. E. generated con-

siderable conflict with her parents over issues concerned with her bids for

more independence. These were exacerbated by the fact that she had no

clear goals and had not been able to work out a well-defined plan for her

education.

N.C. qualified for the program at age 11, as a junior-high-schoolstu-

dent. Her Washington Pre-College Test scores included an 87 Verbal com-

posite (eighty-seventh percentile) and a 55 Quantitative composite (fifty-

fifth percentile). Her father is an engineer and her motheris a teacher. She

has one younger sister, who also is very bright. Entering the program

rather gradually, she took courses concurrently at the university and at her

junior high school for more than a year. She finally entered the university

full time in 1979 and subsequently earned a G.P.A.of 3.55 with a total of

82 units. She is outstanding for her social poise and articulate manner.

Clearly mature beyond her years, she established a widecircle of friends,

both male and female, within the EEP and amongher regular classmates.

Herinstructors rate her consistently among the brightest in their classes,

and several have noted that her ability to express her insights in writing “is

extraordinary.” In addition to taking a demanding course-load, N. taught

French to youngsters in the Transition Component (see note number 1).

She assumedall the responsibilities of a course instructor and did an excep-

tional job. Her pupils were delighted with her and learned very rapidly. N’s

current majoris political science, and she may well be headedfor a career

in the public arena.

O.P., whose poise and maturity remind one very much of N.C.,

qualified for the EEP at age 13. She wasat that time attending a private

parochial high school as a ninth-grader. Her Washington Pre-College Test

scores placed her significantly above the ninety-ninth percentile on the
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Verbal composite and at the seventy-third percentile on the Quantitative
composite. O.’s father is a U.S. prosecuting attorney and her mother has
had a varied career in advertising, public relations, and film production.
O. began reading at 30 months of age and was academically advanced
throughout her school career. She skipped kindergarten altogether and
was consistently given difficult work by all her teachers. She was among

the most capable students in the program, having accumulated a G.P.A.

of 3.79 for 100 units of work. At the same time, she taught German to

some ofthe students in the Transition Component, as N.C. taught others

French, and with equal success. Hercareer plansare in the area of foreign

service. She was one of two students nominated by the University of

Washington to compete for the coveted Truman Scholarship. With the

reluctant support of her parents, she movedinto the university’s Russian

House and handled very well this opportunity for independence andself-
determination.

B.J. qualified for the program in 1977, just before his thirteenth birth-

day, with scores on the Washington Pre-College Test at the eighty-fifth

percentile on the Verbal composite and at the fifty-fifth percentile on the

Quantitative composite. A dedicated musician with strong interest in com-

posing he recognized that the university offered the major local possibility

for formal education in his chosen field. His father is a faculty memberat

the university, his mother works with an importfirm, and his oldersisteris

a university student. They all supported his application to the EEP and

have continued to encourage him in his music studies. In winter and spring

quarters, 1978, B. took courses in Germanat the university. Then transfer-

ring from junior high school, in which he was doing well, and giving up his

activities in the Seattle Little Symphony and the Junior Wind Ensemble, he

entered the university full time in autumn, 1978. By the end of the 1979-80

academic year he had accumulated 153 credits, with a cumulative grade

point average of 3.75. B. did well in all his classes, which represented a

variety of liberal arts and social sciences in addition to his music courses.It

is in the music courses that hereally distinguished himself, however. To be

accepted as a music major, a highly competitive situation at this university,

he had to present a folio of his compositions and audition for the faculty.

He accomplished this by winter quarter, 1979, when he wasbarely 14 years

old. Most of B.’s friends were regular university students who were also

music majors. Much of his time was spent with them, studying, practicing,

and composing.

CONCLUSIONS

Here, then, are two programs, one in Maryland and one in Washing-

ton, which demonstrate that for some children a radically accelerated

educational approach is both appropriate and successful. The two pro-
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grams differ somewhat in orientation. The SMPY program has empha-

sized the discovery and recognition of youngsters talented in a particular

area. The University of Washington program hassearchedfar less system-

atically, but it has provided a somewhatmorestructured support system to

students who have entered the university in their early teens with a variety

of talents. The commonorientation is, however, very striking. Each pro-

gram is designed to provide the most appropriate match between learner

and environment, using for the most part classes already available in the

educational system. The componentsspecific to these programs — the fast-

math classes at Johns Hopkins, the Transition Componentat the Univer-

sity of Washington — were not undertaken to replace the regular class-

room, but to aid the transition, which is difficult in the lock-step age-

graded Carnegie-unit educational system today.

In a sense it is unfortunate that case studies involving such unusually

precocious and high-achieving youngsters have been presented. This can

be misleading. In fact, there are a great manytalented young people who

are also in need of adjustment in their programs. Although there are many

more of the very bright than one would anticipate from the normal curve

(see Robinson 1981), there are a great many other youngsters whose

precocity is not quite so outstanding but whose needsarebeing ill served

by age-graded practices.

If the school system permitted a significantly greater degree of flexibil-

ity, our society might well find itself returning to the “good old days,”

when children actually passed and failed in school according to their com-

petencies and when,therefore, a mix of ages was to be found in mostclass-

rooms. While there wouldstill be a need for radical acceleration of a few

students in such a system, these radical accelerants would be less con-

spicuous in age-heterogeneous classes. No grade-placement system will

ever handle entirely the “problems of the match” created by inter- and

intraindividual differences (e.g., see Stanley 1980). Flexibility in the system

and recognition of the problem, however, might advance usa significant

step toward meeting the educational needs of gifted and talented

youngsters.

Notes

In March, 1981, shortly after completing this chapter, Professor Robinson died

tragically. His program, which is outlined in this chapter, is continuing at the

University of Washington under the direction of Professor Nancy Robinson,his

widow. Although the program has changed and matured,it is largely along the

plans that Halbert Robinson outlined but did not see cometo fruition.
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1. Before his death, Dr. Robinson had initiated a new component of the
EEP — the Transition Component.It is a self-contained program stressing academic
preparation for university work and allowing students older than 14 years to take
courses as part-time University of Washington students while they acquire necessary
basic skills and an orientation to the intellectual life of the university. As of
February, 1983, there are nine students currently in the program, thirty-eight who
were in the program but have now becomefull-time students at the University of
Washington,six who have now graduated and goneto graduate school (three at the
University of Washington and one each at Brown, California Institute of
Technology, and MIT), and four whotransferred to other schools. |
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Lhe Effects of Acceleration on
the Social and Emotional
Development of Gifted
Students
LYNN DAGGETT POLLINS

Abstract

From the two perspectives of a literature review and a
longitudinal comparison of accelerants and non-

accelerants, an examination of the potential effects of

acceleration on the social and emotional development of

gifted students revealed no identifiable negative effects.

The literature review discusses several major studies with

respect to issues central to the problem:the differential

effects of varying methods of acceleration, the definition

of the “social and emotional development”construct, and’

the identification of appropriate reference groups. The

longitudinal comparison presents the results of a study of

twenty-one male radical accelerants and twenty-one

nonaccelerants matched on age and ability at the time of

the talent search. A comparison on several variables

revealed that the two groups were very similar at age 13.

Five years later, however, differences favoring the

accelerants were found in educational aspirations and in

the perceived use of educational opportunities, amount of

help they reported having receivedfrom SMPY, and their

evaluation of SMPY’s influence on their social and

emotional development.

 

Dauric (1979) argues that opposition to acceleration of

gifted students is justified primarily by concern for its effect on the

students’ social and emotional development. This report examines the

160
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merits of this argument from two perspectives. First, the results of several :

major studies of the social and emotional development of accelerants are

reviewed in the context of a core of issues central to the problem. Second,

the social and emotional developmentofgifted radical accelerants and the

social and emotional developmentof nonaccelerants identified through the

Study of Mathematically Precocious Youth are compared. Neither the

review of the literature nor the comparison of the SMPYgifted students

identified any negative effects of acceleration on social and emotional

development. Indeed, any effects of this sort seem to be positive. The

validity of the claim that acceleration is somehow detrimental to the social

and emotional development of accelerants must thus be seriously ques-'

tioned.

Research on the Social and Emotional

Development of Gifted Students

The social and emotional development of accelerated gifted students

has been the subject of much attention from psychologists and educators.

The belief that acceleration somehow inhibits social and emotional

development appears so widespread that arguments over the advantages

and disadvantages of acceleration “seem to hinge on the relative weights

that should be given to social and intellectual values in the educative pro-

cess” (Terman & Oden 1947, p. 264). This section discusses a cluster of

issues whoseresolution is central to research in this area and reviewsthe

results of several major studies in this context.

ISSUES CENTRAL TO THE STUDY OF THE

SOCIAL AND EMOTIONAL DEVELOPMENT

OF ACCELERATED STUDENTS

There are several problemsinherent in studying the effects of accelera-

tion on the social and emotional development of gifted youths. First,

acceleration may be achieved by one or more of a variety of methods.

Stanley (1979) has delineated sometypes of acceleration: grade skipping,

early part-time college study, college graduation in fewer than four years

(by entering college with sophomorestanding, taking heavier-than-average

course-loads, attending summer school, and/or concurrent graduate

study), and bypassing the bachelor’s degree. While all of these methods

follow Pressey’s (1949,p. 2) definition of acceleration as “progress through

an educational program atrates faster or ages younger than conventional,”
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they may affect the social and emotional development of the students
choosing them in different ways.It is not difficult, for example, to imagine
that studying calculus on one’s own at age 13 and taking the Advanced
Placement exam to get college credit for it affects the student differently
than does taking a regular college calculus course at the same age. Despite

- the basic nature of this concern, manystudies of the social and emotional
_ development of accelerated students do not report the method by which
- the students becameaccelerated (see, for example, Terman & Oden 1947).
The degree of acceleration, as well as the method used to achieve it, may
also differentially affect the social and emotional developmentofgifted
students. Six years of acceleration quite probably affects a gifted student
differently than does one year of acceleration. Most research in the area
has focused on “moderate” acceleration of one to twoyears.

Another definitional problem involves the “social and emotional

development” construct. Consensus among investigators on the meaning

of this phraseis low. In various studies the construct has been equated with

participation in extracurricular activities (Pressey 1949; Hobson 1963),

presence of leadership qualities (Morgan 1959; Keys 1938), degree of inter-

personal effectiveness (Worcester 1956; Birch 1954), and absence of

psychopathology (Elwell 1958). That these and other specific, relevant

concepts are themselvesdifficult to define precisely and even moredifficult

to measure accurately complicates the situation further. Clearly, a

thorough study would measureseveral of these facets of “social and emo-
tional development.”

A third problem lies in the definition of reference groups. Many studies

have compared the accelerants with their older, more average-ability

classmates (Hobson 1963; Pressey 1949). If the question to be addressedis

how well the accelerants fit in with their older classmates, this approach

seems worthwhile. It does not, however, speak to the more important issue

of how acceleration affects the developmentof gifted students. A bright

youth maychooseeither to accelerate or to opt for some other educational

path andstill remain equally bright. The most appropriate comparison is

thus between the social and emotional development of two groups of

equally gifted youths — accelerants and nonaccelerants (as in Terman &

Oden 1947; Fund for the Advancement of Education 1953).

A numberof investigators have examinedthe effects of acceleration on

the social and emotional development of gifted youths with varying

degrees of consideration of the issues just discussed. A large group of

educators recommended exercising extreme caution when considering

acceleration as an educational alternative for gifted students. Most of these

recommendations were based on intuition or on case studies that did not

involve comparison with any reference groups (Zorbaugh 1937; Edelston

1950).
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FINDINGS OF RESEARCH ON THE SOCIAL

AND EMOTIONAL DEVELOPMENT OF

ACCELERATED STUDENTS

Among the scientific investigations in this area, a review of the

literature confirmed Daurio’s (1979) finding that not one study has found

acceleration to harm the social and emotional development of gifted

students permanently or severely. The following is a discussion of the

results of several of the major studies in this area.

Terman (1925-59) investigated longitudinally, descriptively, and obser-

vationally the development of more than 1,000 gifted children. In chapter

20 of the fourth volume of the Genetic Studies of Genius series, Terman

and Oden (1947) divided their sample into three groups according to age at

high-school graduation. The routes by which these students had come to

be accelerated were not specified. The three groups were compared

longitudinally on a number of measures of social adjustment, including

ratings by parents, teachers, and fieldworkers, extracurricular participa-

tion in high school and college, and scores on a marital adjustmenttest.

Terman and Oden foundthat “the influence of school acceleration in caus-

ing social maladjustment has been greatly exaggerated. There is no doubt

that maladjustment does result in individual cases, but our data indicate

that in a majority of subjects the maladjustment consists of a temporary

feeling of inferiority which is later overcome. The important thing is to

consider each child as a special case” (ibid., p. 275).

Terman and Odenalso found that the accelerants had a higher proba-

bility of furthering their education, had greater occupational success, had

higher marital satisfaction, and had suffered no negative effects on their

physical maturation.

Keys’s (1938) carefully controlled study compared a group of gifted

accelerated students with a sample of equally bright nonaccelerants.

Further, two subgroups of accelerants were defined according to I.Q.; one

group of accelerants had IQs below 120 and another had IQsgreater than

136. The effects of acceleration could thus be analyzed in terms of both

intelligence and chronological age. Keys found that the accelerants par-

ticipated in more extracurricular activities, had better study habits, held

more offices, and won more scholarships than did the equally intelligent

nonaccelerants. Sociability appeared morerelated to intelligence than to

age. The highest self-estimated happiness was reported by the very bright

accelerants.

Hobson (1963) followed up underage students admitted to school on

the basis of mental, rather than chronological, age. The underage pupils

participated in more extracurricular activities than their normal-aged

classmates. Worcester (1956) also examined the social and emotional «

development of underage students admitted on the basis of test scores.

Peers and teachers rated the underage students as being as well or better
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adjusted socially and emotionally as their older classmates. Worcester con-
cluded that “the younger ones had gained a year of school time without a
loss in social adjustment”(ibid., p. 28).

Pressey (1949) studied underage college students at Ohio State Univer-

sity matched with a control group of equally bright, older students. He
found that a larger percentage of the underage students workedpart time
and that more of the underage students participated in extracurricular
activities.

The Ford Foundation (Fund for the Advancement of Education 1953)

compared a group of accelerated Ford Scholars with an equally able,

nonaccelerated group of comparison students. The social and emotional

development of the Scholars was evaluated with respect to problems

resulting directly from acceleration. No social maladjustment directly

attributable to acceleration was found. “The Scholars encountered more

initial difficulties in adjusting to campuslife than their older Comparison

students, but most of the difficulties were minor and were soon overcome”
(ibid., p. 10).

Finally, Keating, Wiegand, and Fox (1974) examined the behavior of

five precocious boys aged 12 to 15 in a college course. In addition to

outperforming their older classmates, these young students interacted as

muchas their older classmates and often were not even identified as being
young.

This by no means complete summary of the relevant literature is

intendedonly to give the readerthe flavor of the research in this area. For

a more thoroughreview the readeris directed to Daurio (1979).

Data available from SMPYprovide an opportunity to investigate the

social and emotional development of accelerated students in a way thatis

unique with respect to the issues delineated here. Gifted radical accelerants

(students accelerated three years or more) and nonaccelerants were

longitudinally studied. Measurements for a number of the facets of the

social and emotional development construct were available. The findings

of this study are in accord with those of the investigations previously men-

tioned — that is, the social and emotional development of gifted students

choosing to accelerate is not harmed by that choice and mayin fact be

enhanced.

Mathematically Talented Radical
Accelerants and Nonaccelerants: Their

Social and Emotional Development

Over 2,500 mathematically talented seventh- and eighth-graders took

the College Board’s Scholastic Aptitude Test in SMPY’s 1972, 1973, and

1974 talent searches. The SMPYstudents’ scores on this test were superior
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to those of a national sample of high-school juniors and seniors. High-

scoring participants were encouraged to consider acceleration as one

means of developing their talents. Many youths did choose to accelerate

and entered college at an age between one andsix years younger than that

of the average college freshman. Other equally high-scoring youths chose

different educational paths. The data SMPYhascollected on these youths

provide an opportunity to investigate the effects of acceleration on the

gifted students’ social and emotional development that is unique for three

reasons. First, the social and emotional development of the accelerants

may be compared with that of equally bright nonaccelerants. As pointed

out earlier, several studies (e.g., Hobson 1963; Pressey 1949) have com-

pared the social and emotional development of accelerated students with

that of their postacceleration classmates — that is, older students of more

average ability. That kind of investigation does not address the effects of

acceleration on the social and emotional development of the gifted child.

Second, the development of both accelerating and nonaccelerating high

scorers has been longitudinally monitored by SMPY (Benbow 1981). A

retrospective comparison of the two groups both before and several years

after acceleration occurred can thus be made. This kind of comparison

deals with the issue of potential self-selection factors that might bias

results. In other words, any differences in the two groups before any of the

students accelerated which might account for postacceleration differences

can be ascertained and evaluated. Finally, a significant number of the

students who accelerated have done so radically (i.e., are three or more

years ahead of their age-mates). It is these radical accelerants who have

been the subject of the most concern over social and emotional develop-

ment (e.g. Maeroff 1977; Nevin 1977) and whose development has been

chosen for investigation.

METHOD

Subjects
Twenty-one maleradicalaccelerants were found in the ranksoftalent-

search participants between 1972 and 1974.! Two female radical accel-

erants were also found; they are not included in the analyses.It is interest-

ing that so few girls chose to accelerate their education radically. This

finding may be partially attributed to the smaller number of girls who

scored high in the talent searches (Stanley, Keating, & Fox 1974; Keating

1976), but probably also results from other considerations such as sex dif-

ferences in social interests and interest in mathematics and science (Fox

1976; Fox, Brody, & Tobin 1980).

Radical accelerants were defined as those students who at some point

are at least three years ahead of their age-mates in educational placement.

This may be accomplished via one or more of the accelerative methods
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previously delineated. Thus any youth whois a college freshmanat age 15
or younger, a college sophomoreat 16 or younger, a baccalaureaterecip-
ient at 19 or younger, a master’s degree recipient at 21 or younger, a law
degree recipient at 22 or younger, or a four-year professional degree
(M.D., Ph.D., etc.) recipient at age 23 or youngeris considered a radical
accelerant no matter howheorshe has achieved that acceleration. Once a
student acquires radical accelerant status he is always treated as such, even
if he slows downhis educational pace. Most of the radical accelerants in
this study accelerated by skipping grades and by subject matter accelera-
tion.

These twenty-one male radical accelerants were matched with other
talent-search participants who were of approximately the same age and
whohadscored about as well on the SATs. Theresults of this matching
can be seen in table 9.1. The two groups seem well-matched, with respect
to both age and verbal and mathematical abilities. Further, it is clear that
both the accelerant and the nonaccelerant groups are extremely able,
averaging 691 and 690, respectively, on SAT-M and 543 and 536, respec-
tively, on SAT-V. These scores represent the ninety-sixth percentiles on

SAT-M and seventieth percentiles on SAT-V for college-bound seniors
(Admissions Testing Program 1979).

An interesting problem arose during the matching process. It became

increasingly difficult to find nonaccelerated youths of ability equal to that

of the radical accelerants as the matching progressed. While most of the

high-scoring talent-search participants did not radically accelerate their

educations, neither did most of them avoid acceleration altogether. For

this reason it was decided to include as nonaccelerants some youths who

had accelerated their education to a minimal extent (e.g., had entered col-
lege with AP credits).

Data Set and Analysis Protocol
With the available data, the social and emotional developmentof the

subjects in one group was compared with that of the subjects in the other

group at two points:first, at the time of the talent search, prior to accelera-

tion, when the subjects were roughly 13 years old, and, second,five years

later, when the subjects were of high-school graduation age. Comparison

of available data for the two groups at the first measurement point

addresses potential dissimilarities between the two groups which might

have affected the acceleration decision and/or the social and emotional

results of acceleration. Differences at the second measurement point can

therefore more confidently be attributed to the acceleration itself rather

than to any prior social/emotional characteristics.

The results of three relevant standardized affective measures were

available for most of the subjects. All three of these tests had been admin-

istered when the subjects were of seventh- or eighth-grade age. The three
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TABLE9.1. Talent-Search Performance on SAT-M and SAT-V
 

 
 

 

SMPYRadical Accelerants SMPY Nonaccelerants

(N = 21) (N = 21)

Standard Standard

Measure Mean Deviation Mean Deviation

SAT-M* 691.0 44.8 690.0 36.3

SAT-V ** 542.9 70.8 535.7 64.7

Age (year-month) 12-11 0.95 year 13-3 1.00 year
 

*rSAT-M radical accelerants, nonaccelerants = .76 p< .0O1.

**rSAT-V radical accelerants, nonaccelerants = .91 p< .001.

measures are the California Psychological Inventory (CPI) (Gough 1969),

the Strong-Campbell Interest Inventory (SCID (Strong & Campbell 1974),

and the Study of Values (SOV) (Allport, Vernon, & Lindzey 1970).

These three measures address different aspects of the social and emo-

tional development construct. The CPI purports to measure “personality

characteristics important for social living and social interaction” (Gough

1969, p. 5). The device is composed of eighteen scales clustered into four

groups. “The profile obtained gives a good indication of the general social

functioning of an individual” (Weiss, Haier, & Keating 1974, p. 128). Fur-

thermore, the CPI has been successfully used with gifted junior-high-

school students (Lessinger & Martinson 1961). A variety of reference

groups are thus available. Means and standard deviations for each of the

eighteen scores were computed separately for the two groups, and a linear

discriminant analysis was performed using the SPSS package (Nie et al.

1975).

The SCII, on the other hand, has as its goal the measurementof voca-

tional interests. Six occupational categories (realistic, investigative, enter-

prising, artistic, social, and conventional), as well as academic orientation

and introversion-extroversion are ranked for each individual. Holland

(1973), whose vocational preference scales are incorporated in the SCII,

believes that vocational interests and personality are closely linked. He

feels that within an occupational category, people’s interests and values

tend to be similar. Various personality types are thus associated with dif-

ferent occupational category ratings. As with the CPI, means and standard

deviations for each category were computed separately for the two groups

and a discriminant analysis was performed.

The SOV is an ipsative measure of evaluative attitudes based on

Spranger’s (1928) theory of types of men. He posited six types: the

theoretical, truth-seeking man; the economic, practical man; the aesthetic,

beauty-seeking man; the social, altruistic man; the political, power-seeking

man; and the religious, mystical man. SOV profiles have also been shown

to be related to traits such as creativity (Hall & MacKinnon 1969). The

analysis protocol was the sameas that for the CPI and the SCII.
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The final piece of available data on the subjects when they were of
seventh- or eighth-grade age was self-rated liking for school and for
mathematics. These ratings were obtained from the questionnaire required
for participation in the talent search on a 5-point scale (with 1 equalling
strong like and 5 equalling strong dislike). The same analysis protocol was
used. Approximately five years after each talent search (i.e., whenits par-
ticlpants were of high-school graduation age) each participant was sent a
detailed questionnaire about his or her progress as part of another study

(see Benbow, chapter 2, Appendix 2.1). Thus the group as a whole was

followed up at age 18, when the radical accelerants were, on the average,

seniors in college, and the nonaccelerants were college freshmen. The ques-

tionnaire was aimed primarily at identifying the academic accomplish-

ments andstatus of formertalent-search participants; however, questions

about high-school and college activities, liking for college, educational

aspirations, and self-perceived social and emotional development were

also included. The two groups’ answersto these questions were compared

via discriminant analysis. Unfortunately, this questionnaire represents the

only data SMPYyet has on the social and emotional development of the

students subsequent to their acceleration.

Results
California Psychological Inventory. In figure 9.1 and table 9.2 can be

seen the mean CPIprofiles for four groups: the SMPYradical accelerants,

the SMPY nonaccelerants, and Lessinger and Martinson’s (1961) eighth-

grade gifted and eighth-grade random groups. It is clear that the two

SMPY groups differ very little if at all in their CPI profiles. The SMPY

groupsare also similar to the eighth-grade gifted group. All three of these

groups seem to be functioning moreeffectively than the eighth-graderan-

dom group. Thelargest differences, not surprisingly, are in the achieve-

ment potential/intellectual efficiency cluster composed of the achievement

via conformance (Ac), achievement via independence(Aji), and intellectual

efficiency (Ie) scales.

Profiles of the two SMPY groups show them to be well adjusted and

interpersonally effective. The generally high scores of the SMPY group

members, compared with those of the random eighth-grade sample,indi-

cate that the gifted radical accelerants and nonaccelerants are mature,

academically advanced, and interpersonally effective. The relatively high

scores on flexibility (Fx) and psychological-mindedness (Py) point toward

a group ofinsightful individuals, while the rather low scores on well-being

(Wb) and good impression (Gi) suggest a cautious group.

a— A discriminant analysis performed on the CPI data for the two SMPY

Vy groups (see table 9.6) revealed no differences between them.

Strong-Campbell Interest Inventory. In table 9.3 are presented the

means and standard deviations for the radical accelerants and nonac-
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FIGURE 9.1. Profile Sheet for the California Psychological Inventory: Male! — Com-

parison of profiles in the CPI for four groups: the radical accelerants, non-accelerated

SMPYstudents, 8th-grade gifted group, and an 8th-grade random sample
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| For definitions of various scales see Table 9.2.

celerants on eight SCII scales. Both groups’ scores on the six occupational

themesfall into the average range (40 to 60), but there are somelarge intra-

profile differences. Both groups scored highest on investigative and in the

low range on artistic and social themes. Surprisingly, both groupsfell

within the average range on the academicorientation scale — that is, work-

ing with people was not preferred to working with things or vice versa.

Both groups achieved rather high scores on the introversion-extroversion

scale — that is, they seem to be rather introverted. The two groups thus

appear to be investigative in outlook. People who prefer investigative

activities are described by Holland (1973) as scholarly, independent,

cautious, introverted, and rational. This description seems to correspond

well with the impression of the two groups gleaned from the CPI.

The results of a discriminant analysis performed on this data are non- *<-

significant (see table 9.6). It thus appears that the vocationalinterests of.]

the two groups do notdiffer.

Study of Values. Means and standard deviations for each of the six

SOV scores for the two SMPY groups and for high-school students are

reported in table 9.4. Again, the radical accelerants and nonaccelerants

appear quite similar. Both groups scored highest on theoretical, second
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TABLE9.3. Strong-Campbell Interest Inventory (SCI) Scales
 

 

 

SMPYRadical SMPY Non-

Accelerants accelerants

(N = 19) (N = 20)

Standard Standard

SCII Scale Mean Deviation Mean Deviation

Realistic 47.7 13.7 49.5 9.2

Investigative 59.9 4.5 56.1 7.2

Artistic 40.8 8.4 41.9 8.4

Social 40.1 12.3 42.3 8.9

Enterprising 43.7 8.1 44.9 7.1

Conventional 50.4 10.3 52.0 9.1

Academic orientation 54.4 11.3 51.6 11.5

Introversion-extroversion 59.3 12.3 59.3 12.0
 

TABLE9.4. Allport, Vernon, and Lindzey’s Study of Values
 

 

 

SMPY Radical SMPY Non- High-School

Accelerants accelerants Students

(N = 21) (N = 20) (N = 12,616)

Standard Standard Standard

SOV Scale Mean Deviation Mean Deviation Mean Deviation

Theoretical 52.6 5.8 50.4 6.9 40.2 7.4

Economic 42.6 7.0 41.8 8.4 40.5 7.0

Aesthetic 35.2 7.3 33.3 6.8 36.7 7.6

Social 36.3 9.0 39.9 7.8 40.2 6.9

Political 46.7 5.6 45.7 7.2 41.1 6.3

Religious 27.0 10.9 29.1 11.1 40.9 8.7
 

highest on political, and lowest on religious values. Both groups obtained

“high” scores on theoretical, “low” scores on religious, and fell within the

average range on the other four scales compared with high-schoolstudents

(Allport, Vernon, & Lindzey 1970, p. 24). Allport, Vernon, and Lindzey

also claim that a theoretical type is “inclined to actively seek truth in a

logical, often scientific manner.” The political scale, on which the two

SMPY groups scored second-highest, denotes “a concern for power.”

These findings also correspond well with those of the other standardized

measures. |

A discriminant analysis performed on the SOV data for the two groups —

again resulted in a nonsignificant discriminant function (see table 9.6).2. ~

There is no evidence that at age 13 the values of the two groupsdiffered. »

Liking for School and Math. The data presented in table 9.5 concern

liking for school and for math for the radical accelerants and nonac-

celerants. Both groupsreported a strong liking for math anda fairly strong

liking for school. In this respect, too, the two groups appear quite similar.

The Composite Profiles for the Two Groups at Age 13. At age 13

there is no evidence of any dissimilarity, favoring either group, between
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TABLE9.5. Liking for School and Mathematics
 

 

 

SMPY Radical Accelerants SMPY Nonaccelerants

(N = 21) (N = 21)

Reported Standard Standard
Liking for Mean Deviation Mean Deviation

School 1.67 0.80 2.05 0.74
Mathematics 1.29 0.46 1.29 0.46
 

Note:Liking was codedas follows: 1 = strong liking; 2 = slight liking; 3 = neutral; 4 =
slight dislike; 5 = strong dislike.

the radical accelerants and nonaccelerants. This was true with respect to

age, academic ability, and social and emotional development (general

social functioning, vocational interests, and values). None of the three

discriminant analyses performed on this data resulted in significant

discriminant functions (see table 9.6).

Considering the diversity of the measures used, the composite profileis

remarkably consistent. Subjects from both groups seem best described as

solid, well adjusted, socially mature, and interpersonally effective individ-

uals who are also rather cautious and introverted. Both groups also seem

to prefer academic/intellectual pursuits to social ones. It may be surprising

that the group profile is so consistently positive. The manner in which sub-

jects were selected may have influenced this. All of the subjects

volunteered to participate in a difficult contest and in the follow-uptesting

sessions. Thusthere is a potential positive bias in the profile.

If some kindofself-selection factor is operating for the two groups,it

does not appear to be operating differentially for the radical accelerants

and nonaccelerants. This finding is in itself interesting. Thus any dif-

ferences between the two groupsafter acceleration may beattributed with

some confidenceto the acceleration and not to a priori differences between

the two groups.

The Questionnaire: Five Years Later. In table 9.7 the means and stan-

dard deviations of the two groups’ answersto the follow-up questionnaire

can be seen. It is clear from this table that the radical accelerants and

nonaccelerants differ in a numberofrespects at age of high-school gradua-

tion. In high school the radical accelerants participated in slightly more

types of activities than did the nonaccelerants, but the nonaccelerants took

part in a greater number of activities. This was true even though the

number of activities was corrected for the number of years spent in high

school. The nonaccelerants held more jobs than did the radical accel-

erants. Many ofthe radical accelerants, however, were too young to work

in high school. The nonaccelerants participated in more college activities

than did the radical accelerants, although the radical accelerants had been

in college longer. The nonaccelerants reported a slightly greater liking for

college than did the radical accelerants. Whether these last two findings are
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TABLE 9.6. Discriminant Analysis for the SMPY Radical Accelerant and Nonaccelerant Groups
 

 

Measure

Discriminant Functions CPI SCII SOV Questionnaire

Eigenvalue 0.89 0.17 0.08 2.89

Canonical correlation 0.69 0.39 0.29 0.86

Wilks’ Lambda 0.53 0.85 0.92 0.26

Chi-square, d.f., sig. 14.68, 1, NS 5.80, 1, NS 3.06, 1, NS 48.94, 8, p<.001

Centroids < radical accelerants 0.61 0.39 0.21 0.85

nonaccelerants — 0.75 — 0.37 — 0.20 — 0.85

Unstandardized discriminant Capacity forstatus 0.16 Investigative 0.16 Social 0.12 Kinds of high-school

function Responsibility —0.24 Social — 0.06 Constant — 4.44 activities 0.21

Self-control —0.11 Constant — 6.98 Total in-school
Tolerance 0.10 activities —0.42

Communality —0.19 Total out-of-school

Achievementvia activities 0.15

conformance — 0.08 Numberof Jobs — 0.30

Flexibility — 0.22 Educationalaspirations 0.20

Femininity 0.12 Use of educational

Constant 12.54 opportunities 0.27
_Helped by SMPY — (0.89

Acceleration’s effect on

social/emotional

development 0.24

Constant —(0.47
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TABLE9.7. Follow-Up Questionnaire Responses Obtained Five Years after
Talent-Search Participation
 

 

 

SMPY Radical SMPY Non-

Accelerants accelerants

(N = 21) (N = 21)

Standard Standard
Questionnaire Item Mean Deviation Mean Deviation

Kinds of in-schoolactivities 2.0 1.5 2.1 1.7

Numberof in-school activities 2.3 1.7 3.0 1.5

Kinds of out-of-school activities 3.6 2.6 3.1 2.0

Number of out-of-schoolactivities 3.0 1.9 3.2 2.2

Numberof jobs held in high school 0.4 0.6 1.5 1.1

Numberofcollege activities 1.3 1.1 2.0 1.6

Liking for college4 1.9 0.9 1.4 0.8

Educational aspirations> 8.1 0.4 7.2 1.8
Use of educational opportunities* 1.8 0.9 2.7 1.1

How SMPYhashelped4 1.3 0.7 2.7 0.7
How SMPYhasaffected social/

emotional development4 2.4 1.1 3.0 0.8
How acceleration has affected social/

emotional development4 2.2 1.1 2.5 1.2
 

Responses were codedas indicated for each item.

a] = strong liking 2 = rather well

2 = moderate liking 3 = about average

3 = neutral 4 = rather poorly

4 = moderate dislike 5 = extremely poorly

5 = strong dislike d] = extremely positively

b7 = master’s degree 2 = slightly positively
8 = doctoral degree 3 = no effect

©] = extremely well 4 = negatively

the result of a real difference or are the artifactual product of freshman

enthusiasm on the part of the nonaccelerants is unknown.

The radical accelerants had higher educational aspirations than did the

nonaccelerants; the radical accelerants planned, on the average, to obtain

a doctoral degree, while the nonaccelerants aspired, on the average, to

obtain a master’s degree (table 9.7).

The final section of the follow-up questionnaire presented perhaps the

most important and interesting questions, since they deal with the students’

perceptions of their own academic and social/emotional development.

Morespecifically, they asked each subject how well he had used his educa-

tional opportunities, how much SMPYhadhelped him, how SMPY had

affected his social and emotional development, and how acceleration had

affected his social and emotional development. The two groups answered

these questions quite differently. The radical accelerants felt that they had

used their educational opportunities rather well compared with the nonac-

celerants, who thought they had used them “about average.” The radical

accelerants felt that SMPY had helped them very much, while the nonac-

celerants thought that SMPY had given them verylittle help. The radical
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accelerants thought that their association with SMPYhadpositively influ-

enced their social and emotional development, while the nonaccelerants

perceived no influence. Interestingly, both groupsfelt that acceleration (if

any) had influenced their social and emotional development in a slightly

_ positive way (table 9.7).

A discriminant analysis performed on the questionnaire data resulted in

a discriminant function of considerable power. The results of this analysis

can beseen in table 9.6. Eight of the original twelve variables were retained —

in the discriminant function, which had a chi-square value of 48.9, with 8

df (p < .001).

While the significance of the discriminant function indicates clear dif-

ferences between the radical accelerants and the nonaccelerants, the nature

of the measurement instrument makesit difficult to explain precisely this

difference. The data on participation in extracurricular activities are

equivocal — neither group consistently outperformed the other in that

respect. The best interpretation of these data is perhaps that no differences

in extracurricular participation exist between the two groups. The nonac-

celerants held more jobs in high school than did the radical accelerants, ©

but this is attributable to the fact that the radical accelerants were too

young to workin high school.

Thelast five questions are more easily interpretable. The radical accel-

erants had higher aspirations than the nonaccelerants. The radical accel-

erants report that they have used their educational opportunities better

than the nonaccelerants have. The radical accelerants report being helped

more by SMPY.Theradical accelerants report that SMPY hasinfluenced

their social and emotional development morepositively than do the nonac-

celerants. Interestingly, both groups reported that acceleration had

positively influenced their social and emotional development. Thus it

appears that the effectsofacceleration on the social andemotional devel-

opment‘ofgiftedstudents are not negative andmightinfact bepositive. A

more thorough follow-up of the social and emotional development of

talent-search participants would shed light on this question.

Conclusions

The potential effects of acceleration on the social and emotional

development of gifted students were examined from two perspectives: (1) a

review of the relevant literature, and (2) a longitudinal comparison of the

social and emotional developmentof equally bright radical accelerants and

nonaccelerants identified by SMPY. Theliterature survey resulted in the

identification of three dimensions along whichresearch in this area may be

classified and evaluated: method and degree of acceleration of the sub-

jects, the definition of “social and emotional development,” and the iden- .
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tification of an appropriate reference group. No study, regardless of its
orientation on these dimensions, has demonstrated any permanent or
significant negative effects of acceleration on social and emotional

/development. The present study, which is unique in its combination of
\ orientations along the three dimensions, also found no negative effects of
/ acceleration on social and emotional development. In fact, some evidence
\of positive effects is presented. The similarity of findings of these two
approachesis strong support for the claim that there is no validity to the

argumentthat acceleration is harmful to the social and emotional develop-

ment of gifted youths. A more extensive longitudinal investigation of the

social and emotional development of SMPY accelerated and nonac-

celerated gifted students would be worthwhile.

Notes

1. Two of the subjects were not formal talent-search participants, since they

lived outside the search region, but they have otherwise been treated as such by

SMPYandare thus incorporatedinto this study.

2. The SOV data were ipsative. Since no significant differences were foundthis

should not affect the results.
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Tilinots of the Johns Hopkins
Study of Mathematically
Precocious Youth
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Abstract

After the successful pilot testing of a program modeled

after the SMPYapproach, Illinois began in 1978 a

statewide mathematics search using as a Selection criterion

for educational facilitation a score of 420 or better on the

School and College Ability Test-Mathematics. Special

fast-paced mathematics classes were established in areas

where there were enough high scorers. Although these

classes varied in number of students and amount of

material covered, a large percentage of their participants

completed the program successfully. Because of this suc-

cess a verbal program was begun in 1979. Following brief

descriptions of the verbal and mathematics classes, several

problems and concerns encountered in the functioning of

the classes are presented. The author concludes with the

positive implications of such a program.

 

After approximately ten years of research under the

direction of Dr. Julian C. Stanley at The Johns Hopkins University, the

Study of Mathematically Precocious Youth program has firmly estab-

lished itself as a viable approach to working with highly gifted children in

the field of mathematics. The evidence of student growth in this program

is compelling and has been well documented (Stanley, Keating, & Fox

1974; Keating 1976; Stanley, George & Solano 1977; George, Cohn, &

Stanley 1979; Fox, Brody, & Tobin 1980; Bartkovich & George 1980).

In 1977 the state of Illinois utilized federal funds from PL 93-380 to

179
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pilot the Hopkins project at two sites within the state, the northern sub-
urban area of Chicago (Bethalto) and the southern metro-east area of
Chicago (Niles). The results (see table 10.1) of that pilot activity were
highly successful and thus led the way to a statewide effort toward identi-

fying and serving highly gifted children (Van Tassel 1977).

The pilot replication was considered successful for several reasons.

Foremost, of course, was that a large numberof gifted students were iden-

tified and then subsequently facilitated in their education. But, in addition,

the pilot program demonstrated that different geographical regions of the

state had sufficient talent pools to warrant regionalized identification pro-

cedures and that there was adequate student/parent interest. Furthermore,

school officials were made cognizant of the potential of the identified

students to handle a moreaccelerated mathematics class; in the following

year, they allowed their junior-high-school students to take high-school-

level mathematics course-work (ibid.). Press coverage of the event was

somewhat remarkable and included a front-page story in the Sundayedi-

tion of the Chicago Tribune.

Based on the success of the project in three pilot sites, the state agency

decided to copy the SMPYtalent-search concept (George & Solano 1976)

on a statewide basis. In July, 1978, the Illinois Office of Education

negotiated with the nine Gifted Area Service Centers (regional service

delivery units) to implement a mathematics talent search for their respec-

tive regions of the state. Most centers limited participation to the public

schools within each region that were currently participating in the state

gifted program. This included 465 districts in the state of Illinois and the

city of Chicago.

Program Implementation

A portion of state funding in Illinois has been set aside since 1971 to

fund nine regional centers for facilitating the education of the gifted. Each

center is staffed by two full-time professionals in the field. Historically, the

major role of the centers has been to provide technical assistance in pro-

gram developmentfor the gifted to the districts participating in the state-

funded program. Thus natural linkages were already in place to regionalize

the math talent search, since each center already had responsibility for and

contact with between forty-five and ninety-five districts in their

geographical area through district-designated program coordinators. Fur-

ther, as a part of its contract, each center had the potential to carry out the

talent search and the follow-up educational facilitation work by utilizing

existing staff.
Beginning in 1978 this network of Area Service Centers became

organized to implement the program statewide. The implementation was

accomplished through the following processes:

1. Area Service Centers solicited names of students in participating
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TABLE 10.1. Results of the Illinois Pilot Program and the SMPY January, 1978, Program
 

Bethalto Niles SMPY

(Dec., 1977) (Oct., 1977) (Jan., 1978)
 

Identification Phase
 

Percentile used for cut-off score for
talent search 96 98 97

Gradelevel(s) included in talent search 7th & 8th 7th 7th

Number of students nominated for testing
as part of talent search 85 510 3,333

Number of students taking test 7th grade 43
8th grade 34 320 2,798

Highest SAT-M score4 760 780 790

Lowest SAT-M score 290 260 220

Mean SAT-M score? 7th grade 406
8th grade 501 390 432

Mean SAT-V score? 358 338 374
Median SAT-M score 450 380 Males 427

Females 396

Median SAT-V score 340 330 Males 363

Females 366
 

Development Phase
 

Numberof students eligible for fast-math class 35 55

Number of students taking class 25 48

Number of students completing class 24 35

Mean score on ETS Algebra I (reference)

Pre-test 18.4 18.3

Post-test 33.4 35.8

Mean score on ETS Algebra II (reference) Not given 33.6

Mean score on ETS Algebra III (reference) Not given 30.9
 

4a All SAT scores are converted from the SCATwith the exception of the data reported from
SMPY. Scores above 740 are extrapolated.

bMean SAT-M and SAT-Vscoresfor college-bound twelfth-grade males are 491 and 428,
respectively.

districts of the Illinois Gifted Program who scored at the ninety-fifth

percentile or higher on a standardized achievementtest in mathematics.

2. These students were invited to take a test comparable to the College

Board’s Scholastic Aptitude Test, the School and College Ability Test

Form 1C-Mathematics (SCAT-M) and -Verbal (SCAT-V) (ETS 1955), ata

specific place and time scheduled by the center.

3. Those students scoring 420 or better on SCAT-M wereinvited to

participate in a special fast-paced mathematicsclass in their regional area.

4. Special classes were set up as the talent search revealed enough

students in the same geographical area.

5. In regions wherespecial classes were not established, special inter-

vention strategies were shared with appropriate school personnel.

Data from the first two years of the search can be seen in tables 10.2

and 10.3. It should be noted that over 6,000 students were tested in this

period; thirty-four special courses were structured as a direct result of the
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TABLE10.2. 1978-79 Illinois Talent-Search
 

 

Numberof Cut-Off Score on SCAT-M Number Facilitation Offering

Coordinating Center Students Tested@ Utilized for Facilitation Qualifying Top Score on SCAT-M (classes)

City of Chicago 1011 450 376 800 5 algebra I, II, and computer
(2) programming; 7 special math

seminars for all tested

Area I: north 800 500 100 780 2 at Niles West

(97%) (algebra I & II)

Area I: south 388 500 31 590 2 enrichment for 8 weeks

Carthage 175 450 30 800 no classes; individual
acceleration

Illinois State University 79 400 31 580 none

Benton 166 420 52 650 none

Belleville 100 470 24 760 1 8th-grade algebra I at
community college

Northern Illinois 156 450 28 740 1 regional algebra I & II

University (2)

University of Illinois 140 500 30 740 none

Total 3,015 702 11
 

a All regions utilized a ninety-fifth percentile cut-off on standardized achievementto derive students tested — except region I: north.
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TABLE10.3. 1979-80 Illinois Talent-Search
 

 

Numberof Cut-Off Score on SCAT-M Number Facilitation Offering

Coordinating Center Students Tested@ Utilized for Facilitation Qualifying Top Score on SCAT-M (classes)

City of Chicago 487 (7th) 420 49 720 3 algebra I & computer pro-

gramming; | (advanced)

geometry & computer

programming

Area I: north 800 470 90 780 1 algebra I & II, geometry, &

(97%) part of trigonometry

Area I: south 515 420 Math 100 720 Math 1 pilot verbal Latin I; 3 7th-

420 Verbal 25 580 Verbal grade algebra I & II; 2 8th-

grade algebra II & geometry

Carthage 225 450 Math 32 760 1 7th-grade algebra, geometry,

& logic

Illinois State University 298 800 none

Benton 160 420 40 640 3 8th-grade algebra I (2 in

district and 1 at a junior

college)

Belleville 125 450 70 800 3 8th-grade algebra I

DeKalb 262 440 74 700 4 8th-grade algebra I & II

Rantoul 159 430 106 640 1 8th-grade algebra I & Il

Total 3,031 586 23

 

a All regions utilized a ninety-fifth percentile cut-off on standardized achievement to derive students tested — except region I: north.
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testing. Awards ceremonies wereheld regionally in all areas. In addition,
in June, 1979, the Illinois Office of Education sponsored a statewide
awards luncheon for students scoring 600 or better on the SCAT-M. The
following year, in June, 1980, a four-dayresidential program for students
scoring 500 or better on SCAT-M washeld on the campusofIllinois State
University.

Fast-Math Classes

Statewide, the fast-math classes varied to some extent in the number of
students served and the amount of material covered. The northern subur-
ban area of Chicago classes covered the most: algebra I and II in the
seventh-grade and plane and solid geometry and trigonometry in the
eighth-grade year. High schools in the area provided Advanced Placement
Calculus, Level AB, and two universities (Oakton Community College and
Northwestern) provided linear algebra, calculus II, and differential equa-
tions to complete the sequence.

The southern suburban area of Chicago offers algebra I and II in the
seventh and the eighth grade, respectively, with high schools providing two
additional years of mathematics instruction. Prairie State College then

offers the students advanced mathematical instruction in their junior and
senior years of high school.

Otherareasof the state, including Chicago,facilitate through fast-math

classes only at the eighth-gradelevel in algebra I, along with some expo-

sure to other mathematics. Thus students begin their high-school sequence

with algebra II and thereby save one year of traditional instruction.

For the northern and southern suburban areas of Chicago, 65 percent

of the students continue with the fast-math program beyondthefirst year.

Approximately 18 percent enroll in university mathematics courses while

still in high school. Where facilitation occurs in the eighth grade only, 80

percent of the students successfully complete the program. The ETS

Algebra Cooperative Tests are utilized to confirm proficiency and place-

ment decisions.

1979-80 Pilot Verbal Program

Because of the great success in mathematics, a pilot class in the verbal

area was begun for the 1979-80 school year. The students met for two

hours of instruction per week. In twenty-six sessions they completed the

high-school Latin I text, Latin for Americans (Ullman, Henderson, &

Henry 1968).
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Students were exposedto the following routine during the two hoursof

instructional time: Latin vocabulary work, review of new concepts from

the preceding week, homeworkdiscussion, introduction of new concepts,

practice and application of new concepts, sight translations, discussion of

Roman myths, and assignment for the next week. Assignments consisted

of learning vocabulary and doing exercises in the new material covered. A

second text, titled Myths and Their Meanings (Herzberg 1978), was uti-

lized for enrichment purposes. Theclass was groupedinto three sections to

provide for individualization of progress.

A proficiency examination developed by high-school Latin teachers in

the area was given to the students at the end of the course, in June. Place-

ment and credit options were then discussed with those high schools to

which the students would matriculate. Table 10.4 is an overview of the stu-

dent progress in the pilot program. Twelve of the fourteen students com-

pleted the program. Ability on the SCAT-V did not seem to relate strongly

to later performancein the class, but it must be kept in mind that there was

little variance in SCAT-V scores (see table 10.4). The best predictor of

class success was related to motivational factors surrounding completion

TABLE 10.4. Latin Pilot Class: Selection Scores and Results, 1979-80
 

Pre-SCAT Post- Proficiency

Stu- (Sept., 1979) SCAT-V Test

 

 

 

dent Sex Vv M_ (June, 1980) (% Correct) Recommendation

1 M 530 =720 610 84 Pass to Latin II (class grade: A)

M 500 380 610 51 Qualify for regional program (com-

bined Latin I, II) (class grade: C)

3 F 460 480 570 70 Pass to Latin II (class grade: A)

4 M 460 380 610 67 Pass to Latin II (class grade: B)

5 M 460 350 450 50 Qualify for regional program (com-

bined Latin I, ID) (class grade: C)

6 M 430 340 450 76 Pass to Latin II (class grade: B)

7 M 420 470 520 54 Qualify for regional program (com-

bined Latin I, II) (class grade: C)

8 M 420 450 540 59 Qualify for regional class in Latin
II (class grade: B)

9 F 420 390 460 65 Qualify for regional program (com-

bined Latin I, II) (class grade: B)

10 F 420 340 470 51 Qualify for regional program (com-
bined Latin I, II) (class grade: C)

11 F 420 330 470 Not taken Other options in verbal areas

12 F 420 320 560 Not taken Other options in verbal areas

13 F 420 300 480 79 Pass to Latin II (class grade: A)

14 F 390 450 63 Try in Latin II (class grade: B)

Mean

441 404 518 64
 

Standard Deviation
 

38 111 64 12
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of homeworkand eagernessto learn evidenced duringclass sessions. Also,

students who showed high concentration ability succeeded in the program.

1980-81 Academic Talent Search

Buoyedbythe results of the 1979 pilot program in Latin, two Illinois

sites proceeded to conduct full-fledged searches for students scoring at the

ninety-fifth percentile or higher on a standardized achievementtest in the

verbal or the mathematics areas. This yielded 625 participants for the

spring testing of seventh-graders in Chicago Public Schools and 750 in the

southern suburbs of Chicago. The SCATwasagain utilized for identifica-

tion at the second level. Arbitrary cut-off points of SCAT-M > 420 for

mathematics facilitation and SCAT-V 2400 for verbal facilitation wereset

for purposes of recommendingstudents for special city or regionalclasses.

In Chicago, 320 scores qualified for facilitation in mathematics, verbal, or

both, accounting for 51 percent of all students tested. In the southern

suburbs of Chicago, 187 scores qualified in a similar manner, which

represented 21 percent of all students tested. In Chicago, 33 percent

qualified for the verbal classes and 67 percent for mathematics classes. The

respective figures for the southern suburbs were 39 percent and 61 percent.

For further data on these two regional talent searches, consult tables 10.5

and 10.6.

Sex differences were apparent in the talent search, paralleling what

SMPY has found in its program (Benbow & Stanley 1980, 1981). For

example, for every female scoring at least SOO on the SCAT-M there were

2.6 males. On the SCAT-V the proportions were almost equal.

1980-81 Facilitation Efforts

Chicago
Educationalfacilitation for students in the city of Chicago occursat the

eighth-grade level. Three semesters of algebra instruction including algebra

I and a part of algebra II were offered through classes taught by university

professors at the University of Illinois (Circle Campus) and Chicago State

University. Approximately eighty students were enrolled.

In the verbal area, Chicago State University offered one writing class

for eighteen students; Loyola University offered a class, serving twenty-

two students, in Latin and Greek languages and cultures.

Southern Suburban Area of Chicago
The mathematics sequence offered through the regional programs pro-

vided two semesters of algebra I at the seventh-grade level and two
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TABLE10.5. 1980-81 Ranges of Scores for Chicago and Area I: South on the SCAT-M

and SCAT-V
 

 

 

 

 

Chicago (N = 625 Area I: South (N = 750

Range ending seventh-graders) beginning seventh-graders)

SCAT-M

700-800 2 0

600-699 7 2

500-599 51 14

400-499 187 109

SCAT-V

700-800 0 0

600-699 4 1

500-599 10 4

400-499 92 68
 

TABLE10.6. 1980-81 Academic Talent Search and Development for TwoSites in Illinois
 

 

 

Numberof

Students
Qualifying Top Number of

Location, Number Qualifying for Qualifying Facilitation

Tested, and Date Score Facilitation Score Classes

M V M Vv M V

Chicago

N = 625 ending

seventh-graders 420 Math 214 106 760 690 4 8th- 2 8th-

May, 1980 400 Verbal grade grade

Area I: south

N = 750 beginning

seventh-graders 420 Math 114 73 680 640 3 7th- 3 7th-

October, 1980 400 Verbal grade grade

2 8th-grade
 

semesters of algebra II in eighth grade. The after-school classes consisted

of twenty-six two-hour sessions. High-school placement and/or credit

allowed able students to complete calculus by the end of their sophomore

year and pursue advanced mathematical topics at area colleges for the

third and fourth years of high school.

The 1980 mathematics facilitation in the southern suburbs consisted of

three algebra I classes and two algebraII classes. All were taught by high-

school instructors with training, experience, and interest in working with

gifted children. Approximately sixty-five students were enrolled in these

five regional mathematics programs.

In the verbal area, three classes of Latin I were offered to eligible

students. The sequence of classes was Latin I and II in the regional pro-

grams followed by Latin III and IV in the first two years of high school or
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four years of another foreign language in high school. High-school Latin

teachers acted as instructors in all three programs, which were held at

geographically determined subregional sites. Approximately thirty-five

students were enrolled in the Latin program.

Summary

TheIllinois replication of The Johns Hopkins University’s SMPYproj-

ect had over 7,000 students participating duringits first three years. Special

regionalfacilitation, established by the Area Service Centers, had allowed

over 650 students to take special fast-paced classes. Selection of students

followed the Hopkins two-step process; cut-off points for facilitation

range from the sixtieth percentile to the eightieth percentile of the

combined-sex high-school sample. A pilot effort in the verbal area of Latin

in 1979-80 resulted in academic talent searches to identify and facilitate

those students precocious in verbal areas as well as mathematics. Appen-

dixes 10.1 and 10.2 present step-by-step identification and facilitation pro-

tocols.

Problems and Concerns

For other states and groupsinterested in a replication program such as

the one describedhere, it might be useful to share major problem areasIIli-

nois experiencedin its efforts.

1. There have been problems generated around issues of placement

following and credit for work completed in the fast-paced classes. Some

schools will not accept the ETS Algebra Cooperative Tests as evidence of

high proficiency. Therefore, additional testing has occurred at the high-

school mathematics departmentlevel in order to assure placement. Addi-

tionally, some high schools have a school-board policy prohibiting the

awarding of credit for such classes.

2. In some cases, articulation of the classes with the home-school

mathematics program has beendifficult.

3. Lack of teachers in the junior high schools trained to meet the

needs of our students is another problem area. Many cannot provide

assistance even with algebra I homework.

4. Theneed for effective communication in this program is vital, yetit

is difficult to effect because of the bureaucratic organization in school

districts.
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5. Since early entrance to university mathematics classes is both a

natural and an intendedresult of the program, problems emerge in terms

of tuition payments, transportation, and scheduling around other high-

school subjects.

6. For Illinois, the use of the SCAT has created a problem in test

administration and uniformity in procedures. Also, test security and the

age ofthe test have been called into question. Yet control over testing pro-

cedures is deemed important for establishing facilitation efforts. On the

basis of the experience in Illinois, it is recommended that the College

Board’s Scholastic Aptitude Test (SAT) be used,as it has been by SMPY.

Positive Implications

It is fair to assumethat the replication of the Johns Hopkins model in

mathematics and, later, in verbal areas has had a profoundeffect on the

state program in Illinois and has served the needs of a large number of

gifted students. Perhaps the most notable of these effects are as follows:

1. The dramaassociated with younger children’s scoring very high on

difficult tests has created a positive public-relations furor, with school

districts clamoring to take credit for good results. Newspaper and televi-

sion coverage has been better for this project than for any other ever

attempted in thestate.
2. The project has forced better articulation between junior high

schools and high schools. Where little or no communication existed

before, now real planning, albeit in specific areas, is occurring for these

highly gifted students.

3. The project has forced practicing professionals in the field of

education for the gifted to focus on serving those students whoclearly

demonstrate giftedness as opposed to haggling over who mightbe gifted in

a particular district.

4. The project has displayed brilliantly the need for matching the

nature of the giftedness to a specific and appropriate program intervention

strategy.

5. The identification protocol provides a pool of students for whom a

variety of intervention techniques could betried.

6. Junior high schools are offering more appropriate mathematics

curricula. A few are following the algebra I and II sequence at seventh and

eighth grade, respectively, within their own districts. Thus mathematics

acceleration becomesintegrated into their regular course offerings.

7. Because of the successful mathematics intervention, experimenta-

tion in other content areas is being conducted.
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Step 4.

Step 5.

Statewide Replication in Illinois

APPENDIX 10.1: Illinois Academic Talent

Search: Identification Protocol

Find all students scoring 95 percent or higher on standardized

achievement test in verbal and/or mathematicsareas.

Administer to this population an aptitude test that correlates well

with the SAT.

Share results of testing with all students taking the test; recommend

special classes for those scoring better than 60 percent of college-

bound seniors on a similar instrument.

APPENDIX 10.2: Illinois Academic Talent

Search: Facilitation Protocol

Set up fast-paced classes (algebra I-II) for high-scoring math

students. Set up fast-paced classes (Latin I-II or other appropriate

options) for high-scoring verbal students.

For students who wish to take the classes, create a class within their

geographic region, if enrollment permits.

Administer a program offifty-two hours of instruction in two-hour

classes once a week after school in the specified content area.

Evaluate the classes semiannually in respect to proficiencylevels,

attitudes, and other evidences of growth gains.

Provide for articulation of the program with participating school

districts, high schools, and local universities.
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Abstract

The argument is advanced that an eclectic, or integrative,

approach, utilizing all possible resources, is most

appropriate for meeting the needs of gifted students.

Characteristics of the integrative approach and descrip-

tions of classes utilizing it are provided. The Program for

Academic and Creative Enrichment (PACE) and the

Individual Educational Program for the Gifted (IEPG),

both based on the author's three-stage model for

educating the gifted, are presented. The author concludes

that since “gifted, creative, talented, and high-ability

students have diverse needs, they should have individual

counseling and guidance.”

 

The major purpose of this paper is to discuss educational

provisions for the gifted, especially the intellectually andartistically gifted,

and to argue that accelerationis a vital ingredient ofall effective programs.

An argumentis also advanced that the concept of acceleration may be too

narrow for a suitably comprehensive approach to the education of the

gifted. Concepts derived from enrichment, acceleration, and extended

learning opportunities are all essential for the developmentof a full-scale

concept of education for the gifted. The term eclectic sums up and defines

this process, since the new concept is derived from several current

approaches to gifted education. The key terms describing the eclectic or

integrative approach to acceleration are faster pace, higher level, greater

depth, cognitive complexity, challenge, higher cognitive processes, and

more information.
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Various definitions of giftedness have been proposed. The most widely

held conception, promulgated in Public Law 95-561, suggests five dif-

ferent categories of ability: (1) intellectual, (2) academic, (3) creative, (4)

leadership, and (5) artistic. This view, perpetuated from the time of the

Marland Report (1972), has little support from research or any theory of

humanabilities. A more parsimonious andyet inclusive conception of the

fundamental areas of giftedness might be the following:

1. Intellectual, academic, curriculum-related aptitudes (e.g., abilities

such as those measured by the Differential Aptitude Test);

2. Artistic talent;

3. Social, leadership, affective; and

4. Motor, athletic, movement, dance.

Each of these categories is subject to numerousdivisions, but overall they

define fundamental areas of human performancefairly well. Creativity in

itself is an unlikely area of unique performance, even thoughit has been

recently suggested that one maybecreatively gifted (Khatena 1978; Will-

ings 1980). Alternatively, as Renzulli (1978) suggested, creative ability may

be a fundamental aspect of excellent performance in any area.

The concern of this paper is chiefly with the intellectually and/or

academically gifted, and secondarily with the artistically gifted. Intellec-

tual giftedness was defined as curriculum-related because giftedness in this

category most likely manifests itself in and becomes nurtured in one or

more of the broad curricular areas such as science, mathematics, language

arts, or social science. Most of the concepts presented are also relevant to

the education of those who areartistically gifted.

ENRICHMENT VERSUS ACCELERATION

One of the most unfortunate dichotomiesin the field of educationis the

enrichment-acceleration conflict (George, Cohn, & Stanley 1979). It has

led to extreme narrowness in conception on the part of advocates on both

sides of the controversy and to crystallization of programs that fall far

short of meeting the needs of gifted students. Our current state of

knowledge about howbest to provide for the gifted should lead educators

to be eclectic with reference to both enriching and accelerating instruction.

The single experimental study that has compared enrichment and accelera-

tion found that a combination of the two provided the best educational

benefits for the gifted (Goldberg et al. 1966). It should be acknowledged,

however, that the preponderance of solid evidence supports acceleration

(George, Cohn, & Stanley 1979).

Perhaps the best way to approach the problem of how to educate the

gifted appropriately is in terms of needs of the gifted. Feldhusen and

Wyman (1980) and Van Tassel (1980) have argued that gifted, creative,
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and talented (GCT) students have special needs. The needs ofthe gifted as

delineated by these researchers can beseen in table 11.1 It should be noted

that the first two needs on the Feldhusen and Wyman (1980) list call for

accelerated learning experiences. Acceleration or someclosely related con-

cepts characterize pursuit of most of the other needs on this list (see

Feldhusen & Wyman 1980). For example, needs 3, 4, and 5, even if pur-

sued in a so-called enrichment program, would have to be taught at an

appropriately challenging level and at a morerapid pace to be suitable in

educational programs for the gifted. Similarly, needs 7, 8, 11, and 12

imply a need for instruction at a level appropriate for the gifted. Stimula-

tion in reading, for example, ought surely to be at levels appropriate to the

gifted child’s achievement level. Furthermore, nine of the ten needs

statements on the Van Tassel (1980) list contain the word challenge.

Challenge is developed through appropriate acceleration.

Acceleration refers to all those activities that involve the gifted

youngster in instruction outside the normal or regular school-grade place-

ment and involve a relatively bold advancement of pace and level of

instruction. Stanley’s (1976) definitions of enrichment and acceleration

may further clarify the distinction. “Enrichment,” he says, “is any educa-

tional procedure beyond the usual ones for the subject or grade that does

not accelerate or retard the student’s placement in the subject or grade”(p.

66). In contrast, he says, “Academic acceleration is vertical because it

means moving the student up into the higher school level of a subject in

which heor sheexcels, or into a higher grade than the chronological age of

the student would ordinarily warrant” (p. 68).

A list of accelerative options for the gifted includes eleven appropriate

types.

1. Early admission to nursery school

2. Early admission to kindergarten or first grade

3. Grade-level advancement

Midyear advancement

Grade skipping

4. Access to junior-high-school courses at the elementary level

5. Condensation of junior high school or high school from three

years to one or two years

6. Access to high-school courses in junior high school

7. Access to advanced courses in junior or senior high school,

including Advanced Placement Program courses meant to lead

to college credit by examinations conducted nationwide each

May

8. Access to college courses in high school or junior high school

9. Admission to college early and/or with advanced standing

10. Earning a bachelor’s degree in fewer than four years

11. Earning a master’s degree concurrently with a bachelor’s degree
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TABLE11.1. Two Concepts of the Needs of Gifted Students
 

Feldhusen and Wyman (1980)
 

. Maximum achievementof basic skills and concepts

. Learning activities at appropriate level and pace

. Experience in creative thinking and problem solving

. Development of convergent abilities, especially in logical deduction

and problem solving
. Stimulation of imagery, imagination, spatial abilities

. Development of self-awareness and acceptance of own capacities,

interests, and needs
. Stimulation to pursue higher level goals and aspirations (models,

pressure, standards)
. Development of independence,self-direction and discipline in learning

. Experience in relating intellectually, artistically and affectively with

other gifted, creative and/or talented students

. A large fund of information about diverse topics

. Exposure to a variety of fields of study, art, professions, and

occupations

. Access and stimulation to reading

10.

Van Tassel (1979)
 

. To be challenged by activities that enable them to cooperate cogni-

tively and affectively at complex levels of thought and feelings

. To be challenged through opportunities for divergent production

. To be challenged through group and individual work that

demonstrates process/product outcomes

. To be challenged by discussions amongintellectual peers

. To be challenged by experiences that promote understanding of

human value systems
. To be challenged by the opportunity to see interrelationships

in all bodies of knowledge
. To be challenged by special courses in their area of strength and

interest which accelerate the pace and depth of the content

. To be challenged by greater exposure to new areasof learning within

and without the school structure

. To be challenged by the opportunity of applying their abilities to

real problems in the world of production
To be taught the following skills: (a) critical thinking, (b) creative

thinking, (c) research, (d) problem solving, (e) coping with

exceptionality, (f) decision making, and (g) leadership

 

SouRCES: J. F. Feldhusen and M.B. Kolloff, “A Three-Stage Model for Gifted Education,” Gifted/Creative/Talented 4 (1978): 3-5, 53-57; and J. Van Tassel,

“A Needs Assessment for Gifted Education,” Journalfor the Education of the Gifted 2 (1979): 141-48.
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Any combination of those options can be appropriate for the highly gifted.
These options makeupin part the “smorgasbord of special educationally
accelerative options” used successfully by the Study of Mathematically

Precocious Youth (Stanley 1978). A student is considered “radically” accel-

erated if by the end of high schoolor college his or her educational place-

ment has been speeded up by three or more years (Stanley 1980).

METHODS OF ACCELERATION

In the Gifted Education Resource Institute at Purdue University several
major forms of educational activity for gifted students which can be
characterized as “acceleration” are utilized. For example, highly gifted

children are encouraged to advancein grade at the elementary- or junior-

high-school level. A child’s readiness for acceleration is assessed through

individual diagnostic testing of his or her intellectual ability, achievement
levels, and personal-social adjustment. The general rule for positive signs
for acceleration is that the IQ should be at or above 130, achievement
levels three or more years advanced beyond current grade placement, and
adjustmentessentially normal.

If the child andhis orherparentsare positive in their motivation to pro-
ceed and the psychological evidence is positive, a meeting of the child’s
current teacher, the teacher who would receive the child, the principal, and
the parents is set up. At this meetingit is proposed that the child spend the
first half of the year in his or her normal grade placement and move
midyear to the next higher grade. The teachers are asked to cooperate in
making sure that essential elements of curriculum are not missed. If the
grade advancement involves skipping a grade, receipt by the student of
summer tutoring by a teacher of the grade to be skipped maybedesirable.

Another form of acceleration promotedbytheinstitute is to introduce
college-level courses into the high-school curriculum. Professors from
nearby universities come to the high school each semester and offer juniors
and seniors college-level courses for college credit. Thus these students
becomeaccelerated in subject-matter content. A model program is offered
at Gary, Indiana. In the 1979-80 school year ninety-two gifted students
were enrolled in six English composition courses taught by Purdueor Indi-
ana University professors. Twenty-three students earned As, forty-three
earned Bs, and twenty-one earned Cs, while none earned a D; twostudents
withdrew, one received an F, and three took incompletes. The overall
grade point average (G.P.A.) of these classes was 3.0 on ascale where A =
4, B = 3, etc.

The three-credit university course offered on the Purdue campusduring

the summer of 1980 for highly gifted students in grades seven to twelve

illustrates further the institute’s use of acceleration. The subject matter,

PASCALprogramming,was presented in a fast-paced lecture format by a
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staff member from the computer science department of Purdue Univer-

sity. Of the fourteen high-ability youth who entered this class, five earned

As, six earned Bs, and three earned Cs. The G.P.A.for the class was 3.1.

Their grade levels were as follows: seven in grade seven, twoin grade eight,

three in grade nine, and two in grade ten. None of the students who

registered dropped the course. The distribution of grades earned by

students’ grade level in school wasas follows:

Grade in School A B C

seventh 3 3 1

eighth 2

ninth 1 2

tenth 2

It can be seen that the seventh-graders performed better than the eighth-

and ninth-graders. All of these seventh-graders had had two years in a

special mathematics enrichment program prior to this university course

(Hersberger & Wheatley 1980).

These forms of acceleration are clearly appropriate for highly gifted

students. While their focus was certainly on the academically gifted,

similar acceleration occurs in Suzuki violin classes for three- to five-year-

olds and in dance classes for children at the same age levels. In mostart

formsit is crucial for children with high-potential talent to start instruction

early.

Integrative Acceleration

To meet the needs of a wide spectrum of gifted students, however, an

alternate or extended conception of acceleration is needed. Although it

appears that acceleration deals merely with pace, in reality it implies

undertaking instruction at advanced levels commensurate with students’

achievement. Aspects of the extended conception of acceleration, called

the integrative approach to acceleration, are listed here.

 
Characteristics

1. Rapid pace

2. Compression of content

3. Advanced level of material

4. Extended diversity of topics or curriculum

5. Objectives, questions, or activities at higher levels of cognitive

processing

6. Greater amounts of information

7. Intellectually challenging

8. Requiring complex, full formal operations
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9. Less didacticism, more inquiry

10. More independence

11. Greater depth of investigation

Activities

1. A pull-out program meeting two or three periods per week or

one-half or one full day per week

2. Cluster grouping of gifted students in one classroom with a

teacher who can find special time for their instruction

3. Enrichment in the regular classroom by the regular teacher

4. Special topic classes as electives in such areas as logic and

foreign languages

5. A full-time class for gifted students

In contrast to the accelerative options listed earlier, integrative accelera-

tion includes all the forms of providing for the gifted without altering

students’ grade placement and without formal advancementof the subject

matter to a higher-level book or specified curriculum. The net effect,

however, of integrative enrichment is to involve the student in learning

activities characteristic of grade levels considerably above his or her cur-

rent grade-level placement. An example is a class on research methodsfor

fifth- and sixth-graders in the institute’s Saturday program (Feldhusen &

Wyman 1980). Twelve students were enrolled, and all achieved satisfactory

ratings of their performance. While the approachin this course is viewed

largely as enrichment, it is nevertheless accelerating, since the content of

research methods often is not taught until high school or college.

Integrative acceleration is a term synonymouswith enrichment. Yet the

concept of acceleration is vital in education for the gifted becauseit pro-

vides challenge. The most important elements of integrative acceleration

are:

rapid pace,

compression of content,

advanced levels of material,

extended diversity of topics,

greater amounts of information, and

intellectual challenge.N
n
W
N

Major approaches to integrative acceleration include the so-called

“accelerated” classes that are used in many schools from the elementary

level upward. The Gifted Education Resource Institute designed a special

mathematics curriculum for fifth- and sixth-graders (Hersberger &

Wheatley 1980). A group of about twenty high-ability students are iden-

tified through administration of the junior-high-schoollevel of the Stan-

ford Achievement Test at the end of the fourth grade. They are required to

have grade-equivalent scores at or above the 6.0 level in math concepts and

8.0 in math application. Then, beginning in fifth grade, the students meet
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oneperiod daily as a special group and pursue a unique mathematicscur-

riculum that stresses topics beyond those usually covered at the grade level.

Probability, estimation, and problem solving are some of the special

topics. The students use calculators, and with microcomputers they learn

how to use the computer language BASIC for programming andsolving

problems. Traditional mathematics topics are compressed, and the general

pace of the class is fast. The entire approach used inthis class fits the con-

cept of integrative acceleration. Others, however, might see it as an essen-

tially enriching approach to mathematics.

During the 1978-79 school yearthis class’s pre-test and post-test scores

in grade equivalents on the junior-high level of the Stanford Achievement

Test were as follows.

  

Mean Grade Level, Mean Grade Level,

Math Concepts Problem Solving

Pre-test (end of

fourth grade) 8.1 8.7

Post-test (end of

fifth grade) 10.1 10.1

These students were far advanced in achievement at the end of fourth

grade, and theystill made substantial gains during the special fifth-grade

mathematics program.

A Three-Stage Model

The majorefforts of the Gifted Education ResourceInstitute in design-

ing curricula for gifted, creative, talented, and high-ability students are

embodied in a three-stage model developed for educating the gifted at the

elementary- and junior-high-school levels (Feldhusen & Kolloff 1978).

This model operates within a format of integrated acceleration or enrich-

ment, aspects of which arelisted here.

   
Stage 1 Stage 2 Stage 3

Basic convergent and Inquiryskills Independent projects

divergent thinking Research methods Inquiry activities

skills Creative problem Self-directed research

Essential curriculum solving

content Convergent

problem solving

Synectics

Morphological

analysis

Logical analysis

and deduction

Brainstorming
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In stage 1 basic knowledge and thinkingskills are taught. In stage 2 special

cognitive processing strategies are taught within each discipline. In stage 3

students learn techniques of independent inquiry and investigation.

The basic concepts of our three-stage model have been elaborated in

two other papers (Feldhusen & Kolloff 1979; OrRico & Feldhusen 1979)

and in a substantially funded project in the elementary schools of the Tip-

pecanoe School Corporation in Indiana. The project is titled PACE (Pro-

gram for Academic and Creative Enrichment). While considered essen-

tially an enrichment model, PACE’s title connotes a penchant for an

underlying accelerative approach to gifted education. It serves students in

gradesthree to six.

Students are selected for the PACE program on the basis of Metro-

politan Achievement Test scores, teacher nominations, teacher ratings on

the Scale for Rating the Behavioral Characteristics of Superior Students

(Renzulli et al. 1976), and teacher ratings on the Checklist of Creative

Positives (Torrance 1969). Nominees must score at or above the ninetieth

percentile on one major area of the Metropolitan Achievement Test and

have high scores on the two rating scales. Local norms are used for the

rating scales.

In the PACE program itinerant resource teachers meet with students

outside their regular classroom two class periods per week in groups of

eight to twelve at a grade level. All of the instruction follows our three-

stage model. Some of the special features of PACEare as follows:

1. close cooperative working relationships between the regular

classroom teachers and resource teachers;

2. substantial in-service training for resource and regular teachers;

3. acurriculum guide for regular teachers providing activities for

the regular classroom to support the program for the gifted and

other children;

4. close liaison with parents;

5. periodic student evaluation reported to students and parents; and

6. comprehensive program evaluation.

For the independent inquiry work of stage 3 a special project planning

form called IEPG (Individual Educational Program for the Gifted) was

developed. It can be seen in figure 11.1. This format provides excellent

guidance to the gifted student, the teacher, and the parents in planning an

independent inquiry project.

An intensive experimental evaluation of the PACE program focusing

on school achievement, creative abilities, self-concept, and higher-level

thinking skills was carried out. The evaluation involved experimental and

control groups, both of which were drawn from a groupidentified as eligi-

ble for the program. The results show that the PACE programis highly

successful in increasing the creative abilities of gifted children.



FIGURE11.1. IEPG: Individual Educational Program for the Gifted

 

 

 

 

NAME Tommy Ames TEACHER M. Smith DATE 37/7

Child’s Major Interests

1. Dinosaurs 3. Camping

2. Circuses 4. Stamp collecting
 

 

Major Strengths

Skills Reading Computation
 

Concepts Science Math concepts
 

Major Needs(assessmentresults)

Skills Reading speed Spelling
 

None None
 Concepts

Plan for Study or Project

Will do an in-depth study of North American dinosaur regions.
 

 

 

Reading and Study Sources

Dinosaurs, Guided Discovery Program, Educational Progress,
 

informational books on dinosaurs in schoollibrary.
 

 

What is to be Produced? (e.g.: a report, a model, a set of worksheets, a drawing,a play,

problems, a presentation)

Will produce a written report, a bulletin board display, and an
 

illustrated oral report.
 

With Whom Will He Work, If Anyone?

Might work with Sally Thomas.
 

Approximate Date to Complete Project?

May8, 1981.
 

Plan for Teacher Contribution and Consultation

Will meet with teacher once a week.
 

Role for Other Resource People

Will meet with Peter Lewis, a professor ofpaleontology, and Robert Drew,
 

a professor of geology.
 

Parent Role and Contribution

Parents will assist in taking field trip to Natural History Museum.
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In all applications of the three-stage model, and especially in PACE,the
need for the resource teachers to provide challenge, increase the pace,
compress routine learning at stage one, press for high-level thinking, and,
aboveall, induce challenge is stressed. Without these emphases the pro-

gram would degenerate into routine and boring enrichmentactivities.

Different activities are appropriate for moderately gifted students than

for highly gifted ones. PACE and the three-stage model best serve

moderately gifted students. Acceleration, sometimes radical acceleration,

is necessary for the highly gifted. Thus the guide in table 11.2 was

developed to meet the differential needs of moderately able and highly
gifted students.

Conclusion

Because gifted, creative, talented, and high-ability students have diverse

needs, they should have individual counseling and guidance. The schools

can do a great deal, but members of the broad community, especially

parents, should be utilized in developing educational experiences and

opportunities. Acceleration of learning experiencesis essential, but, for the

present, program coordinators should be eclectic and utilize all possible

resources in trying to meet the needs of these students.

Some parents and teachers worry about the gifted students’ emotional

development and even advocate neglecting their intellectual and artistic

needs. Many parents and teachersassert that they just want the gifted stu-

dent to grow up “normal”and “happy.” They seem notto realize that forc-

ing a gifted person to be like an average personis forcing him or her to be

abnormal. Giftedness is a total package of high potential, intellectually

(and/orartistically) and emotionally. Ability and emotion are inextricably

linked.

The best and happiest balance for the gifted student is attained by find-

ing emotional fulfillment in high-level intellectual or artistic activities. The

world provides many examples of disgruntled, dissatisfied people who had

the talent or ability to achieve at a very high level but did not get the oppor-

tunity to do so. Thus it appears that through appropriately accelerated and

enriched learning experiences we can help the gifted individual achieve

intellectual and/orartistic fulfillment, a strong self-concept, and good

emotional adjustment.

Perhaps the major issue is to plan educational programsfor the gifted

carefully and to provide the individual counseling necessary to meet their

diverse needs. Enrichment versus acceleration is probably a false

dichotomy. The following quotation from Keating (1979, p. 188) seems an

appropriate way to concludethis discussion: “Thoughtless acceleration can

be harmful, and unplanned enrichment can turn out to be mostly busy-
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TABLE 11.2. Programming Guide for Use in Educational Planning for the Gifted
 

 

  

Ability Level Program Needs

I. Highly Gifted I. Acceleration

I.Q.s 130 and above Individual psychological and

Achievement: 3 or more gradelevels ability testing

advanced Individual counseling

Grade average in top 5 percent Several forms of acceleration

Achievementtest scores at or above Integrated acceleration

the ninety-fifth percentile

  
II. Moderately Gifted II. Integrated Acceleration or Enrichment

I.Q.s 120 and above Careful identification but no individual

Achievement: 1-3 grade levels psychological testing

advanced Might be candidate for some forms

Grade average in top 10 percent of acceleration

Achievementtest scores at or above Integrated acceleration or

the ninetieth percentile enrichmentactivities
 

work. Good educational acceleration is always enriching, however, and

solid enrichment programs always advance the student’s learning of new

and relevant material.”
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An Fught- Year Evaluation of
SMPY: What Was Learned?
CAMILLA PERSSON BENBOWand
JULIAN CG. STANLEY

 
 

L. 1971 the concept of systematic, annual mathematics

talent searches was born because the number of talented students found

through informal means was insufficient and because the staff of the

Study of Mathematically Precocious Youth wanted to discover how many

exceptionally mathematically able students there were within a given

locale.

Six talent searches were conducted by SMPY from March, 1972, to

January, 1979. The first search attracted participants chiefly from the

greater Baltimore area, but the fourth one (December, 1976) extended over

the Mid-Atlantic region. In 1979 the Johns Hopkins Office of Talent Iden-

tification and Development, now called the Center for the Advancement

of Academically Talented Youth, was established to conduct the talent

searches, seeking not only students with high mathematical ability but also

those with high verbal and/or general ability. In 1980 Assistant Provost

Robert N. Sawyer of Duke University adopted the SMPY model (Sawyer

& Daggett 1982). Sanford J. Cohn also conducts an annual talent search

from his center at Arizona State University at Tempe, as does Joyce Van

Tassel-Baska of Northwestern University in Illinois. Many other efforts

are based at least somewhat on the SMPY-CTY model. The concept of a

talent search has spread and has been adopted across the country since

1972. In this way more than 85,000 students have been identifiedas

talented. Currently, approximately 70,000 talented students are expected

to be identified each year by the talent searches. This necessitates deter-

mining the validity andreliability of this identification protocol.

The goal of SMPY and of the programs conducting talent searches,

however, is not only to identify talented students early but also to provide

educational opportunities that makeit morelikely for these gifted students

to become effective, productive adults. SMPY’s model is an attempt to

capitalize on Zuckerman’s (1977) finding that accumulation of advantages

characterized the backgrounds of Nobel Laureates in the United States.

205
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Such advantages can be, or are for the most part, various educational

opportunities. SMPY andthe other programstry to provide these oppor-

tunities to their students. Accumulating educational advantage, SMPY

predicts, will increase and enhancetalented students’ creative contributions

as adults. This may be especially true if their education proceedsat a faster

rate, since, based on Lehman’s (1953) conclusion, an individual’s greatest

creative accomplishments tend to be concentrated within a few years when

the scholar, scientist, or inventor is young.

Thus SMPY’s model relies heavily on acceleration. The educational

development procedures involve making the school curriculum flexible

enoughforintellectually talented students instead of developing new cur-

ricula (Stanley & Benbow 1982a, in press b). Furthermore, the staff of

SMPY believes that offering intellectually talented students a varied

assortment of accelerative possibilities and letting them choose an opti-

mum combination of these to suit the individual’s situation is far superior

to so-called “special academic enrichment” (Stanley 1977).

Additional justification of acceleration was discussed by Robinson in

this volume from the developmental psychological perspective. His central

conclusion was that the pace of educational programs must be adapted to

the capacities and knowledge ofindividual children. For a few students the

appropriate fit involves placement several levels above the child’s age-

mates and is termed “radical acceleration.” For others it may involve only

moderate acceleration. The key point is that the curriculum is adapted so

that each child can be learning at the level at which he orshe is function-

ing. This is based on the premise that learning occurs only whenthere is

“an appropriate match between the circumstances that a child encounters

and the schematathat he hasalready assimilated into his repertoire” (Hunt

1961, p. 268). A class for high-IQ children could not possibly provide this

match for every child.

Operating under its principle that SMPY should work with the school

using its already available curricula or supplementing them with classes

outside of school, SMPY formedspecial fast-paced mathematics classes

that met on weekends or during summers andalso encouraged its students

to accelerate their education by skipping grades, taking college courses on

the side while still a high-school student, entering college early, or taking

Advanced Placement (AP) examinations for college credit. Although this

procedure wasflexible, it created some problems. For example, parents

had to spend countless hours driving their children from high school to

college, from junior high school to high school, or to summer or weekend

classes; some children had to live double lives — as high-school student and

as college student; a calculus course taken at an evening college may not be

as beneficial as a calculus course taken in the day school of a university.

Many other compromises are involved. Thus SMPY’s smorgasbord of

educationally accelerative opportunities (Benbow 1979; Stanley 1978a)
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should be viewed as a series of compromises between what maybeideal

for a precocious child and the opportunities or circumstances that exist.

On a short-term basis the accelerative opportunities offered by SMPY

were successful, as has been extensively documented (e.g., Stanley,

Keating, & Fox 1974; Keating 1976; Stanley 1978c; Stanley & Benbow

1982b). A purposeof the research described in this volume wasto discover

how effective these compromises were over an eight-year period for the

students who made them. Another goal was to characterize the students

whoparticipated in the talent searches. What has happenedto the students

identified by SMPYas being mathematically precocious? How many took

SMPY’s advice and accelerated their programs as they deemed best? In

essence, the chapters in this volume provide the necessary data to be used

in evaluating the long-term effectiveness of the SMPY model.

Most of the data for this evaluation were obtained from SMPY’sfirst

major follow-up of its students who had reached high-school graduation

age (Benbow 1981). From 1972 to 1974 SMPYhadidentified over 2,000

students who as seventh- or eighth-graders had scored on the SAT-M or

SAT-V as well as a random sample of high-school-junior or -senior

females.

Identification Procedure

Thefirst questions raised in this evaluation were these: How effectiveis

SMPY’s primary screening measure(i.e., the SAT)? What type of students

are identified by looking for high scorers on the SAT in the seventh or

eighth grade? The general conclusion was that SMPY’s identification

measure selects students in the seventh grade whoachieve academically at

a superiorlevel in high school, especially in mathematics and science. The

SAT-M score of an intellectually talented seventh- or eighth-grader has

much predictive validity.

SAT-Mscores, supplemented by SAT-V scores, are proving to be excel-

lent in finding special talent in the area of mathematics. CTY showed how

effective initially the SAT also is in the verbal areas. Long-term validity

needs to be determined, however, for areas besides mathematics.

Certainly the SAT is not appropriate for everyone. SMPY and CTY

work with extremely academically talented students who can demonstrate

their precocity. In so doing, however, compromises have to be made.

Some students, it was realized, are unable to demonstrate academic

precocity because they lack facilitative environments and opportunity.

Someare “late bloomers.” Moreover, there are many types of giftedness.

Obviously the SAT maytell little about leadership potential. Neither will

the SAT be useful for identifying the moderately gifted in the seventh

grade;it is too difficult. Thus use of the SAT in a talent-search protocolis
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appropriate only if it fits the goals of a particular program for gifted
children. Where the aim is to provide better educational opportunities for
students of demonstrably great academic aptitude, however, the SAT can
be a highly effective identification instrument.

CREATIVITY

Muchattention in the field of educating the gifted is focused on
creativity. Moreover, SMPY’s aim is to increase for manyofits students
the number of years during which their greatest creative contributions are
made. Thus manifestation of creativity among the SMPY students was
studied. Inconclusive and indecisive results were found by Michaelin this
volume, partly because of difficulty in defining creativity operationally.
Moreover, it was hard to specify accomplishments in mathematics and
science that by the end of high school should be considered creative. Con-
sequently, it was found that questions in the follow-up survey were inade-
quate. The staff of SMPYis investigating this question furtherin its after-
college follow-up and in the follow-up after high-school graduation of
selected students from the last SMPYtalent searches. Clearly, most of the
SMPY students achieve well academically. When the SMPY students
become about 50 years old, we shall know if for some of them their
academic achievementis translated into creative achievement. Thesigns to
date indicate that this will probably occur (see Stanley & Benbow 1982b,in
press a).!

Educational Development

FAST-PACED CLASSES

The second set of questions concerns the educational facilitation pro-

cedures specified by the SMPY model, especially its fast-paced

mathematics classes. What are the long-term effects of having attended

one of these? Is educational acceleration of mathematically able youths

justifiable? Do the facilitated students show a higherlevel of achievement?

These issues were covered in chapters four through nine.

Findings from the eight-year follow-up of the participants in SMPY’s

first fast-paced precalculus classes and equally able nonparticipants

revealed that the most successful students in the mathematics classes

achieved much morein high school and college than the equally able stu-

dents who had not participated. The students were satisfied with their

acceleration, which they felt did not detract from their social and emo-
tional development. Furthermore, there appeared to be no evidence to

justify the fear that accelerated rate of learning produces gaps in

knowledge or poor retention. Later, when the College Board’s achieve-
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ment tests were taken in high school, the accelerated students had not

scored lower on those exams than the nonaccelerated students. Even

though the accelerated students had goneto college at an earlier age, this

was not at the expense of the quality of the institution they attended, as

was judged by the Astin (1965) ratings. Thus learning mathematics at an

accelerated rate appears to have had distinctly beneficial effects.

The rate at which mathematics is taught by SMPY’s methods depends

upon the student. In-the first fast-paced classes, it was taught at a pace

geared to the ablest membersin the class. This approach necessitated split-

ting up the classes into a faster and a slowersection, because some students

could not keep up with theinitial rate of instruction. This early approach

to teaching mathematics has been altered from experience. Students are no

longer taught as a class, which involves lecturing and groupparticipation.

Instead, SMPY and CTY utilize the Diagnostic Testing followed by

Prescriptive Instruction (DT > PI) model (Stanley 1978b, 1979). Through

diagnostic testing the student’s placement in mathematics is determined.

Moreover, testing allows the instructor to determine what the student

knows and does not know about precalculus. The student then learns, at

his/her individual rate, only the subject matter not known. Progressis cer-

tified by use of standardized tests. Thus instruction has become quite indi-

vidualized, accommodating a wide range of students from the moderately

gifted to the highly gifted. The initial success of the new approach has been

documented (Bartkovich & Mezynski 1981). The long-term effects remain

to be evaluated but are not expected to be less positive than the results

from the evaluation of the first fast-paced mathematics classes.

SMPY’s accelerated classes have not been limited to the domain of

precalculus. They have been conducted successfully in calculus (Mezynski

& Stanley 1980; Mezynski, McCoart, & Stanley, in this volume) andalso in

college chemistry and physics (Mezynski, McCoart, & Stanley, in this

volume). During the summer of 1982 fast-paced high-school biology and

chemistry were taught to extremely academically able students in three

weeks each. At the end of the three weeks the class’s mean score on the

College Board’s biology achievementtest was 730 (the ninety-sixth percen-

tile of a select group of students who hadtaken one or moreyearsof high-

school biology) and 743 on the chemistry achievement test (the ninety-

fourth percentile of the norm group). Initially the fast-paced classes have

been highly successful. Students have received a solid background in the

subject matter of these classes. The long-term effects remain to be

evaluated, however. SMPYwill do so.
Mathematics and the sciences are subjects more dependent for their

mastery on manifest intellectual talent than on chronological age and

associated life experiences. The Program for Verbally Gifted Youth

(PVGY) in CTY at Johns Hopkins, however, adapted the fast-paced

approach for teaching courses in the verbal area (Durden 1980). In its



210 Camilla Persson Benbow and Julian C. Stanley

writing skills courses PVGY helps students achieve the following: (1) an
expository writing style that is both accurate and imaginative; (2)
knowledge ofthe syntactical possibilities of English and naturalness ofdic-
tion; (3) understanding and appreciation of the semantic, structural, and
rhetorical resources of the English language; and (4) basic library and
research skills. The staff of PVGY also offers courses such as German,
Latin, Etymology, and Critical Readings in Literature. These classes are
offered during the academic year and during the summerin a residential
setting. Initial results are very positive, but longitudinal evaluation of
PVGY’s programs remains to be done.

SEX DIFFERENCES

Although the fast-paced model of instruction is effective and has lasting
impact, it may be that the mathematics andscience classes are more appro-
priate for 11- to 14-year-old boys than forgirls that age. Many mathemati-
cally talented girls seem to have different needs from most mathematically
talented boys. This lack of suitability may be a major componentin deter-
mining the sex difference in mathematics achievement among SMPY
students. It is well known that many females prefer to work with people
rather than with things. This is reflected in their evaluative attitude profiles
(Allport, Vernon, & Lindzey 1970). Furthermore, females show more
interest in and positive feelings toward others (Oetzel 1966) and generally
rate higher on nurturance andaffiliation items (Kelly 1979). In 1973 such
findings led to the first program run by SMPYthatcatered especially to
girls (Fox 1976). This was an accelerated algebra program foranall-female
class that emphasized social elements. The teachers were female; problems
were solved cooperatively rather than via the commonindependent and
competitive approach; problems were rewritten to be more appealing to
girls; and several role models were brought in to show by example how
careers in fields using mathematics can be appropriate and enjoyable for
girls. The major goal of the program wasto increase the numberofyears
of mathematics taken in high school andcollege by these girls. This in turn

should have made it morelikely for the girls to enter careers with a quan-

titative emphasis. Although the program was successful in recruiting
moderately gifted girls to attend, the long-term effects appeared small as
judged from the evaluation by Fox, Benbow,and Perkins in this volume.
Apparently the social and academic elements of the program were not
strong enough or were not continued long enough forgirls of the ability
levels involved.

Perhaps the short duration of the program wasa critical factor. Two

monthsof effort after the seventh grade may beinsufficient to have long-

lasting impact. Perhaps encouragementand attention are needed through-

out the high school years; this hypothesis follows because girls perceive
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themselves as being less independent than boys andexhibit less confidence

in their abilities (Maccoby & Jacklin 1974; Pedro et al. 1981). Moreover,

womentend to attribute their success to luck or chance while menattribute

their success to their abilities. Clearly, with such outlooks, girls need more

encouragement and attention than their male counterparts if they are to

succeed. This may be especially true before precedents are madeforgirls to

enter quantitatively oriented fields. Modified replications of Fox’s experi-

ment with abler girls are needed.

ENTERING COLLEGE EARLY

Fast-paced classes are only oneaccelerative option offered to students

in the talent searches. Skipping grades and thereby entering college early,

perhaps also with advancedstanding, is another. The justification for this

approach, discussed by Robinson in this volume, has already been sum-

marized in this chapter. Is this approach effective, however? Does educa-

tional acceleration harm students’ social and emotional development? In

chapters eight and nine the results of the evaluation of SMPY’s use of

educational acceleration are presented. The late Professor Halbert B.

Robinson of the University of Washington discussed the success of

“radical accelerants”(i.e., students who have skipped several grades) in his

and SMPY’s programs. The introductory chapteralso providesclues to the

later success of radical accelerants, as do Stanley and Benbow (1982b,in

press a). In general, the radical accelerants experience academic success

without encountering muchotherdifficulty. The early signs of creativity in

this group are being detected as some of these students begin publishing

their research articles.

Opposition to acceleration of gifted students is justified primarily by

concern for the possible effects of acceleration on social and emotional

development. Previous research on this topic was compiled and published

in an earlier volume of this series (George, Cohn, & Stanley 1979). The

main emphasis of that volume was to compare acceleration and enrich-

ment approaches to facilitating the education of gifted students. Yet

Keating (1979, p. 218) in that volume concluded that “as for the social-

emotional concerns, it seems time to abandon them unless and until some

solid reliable evidence is forthcoming that indicates real dangers in well-

run programs.” The results of the studies reported by Daggett and Robin-

son in this volume support that conclusion. Neither Daggett nor Robinson

found any detrimental effects of acceleration among radical accelerants;

nordid the accelerated students voice any detrimental effects (Benbow,in

this volume).

Although acceleration can be appropriate for manygifted students,it is

not for all. John F. Feldhusen (in this volume) makes that point quite

clearly when he argues that one must be eclectic when setting up programs
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for gifted students. Acceleration and selective enrichment are vital
elements of any program. This was the main conclusion of the earlier
volume (George, Cohn, & Stanley 1979). Feldhusen carefully delineates
guidelines for when acceleration and enrichment are appropriate and pro-
vides working examples for the professional interested in the subject. His
key point, however, is that the best programsfor the gifted embody both

acceleration and enrichment.

Adaptability of the Programs

A major desirable feature of a program is its transportability. No

matter how effective a new program is, if it cannot be adapted or

duplicated in anothersetting, its impact is diminished. John Lunny and

Joyce Van Tassel-Baska, both in this volume, provide useful evidence, and

so do Sawyer and Daggett (1982). The talent-search model andits

associated educational programs can be adapted, cost-effectively, in a

variety of settings.

To date the success of SMPY students has been remarkable. This may

lead one to wonderif the success of the students is not due entirely to the

programs but instead in some measure to “halo effect.” Although we

doubt that this is true, even if it was, this should not be considered

detrimental. If telling students that they have great academic potentialwill

help produce the results SMPY has experienced, telling them should be

encouraged. It is virtually certain, however, that without the SMPY and

CTY special programs the students could not have achieved nearly as

much as they have to date. For example, without the program few would

have been able to enter college early. Colleges would not have accepted

them.

Stronger, long-term tests of SMPY’s effectiveness will come when the

talent-search students reach their professional midlives, about age SO.

Then we should be able to judge the effects of SMPY’s proceduresbetter.

From now until at least then the staff of SMPY will attempt to monitor the

students’ progress with questionnaires at important points.

In this book we have examined the validity of SMPY’s identification

and educational facilitation procedures by means of longitudinal research.

These principles, practices, and techniques were shownto beeffective and

transportable to various settings. If there is a special lesson to be learned

thus far, it is that curricular flexibility, augmented by special fast-paced

courses, can work wonders for young, able, highly motivated students.

Educational systems should provide those precious ingredients.



213 An Eight-Year Evaluation of SMPY

Notes

1. One need not wait until SMPY’s protégés reach midlife in order to find

evidence of their creativity. A number have already been the author or coauthorof

an original contribution to the professionalliterature, e.g., Chien in O’Rourkeet al.

(1982) at age 15, Camerer (1977) at age 16, and Stark at age 23 ina forthcoming

issue of the Journal of the Association of Computing Machinery andpreviously, at

age 16 (Stark & Stanley 1978).

2. During the summer of 1983 there was a total of more than 1,000 9-16-year-

old registrants in CTY’s two three-week residential programs on each of two college

campuses. All of these young students, who came from across the country, had

scored in the top 1 percent of their age group verbally or mathematically.
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