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ndustrialized nations de
pend upon talented indi
viduals in the science and 

technical fields for economic growth. In order to achieve 
this goal the educational systems must identify these tal
ented students at an early age and give them the opportu
nity to expand their creative energies through specialized 
school programs. High schools offer advanced "college 
level" courses in Organic Chemistry, Inorganic Chemistry, 
and Biochemistry for this cohort of students. However, 
Welch, Hanis and Anderson (1984) reported that only 0.7% 
of students enroll in such courses. In 1990, The College 
Board indicated that the number of advanced placement 
chemistry exams numbered 19,765, which was lower than 
the biology exams but higher than the physics exams. In 
the United States, the National Science Foundation (NSF) 
keeps tracking data on students who score in the top 10% 
in school (Campbell & Wu, 1996). Longitudinal data col
lected during 1985-86 indicated that during grades 6-10 stn
dents' attitndes toward science decreased, yet the males had 
better attitndes than the females. Motivation also declined, 
but in this case the females were more motivated. The home, 
the school environment, and individual influences contrib
ute to involvement in science courses and the student's in
terest in science. Students who in an early grade take ad
vanced science courses are more likely to embark upon sci
ence research projects and compete in science fairs and 
contests (Lynch, 1990). The students with the mo~t highly 

(see VERNA, CAMPBELL & FENG , page 15) 
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.. - MATH AND SCIENCE -.-------

FROM THE PRESIDENT 

James Collett 
One summer at the Texas Archeological Society Field 

School, I eamed the "honor' of excavating a meter square 
through the center of a prehistOlic burned rock midden. 
Archeologists Use the term "midden" as a euphemistic 
description for "trash dump." I thus held the unenviable 
job of digging through a centuries-old collection of fist
sized chunks of limestone, packed together within a 
conglomerate of ealth, somewhat greasy ashes, bits of 
bone, diverse sharp flakes and fragments of flint, snail 
shells, and whatever insects and small rodents had 
constructed homes in this appetizing concretion. I did 
this for no pay (in fact, I paid for the privilege), my only 
reward coming from my fascination with the lives of these 
ancient Texans. 

This midden comprised an important segment of the 
altifactual record of the Native Americans who once dwelt 
along the Sabinal River near present-day Utopia, a small 
ranching conmlUnity in south central Texas. Several meters 
thick, the midden is situated near an old bend of the Sabinal. 
Over the centUlies, silt completelY covered the site. The 
archeological crew to which I belonged established a line 
of squares across the top of the midden. Each block 
measured one meter square and was excavated in \0 
centimeter slices. Anything encountered in that segment 
of earth was recorded in some manner-weighed, sifted, 
photographed, sketched, and/or counted. 

Early every rnoming, our crew began another day of 
digging our way down using six-inch trowels, hand-held 
brooms, small sCoops and pails. For six hours each day, 
throughout a suI tTy week in June, I painstakingly (not to 
mention painfully by day's end) pried apart this disan'ay, 
collecting the roCks into buckets for weighing and sending 
all the loose matter (scientific word: "debitage") to 
platforms with quarter-inch screens for sifting. The 
experience could best be likened to working in a coal mine. 
At day's end, I cO:ierged from my small plot of trash, face 
blackened with the sooty grit and dirt, back and knees stiff 
from working in cIamped qualters. All I lacked to complete 
the picture was It'le miner's lampl 

As an archeological team, we searched each bit of 

(see C OLLETI, page 22) 
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Mathematics for the Young Gifted: 
Making Sure Our Elementary GT Options Add Up 

Michael Sayler 

A s we address the 
instructional needs of 
young mathematically 

talented children we need to be aware of the diversity within 
this population. Not all mathematically talented children 
are alike and consequently appropriate instruction for them 
varies. The development of a child's full math potential is 
not guaranteed. Having high levels of mathematical apti
tude is a necessary prerequisite to high-level mathemati
cal performances, but just having these abilities does not 
guarantee they will spontaneously develop into mathemati
cal talent in a particular child. 

The complexity of the aptitude and performance char
acteristics of mathematically talented students suggest5 that 
a single solution will not be sufficient and that multiple 
program options are required to appropriately address the 
different levels of need within those who are mathemati
cally able. Many schools recognize this need: they see the 
children in their gifted programs whose mathematical po
tentials are not currently addressed well. Teachers also see 
children who are not in the gifted program, but have strong 
mathematics abilities, and who also need a similar chal
lenge. The problem for many schools and teachers is less 
in recognizing that the needs of mathematically gifted and 
talented children exist, but more in knowing what to do 
about their needs. This is especially true as teachers and 
administrators become aware of the levels of potential and 
levels of current perfonnance among the mathematically 
gifted and talented. 

FOltunately, schools can quickly address the needs of 
most of these gifted and talented children with simple class
room or special classes modifications. This kind of math
ematics enrichment is the main topic ofthis article. Addi
tionally, we must not forget the needs of the more highly 
talented who require more accelerated and advanced con
tent, pacing, and opportunities. Sometimes this mean de
veloping individual instructional plans for these students. 
In other districts or schools, clustering these children in 
one section is possible. The creation of special math classes 

with special curriculums or the use of existing curriculum 
but in cross-grade grouping for mathematics instruction is 
possible. Schools can place the most talented students in 
math classes several years in advance of their age peers. 
The modifications made and the options provided to the 
students is based on their particular mathematical needs. 
The greater the needs, the more radically the interventions 
they receive must vary from the nonnal mathematics plan. 

Schools should develop a philosophy about the nature 
and classroom management practices of the teachers who 
will work with students in these options. Teachers should 
use appropriate classroom practices which allow the stu
dents to leam as much as possible about mathematics (more 
thanjust the topics in arithmetic). To accomplish this, teach
ers must structure their math classes to accommodate in
dividual rates of mastery through techniques such as diag
nostic-prescriptive teaching, flexible scheduling, accelera
tive options, and homogeneous grouping atTangements. 
The teachers also need a ftrm foundation in the content of 
mathematics. This strong teacher knowledge base may 
come from pre-service mathematics training, staff devel
opment training, college-level mathematics coursework, 
and ongoing support from the district. 

The ins and outs of diagnostic mathematics insbuc
tion were addressed in an earlier Tempo article (Sayler, 
1995). The current article addresses specific enrichment 
possibilities for the young mathematically talented. These 
approaches are appropriate for clusters of mathematically 
talented in regular classrooms, for special classes of math
ematically talented, or for activities within pullout programs 
for the gifted and talented. There are broad categories we 
can consider as we think about enriching the elementary 
mathematics or gifted curriculums. They include topics 
such as; mathematical problem solving, geometric reason
ing and spatial visualization, measurement, facts and com
putation, arithmetic and algebraic concepts, mathematical 
applications, estimation and mental math, numeration, and 
probability and statistics. 
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Mathematical Problem Solving • A fanner had a small yard where she kept chickens and 
pigs. One morning while feeding her livestock, she 
made an interesting discovery. The farmer noticed her 
animals had the same number of heads and wings as 
they did feet. How many chickens and how many pigs 
did the farmer have? 

The following is a multi-step process for mathematical 
problem solving from the Hungarian-American math
ematician George P61ya (1973). P61ya saw mathemati" 
cal problem solving as a practical art, like swimming, 
skiing, or playing the piano. He believed students 
learned problem solving only by solving challenging 
problems. Just as children with lots of musical poten
tial must spend time at a piano being guided and chal
lenged if they are to become good musicians, our math
ematically talented students must explore high"level, 
challenging problems if they are to become good math
ematicians. 

Included here are P61yn's 

• The Texas Association for the Gifted and Talented has 
decided to endow a new zoo. It was to be the best zoo 
in Texas. They brought in exotic animals from all over 
the world. The zoo was about finished and the workers 
had installed 1000 cages and placed the animals into 
them. The cages that were used had a unique feature; 
when their locks were turned one time the cage was 

steps and some sample ques
tions that teachers can ask stu
dents to assist them through the 
problem solving process. We 
can help gifted students be
come more mctacognitive 
about their problem solving by 
encouraging them to ask these 
questions in their own minds. 
Mathematically talented stu
dents tend to make intuitive 
leaps and the steps below may 
not necessarily be performed 
in sequence. Students naturally 
will explore and move in and 
out of each of the steps as they 
discuss, test out, verify, and 
continue to investigate. This 
reminds us how impoltant dis
cussion is to the development 
of deep problem solving 
knowledge. In classes for the 
gifted, the discussion about 
how the answers were ob-

Understanding the Problem (Exploring); 
What is the activity asking you to do? 
Explain the problem in your own words. 

Making A Plan (Suggesting 5trategies); 
How might you try to solve this problem? 
What materials might help you solve this 
investigation? 
What other information do you need? 
Where might you get it? 
What do you think an answer might me? 

Carrying Out the Plan (Testing out the strategy); 
What have you tried so far? 
What will you do next? 
How will you organize all the information? 
What did work? What did not work? 

Looking Back (Checking back and revising): 
How can you determine if your answers are 
appropriate 7 
How do you know your solution is reasonable? 

Communicate the Solution (Analyzing re5ult5 
and communicating): 

What did you discover? 
What is the most effective way to communicate 
how you arrived at the solution? 

open, when it was turned 
again it was locked. Contin
ued turning of the lock either 
opened or locked the cage 
door. Late one aftemoon, a 
crate arri ved from Tasmania. 
There was not time to pre
pare a cage that day so the 
workmen left. In the cage 
was a Tasmanian Devil and 
during the night he began to 
spin and broke out of the 
box. Being a Tasmanian 
Devil, he was a bit mischie
vous. He first went and 
turned everyone of those 
1000 cage locks so that 1000 
cages were un locked. Being 
a Tasmanian Devil though, 
he could not stop there. The 
Devil returned to the first 
cage and this time turned 
every other lock (cage 2, 4, 
6, 8, ... He then returned 
and turned evelY third lock 

tained, why one approach 
might be more useful than another, the multiplicity of pos" 
sible approaches, and the aesthetic beauty of a elegant or 
simple solution is as impoltant as getting the right an
swer. 

(cages 3, 6, 9, ... 999), then 
every fourth lock (4, 8, 12, ... 1000). He repeated this 
pattern 1000 times. When he was done, how many 
cages were open? Which ones? 

Here are two good problem-solving stories for 
young mathematically talented students. Answers can 
be found ,It the end of the article. Try these yourself 
and usc P61ya's steps and questions to help you solve 
them. 

Geometric Reasoning and Spatial Visualization 
Forty years ago, mathematics teachers Pierre and Dieke 
van Heile put forth a developmental theory of geometric 
reasoning based on their teaching and research (Van Heile, 

(see SAYLER, page 9) 
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Do the Math 
5 + 1 + 5 + 3 + 4 + 4 + 4 + 5 + 2 = too many. Colleen H. Elam 

~.·.r.:.e),.·.9 ...... Recently, the Houston 
',;:i4 Chronicle ran an 
j \L1article about the 

impending shortage of surgeons and the consequent 
implications for public health. It was noted that more 
students are avoiding surgery and opting for specialties 
that require fewer years of training. This drop in 
applications to surgery residencies is a trend that began 
in the early 1980's and has since escalated. Now there 
are more general surgery positions open than there are 
medical graduates to fiJI them. Understandably, there 
is concern that this shortage could create problems for 
patients. 

Yesterday, I stood in the registrar's office of 
Southwestern Medical School in Dallas. A 
conversation between my daughter and two other 
dedicated, enthusiastic, third year medical students 
personalized the surgeon shortage story. The students 
were discussing their rotations. One student 
expounded on how she loved both pediatrics and 
surgery so much that she was certain pediatric surgery 
was her calling in life. What could be better than 
healing children in serious life threatening conditions? 
So she investigated specializing in pediatric surgery. 
That's when she learned that pediatric surgery is a two
year fellowship after the five-year surgery residency. 
Add a year of research and that would mean eight more 
years after medical school before she would be ahle to 
practice. 5 years before school + 1 year of kindergarten 
+ 5 years of elementary + 3 years of middle school + 4 
years of high school + 4 years of college + 4 years of 
medical school + 5 years of residency + I year of 
research + 2 years of subspecialty fellowship adds up 
to too many years of life and too many years of school. 
She decided to opt for pediatrics instead. Thus after 
graduation from medical school, she would have only 
three years of residency before she could practice and 
begin her life. 

Are you thinking what I'm thinking? This is evidence 
of our need for curriculum compacting, for 
acceleration, and for individualized education. Here's 
another story from my memory bank. 

The Public Broadcasting System has run a Nova 
series, "Survivor M.D.," that followed seven students 
from their entrance to Harvard Medical School in 1987 
through the next fourteen years of med school, 
residency, and practice. The series reconnects with 
the seven periodically to document their circumstances 
and their comments. Many of the scenes were 
memorably moving, but one in particular haunts me. 
In the 200 I interviews, one of the seven remarked, "I 
would like to marry and have children some day," then 
she paused, cocking her head and listening to a sudden 
commotion outside. She stood, moved quickly to open 
the door, and entered the hospital corridor as she 
finished her sentence, " ... but there just hasn't been 
time so far." The camera continued to film as she 
consoled an uncooperative, wrestling paticnt brought 
in for substance abuse. The patient, hooked to an IV 
and being wheeled rapidly down the corridor on a 
gurney by about five medics, was asserting that she 
had to "go number two." The female practitioner 
replied, "Go ahead, I'll clean you up," as she 
accompanied the entourage down the corridor. The 
female practitioner had finished her residency and was 
beginning her practice. She was 38. She was not a 
surgeon. Time is a factor on many fronts. 

Medical schools are responding to the impending 
shortage of surgeons by attempting to reduce the hours 
on duty and by trying to compress the requirements 
into fewer hours. Still there is so much material to 
master. We've all heard the horror stories of the long, 
grueling hours required of medical students. The four 
years of medical school and the subsequent years of 
residency are demanding intellectually, physically, and 
psychologically. The hours are long, the expectations 
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are high, the pace is demanding, and rightly so. All of 
us want our doctors to be knowledgeable, experienced, 
dedicated, selfless, and brilliant, not to mention 
available, reasonably priced, and infallible. Is med 
school really the best place to compact curriculum? 

It is time to individualize early education to allow 
children to proceed at their own pace. Why should a 
child who has read hundreds of chapter books, sit 
through a year of kindergarten "learning" letters and 
colors and shapes? Because she's five? Because we 
want to give the rest of the children the time and 
opportunity to catch up? Why should any child who 
already knows the material be required to sit quietly 
through the hours and the days? Those hours and days 
add up to semesters and years. That time can be crucial 
in later life. By seriously implementing pre-testing, 
flexible scheduling, independent learning, curriculum 
compacting, acceleration, and the full range of 
educational options, we can allow each child to proceed 
at an individualized pace. 

In Texas we can be proud of the progress we have 
made in gifted education. We have worked hard, and 
consequently we have many excellent programs. One 
stellar acceleration option for high school students 
focused in math and science is the Texas Academy of 
Mathematics and Science. TAMS was set up by the 
Texas Legislature as a resident program 00 the campus 
of the University of North Texas to allow students to 
complete the last two years of high school and the first 
two years of college concurrently. The two years saved 
is a major draw for students. But TAMS can only 
accept about 200 Texas students each year. We need 
to establish more acceleration options on the home 
campuses. We can shave time for students long before 
they reach high schooL Yes, we've come a long way, 
but we still have a long way to go. It is time to look at 
the whole picture from Kindergarten through MD., 
Ph. D. and beyond. 

Frequently, the question is raised why so many 
gifted students want to be doctors. Perhaps it is difficult 
for most of us to understand the intensity and the self
motivation of these students, their drive to makc a 
positive difference in this world. Let's give them the 
time they need to make a difference. 

The American Medical Association web site lists 
126 medical specialties and subspecialties. Everyone 

requires years of training after medical school. Not 
only do we want doctors, we also want medical 
researchers, physicists, engineers, mathematicians, 
lawyers, and numerous other specialists, all of whom 
must complete years of study. Furthermore, we want 
all of these specialists to be able to have children and 
families of their own. 

Each child is different. Each child has individual 
abilities and needs. By meeting their educational 
needs, we enable them to fill the needs of the future. 
That future impacts us all. 
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Bringing Up Girls in Science: The First Year 

Bringing Up Girls in 
Science (BUGS) is a 
National Science 

Foundation funded demonstration project in the 
Department of Technology and Cognition at the 
University of North Texas (UNT). The goal of this 
project is to provide educational experiences in an 
outdoor learning lab for girls in grades four and five 
that will increase girls' interest, participation, self
concept, knowledge, and achievement in the 
environmental sciences and technology. During Year 
One, thirty, 4th and 5th grade girls (BUGS participants) 
will attend an after school outdoor science lab at Sam 
Houston Elementary in the Denton Independent School 
District in Denton, TX. Participants for the project 
will be recruited from across the district. BUGS 
participants will be mentored by female high school 
students enrolled in the Texas Academy for 
Mathematics and Science (TAMS). TAMS provides 
opportunities for talented students in mathematics and 
science to complete the first two years of college while 
earning a high school diploma. Each TAMS student 
will be matched with a BUGS participant. TAMS 
students will also serve as instructional aides for the 
outdoor lab. The TAMS students will assist the BUGS 
participants in developing a science fair project and a 
hands-on demonstration of a concept learned in the 
lab that will be presented to parents and future BUGS 
participants. A member of the American Association 
of University Women (AAUW) will serve as a mentor 
for both the TAMS student and BUGS participant. The 
AA UW mentor will provide information on career and 
educational opportunities in science. A two-week 
summer experience at the University of North Texas' 
Environmental Education Center, Elm Fork, will be 
provided for the academic year participants. TAMS 
students will serve as educational aides while graduate 
students in environmental science provide instruction. 

Tandra Tyler-Wood 
Marra Victoria Perez Cereijo 

Jane Pemberton 

BUGS pmticipants and mentors will be joined the 
second and third year of the project by girls in special 
populations at distance sites through the use of two-way 
audio-visual desktop conferencing tools, a project WEB 
site, chat rooms, and computer "pen-pals". For the second 
~nd third year, special populations joining the project will 
mclude: (1) students with emotional and behavioral 
problems attending Rose Street Day Program and 
Therapeutic School in Wichita Falls, TX; (2) a school 
district which serves large numbers of Hispanic and 
Native American students in Bernalillo, New Mexico; 
and (3) students from a rural school district in Decatur 
Texas. BUGS pmticipants at distance sites will be able t~ 
use "multimedia CD-ROMS" developed from activities 
that were videotaped during Year One to increase their 
opportunities to pmticipate in the "outdoor science lab" 
experience. The third year of the project extends 
implementing change for the future with an additional 
group of pre-service teachers at the university level. 
During a certification-required three hour course on 
teaching diverse students, pre-service teachers will receive 
instruction on effective instructional strategies for 
motivating highly capable girls into pursuing an interest 
in technology and science. This instruction will be 
supported by a CD depicting effective practices for 
including girls in science activities. The CD will cover 
research-based findings as well as provide real life 
examples of effective inclusion strategies. Pre-service 
teachers will have the opportunity to observe and 
participate in the outdoor leaming laboratory. 

Family involvement will be ongoing throughout the 
project. Career awareness and educational opportunities 
materials will be housed by a local public library for the 
parents of BUGS participants. Three parent meetings per 
year will be provided to "showcase" student work and 
provide educational and career information. 

The Elm Fork Education Center, the public education 
branch ofUNT's Environmental Programs, will develop 
environmental science learning kits for the project. These 
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learning kits will be enhanced by technology expeltise 
from the Texas Center for Educational Technology 
(TCET). TCET will assist with the development and 
dissemination oftechnology environmentalleaming kits 
throughout the United States. In addition, kits will be 
available in Spanish. TCET has the facilities tu distribute 
learning kits internationally impacting girls not just in 
thc United States, but also girls in Spanish speaking 
countries. The project intends to measure changes in 
science achievement, environmental awareness, attitudes 
towards science and academic self-esteem. 

TIu'ough collection and analysis of the project data, 
the effectiveness of mentoring combined with 
environmental and technology education grounded in 
effective teaching practices for gender equity will be 
determined. National dissemination ofleaming materials 
developed by the project will provide electronic fieldtrips 
in environmental sciences for diverse and/or special needs 
populations. The results of this project will be incorporated 
by the University of NOith Texas into the pre-service 
teacher education program. 

BACKGROUND 
An extensive review of the literature on female perception 
of science and technology provides the rationale for the 
current project. 

Facilitating Gender Equity 
The problem of attracting females into science careers 
has been documented for many years (Baker & Leary, 
1995). Subrahmanyan and Bozonie (1996) argue that 
crucial areas of science and technology education, 
particularly for girls, should occur prior to high school. 
Programs that address gender equity in science at the high 
school level are often "too little, too late." Science 
programs for young female students should address the 
very specific needs of bright and capable female students. 
Programs should not strive to be equal to programs for 
male students, but should be equitable, emphasizing 
hands-on, real-life laboratory experiences while 
incorporating verbal/language arts components where 
many females excel. Cooperative learning and mentoring 
programs are effective methods for incorporating a verbaV 
language arts component into science. It appears most 
important to encourage at an early agc. Subrahmanyan 
and Bomnie document the need to match curriculum to 

leaming styles. To facilitate gender equity in science, it is 
critical to identify programs that provide learner centered 
materials at an early age. 

The Need for Early Intervention 
Stoking (1993) studied the academic attitude of 
academically talented girls and boys in grade seven 
participating in the Duke University Talent Tdentit1cation 
Program. Student participants rated school subjects and 
college majors in tern1S of how much they liked or disliked 
each subject. Student participants indicated subject 
preferences according to a forced choice Likelt scale. Girls 
consistently rated language arts courses as their favorite 
courses while boys rated mathematics and science as their 
favorite courses. It appears that academically talented girls 
already have determined specific subject preferences for 
language arts by the seventl1 grade. Any plan seeking to 
increase academically talented girls' perceptions of 
science and technology should most likely focus on 
demonstrating the positive aspects of these subjects in 
the early grades, prior to grade seven. It would also seem 
important to use teaching strategies which have a strong 
language arts/verbal component to meet the leaming style 
preferences of female students. 

Oakes (1990) fUlther reiterated the importance of 
early intervention for increasing girls' choices for a science 
career with research that indicates that the number of 
students considering careers in the field of science 
increases very little after ninth grade. 

Science Participation of Gifted Females 
Historically, gifted females have been under

represented in upper level science courses and science 
careers. As early as 1974, Hansen and Neujahr studied 
attitudes towards science among intellectually gifted 
students. Even in a population chosen for interest in 
science and high aptitude for the subject, gifted females 
showed less positive attitudes toward science and less 
interest in pursuing a career in science. Matyas and Dix 
(1992) studied a group of high school seniors who scored 
above the 90th percentile on the mathematics portion of 
the Scholastic Aptitude Test, Women were only two-thirds 
as likely as men to indicate plans of pursuing a career in 
science. Harry and Beall (1984) found that elementary 
school gifted girls had the least positive attitudes toward 
science when compared to gifted boys, non-gifted boys, 

(see TYLER-WOOD, CEREIJO, and PEMBERTON, page 13) 
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1984). They observed that in learning geometry, students 
seemed to progress through a sequence of five reasoning 
levels, from holistic thinking to analytical thinking to rig
orous mathematical deduction. Mathematically gifted chil
dren pass through the sarne steps, but at a faster pace or 
younger age. The van Heiles described the five levels of 
reasoning in the following way. 

LEVEL 0 ( Recognition) 
A child who is reasoning a level 0 recognizes certain 
shapes wholistically without paying attention to their 
component parts. For example a rectangle may be rec
ognized because it looks "like a door" and not because 
it has four straight sides and four right angles. 

LEVEL 1 (Analysis) 
At this level, the child focuses analytically on the com
ponent parts of a figure, such as its sides and angles. 
For example a child who is reasoning analytically 
would say that a square has four "equal" sides and 
four "square" comers. The child also knows that turn
ing a square on the page does not affect its 
"squareness." A child thinking analytically might not 
believe that a figure can belong to several general 
classes and have several names. For example a square 
is also a rectangle since a rectangle has 4 sides and 4 
square comers, but a child reasoning analytically may 
object, thinking that square and rectangle are entirely 
separate types even though they share many atttibutes. 

LEVEL 2 (Relationships) 
There are two general types of thinking at this level. 
First, a child understands abstract relationships 
among figures. For example a rhombus is a 4-sided 
figure with equal sides and a rectangle is a 4-sided 
figure with square corners. A child who is reason
ing at level 2 realizes that a square is both a rhom
bus and a rectangle since a sguare has 4 equal sides 
and 4 square corners. Second, at level 2 a child 
can use deduction to justify observations made at 
level 1. 

LEVEL 3 (Deduction) 
Reasoning at this level includes the study of geometry 
as a formal mathematical system. A child who reasons 
at level 3 understands the notions of mathematical pos
tulates and theorems and can write formal proofs of 
theorems. 

LEVEL 4 (Axiomatic) 
The study of geometry at level 4 is highly abstract and 
does not necessarily involve concrete or pictotial mod
els. At this level the postulates or axioms themselves 
become the object of intense tigorous sctutiny. This 
level is usually the level of study in geometry courses 
in college. 

Allowing mathematically talented children to do geo
metric reasoning activities early is an excellent prepara
tion for their eventual study and success in levels 3 and 4. 
In younger grades consider adding tangrams, pentominos, 
and books and matetials sometimes called "experimen
tal" or "hands-on" geometry and games to help facilitate 
this growth. 

One type of tangram challenge especially good for the 
gifted is tangram paradoxes. A paradox is a 
self-contradicting statement or observation. HE Dudeney, 
a tum-of-the-century English puzzler, wrote about one in 
his book Amusements in Mathematics (reptinted, 1958). 
He shows a picture of two similar men made from 
tangrams. His two individuals appear identical in all re
spects except that one has a foot and the other has not. Yet 
the creation of each gentleman requires all seven of the 
tangram pieces. Where, then does the second gentleman 
get his foot? The first challenge for the mathematically 
talented is to create each person from a tangram set; the 
second gifted challenge is to explain the apparent para
dox. This discussion and analysis is what makes this and 
other mathematics emichment for the gitied more appro
priate. 

Image 1 

Facts and Computations 
The mathematically talented often know their facts well 
and are computationally proficient. When they don't know 
the facts or algorithms before insttuction begins, they leam 
them quickly. Consequently, these mathematically talented 
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students benefit from various diagnostic prescriptive (0-
>P) techniques. These D->P techniques include pretest
ing, making modifications in daily assignments, more in
dependent progress and learning. A good source of very 
practical techniques of this type is Susan Winebrenner's 
book (2001), Teaching Gifted Kids in the Regular Class
room, especially her strategies: Most Difficult First, Pre
tests for Volunteers, and Compacting Learning Contracts. 
For the more highly mathematically talented, mentoring 
is effective; details on how to carry out a mentoring pro
gram are in the earlier article in Tempo (1995) and in the 
book Jane and Johnny Love Math (Lupkowski and 
Assouline, 1992). 

An enrichment activity that the gifted enjoy because 
of it~ computational speed and the opportunity for fun com
petition is a card game called "99." The object of game is 
to do quick addition and subtraction of card face values, 
but NOT produce a total greater than 99 during your tum. 
If a player's total exceeds 99, he or she is out; it is OK to 
have a total of exactly 99, just not to go over. 

Cards have specific values. Most cards count their face 
value (e.g., 4 =4, 7 ,,7). Other cards have special values, 
ones often used in card games: ace are worth one or eleven 
points (player's choice), the kings, queens, and jacks are 
all worth ten points. A few cards have unique values: the 
ten counts as a minus ten. Nine adds zero to the total, and 
eight also equals zero, but playing it reverses the order of 
play in the game. Whenever the two of spades is played it 
sets the current total to 99 regardless of the previous total. 

The game uses a regular deck of cards. The deck is 
shuffled and each player is dealt three cards. The remain
ing cards are reserved in a face-down pile in the center of 
the table. Players pick up their three cards and hold them 
in their hand. The player to the left of the dealer begins 
play. The first player lays down one card and audibly gives 
its value. The tlrst player must draw one card from the 
reserved pile before the next player lays a card and gives 
the sum. If the first player fails to do this, he forfeits the 
replacement card and must continue with two or even one 
card in his hand. If he should play the last card but forget 
to draw a replacement, he is out. 

The next player then lays one of his or her cards and 
adds its value to the previous total. Play continues this way 
until someone's total is more than 99. That player is then 
out, the total reverts to the total before his play and the 
next person continues. Play progresses until one player is 
left. That player is the winner. 

Players learn to add quickly so they can play and add 

their next card before the previous player draws a replace
ment card. This puts the player who missed his draw at a 
significant disadvantage later in the game. Players also learn 
to hang onto to their eights, nines, tens, and aces as these 
cards allow them to play when the score reaches 99 or 
close to it. 

Arithmetic and Algebraic Concepts 
Krypto is a card game thatteachers can purchase commer
cially or one they can make in their classrooms with home
made cards numbered 1-25. When making their own cards, 
teachers create three cards each for the numbers one 
through ten. They make two cards each of the numbers 
eleven through seventeen, and one card each for eighteen 
through 25. 

A hand of five cards is dealt, then a sixth card tbat 
serves as a target number is dealt. The object of the game 
is to use all five cards in any order combined with any of 
the arithmetic operations of addition, subtraction, multi
plication, and/or division to obtain the value on the target 
card. Ktypo is played by pairs of students who call out 
"Krypto" when they have a solution. The solution is pre
sented orally to the other player to verify the solution. The 
developers of the game estimate that one hand in three 
thousand is unsolvable. 

One solution to the hand shown is: 12)(3 x 7 -20) +5) = 2 

After your students have worked with the game for 
while, have them consider the following theorem about 
Krypto. A Krypto hand is solvable using only the opera
tions addition and subtraction if and only if (the parity of 
S) equals (the parity ofT) and (S - T)/2 can be obtained by 
addition of some subset of the jive cards. Where S = the 
sum r!f the five cards in the hand and T " the value r!f the 
target card. Note parity means being both even or both 
odd numbers: 7 and 3 have parity, 7 and 4 do not. Have 
them test the theorem with at least iO hands and see if it 
works. Then ask them to prove that it works. You might 
also ask them on what basis do they think the conjecture 
that 1 in every 3000 hands is unsolvable was made? 
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Applications 
The mathematically talented know or can learn the con
cepts and computational aspects of arithmetic very quickly. 
Providing them with applications that allow them to use 
arithmetic is useful. The intemet provides many resources 
in this area. Mathematically talented students can make 
use of many online resources at younger ages than ex
pected or that the site generally recommends. 

Math Forum http://mathforum.org 

MegaMath htttp://VVIWV. c3.1an/.govlmega-math 

Eisenhower National Clearinghouse VVlWV.enc.orgl 
topics/rea/world 

Ask Dr. Math http://mathforumorgldr.mathlfaq 

Brainteasers (use ones designed for older students) 
http://VVlWV.edup/ace.com/math/brain/index.htm/ 

Math Magic http://mathforum.org/mathmagic 

One type of interactive web site that allows applica
tion of mathematics techniques is the Engaged Learner 
project (http://www-edfnal.govlhelp).Althoughnotall the 
projects on this site have mathematics. many do. They 
present real world scenarios for the students and the les
son plans for the teachers. One appropriate unit is A River 
Runs Through It. This year-long series of integrated math
ematics and science units was designed for gifted fourth 
and fifth grade students and includes content in science, 
math, and language arts. 

Estimation and Mental Math 
The time spent on estimation in elementary classrooms is 
only about 3% of all math time (Reys, 1983). This time is 
mostly spent on leaming and practicing rounding as the 
estimation technique. For the elementary-aged mathemati
cally talented, this is not sufficient. Several other types of 
estimation are useful such as those found the Guess mate
rials from Barbara and Robert Reys (1983): 

Front-End: Use front-end digits to make rough estimates 
(4219 + 7512 + 2446 ... 4 + 7 + 2 ... 13,000) 

Rounding: Method commonly taught in school. Several 
methods are possible (43 x 88 ... 40 x 90? 50 x 80? 40 
x 80?) 

Adjusting: Compensation for initial roughness of esti
mate and adjusting it up or down or more closely ap
proximate the exact value of a problem (42 x 61. . 
estimated as 40 x 60 =2,400. but actual answer is a 
little more than 2400) 

Compatibles: Similar to rounding. but students learn to 
change a problem to make it more manageable by look
ing for numbers that "fit together" (2,775/6 ... com
patible: 2,8oon or 3,000/6 .. not compatible: 2,700/6 
or 2,800/6) 

Averaging: Useful in addition that involves numbers 
clustering around a common value. First, select a rea
sonable group average, then multiple it by the number 
of values in the group. 

Additionally, these elementary-aged mathematically
talented students can begin working on mental math such 
as the un.. Number Sense techniques. One example of a 
mental math technique for calculating a two-digit product 
IS: 

1. Start with a problem such as 45 x 22 

2. First, multiply the ones digits together. Write down 
the ones digit of the product and remember the tens 
digit. 5 x 2 = 10; Begin writing the answer: __ 0; 
Remember the 1 in your mind. 

3. Second, multiply the tens digit of the fIrst number 
with the ones digit of the second number (4 x 2 = 8). 
Add the number in your brain to this product (8 + I 
" 9). Remember this sum in your mind (9). 

4. Then, multiply the ones digit of the fIrst number with 
the tens digit of the second number. 5 x 2 = I O. Add 
this number to the number in your mind. 10 + 9 = 

19. Write down the ones digit and remember the 
tens digit. Write down: _90 and remember 1. 

5. Finally, multiply the tens digits together (4 x 2 = 8). 
Add this number to the number in your mind (8 + 1 
= 9). Write this down and you have the answer: 990 
(the correct answer) 

Probability and Statistics 
Whenever we or our mathematically talented students pick 
up a paper, watch the news, or browse the internet for cur
rent events, we are confronted with quantitative data. We 
see raw data, discussion of someone's "chances," predic
tions, polls, charts, percentages, rates, probabilities, aver-
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ages, forecasts, trends, and statistics, While in our regular 
c1a~ses we deal with these at a knowledge and compre
hension level, the mathematically talented are ready for a 
deeper understanding of these data. In addition to under
standing the appropriate mathematics, students can gather 
their own data, do analyses, interpret the results, and clearly 
communicate them to others. 

A challenging and fun probability exercise is the three
door or Monte Hall prohlem. This problem always gener
ates interesting discussions among the students. Suppose 
you are on a game show, and you are given the choice of 
three doors. Behind one door is a car, cash, or something 
valuahle: behind the other two doors is a goat or some 
junk. You pick a door, say number 1, and the host, who 
knows what's behind the doors, opens another door, say 
number 3. The door he opens in never the C(lITect door so 
door number 3 reveals a goat. Then he says to you, "Do 
you want to change your selection to door number 27" Is it 
to your advantage to switch your choice? This classic prob
ability puzzle was also published by Marilyn Vos Savant 
in her Sunday colunm (1991). 

The correct answer is "Yes," change doors. Following 
the publication of this answer, Malilyn was swamped with 
letters. Some of the letters were from mathematicians say
ing that Marilyn was wrong. Was she? Have your students 
debate and discuss the answer. Ask them to SUppOlt your 
answer with a written explanation and state any assump
tions they made about the condition of the problem. Can 
they determine the probabilities for being right and being 
wrong if they switch doors. Can they design and imple
ment a model that will verify the conclusions they reached? 
If you or your students do not agree with the answer, you 
can "prove" the choice by doing one ofthe on-line simula
tions at 
www.shodor. 0 rgli n t e rae t i va tela e t i v i tie slmo n ty 3 
www.stat.sc.edul-west/javahtl11l/LetsMakeaDeal.htI111 or 
at www.cut-the-knot.comlhall.html 
Other online prohahility resources are at 
www.ericse.orgldigestsldse99-0B.fuI111 

Developing appropriate interventions for the younger 
mathematically gifted child involves matching the curricu
lar offerings to the child's level of mathematical talent. 
This is done for the most talented with D->P techniques, 
acceleration, special classes, or clustering of students. The 
less extremely talented benefit from enrichment in the regu
lar or special classes. This enrichment is not hard, but does 
require some planning. The ideas and outline in this article 

are a first step helping teachers get started on an exciting 
and challenging exploration into more appropriate math
ematics. 
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Answers 

Farmer and the animals: The farmer had 3 turkeys and 1 pig. 
Also, any ratio of 3 to 1 will also work (6 turkeys and 2 pigs, 9 
turkeys and 3 pigs, etc). This is a great problem as it can be 
solved by guess and check (not very efficient), systematic list
ing, making a drawing, algebra, and other approaches. 

TAGT zoo: This problem is not solvable with many of the strat
egies used in the farmer story. Here the most efficient solution 
is to solve a simpler problem and generalize to the bigger one. 
When we make the problem have 10 ,ages instead of 1000 we 
find that cages 1, 4, and 9 are open. A careful observer will 
notice that these are the squares (1 =1',4=2', 9=3'). Generaliz
ing this we find 31 cages open. The exact numbers of the cages 
are: 1,4,9,16,25,36,49,64,81,100,121,144,169,196, 
225,256,289,324,361,400,441,484,529,576,625,676, 
729,784,841,900,961 

Michael Sayler is Associate Professor in the College of 
Education at the University of North Texas in Denton. He 
coordinates the UNT gifted education program where stu
dents can receive online GT certification, or a GT masters 
degree, 
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and non-gifted girls at the same grade level. Cho (1985) 
indicates that a possible reason for difference among the 
sexes in science career choice could be attributed to 
different educational experiences. Analysis of data 
indicate that boys participate in more classroom science 
activities and had more extracurricular science 
experiences when compared to girls. Clearly, providing 
gifted female student with appropriate experiences in 
science is an urgent need. 

Women's Perceptions of Science 
Hamrick and Carlisle (1990) indicated that women harbor 
stereotypical ideas about science and scientists. Most 
women believe science is a male dominated field with 
few opportunities for female participation. Weinburgh 
(1995) conducted a meta-analysis of the literature on 
gender differences in students' attitudes toward science. 
The correlation between students' attitudes towards 
science and student achievement was explored. 
Weinburgh concluded that boys display more positive 
attitudes towards science and that attitude toward science 
is highly correlated to science achievement. 

Improving the elementary female's perception of 
science would seem to be an essential goal if one is to 
increase science achievement in female students and 
subsequently increase the number of females participating 
III sCience careers. 

Women's Perceptions of Technology 
Tyler-Wood, MOitensen, Putney and Cass (2000) 

found that initially gifted females participating in an 
advanced science/mathematics/technology program were 
unwilling to take risks when using technology. Females 
were more likely to use the computer to complete specific 
assignments using word processing. Males spent more 
time using the computer for entertainment and higher
level computer activities such as WEB page construction, 
searches and simulation games. 

Ryan (1999) found that female students lacked interest 
in technology classes because they felt the instruction 
was not relevant. Tn addition, surveys indicated that many 
female students felt that they were not treated fairly. 
Female students believed that sexist attitudes were 
displayed in class. Yolk (1997) indicates that females 
are still significantly underrepresented in almost all fields 

associated with technology. It seems very likely that 
females would not enter career fields where they would 
experience bias attitudes. 

Barriers to Science and Technology Careers 
Coleman (1998) studied barriers to career mobility and 
advancement for African-American and Caucasian 
women. One of the most frequently identitled baniers 
for advancement was the lack of opportunity for 
professional networking and exclusion from the "good 
old boys" network. Coleman indicates that the "glass 
ceiling" is a very real phenomenon for both Caucasian 
and African-American females. It is important to provide 
females an oppOltunity to network and form SUppOlt 
groups. A program for elementary-aged girls that 
emphasized mentoring and the establishment of a long
term relationship could help young girls establish a pattem 
of forming career enhancing long-term relationships. Such 
a program was advocated by Silverman (1999) as she 
documents ten activities that have a high potential for 
increasing the number of females that pursue technology 
oriented careers. 

Weiler (1997) indicated that low-income African 
American and Latina adolescent females need extensive 
SUPPOlt for developing and implementing career plans. 
Interventions that seem promising include: implementing 
school-based initiatives, forming collaborations between 
institutions, providing access to career information, 
ensuring gender equality in occupational information, 
finding ways to cope with racism, sexism, discrimination 
and providing role models and mentors. Lanz, in 
Chipman, Brush and Wilson (1985) indicated that long
tenn programs are more effecti ve in changing academic 
attitudes. One-day or short-term programs often do not 
involve consistent, active participation and rarely address 
the reasons females do not take advanced courses. 
However, exposure to women in scientific careers over 
longer periods of time as teachers, mentors or through 
internships does develop role models and results in 
positive attitude changes (Tsuji and Ziegler, 1990). Fox 
in Chipman, Brush and Wilson (1985) indicated that 
programs that maintain a "critical mass" of female 
students effectively encourage continued participation. 
A long-term intervention supported by appropriate 
mentoring would seem to provide important elements to 
sustain a long-term commitment to the study of science 
for highly capable elementary aged girls. 
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Effective Methods for Improving Female 
Participation 
Burkham (1997) emphasized the importunce of active 
classroom involvement as a way of promoting gender 
equity. Methods to increase active involvement include: 
engage in real life scientific experiments that personify 
females' interest areas, increase hands-on experience 
through lab time, allow girls to share research findings 
through innovative methods that have a strong verbal 
component (ex. two-way audio visual interaction through 
the use of the computer), increase opportunities for 
cooperative learning (Tyler-Wood, 1993). 

Technology as a Vehicle for Extended Contact 
Davis (2000) documented the role that technology can 

play in an elementary science class designed to increase 
under-represented female elementary students. 
Technology can serve as a door-opener or as a gate-keeper 
for female participation in science. If technology is used 
appropriately it can serve as a tool to increase an 
elementary school girl's use of science inquiry and 
discourse. Possible appropriate use of technology 
includes: conducting science experiments at multiple sites 
through the use of two-way audio visual technology, the 
use of chat rooms for scientific discussion, and keeping 
an on-line journal for science experiments. Davis' research 
strongly encourages the appropriate use of technology 
for increasing female participation in science activities at 
the elementary level. 

Elementary Teacher Training 
Feldman and Arambula-Greenfield (1997) detennined the 
effective components of an in-service teacher program 
that enhance the knowledge and skills of elementary 
school teachers with regard to science content, effective 
teaching strategies and gender equity. Feldman and 
Arambula-Greenfield have determined that their 
intervention has a positive impact on science teaching, 
content and pedagogy, and on female student interest and 
active participation in science. The researchers provide 
training to pre-service teachers which indicates that even 
females who like science often indicate a dislike for the 
traditional teaching methods that characterize science 
courses, such as a focus on individual rather than 
interactive learning, isolated rather than socially relevant 
topics, textbooks and lectures rather than cooperative 

group work. It is paramount for teachers to understand 
the importance of including socially relevant learning 
contexts, gender-neutral language, and unbiased 
instructional materials while ensuring access to course 
materials, class participation and teacher feedback. The 
female students of teachers who participated in the training 
scored significantly higher on a science knowledge 
confidence scale and on the Attitudes about Science Scale. 
Clearly, this project has implications for the pre-service 
elementary teacher. If teachers can be trained 
appropriately in a program that not only presents theory 
but in a situation where they observe effective teaching 
strategies, they will be better prepared to meet the learning 
needs of highly capable femule students. Pre-service 
teachers who experience this training are more likely to 
integrate effective practices into their teaching skills. 
Oakes (1990) indicated that interventions aimed at 
students' parents and teachers are effective in changing 
attitudes about science. Instruction in creating gender
equitable classroom environments is an especially 
effective form of teacher education intervention. Oakes' 
research reiterated the need for appropriate science 
methodology course work for pre-service science 
teachers. Cline and Schwartz (1999) recommend training 
teachers in curriculum methods that have been shown to 
be effective methods for increasing girls' participation in 
science. These methods include cooperative leaming, 
hands on activities, and solution of personally defined 
problems. She urged teachers to confront sex bias directly 
through classroom discussions. Sanders, Koch, & Urso 
(1997) have developed a series of resources through the 
Teacher Education Equity Project. These activities could 
be used with pre-service education students to increase 
awareness of gender equity issues. The activities address: 
math, science and technology as male domains; cultural 
expectations of peers, teachers, parents and society; biased 
and inappropriate curriculum materials; classroom 
interaction and atmosphere; anti-intellectualism and 
attributional style; and gender fair testing and assessment. 

Project Status 
Currently, girls have been accepted into the BUGS project 
and development of technology oriented curriculum 
materials such as multimedia CD-ROMS, two-way 
desktop conferencing and a student friendly WEB page 
are underway. TAMS mentors have been selected and 
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trained to interact with the BUGS participants. In the 

first month of operation, attendance in the after-school 

program approached 100%. The long tenn impact of 

BUOS has yet to be determined. Will BUGS participants 

enter science and technology careers? Will BUGS 
participants' achievement scores in science increase? 

Data is being collected to determine if this literature 

based program will increase the number of females 

interested in science and technology and the number of 

females who obtain high proficiency in sk.iJls associated 

with technology and environmental science. Follow-up 

data will assist in determining the long tenn success of 

the BUGS Program. 
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(see VERNA, CAMPBELL, & FENG, page 1) 

developed research skills submit original research papers 
to these contests. Often, the Scholastic Aptitude Test (SAT) 
scores of this group exceeds 1300 (Campbell, 1991). 

Academic contests were initiated in the 1930s in the 
USSR as a means of identifying the most gifted math and 
science students so that they could be encouraged to pursue 
careers in math, science, and engineering. America adopted 
similar initiatives in the 19408 and 1950s with the intention 
that these talented individuals would make early career de
cisions in order to accumulate the advanced training that is 
necessary to contribute in a number of critically needed tech
nical fields. 

Many countries around the world sponsor academic 
contests as a way of identifying and developing their most 
talented science and math students. The international Chem· 
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istry Olympiad began in 1968 among European counuies. 
The United States commenced participation in 1984. Over 
20 countries send students to compete in written and labo
ratory examinations that include problems in analytical, 
organic, inorganic, physical and biochemistry. Points are 
awarded for each section of the competition by a panel of 
international judges. Students are ranked upon the total 
number of points they receive. 

Each section of the United States, based on high school 
selection, designates at least 5 students to take the initial 
nationwide exam sponsored by the American Chemical 
Society. Based on the results of this exam, 20 students are 
invited to spend two weeks at a chemistry study camp at 
the Air Force Academy in Colorado Springs, in June. Four 
students are then selected from the camp to participate in
ternationally. In sixteen years the United States has won 15 
gold medals, 26 silver medals, and 19 bronze medals. In 
1999 high school age competitors representing 51 coun
u'ies patticipated. Lisa Carlivati, of the U.S. team, won a 
silver medal, Alexander Ho and Wei Ho each won a gold 
medal, and Timothy Jones had the highest individual score 
in the competition earning him the top gold medal. Thus, 
the U.S. team finished first worldwide (American Chemi
cal Society, 1999). 

The goals of the United States National Chemistry 
Olympiad (USNCO) are mUltipurpose. It is a means of in
vesting in the future of young chemists, a way to stimulate 
all young people to achieve excellence in chemistry; to reC
ognize and challenge the knowledge and skills of outstand
ing chemistry students; to recognize the achievement of the 
teachers of these students and the impOItance of the school 
environment in which they learn. 

A srody was conducted to determine the effects on stu
dents' participation in the Chemistry Olympics. Specifi
cally, this study sought to answer the following research 
que"tions: 

1. Did the Chemistry Olympians fulfill their high po
tential by receiving awards, receiving doctoral de
grees, and producing published works? 

2. What did the Chemistry Olympians repolt as factors 
that helped or hindered their academic development? 

3. Which parental processes were used when the Olym
pians were in school? 

4. What were the Olympians' effort and ability attribu
tions? 

5. What were the Olympians' and parents' evaluations 
of the Olympiad program? 

DESIGN AND PROCEDURE 

Subjects 
This study was conducted with United States high school 
Chemislly Olympians from the years 1984-1998. Since the 
inception ofthe United States participation there have been 
300 Olympians. One hundred seventy seven Olympians 
were located and sent the survey and questionnaire materi
als. Of the 177 surveys sent, 133 were deliverable. The 
final number of participants, consisting of students andlor 
parents, in the study was 93 (70%). Of these, 65 were Chem
istry Olympians (54 males and 11 females), ranging in age 
from 16 to 34; and 102 were parents, (52 fathers and 50 
mothers). Ninety,five percent of the students were born in 
the United States. 

TABLE 1 
Family Background of Chemistry Olympians in the United States 

Family Size Birth Order Religious Preference Olympian 
1.5 children/family only child 36% No preference 54% 

1 st child 40% Protestant 22% 
2nd child 19% Jewish 9% 
other 5% Roman Catholic 6% 

Other 9% 
No response 

SES (Family Income + Father's Occupation + Mother's Occupation + Father's Education + Mother's Education) 
Mean = 76.81 SD = 12.65 Range = 20.4 to 97.8 

Olympians Who Played Musical Instruments 
Parents or Relatives with Distinguished Honors 

52% 
12% 

Parents or Relatives Who Won Awards 

Parent 
9% 
17% 
11 % 
8% 
8% 

47% 

22% 
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TABLE 2 
Socioeconomic Resources of Chemistry Olympian Families in the United States 

Number of Books in the Home 
0-9 2% 
10-24 3% 
25-99 8% 
100-249 18% 
over 250 
No response 

66% 
3% 

Instrumentation and Methods 
Each student was asked to respond to the Self-Confidence 
Attribute Attitude Scale Form 0 (SaaS) (Campbell, 1994) 
which measures the student's attribution level. The SaaS 
contains 29 Likeli scale items ranging from strongly dis
agree to strongly agree, Principal Components analyses 
was conducted on all scales, This survey produced two 
distinct scales, eff0l1 and ability. Olympians who viewed 
success as an outgrowth of effort received high factor load
ings on the effoli scale, Those Olympians who linked abil
ity as a reason for success received high factor loadings on 
the ability scale. 

Each student and his parents were asked to respond to 
the Family Influence Scale (14 Likelt scale items), and the 
School Influence Scale (11 Likert scale items) (Camphell, 
1996) which measures the student's opinion of the impor
tance of positive family influences and school hindrances 
on the development of one's talent. The respondents rate 
each statement as (a. none; b. almost none; c.little; d. some; 
e. much; f. great). Sample statements of the Family Influ
ence Scale are: "Everyone in the family was an avid reader." 
"Being accelerated or taking advanced courses," Sample 
statements of the School Intluence Scale are: "Not enough 
challenge." "I knew more than many of my teachers." 

The parents were asked to respond to the Inventoty of 
Parental Influence (IFI) (Campbell, 1994). This instrument 
was designed to identify a family member's perception of 
selected family processes. The first two family processes 
(Part I, Parental Pressure and Parental Psychological Sup
port) are measured by a 17 Likert statement scale. The 
respondents express their degree of agreement or disagree
ment (a. strongly disagree; b. disagree; c. uncet1ain; d. agree; 
e, strongly agree) with such statements as: "My child was 
afraid to come home with a poor grade."" My parents ex
pected too much of me." High scores on these statements 
suggest a demanding parent who exerts pressure to retain 
high levels of performance. High scores on statements such 

Type of Resource Books 

Reference 
Encyclopedia 
Atlas 
Dictionary 

Olympian 
59% 
55% 
58% 
69% 

Parent 
50% 
45% 
50% 
53% 

as: "I wanted my child to go to a good college." "My par
ents took a big interest in my schoolwork." suggest a psy
chologically-supportive atmosphere at home. 

Pmt II of the IFI contains the next three factor scales 
(Parental Help, Parental Press for Intellectual Development 
(resources), Pm'ental MonitOlingffime Management). Each 
family member specifies how often each practice occurred 
(a. never; b. rarely; c. sometimes; d. usually; e. always) for 
statements such as: " My parents helped me with my school 
reports." "I encouraged my child to go to the locallibraty." 
"My pm'ents set rules on the kinds of television shows I 
could watch." 

The help scale (9 items) measures how often the parent 
went over mistakes from a test, help with schoolwork, and 
helped the student before a test. The emphasis here is upon 
the parents giving the time that is needed to help the child 
complete the schoolwork. 

The press for intellectual development scale (9 items) 
measures how often the parent encourages the child to read 
books, buys books as presents, stresses the value of the 10-
cal library and educational TV. Families with high scores 
on this scale emphasize the impOitance of intellectual re
sources. 

The monitoring scale (8 items) determines if the fam
ily sets rules OIl the kind of TV watched, insists on setting 
aside time for reading, and requires the child to do hislher 
homework at the same time each night. Families with high 
scores for these processes offer a great deal of help and 
have distinct rules about homework, studying, TV and read
ing. Information regarding the parents' occupational and 
educational background, and family income was collected 
from the child. 

RESULTS AND DI5CU551DN 

Family BackgrDund 
Eighty-six percent of the students were Caucasian and 14% 
were Asian, ranging in age from 16 to 34. FOIty percent of 
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the Olympians were the first born children in families that 
averaged 1.5 children perfamily (see Table I). The socio
economic status was higher than the average U.S. house
hold and was not an influencing factor on the high school 
achievement of this sample. While growing up half of the 
Olympians learned to playa musical instrument. Some of 
the students had the role model of a family member who 
won awards or was recognized for distinguished achieve
ment. Table 2 shows the results of the Olympians' socio
economic resources. Sixty-six percent of the Olympians 
had over 250 books and dictionaries in their home. 

School Background 
Seventy-two percent of the Olympians responding attended 
public school and the remaining students attended religious 
private and non-religious private schools (see Table 3). 
Almost half of the Olympians felt that their parents were 
the influential factor in their school success. While 28% 
indicated that it was the student himself that motivated suc
cess. Thirty-six percent of the Chemistry Olympians were 
the valedictorians of their graduating class. The rank of 
students in their graduating class ranged from 1 to 47. The 
median high school size was 352 graduating students. Most 

of the students graduated at age of 17 or 18 but there were 7 
student~ who graduated at age 16. During their high school 
career the Olympians, on the average, enrolled in 6 advanced 
placement courses. They also took part in extracurricular 
activities and participated in many competitions. The most 
popular contest was the National Merit Exam. Half the 
students received a scholarship in order to attend college. 
T-test results indicated that the females had a significantly 
higher general grade point average (OPA) than males. The 
Scholastic Aptitude Test (SAT) scores for the verbal por
tion ranged from 520 to 800, and for the quantitative por
tion a range of 660 to 800, with 26 students receiving 800. 
Thirry-four students received 800 on the chemistry SAT. 

Of the Olympians surveyed, 60% have completed their 
undergraduate course of study (see Table 4). Of those stu
dents 39% completed graduate college, and 11 % have com
pleted their terminal degrees. Forry-nine percent are pur
suing doctorate degrees. Twenty-two students are now in 
full time employment. 

Computer Literacy 
The computer literacy of the Olympians varied (see Table 
5). Fifty-nine Olympians (63%) indicated that they own 

TABLE 3 

18 

School Background of Chemistry Olympians in the United States 

Type of School Attended 
Public 72% 
Private Religious 6% 
Private Non-Religious 22% 

Age at High School Graduation 
16 Years 11 % 
17 Years 43% 
18 Years 46% 

Number of Advanced Placement Courses Taken 
Mean = 5.96 SD=1.61 Range=2-13 

Participation in Competitions 
National Merit 54% 
Westinghouse 10% 
SMPY 9% 
JSHS 2% 

Scholarships Received 55% 

Most Influential Person 
Parent 44% 
The Student Himself 28% 
Teacher 10% 
Parent and Teacher 10% 
Parent and Student 8% 

Top 10% in Graduating Clas~ 
Valedictorian 36% 
Second Place 6% 
Top Ten 9% 

General Grade Point Average 
(on a scale from 1-7) 
SAT-V 
SAT-M 
SAT-Chemistry 

Mean 
Male Female 
6.14 6.87 

698 745 
747 780 
793 693 

Range 

520 to 800 
660 to 800 
500 to 800 
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either a PC or Macintosh computer, 6S% have access to a 
mainframe. They average 11 hours per week on the com" 
puter. The reported computer literacy of known languages 
varied from I to 12, with most of respondents knowing 
three languages. Word processing, internet and e-mail ac
counts are the major uses by over 90% of the respondents. 
However, 71 % of the Olympians work with Math/Statisti
cal programs, and spreadsheets.1bis data are far lower than 
that reported by Campbell (1996) for the Math Olympians 
but equaled that of the Taiwanese Math Olympians (Wu, 
1996). 

SD=.60). A second order factor was derived that was la
beled lack of effort resulting in failure. Significant results 
indicated that the females (M=3.S5, SD=.55) considered 
lack of effort as a reason for failure (M=3.23, SD=.64, 
p<.05). However, the males see ability as the reason for 
success. 1bis finding is opposite to Wu and Chen's (1999) 
findings of Taiwanese Chemistry and Physics Olympians. 
Wu's Asian population attributes their achievement more 
to effort than to ability. However, this dissimilarity may be 
due to cultural differences between the Chinese and Ameri
can Olympians. 

Students felt impaired by the hindrances in the school 

TABLE 4 
College Experience of Chemistry Olympians in the United States 

Transition 
Easy 
Average Transition 
Difficult 

Mentored 
Specialized Program 
Completed College 
Completed Graduate College 
Completed Terminall Degree 

Characteristics of Achievement 

High School to College 
66% 
23% 
11 % 

College 
33% 
16% 
60% 
39% 
11 % 

An overview of the means (M) and standard deviations (SD) 
of all the study's variables are shown on Table 6. Olympi
ans seem to believe that ability is needed in order to per
form well in a subject area. Simpson and Oliver (1990) 
studied gender difference in science achievement. These 
researchers found, that although, males achieved higher 
scores and possessed a more positive attitude than females, 
the females were significantly more motivated to achieve 
in science. Statistical procedures using SPSS 9.0 were used 
to perform independent t-tests between the means of male 
and female participants. In this study, the Olympians ex
pressed the view that effort is linked to ability as a reason 
for achievement. Although, they may have the necessary 
intellect to succeed, the Chemistry Olympians believe in 
working hard and employing self-discipline to their endeav
ors.Although not significant, the females (M=3.02, SD=.79) 
had higher mean scores for ability than males (M=2.94, 
SD=,4S). Significant differences were revealed for the fe
males' (M=3.62, SD=.58, p<.05) effort atttibution (M=3.1S, 

College to Graduate School 
55% 
10% 
35% 

Graduate School 
26% 

environment. 1bis included the teacher's lack of subject 
matter knowledge and an inability to motivate these stu
dents. Another factor was a confining environment. 1bis 
included items that related to the flexibility of class work. 
The Olympians viewed their classes as rigid, boring and 
almost prison-like. 

To overcome the school situation, the home atmosphere 
offered positive influences. A significant difference was 
observed between the males and the females with regard to 
the conducive home atmosphere. The females viewed the 
home as a place of educational productivity more than the 
males. The females felt that the parents recognized their 
talent and offered means of stimulation to foster the devel
opment of this talent. Parents provided books, magazines, 
and association with inspiring peers and relatives. The par
ents did not overly pressure their children but did offer an 
abundant amount of support. These results are in line with 
the results of Campbell and Wu's (1994) study of gifted 
Chinese students and Vema and Campbell (1999) of gifted 
high school students. The Olympian parents actively en-
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TABLE 5 

Own a Computer 
A,,;ess to Mainframe 

Computer Literacy of Chemistry Olympians in the United States 
63% 
68% 

Mean 
Hours Per Week Using the Computer 
PC 11 
Mainframe 5 

Number of Computer 
Languages Known 3 

Software Programs Used 
Word Processing 
Internet 
Math/Statistical 
Spreadsheet 
Games 
Database 
Graphic Design 
Desk Top Publishing 

E-Mail Accounts 

couraged their children's success. 

Academic Productivity 

Percent 
95% 
93% 
71% 
65% 
48% 
29% 
18% 
17% 

92% 

At the time of this survey, 40% of the Chemistry Olympi
ans were pursuing their undergraduate degrees. Overall, 
the Chemistry Olympians have produced a total of 788 
publications. In the analysis of the type and number of 
scholarly works produced, it was found that the males con
ducted more professional presentations and participated in 
more exhibits than the females. The profile of the overall 
academic productivity included: 
1. 34 Olympians having multiple articles published in ref

ereed professional journals 
2. 28 computer software products were developed by Olym

pians 
3. 23 Olympians have conducted 170presentations at con

ferences 
4. 13 Olympians have compiled technical reports for their 

clients 
5. 96 workshops have been presented by Olympians 
6. 326 performances in the fine or applied arts were noted 

by 12 Olympians, 
7. 4 Olympians who have published in juried media (1 

Olympian had 99 of these) 
8. 7 Olympians have chapters in edited volumes (1 Olym

pian had 15 of these) 

Median Range 

15 
2 

2 to 80 
1 to 30 

2 1 to 12 

9. No one published a monograph nOr had a chapter pub
lished in a textbook. 

The Olympiad Experience 
The Olympians expressed their views on the entire Olym
piad experience. Their experience in this competition had 
a more positive than negative impact on their lives. Al
though one-third of the Olympians felt they would have 
succeeded without this experience, it did make them more 
aware of the educational opporrnnities available to them 
and helped them in accepting their talent. 

Conclusion 
The Olympiad program is one of several academic compe
titions held yearly in the United States yet its impact is 
disproportional to its small size. To illustrate this finding 
consider that just 93 Chemistry Olympians have produced 
788 pUblications so far. This level of productivity is sure to 
increase as the Olympians move along in their careers. The 
fact that 49% are pursuing doctorate degrees reinforces this 
conclusion. We can anticipate further productivity in terms 
of research papers, professional articles, and books as well 
as the output of many more software products and patents. 
The Chemistry Olympians make contributions by assum
ing positions in universities, in industry and in the military. 
In this way the impact of the program is magnified. 
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Another set of implications of this study deals with the 
ability of the US to increase the number of technical per
sonnel that are so desperately needed for our growing 
economy. To accomplish tltis goal. the schools need to be
come more flexible in dealing with their most talented stu
dents. Teachers need to recognize students with great po
tential and see to it that their talents are developed efficiently. 
The families of the Olympians often report struggles in get
ting the schools to cooperate in this goal. 

America needs to overcome these flaws if we are to 
develop the talents of our most gifted students. Teachers 
need to be sensitized as to how they deal with gifted stu
dents. They must be more alert to the social dynamics in 
their classes. They need to see how the other students are 
treating these young gifted students. At later grade levels 
schools need to work out approaches that challenge these 
high ability students. Teachers at these levels need to be 
more flexible in their dealings with them. 

FUltherrnore, many of the Chemistry Olympians report 
shortcomings in their schools. Some Olympians knew more 
than their teachers, and most were bored with their classes. 
Many courses were taught at too Iowa level for them and 
some COurses were organized too rigidly. Most Olympians 
experienced too little challenge at all levels of their school
ing. At least these academic competitions provided a chan
nel for this need. 

In sum, our technologically-oriented economy needs 
these talents too much - we must not waste them. 
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TABLE 6 
Means and Standard Deviations of the Study's Variables 

Variable 

Socioeconomic Status (SES) 
Advanced Placement Courses (AP) 
Grade Point Average (GPA) 
Total Scholastic Aptitude Test (SAT) 
GRE Verbal 
Awards 
Extracurricular Activities 
Computer Literacy (COMP) 
Effort (EFF) 
Ability (ABIL) 
Failure Due to Lack of Effort (EFAIL) 
Success Due to Effort (ESUC) 
Success Due to Ability (ASUC) 
School Hindrances (Neg. Sch.) 
Parental Pressure (Press) 
Parental Support (Supp) 
Parental Help (Help) 
Parental Monitoring (MTM) 
Intellectual Resources (PID) 
Total Publications (Acad. Prod.) 

Mean 

76.81 
5.96 
6.91 
1349.31 
743.68 
1.91 
384 
2.75 
3.29 
2.98 
3.53 
3.23 
2.22 
2.33 
2.10 
4,48 
3.00 
3.00 
3.69 
12.22 
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Standard Minimum 
Deviation Scores 
12.65 20 
1.61 2 
.38 4 
234.81 1280 
17.70 680 
.96 1 
2.34 1 
1.50 1 
.45 1 
,40 1 
.60 1 
.79 1 
.89 1 
.84 1 
.43 1 
.27 1 
.52 1 
.57 1 
,41 1 
17.65 2 

Maximum 

98 
13 
7 
1600 
800 
5 
9 
12 
5 
5 
5 
5 
5 
6 
5 
5 
5 
5 
5 
114 
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(from COLLETT, page 2) 

artifactual material for meaningful traces of the lives of 
those humans who had created such enduring refuse. My 
square lay in the center of the trench bisecting the midden. 
In the week I worked, I uncovered several hundred pounds 
of rocks, the shells of small white snails (scientific name: 
Rahdotus), and a single bison tooth_ 

My work involved a significant application of math 
and science knowledge and skills. Some tasks were fairly 
basic, such as recording (in metric) the weight of rock 
removed (including subtracting the weight of the bucket 
each time). Locating the three dimensional coordinates 
of an artifact involved a more kinesthetic approach. 
Interpreting the debitage correctly required anything from 
understanding of the stress dynamics of flint (more 
correctly, chert) to the thennodynamics of heating and 
cooling limestone. Anatomical knowledge of various bone 
fragments (scientific term: "faunal remains") had to be 
combined with infonnation regarding both seasonal and 
climatic change. 

For all its fascination, our week of work in a sultry 
southwest Texas canyon provided only limited insight 
when viewed in isolation. Bending over to scrape at the 
bottom of a single square, a process which required an 
increasing degree of contortion, I could not see, much less 
comprehend, the full extent of this site. Opening only a 
few squares, no matter how deeply, left hidden the greater 
expanse of the site. Archeologists, like any of us, can 
become so engrossed in elaborating the details of the tree 
that they lose sight of the forest in which it grows. 

The compilation of this scientific and mathematical 
infonnation became the central corpus of Site Director 
Henry Mueggenborg's report. Assembling the separate 
I O"centimeter layers into graphs based upon different items 
(stone mass, Rabdotus density, diagnostic artifacts) 
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revealed the patterns or lack of patterns buried in the earth. 
For example, the Rabdotus shells for each square were 
counted in pursuit of the question of whether they were a 
food source for the Native Americans or there by their 
own attraction to the "anthropogenic soil development 
associated with a cooking site" (Muggenborg, 1994). 
Thousands of shells of data led to a somewhat tentative 
"possibly not." "While the Rabdotus' relationship to the 
burned rock is not as strongly inverse as that of the debitage 
to the burned rock, there is no positive relationship" (p. 
58). 

Even greater value lay in linking this specific site to 
the larger context of regional prehistory. Understanding 
the conunonalities of middens in this region provided both 
clearer understanding of this specific slice of human 
activity as wen as allowing some generalization of 
knowledge gained back to the larger framework. Dealing 
with the word "midden" as a larger constIuct enriched our 
depth of understanding. 

Regge Wiseman, an archeological friend of mine from 
New Mexico, continually advocates for "opening up more 
area." Regge argues that. instead of thinking in terms of 
meter squares, archeology should think in square meters 
or hundreds of meters in area. Instead of digging a hearth 
or two, uncover the entire hearth field. His vision is limited 
only by the realities of his budget and the lack of human 
power required to move such tons of earth. 

Yet, I think Regge has reminded me of that most 
significant idea that should drive our inquiry in gifted 
education (if not all education)-the BIG idea. Without a 
greater idea to drive inquiry, we may find our students 
and ourselves superb at counting Rabdotus without ever 
asking large enough questions. 

In math and science, we sometimes presume that the 
quantification and the quantifiable to be the core of these 
fields. Yet, when we examine the work of some of the 
greatest minds in those fields, we find their studies have 
carried them to most "unquantifiable" ideas. 

Douglas Hofstadter (1999), for example, has written 
an intriguing book that spends some eight hundred pages 
examining the mathematics of Kurt Godel, the artistry of 
M. C. Escher, and the complex music of Johann S. Bach. 
He analyzes the work of each of these grand thinkers in 
fascinating detail. One can spend days perusing a single 
chapter for an its depth and implications. 

However, the book is not exactly about any of these 

individuals or their work. Rather, it is about an interesting 
aspect shared by the mathematically based labors of these 
three. Each of them created works embodying what 
Hofstadter refers to as "strange loOps." Escher's painting 
"Waterfall," Bach's "Musical Offering," and GodeI's 
Incompleteness Theorem all exemplify siruations in which 
"by moving upwards (or downwards) through the levels 
of some hierarchical system, we unexpectedly find 
ourselves right back where we started" (10). 

In fact, the book is not exactly about strange loops 
either. Its central concern is an even larger idea, the theme 
of Identity. Within the quirky nature of strange loops lies 
the paradox of self-reference. Strange loops are strange 
because they curve back upon themselves. You might say 
they talk to themselves, which is, of course, what we as 
humans do. 

Which brings Hofstadter to his tlue interest-the 
human mind. Godel, Escher, Bach is his "very personal 
attempt" to understand the origin of the self. In a book 
that is itself a grand strange loop, he pursues the mystery 
of consciousness and how systems create meaning, 
"despite one's best efforts to keep symbols meaningless" 
(p. 3). Consciousness is a fascinating self-referencing 
strange loop. 

It is the grand theme, like the view across an extensive 
site rather than the single meter square, which produces 
the greatest depth and complexity. For all the math and 
science and music and art it contains, Hofstadter's book 
reaches beyond all these details and disciplines and 
grapples with one example of the generalization "Systems 
create Identity." 

Another book that examines what one reviewer called 
"a bona fide Big Issue" is Godel Meets Einstein (Yourgrau, 
1999). What a fascinating title. Imagine. One of the 
greatest mathematicians of the twentieth cenrury meets 
the century's seminal thinker in physics. This is no 
charming biography, filled with anecdotes of how these 
giants became friends and chununed around Princeton. 
It is, instead, about the meeting of the ideas of these two. 
It recounts how Godel applied his mathematical knowledge 
to Einstein's theories of relativity and arrived at most 
intriguing thoughts on the Big Ideas of Reality and Change. 

GodeJ frrst examined the General Theory of Relativity. 
He discovered solutions to the equations that demonstrated 
the possibility, consistent with the laws of nature, of time 
travel. Based on mathematics I would not have understood 
had it been included in detail, this book on science carries 
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us to thoughts usually found only in science fiction. 
In an even more bizarre tum, Godel then moves on to 

considerations of the Special Theory of Relativity and, 
suddenly, the reader finds him or herself immersed in deep 
philosophical waters. Yougrau works to explain (and this 
reader worked hard to understand!) how Godel arrived at 
the conclusion that the reality of time travel leads to the 
unreality of time so that, "in the last analysis, time 
disappears even in the actual world." Inextricably entwined 
with the science and math are the philosophies of 
Parmenides, Plato and Kant. Reading Code! Meets 
Einstein, One meets a most interesting challenge to the 
generalization, "Change is inevitable." 

In conclusion, I would offer my highly personal 
pleasure in discovering that, when one has opened up a 
large enough "excavation" of math and science and 
constructs site maps from the detailed data unearthed, we 
arrive at the most profoundly personal and philosophical 
strange loops. I hope that we are able to share suchjouroeys 
with our students. 

Hofstadter, Douglas. (1999). Gode!, Escher, Bach: An eternal 
golden braid. New York: Basic Books. 

Mueggenborg. H. (1994). Excavations at the Blue Hole Site, 
Uvalde County, Texas, 1990. Bulletin of the TeXCI,. Archeological 
Society_ 62, 1-74. 

Yourgrau, Palle. (1999). Godel meets Einstein: Time travel in 
the Godel universe_ Chicago: Open Court Press. 
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Book Review 
A Family Year Abroad; How to Live Outside the 
Borders By Chris Westphal Published by Great 
Potential Press, Inc., $18.00 

The Westphal's two identified gifted children, Kelsey 
and Drew, were seven and ten years old when the 
family boarded a plane in Los Angeles for the far"away 
de$tination of Prague, the capitol of the Czech 
Republic. 

This book may not be for everyone, but I was 
fascinated by the journal-like account of a family's 
journey through the "taking of a year off from the 
United States to a foreign country to live." 

The author had chosen Prague because he 
determined that it was inexpensive to live there, had 
the technology that he needed to support his contracts 
to produce corporate newsletters electronically and do 
his freelance writing, an English teaching position was 
available for his wife, and a newly-built International 
School was waiting for Kelsey and Drew. 

This year-long trip diary is fascinating, inspiring, 
poignant, scary, discouraging, and exhilarating. 
Chiefly interested in what happened to the gifted 
children when they were hurdled into such a strange 
and new environment, I was reassured by the way they 
adapted to each new experience which they 
encountered. 

This book is also a practical guide; it is loaded with 
detailed tips, web-site opportunities, step-by-step 
outlines of "to-do's" for foreign travel, even if you 
aren't going to stay away for a year. In sidebars, the 
reader also receives the e-mail-by-e-mail saga of the 
pUblication of the author's first book, filled with short
lived jubilation, frustration, and pathos. 

-reviewed by Dr. Mary Seay 

24 TEXAS ASSOClAl'ION FOR THE GIFTED AND TALENTED • TEMPO· SUMMER 2002 



...,'L.LA L-L"'~"'I, ... nll .... II'II'-I VI'll Inll: • 1,I1VI\I: I'VI\ UII"II:U IUUIH 

----_ .. _.- MATH AND SCIENCE 

What the Research Says About 
Math and Science for Gifted Students 

This review on math and science education for gifted students 
included articles published in Gifted Child Quanerly, Journal 
for the Education of the Gifted, The Journal of Secondary 
Gifted Education and Roeper Review during the past ten 
years. To be included, the article needed to focus on math 
and/or science education and be empirical or data-based. 
Articles Were excluded if they were merely descriptive or 
conducted outside the United States. These selection criteria 
identified 37 articles. Of these 19 (51 %) related to math, II 
(30%) to science, and 7 (19%) to both math and science. 

Accelerated programs in mathematics are viewed 
positively by researchers because of their empirical support 
(Charlton, Marolf, & Stanley, 1994; Sowell, 1993). Students 
who are advanced in mathematics may be four and five grade 
levels higher than their peers (Ablard & Tissot, 1998). Some 
are extraordinarilY talented. For example, Lupkowski
Shoplik and Assouline (1994) describe case studies of 
children who are able to calculate sums and differences in 
numbers by age 3 and have learned all of the basic math 
operations by age 6. In addition, these children who are 
advanced in math early, continue to be advanced with boys 
surpassing girls in performance (Robinson, Abbot, 
Berninger, Busse, & Mukhopadhyay, 1997). Given this 
prodigious ability in math, parents are able to identify young 
mathematically ahle cmldren (Pletan, Robinson, Berninger, 
& Abbot, 1995), and the SSAT is able to identify cmldren as 
young as third through fifth graders (Lupkowski-Shoplik & 
Assouline, 1993). ). Gifted students appear to be mOre 
meaning-oriented than number oriented (Garofalo, 1993) 
and increase their understanding through problem based 
learning (Dods, 1997). Even so, kindergarten teachers tend 
to use math practices that are similar to those in regular 
classrooms (Wadlington & Bums, 1993). Students who do 
participate in accelerated programs (e.g., Study of 
Mathematically Precocious Youth and Center for Talented 
Youth Academic programs, computer-based) are able to take 
advanced mathematics courses earlier, frequently completing 
all of their coursework by ninth grade (Barnett & Durden, 
1993; Kolitch & Brody, 1992; Miller, Mills, & Tangherlini, 
1995; Ravaglia, Suppes, Stillinger, & Alper, 1995). 
Accelerated students also perform well in subsequent high 

Susan K. Johnsen 

school courses (Mills, Ablard, & Lunch, 1992) and attend 
graduate school in numbers that exceed the national average 
(Swiatek, 1993). Hunt (1996/1997) found that 
homogeneously grouped gifted students gain in computation 
and complete more mathematics activities than those who 
are heterogeneously grouped. In either setting, students prefer 
working alone (Hunt, 1996/1997). Factors that influence 
success in mathematics are parents (Vema & Campbell, 
1999) and teachers (Gavin, 1996), with males feeling more 
parental pressure than females (Vema & Campbell), and 
teachers having a more powerful influence on females than 
males (Gavin, 1996). Teachers apparently need to tell girls 
about their math aptitude and encourage them to continue 
taking courses. 

In science, notable women who exhibit precocity are 
encouraged by parents and teachers (Filippelli & Walberg, 
1997). Just as in mathematics, accelerated summer courses 
affect entrance examination science achievement tests 
(Lynch, 1992). Factors that tend to influence success in 
science courses and scientific careers include attitude 
(Farenga & Joyce, 1998; Swiatek & Lupkowski-Shoplik, 
2000), perception of ability (Li & Adamson, 1995), and 
accessibility to mentors (Subotuik & Steiner, 1993; Subotuik, 
Stone, & Steiner, 2001). Attitudes are particularly important 
predictors for young women who take advanced courses 
(Farenga & Joyce, 1998; Joyce & Farenga, 2000). In general, 
gifted students tend to attribute academic success to ability 
rather than effort (Li & Adamson, 1995). Unfortunately, basal 
textbooks fail to meet new science curriculum standards for 
high ability learners (Johnson, Boyce & VanTassel-Baska, 
1995), mentors are frequently unavailable, and secondary 
school officials give inappropriate guidance (Subotnik & 
Steiner, 1993). 

In both math and science, students who participate in 
fast-paced summer courses receive credit in their home 
schools (Mills & Ablard, 1993). To involve more inner city 
students, summer programs in math and science may 
increase confidence with mentors critical to the program's 
success (Miserandino, Subotnik, & Kenrick, Ou, 1995). 
Residential math and science mgh schools (Stephens, 1998/ 
1999) and specialized math and science curriculum (Tyler-
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Wood, Mortenson, Putney, & Ca%, 2000) do appear to make 
a difference in gifted student performance. Gifted students 
can learn to be better at problem finding, fact finding, 
problem finding, and solution finding (Gallagher, Stepien, 
& Rosenthal, 1992). In both math and science, gender 
differences exist. Young women are influenced by teachers, 
young males by parents (Olszewski-Kubilius & Yasumoto, 
1995). Reis and Park (2001) found that there are more high
achieving males than females in a sample of math and science 
high achieving students with far fewer female students in 
the science group. They also found that high-achieving males 
feel better about themselves than high-achieving females, 
Females who are high achieving in math and science are 
more influenced by teachers and families than males (Reis. 
2001). These data appear to indicate that teachers and schools 
can make a significant difference in encouraging gifted 
students, particularly young girls, in pursuing math and 
science careers. 

Ablard, K. E., & Tissot, S. L. (1998). Young students' 
readiness for advanced math: Precocious abstract 
reasoning. Journal Jor the Education oj the Gifted, 21, 
206-223. This study examined above grade level abstract 
reasoning abilities of 150 academically talented students 
ranging from 2" through 6"' grades. The School and College 
Ability Tests and the Arlin Test of Formal Reasoning were 
administered to each student. Understanding of various 
abstract concepts varied by age for only 4 of the 8 subscales: 
probability, proportion, momentum, and frames of 
references. In general, the students performed like students 
who were four grade levels higher. Those in third grade 
pelformed at five grade levels higher. The authors conclude 
that there may not be one age at which children acquire 
abstract reasoning. They are ready for advanced mathematics 
at a much earlier age. 

Adams, C. M., & Callahan, C. M. (1995). The reliability 
and validity of a performance task for evaluating science 
process skills. Gifted Chihl Quarterly, 39, 14-20. The 
authors evaluated the reliability of The Diet Cola Test and 
its validity for identifying gifted students. They tested 180 
students in grades 4 through 8 in six states. The authors 
concluded that the data did not support its use in identifying 
students but wa~ suited for assessing science process skills 
as part of an instmctional program or evaluation. 

Barnett, L. B., & Durden, W. G. (1993). Education 

Quarterly, 37, 161-168. In tbis study 228 seventh grade 
students who participated in the Johns Hopkins University 
Center for Talented Youth (CTY) Academic Programs were 
compared to 186 eligible seventh grade students who did 
not enroll in CTY courses. The researchers used an ex post 
facto survey method to collect their data. They found that 
both groups were very successful academically in high 
school. Both took Advanced Placement and accelerated 
course work in a broad range of disciplines and received 
high scores. They also distinguished themselves in 
extracurricular activities and graduated with distinction. 
However the key differences between the groups related to 
their pursuit of a more challenging high school curriculum, 
results of standardized achievement tests, and college 
admission. The CTY group pursued calculus and took 
college courses earlier and had a higher proportion of 
students who accelerated in subject areas. 

Chariton, J. C., Marolf, D. M., & Stanley, J. C. (1994). 
Follow-up insights on rapid educational acceleration, 
Roeper Review, 17, 123.128. Two young adults who had 
participated in the Study of Mathematically Precocious Youth 
shared the effects of an accelerated program on their future_ 
One graduate is an assistant professor of astrophysics at 
Pennsylvania State University who received her Ph. D. 
degree in astrophysics from the University of Chicago at 
age 22. The other completed his Ph. D. degree in physics at 
the University of Texas at age 20. They believe that rapid 
progress through school grades all the way to the Ph. D. 
degree is the optimal way for persons like themselves to 
enrich their educational experience and career. 

Dods, R. F. (1997). An action research study of the 
effectiveness of problem-based learning in promoting the 
acquisition and retention of knowledge. Journal Jor the 
Education oj the Gifted, 20, 423-437. Dads at the Illinois 
Mathematic~ and Science Academy compared the effects 
of problem-based learning (PBL), traditional lecture (L), and 
a combination (PBL + L) on student retention of the major 
concepts in an elective biochemistry course taught at a school 
for talented students. He collected data through student self
evaluation of the depth of understanding, a test instmment 
used to measure actual depth of under~tanding, and a student 
evaluation of the course. The author found that in-depth 
understanding is increased by the PBL experience whereas 
content coverage is promoted by lecture. 

patterns of academically talented youth. Gifted Chihl Farenga, S. J., & Joyce, B. A. (1998). Science-related 
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attitudes and science course selection: A study of high
ability boys aud girls. Roeper Review, 20,247-251. The 
sample consisted of III high-achieving students between 
the ages of 9 and 13 who completed the Test of Science
Related Attitudes and the Course Selection Sheet. Girls' 
science-related attitudes are important predictors of the 
number of science courses they select. They encourage 
educators to make science appealing through hands-on, 
inquiry-based activities. 

Filippelli, L.A., & Walberg, H. J. (1997). Childhood traits 
aud conditions of eminent women scientists. Gifted Child 
Quarlerly, 41, 95-103. The childhood traits and conditions 
of 21 eminent American women scientists were compared 
with those of 235 eminent women in other fields. Using a 
historiometric method, researchers drew these American 
women scientists from the book Notable American Women 
and lived between 1859 and 1975. Data were collected from 
books, journals, and newspapers. These young women 
shared common childhood trait~ such as precocity and hard 
work. They were more concentrated on science and engaged 
in scientific activities that were encouraged by parents and 
teachers. 

Gallagher, S. A., Stepien, W., & Rosenthal, H. (1992). 
The effects of problem-based learning on problem 
solving. Gifted Child Quarterly, 36, 195-200. The 78 
students who participated in the experimental group were 
enrolled in a high school residential school for students 
talented in mathematics and science. The students received 
a problem-based course that incorporated social science. 
physics, and mathematics: Science, Society and the Future. 
The experimental group became significantly better at 
problem finding and performed better than the compmison 
gronp on fact finding, problem finding, and solntion finding. 
Interestingly, the researchers found that prior experience with 
problem solving did not appear to affect the results. 

Garofalo, J. (1993). Mathematical problem preferences 
of meaning-oriented aud number-oriented problem 
solvers. Journal for the EducaJion of the Gifted, 17, 26-
40. Using interviews, Garofalo examined the similarities 
and differences itt strategic and metacognitive aspects of 11 
middle school students' mathematical problem solving. Five 
of the students who were enrolled in a regular mathematics 
class were number-oliented while 6 who were enrolled in 
advanced or gifted classes were meaning-oriented. In graded 
situations, both groups preferred easier routine problems. 
However, in nongraded situations, the meaning-oriented 

group preferred multi-step and non-routine problems while 
the number-oriented students expressed preferences for 
simple routine problems. The author concludes that meaning
oriented students know that they can solve simple problems 
and do not have any sense of accomplishment without 
engaging in more complex multi-step problems. 

Gavin, M. K. (1996). The development of math talent: 
lnfluences on students at a women's college. The Journal 
of Secondary Gifted Education, 7, 476-485. This study 
focused on 16 female math majors who were in college at a 
highly selective liberal arts women's college. Using 
questionnaires, interviews with the students and mathematics 
faculty, participant observation in mathematics classrooms, 
and document reviews of college and departmental 
publications, the researchers found that young women 
needed teachers to tell them about their aptitude for math 
and encourage them to continue taking courses. In addition, 
the courses needed to have personal relevance for them with 
the professor allowing for class discussions and showing 
respect for the students. 

Hunt, B. (1996/1997). The effect on mathematics 
achievement and attitude of homogeneous and 
heterogeneous grouping of gifted sixth grade students. 
The Journal of Secondary Gifted Education, 8, 65-73. This 
study examined math achievement and the attitude toward 
math achievement over 12 weeks of 208 gifted students who 
were placed On homogeneous and heterogeneous 
classrooms. They found that identified gifted students who 
were homogeneously grouped gained in computation and 
completed more mathematics activities. They also found that 
the gifted students preferred working alone in both groups. 

Johuson, D. T., Boyce, L. N., & VanTassel-Baska, J. 
(1995). Science curriculum review: Evaluating materials 
for high-ability learners. Gifted Child Quarterly, 39, 36-
~3. This National Science Curriculum Project for High
Ability Learners is intended to specify appropdate science 
standards for high ability leanlers. Existing science materials 
were assessed using national science standards and needs 
of high ability leamers. In addition, a curriculum framework 
was designed along with curriculum units. This review 
suggests that many existing basal textbooks fail to meet new 
science curriculum standards for high-ability learners 
particularly in the areas of discernible program goals and 
summative research On their effectiveness. The authors 
provide assessment criteria used in evaluating the curriculum. 
They conclude that a "one size fits all" curricula must be 
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balanced with training and support for teachers who must 
implement it with gifted learners. 

Joyce, B. A., & Farenga, S. J. (2000). Young girls in 
science: Academic ability, perceptions and future 
participation in science. Roeper Review, 22, 261-262. The 
researchers examined the participation of 55 high-ability and 
55 average-ability female students, ages 9 through 13, in 
science courses. The results indicate that regardless of ability 
level, both groups of girls hold the same view of their future 
participation in science courses. The authors conclude that 
selection of science courses may be related more to gender 
than to academic abilities. 

Kolitch, E. R., & Brody, L. E. (1992). Mathematics 
acceleration of highly talented students: An evaluation. 
Gifted Chihl Quarterly, 36, 78-86. Approximately 750 
students who had participated in the Stndy of Mathematically 
Precocious Youth responded to a questionnaire regarding 
the effects of the program. These students did well in 
mathematics courses taken several years earlier than is typical 
and excelled on AP calculus examinations. The majority of 
the students took calculus two and a half years earlier. The 
students also participated in mathematics competitions and 
summer programs, reported working with mentors, became 
involved in independent projects, and read mathematics 
books on their own. In general. the females appeared to be 
less likely to accelerate greatly. 

Li, A. K. S., & Adamson, G. (1995). Causal attributions 
of siblings of gifted secondary scbool students for science, 
mathematics, and English performance. The Journal of 
Secondary Gifted Education, 6,229-232. This study of 32 
gifted and nongifted siblings examined their causal 
attributions for success and failure in science, mathematics 
and English. The students were administered two sets of 
questions based on Ames and Archer's work. They found 
that baving a gifted child in the family can influence 
nongifted siblings' attitudes toward the learning of science. 
These siblings attributed success in science to effOit and 
good study strategy more so than the gifted. This attribution 
is supported by the literature that suggests that gifted children 
tend to attribute academic success to high ability while 
average children attribute success to effOlt. 

Lupkowski-Shoplik, A., & Assouline, S. G. (1993). 
Identifying mathematically talented elementary 
students: Using the lower level of the SSAT. Gifted Chihl 

Quarterly, 37, 118-123. The authors found that the 
Secondary School Admission Test, which was designed for 
fifth through seventh graders. discriminated among talented 
third, fourth and fifth graders in an Iowa and Texas sample. 
The test identified those who were exceptionally talented 
and eliminated the ceiling effect for at least 98% of the 
sample. 

Lupkowski-Shoplik, A. E., & Assouline, S. G. (1994). 
Evidence of extreme mathematical precocity: Case 
studies of talented youths. Roeper Review, 16, 144-151. 
This article describes four extraordinarily talented 
youngsters, two boys and two girls, who demonstrate an 
"uncanny" understanding of mathematics. By the time that 
Steve waS 6 112 years old, he could solve algebra problems, 
type 50 words a minute, and write his own computer 
programs. By the age of three, Peter could count more than 
20 objects accurately, count, read numbers past 1,000, read 
silently, calculate sums and differences of numbers less than 
10, and play nursery songs on his xylophone accurately. By 
the time Joanna was 2 1/2, she was adding and subtracting 
Cheerios® at breakfast. Besides early mathematical problem 
solving ability, Lisa read fluently by the time she was 3 112 
and learned all of the basic operations in mathematics when 
she was six years old. Given the difficulty that ti,e parents 
encountered in attempting to find appropriate programming 
in public school, the researchers made some of these 
suggestions: Parents should be advocates tor their children. 
have their child tested using standardized testing, and find 
enrichment programs outside the school system. 
Assessments should identify skills and content that the 
children already know so they might be challenged in school. 
Acceleration should be balanced with the study of other 
academic subjects and extracurricular activities. Talented 
students need to find an intellectual peer group. 

Lynch, S. J. (1992). Fast-paced high school science for 
the academically talented: A six-year perspective. Gifted 
Chihl Quarterly, 36, 147-154. This article reports the results 
of a six-year study of academically talented students, 12 to 
16 years old. who completed a one-year course in high school 
biology, chemistry, or physics in three weeks at a residential 
summer program. Students demonstrated subject mastery 
by taking college Entrance Examination Board science 
achievement tests. Their mean scores were higher than those 
of high school juniors and seniors. Follow-up studies 
indicated that students also performed well in subsequent 
science courses. 
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Miller, R., Mills, C., & TangherIini, A. (1995). The 
Appalachia model mathematics program for gifted 
students. Roeper Review, 18, 138-141. In this study, 456 
students in the second through the sixth grade participated 
in the model mathematics program, The students were placed 
in four instructional groups on the basis of their quantitative 
scores on The School and College Ability Test. Each student 
in the MMP received an individual education plan and 
assessments were administered to determine mathematics 
placement within the curriculum. In three months, students 
in Group 4 (the fastest-paced) mastered 1.3 years of content; 
students in Group 3 mastered 1.0 years; and students in 
Group 2 mastered .4 years. The majority of Groups 3 and 4 
were ready for algebra by seventh grade. A number of the 
students completed the high school mathematics course 
offerings as early as ninth grade. More students also 
participated in the Johns Hopkins University Talent Search 
and increased their pelformance on the SAT math. 

Mills, C. J., & Ablard, K. E. (1993). Credit and placement 
for academically talented students following special 
summer courses in math and science. Journal for the 
Education of the Gifted, 17,4-25 The researchers surveyed 
892 academically talented students about academic credit 
and/or course placement for their participation in a 
precalculus or fast-paced science course during the SUllUner. 
They found that 39% of the math students received credit 
and 38% of the science students received credit in their 
schools. 

Mills, C. J., Ablard, K. E., & Lynch, S. J. (1992). 
Academically talented students' preparation for 
advanced-level coursework after Individually-paced 
precalculus class. Journalfor the Education of the Gifted, 
16,3-17. These researchers found that intensive summer 
precalculus mathematics courses that allowed students to 
proceed at an individual pace provide greater challenge and 
the prerequisites necessary to succeed in subsequent 
mathematics courses. About 80% of the students reported 
having received a grade of Ain their high school mathematics 
course despite the fact that many were Olle or more years 
younger than their classmates. The authors conclude that 
schools should not be concerned that fast -paced courses do 
not adequately prepare gifted students for more advanced 
courses. 

Miserandlno, A. D., Subotnik, R. F., & Kenrick, Ou. 
(1995). Identifying and nurturing mathematical talent 

in urban school settings. The Jounwlfor SecO/ulory Gifted 
Education, 6, 245-257. This article is a summary of the 
results of a three-year Javits grant by the U. S. Department 
of Education that was designed to identify and nurture 
science and mathematical talent. Forty-five participants from 
an inner city high school, a heterogeneous magnet school, a 
laboratory high school and an elementary school for the 
gifted were involved in the study. Together with their teacher
mentors, the students spent 10 six-hour days studying and 
exploring advanced mathematical concepts in number 
theory, fi-actals, and probability by way of workshops offered 
by Hunter college mathematics professors and by teacher
mentors. Students also visited metropolitan area exhibits on 
mathematics-related topic. Results indicated that students 
increased confidence in their mathematical skills and selected 
more advanced mathematics courses in their high schools. 
The presence of a mentor proved to be a critical factor in 
motivating students to take advanced courses. 

Olszewski-Kubilius, P., & Yasumoto, J. (1995). Factors 
affecting the academic choices of academically talented 
middle school students. Journalfor the Education of the 
Gifted, 18,298-318. Using a sample of 656 middle school 
students who pmticipated in a summer academic program, 
these researchers found that gender influences the selection 
of math and science courses Over verbal ones. Parental 
attitudes, previous educational experiences, and ethnicity 
(in this study Asian-American) influenced the selection of 
math and science courses over verbal courses. The 
importance that parents place on mathematics and science 
for their child's future may have the most powerful influence 
On a child's selection of mathematics and science courses. 

Pletan, M. D., Robinson, N. M., Berninger, V. W., & 
Abbot, R. D. (1995). Parents' observations of 
kindergartners who afe advanced In mathematical 
reasoning. Journal for the Education of the Gifted, 19, 
30-44. This study examined two major questions: What 
behaviors and abilities do young, mathematically precocious 
children display? Are parents able to recognize such 
precocity? The researchers mailed a questionnaire to 120 
parents of gifted kindergarten children. The sample was 
primarily Caucasian (77%), with Asians constituting 13%, 
African Americans (6%), and other groups (4%). The parents 
frequently mentioned adding, subtracting, and multiplying; 
counting; interest in money, computer games, board games, 
and telling time; making up story problems; reading road 
signs; and using arithmetic workbooks. Five factors were 

SUMMER 2002. TEMPO. T,XAS ASSOCIATION FOR THE GIFTED AND TALENTED 29 



SILVER LEGACY: SHINING ON THE FUTURE FOR GIFTED YOUTH 

--------- MATH AND SCIENCE ------------ --------

found to characterize the parents' responses: (a) general 
intellectual factor, (b) shalt-and long-term memory, (c) rote 
memory, (d) spatial reasoning, and (e) specifIc relationship 
knowledge. They concluded that parents can indeed identify 
advanced abilities in mathematics. 

Ravaglia, R., Suppes, P., Stillinger, C., & Alper, T. M. 
(1995). Computer-based mathematics and physics for 
gifted students. Gifted Child Quarterly, 39,7-13. A group 
of27 middle and high school students took computer-based 
advanced math classes at a middle school. A tutor provided 
assistance that included correcting off-line work. grading 
tests, and certifying performance in the course. 92% of those 
who took Calculus AB, the first two quarters of college 
calculus, 100% of those who took Calculus BC, the entire 
year of college calculus, and 88% of those who took Physics 
C received scores of 4 or 5 on Advanced Placement tests. 
The computer courses were designed at the Education 
Program for Gifted Youth (EPGY) at Stanford University_ 
The authors concluded that computer-based education makes 
it possible for gifted and talented middle and early high 
school students to complete advanced courses In 
mathematics and physics earlier than expected. 

Rels, S. M., & Park, S. (2001). Gender differences in high
achieving students in math and science. Journal for the 
Education of the Gifted, 25, 52-73. Using data from the 
National Education Longitudinal Study of 1988, the 
researchers examined gender differences between high 
achieving students in math and science. They found that 
there were more high-achieving males than females in this 
group with far fewer female students in the science group. 
They also found that high-achieving males felt hetter about 
themselves than high-achieving females. Females who are 
high-achieving in math and science are more influenced by 
teachers and families than males. 

Robinson, N. M.,Abbot, R. D., Berninger, V. W., Busse, 
J., & Mukhopadhyay, S. (1997). Developmental changes 
in mathematically precocious yonng children: 
Longitudinal and gender effects. Gifted Child Quarterly, 
41, 145-158. Young children with advanced mathematical 
skill (No=276) were followed for two years during 
kindergatten through fIrst grade or first through second grade. 
Children were randomly assigned to a control group or a 
treatment gl"Oup. Children in the treatment group participated 
in enrichment activities outside the school that supplemented 
the child's regular classroom program. Activities were 

problem-based and "constructivist" in nature. The students 
were administered the Stanford-Binet IV, Key Math Test
Revised, Woodcock-lohnson Achievement Test-Revised and 
the Word Problems Test. Gains occurred on three of the five 
math subtests, two of the three verbal subtests, and both 
visual-spatial subtests, with maintenance on the remaining 
three standardized subtests. Children who are advanced in 
math early, continue to be advanced and may become more 
advanced relati ve to age peers once they enter school. Boys 
surpassed girls in performance. The intervention resulted in 
change in the quantitative domain but not the verbal or visual" 
spatial domains. 

Stephens, K. R. (1998/1999). Residential math and 
science high schools: A close!" look. Journal of Secondary 
Gifted Education, 10, 85-92. This article provided an 
informative profile of the students, faculty, and cunicula of 
each of the 11 state-supported, residential math and science 
high schools_ The majority of students are Caucasian (69%) 
followed by Asian (16%). The majority of faculty had 
masters and doctoral degrees. The curricula offered both 
acceleration and enrichment models with all allowing the 
study of advanced level content. The program models were 
more comparable to colleges and universities than to 
traditional high schools. The author concluded that these 
high schools offer comprehensive, challenging and 
innovative educational programs. 

Sowell, E. J. (1993). Programs for mathematically gifted 
students: A review of empirical research. Gifted Child 
Quarterly, 37, 124.132. This article summarizes and 
critiques the empirical research on programs for 
mathematically gifted students. The research indicates that 
accelerating the mathematics curriculum is desirable for the 
precocious student who reasons well. Precocious students 
enjoy working with others who are precocious and find the 
fast pace "invigorating." Since defInitions of mathematical 
enrichment are unclear, the author found it impossible to 
draw conclusions about its efficacy. 

Subotnik, R. F., & Steiner, C. L. (1993). Adult 
manifestations of adolescent talent in science. Roeper 
Review, 15, 164-169. This study examined the 146 men and 
women who were among the 300 semi-finalists and fInalists 
of the 1983 Westinghouse Science Talent Seat'ch. At 26 years 
of age, 49 of the 60 male patticipants and 25 of the 38 female 
participants could be categorized as scientists or 
mathematicians because of their study or employment. The 
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11 men and 13 women who left science had, for the most 
part, found careers in other disciplines. They left the 
scientist's lifestyle because other fields were more attractive, 
mentors in science were unavailable, parents and secondary 
school officials gave inappropriate guidance, and 
undergraduate science instruction was of low quality. The 
authors conclude that the data collection confirm the poor 
quality of science education in the United States. 

Subotnik, R. K, Stone, K. M., & Steiner, C. (2001). Lost 
generation of elite talent In science. The Journal of 
Secondary Gifted Education, 13, 33-43. This study 
examined the variables that lead to the retention and attrition 
of talented men and women in science. The sample included 
85 Westinghouse Science Talent search winners who 
completed a questionnaire and interviews. The authors found 
that accessibility to a mentor increased the individual's status, 
eliciting further resources and recognition. Women tended 
to forgo high-powered careers for a more balanced life with 
family. Access to grants and senior faculty positions playa 
significant role in determining the satisfaction and level of 
opportunity for gifted scientists. 

Swiatek, M. A. (1993). A decade oflongitudlnal research 
on academic acceleration through the study of 
mathematically precocious youth. Roeper Review, 15, 
120-123. Five cohorts who participated in the Johns Hopkins 
University Study of Mathematically Precocious Youth Were 
surveyed atthe age of 19, some at the age of23, and some at 
the age of 33. Students who choose to accelerate in high 
school do not suffer academically but gain speed in their 
educational preparation. These students peliorm well at 
advanced levels of study, complete college, and attend 
graduate school in numbers that exceed the national average. 
In addition, the students also express satisfaction with college 
and their experiences. 

Swiatek, M.A., & Lupkowski-Shopllk,A. (2000). Gender 
differences in academic attitudes among gifted 
elementary school students. Journal for the Education 
of the Gifted, 23,360-377. This study examined 2,089 gifted 
third through sixth grade children's attitudes toward 
academic subjects. After examining the EXPLORE, an 
achievement test, and an attitude questionnaire, they found 
that gender differences were discernible among these 
students. Boys have more positive attitudes than girls toward 
such subjects as science and computers and girls have more 
positive attitudes than boys toward such subjects as English, 

writing, and reading. They conclude that this gender 
difference, while small, may indicate the beginning of a trend 
that becomes more pronounced as students grow older. No 
differences were found in terms of academic performance. 

Tyler-Wood, T. 1., Mortenson, M., Putney, D., & Cass, 
M. A. (2000). An effective mathematics and science 
curriculum option for secondary gifted education. Roeper 
Review, 22,266-269. Georgia's Project for Gifted Education 
in Math and Science involved 32 students in a two-year 
interdisciplinary math/science program that incorporated 
higher-level thinking skills and more real life laboratory 
experiences. Comparing this group to a control group who 
did not receive the program, the researchers found that the 
participants in the new curriculum performed significantly 
better on the ACT in the areas of science, math, pre-algebra, 
algebra, geometry, and trigonometry. 

Van Thssel-Baska, J., Bass, G., Ries, R., Poland, D., & 
Avery, L. D. (1998). A national study of science 
curriculum effectiveness with high ability stndents. Gifted 
Child Quarterly, 42, 200-211. This study examined the 
effects of a William and Mary Unit "Acid, Acid 
Everywhere." The curriculum uses the national science 
standards and stresses advanced content, high level process 
and products, and a concept dimension. The authors found 
that students who used the units made small, but significant 
gains on the Diet Cola Test when compared to students who 
did not use the units. The teachers cited that the hands-on, 
problem-based and student-centered aspects of the units 
supported their teaching. 

Verna, M. A., & Campbell, J. R. (1999). Differential 
achievement patterns between gifted male and gifted 
female high school students. The Journal of Secondo.ry 
GlftedEducation, 10, 184-194. This study investigated the 
factors that contributed to gifted high schools students' 
mathematics achievement. A sample of 225 highly gifted 
students (109 males and 116 females), ages 16 to 18, were 
semi-finalists or finalists in the Westinghouse Talent Search. 
The students and their parents completed the Inventory of 
Parental Influence and the Self-ConfldenceAttributeAttitude 
Scale. Males perceived more parental pressure than females 
to achieve in math. Being in a two-parent family was more 
important for gifted males' than gifted females' academic 
achievement. Higher socioeconomic status (SES) was 
associated with higher achievement for females. High SES 
was also associated with higher self-concept and math self-
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concepts for males, although high SES had no significant 
effect on self-concept for females. 

Wadlington, E., & Burns, J. M. (1993). Math 
instructional practices within preschoollkindergarten 
gifted programs. Journalfor the Education of the Gifted, 
17, 41-52. The purpose of this study was to identify specific 
math practices and materials currently being used by teachers 
and students in programs for gifted three-, four-, and five
year-olds. The authors distributed a questionnaire to 25 
teacher/administrators who represented 22 different 
preschooVkindergarten gifted programs in ten states. Results 
indicated that teachers frequently used unstructured activities, 
manipulatives, discovery leaming, learning centers, games, 
and sensory activities. They frequently stressed problem 
solving, using real life problems. The study indicated that 
tlle teachers infrequently used a prescribed curriculum to 
teach students concepts and rarely selected problems from 
textbooks or workbooks for students to solve. Children were 
infrequently exposed to concepts/materials peltaining to time 
and measurement although research indicates that young 
gifted children often possess strengths in these areas. They 
rarely used standardized or teacher-made tests to assess math 

pelformance. While teachers saw the need for a differentiated 
curriculum, practices appeared to be similar to those used in 
regular classrooms. 

Susan K. Johnsen is a Professor in the Department of 
Educational Psychology at Baylor University. She directs the 
Ph. D. Program and Programs related to Gifted and Talented 
Education. She has written over lOO articles, monographs, 
and technical reports related to education. She is afrequent 
presenter at intern(ltional. national, and stale conferences. She 
is editor (if" Gifted Child Today alld serve,' 011 the editorial 
boards of Gifted Child Quarterly and Journal for Secondary 
Gifted Education_ She is the co-author of the Independent 
Study Program and three tests that are 'L,ed in identifying gifted 
students: Test of Mathematical Abilities for Gifted Students 
(TOMAGS). Test of Nonverbal Intelligence (TONI-3). 
Screening Assessment!or Gifted Students (SAGES-2). She is 
past-president of the Texas Association for the Gifted and 
Talented and currently serves as Secretary on the Board of the 
Associationfor Gifted, International Councilfor Exceptional 
Children (TAG). 

T EXA$ ASSOCIATION FOR THE GIFTED AND TALENTED 

MiSSION STATEMENT 

To PROMOTE AWARENESS OF THE UNIOUE SOCIAL, EMOTIONAL, AND INTELLECTUAL NEEDS OF 

GIFTED AND TALENTED STUDENTS AND To IMPACT THE DEVELOPMENT OF ApPROPRIATE 

SERVICES TO MEET THESE NEEDS. 

TAGT EXECUTIVE BOARD LONG RANGE GOALS 

• Advocate appropriate services and accountability standards for all gifted and talented students. 
• Support quality professional development for educators of gifted and talented students. 
• Provide current information, research, and training about gifted and talented learners and the field 

of gifted education to the TAGT membership, parents of the gifted, and general public. 
• Increase and diversify membership. 
• Increase and diversify revenue sources. 

Adopted by the TAGT Executive Board: 23_02 

----- ---- - ----

32 TEXAS ASSOCIATION FOR THE GifTED AND TAlFNTED • TEMpo. SUMMER 2002 



~._._ .. _~~,._ .• """"~"~",, ..." .. ,,'L' ... ,\,.,II\&" run. ' ... .IIIrl!:V Ivuln 

Parent Focus 

Being There 

A
s a five-year old, Cat 
entered several paint
ings in the Northwest 

Art League Spring Show. The children's division was filled 
with the artistic creations of elementary-age children. These 
as well as junior high, high school, and adult work cluttered 
a corner room in the local library. Many pieces showed 
promise and I remember how Cat paused and gazed 
carefully as we viewed each prior to the judging. Cat 
focused mostly on the adult works. There were many and 
she seemed to like them best. She pointed to shadow 
techniques with questioning eyes and remarked quietly to 
me on color blends. Cat was intensely curious, tugging on 
my sleeve to guide my perception and silently indicating 
through subtle expression which paintings she liked best. 

Cat was possessive of her work. We filled out the entry 
forms together. She dictated her responses to each question 
while I scribed her answers. Once her paintings were 
cataloged and hung, it was time for us to go. The judges 
worked in privacy over an extended lunch break. Cat and I 
decided to go to McDonalds. She giggled and laughed and 
played on the equipment with the other children, strangers 
out for a Saturday treat. Running back from the ball pit 
with her sneakers in hand she looked like all the rest. Then 
she begged me to hurry and told an amused luncher that 
she had to go see her painting. She was expecting a ribbon. 

Cat did ribbon that day and in art shows for the next 
several years she continued to do well. She painted and 
showed until she won Best in Show at both the Northwest 
Art League and the Lone Star Art Guild; but this day was 
her fIrst and it was extraordinary in the win and her reaction. 
Following the awards the judges often critique the work. 
Cat waited patiently until all the award-winning adult and 
older children's work was assessed and discussed. The 
judge was hard, but fair. He pointed out mistakes in 
proportion and balance. Finally he was done. He thanked 
the audience and was turning to leave when Cat approached 
him. She wanted his opinion of her work, too. 

I held my breath and nodded as this towering man took 
Cat aside to view her work. A small crowd of curious on
lookers gathered around them. The judge noted the color 
and the balance of Cat's piece, Summer Garden. He was 

Tina Forester 

pleased with the abstract and appeared careful with so 
young a talent. Then he did something neither Cat nor I 
will ever forget. He dismissed her saying that she might be 
an artist someday, when she grew up. 

Cat's face fell. For a moment she was silent. Then I 
watched as she drew herself up to her tallest, most 
impressive kindergarten height. "No sir," was what she said. 
He turned back in surprise. "No sir," she repeated once she 
had his attention. "".not someday. I am an artist today." 

You see, she really was. Cat had completed the 
paintings, selected her best pieces for show, chose mats to 
enhance and hang them, entered the art show, and won her 
division. She would not wait for a future someday to 
appreciate her prize. She was there and in that moment she 
defmed herself by her success. She would not be dismissed 
to wait until her little body grew taller before she could be 
acknowledged. She would not settle for the label of a 
potential artist. She was an artist. 

Gifted children, especially the very young, face this 
problem more frequently than most people suspect. Well
meaning adults refer to their potential, refusing to accept 
their ability to achieve in the moment. They talk to them, 
well, like children, never suspecting the depth of 
understanding that lies beneath a small exterior. Worse yet, 
they talk about them as if they aren't even there. Many 
times Cat has quietly waited for an adult to include her in a 
conversation, then turned with beseeching eyes to me for 
an opportunity to share her thoughts. Her vocabulary always 
brings comments of exceptionality. Her ideas show analysis 
and synthesis abilities. She is with us every moment. Her 
bright, active mind is engaged. She accepts her ideas as 
meaningful and worthy of inclusion in adult conversations 
and problem solving. She is simply "there". 

Her, "being there," Or being present in every moment, 
or self-actualization is one distinguishing characteristic of 
Cat's giftedness. As a newborn in the hospital nursery room 
she could lift her head and survey the room. She was 
gathering information; she was there. As a baby she insisted 
on being considered in everyday decisions. Transitional 
changes were difficult for her unless she initiated them or 
was included in the thought process leading to the change. 
Cat believed her opinion mattered. She spoke in sentences 
well before the age of two. Her verbal and spatial reasoning 
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skills have been exceptional from a very young age. 
Through observation and language Cat discovered and 
created her place in the family, school, community, and 
larger world. She continues to skillfully negotiate for 
privilege and responsibility based on life examples. Today 
Cat is a dynamic student of debate, an exceptional writer. 
and a leader in student and family issues. 

Self-actualization is a term coined by psychologist and 
researcher Abraham Maslow (1954, 1962, 1971). He 
describes self-actualization as the gifted ability to use one's 
capacities to good purpose, to become fully absorbed in 
what one deems important, and to do so in a lively yet 
selfless manner. Maslow considers self-actualized 
individuals to be the most fully human individuals among 
us. They choose growth over stagnation, are honest about 
their knowledge and limitations. and capable of accepting 
responsibility. Characteristic of the self-actualizing 
individual is the ability to take every moment and 
opportunity in life seriously and make the most of one's 
potential without dwelling on one's difficulties and 
inadequacies. Another is the capacity to enjoy peak 
experiences - mystical moments of pure joy when an 
object 01' experience is perceived as a whole. (Maslow, 
1962) 

Based on the philosophical work of the German 
idealists, self-actualization is the ability to place oneself 
completely in the moment in time and to realize it. 
PSYChologists, philosophers, and saints have danced with 
the concept throughout time. Simply put. self-actualization 
represents psychological wellness. It is the ah-ha 
experience so frequently noted among gifted individuals, 
the moment when inter-brain connections meet in a 
simultaneous I'Ush of understanding. It is the athletic 
moment when perception slows and time and motion flow 
in uninterrupted perfection. It is the saint or shaman 
presence and awareness of the universe. It is Marxist praxis 
uninterrupted, Hegel's expressivist theory of self
realization, and lies within the Derridaic pause between 
reality and perception. 

As a parent of a highly gifled child, I struggle with 
issues of proactive parenting for self"realization and 
fulfillment in a dangerous modern day society. The balance 
of modeling behaviors, guided practice, controlled risks, 
and full independence weigh in my conscience on a daily 
basis and have since Cat was born. She needs opportunities 
to initiate her own ideas, discover possible solutions, test 
them, and try again. To me the parenting balance means: 
How far can the toddler safely stray? Should she be allowed 
to touch the stray puppy? How high up the tree should the 
little girl climb'? When willI allow her to play solo in the 

waves. or ride her horse bareback across the fields, or 
explore the caves with flaShlight in hand'? What risks are 
acceptable? Which hold a greater learning value'? When can 
she lead, when can I follow, and when must I let her go? 

Parenting is a commitment to care for and guard a child 
responsibly. If I respond to Cat's physical need for food, 
shelter, and safety, then I am her caretaker. Cat is fortunate 
to have a good caretaker; many children do not have one. If 
I respond to her psychological need for love, acceptance, 
and comfort, then I am her guardian. Cat needs someone to 
watch over her. All children do, but raising Cat is even more 
than that. Raising Cat means providing opportunities for 
her to experience her relationship to society and to the 
universe. Starting in the nursery, Cat has enjoyed 
interactions with affirming adults, each building on the 
theme that she is unique, worthy of recognition, and capable 
of full participation in life's many offerings. She is always 
discovering boundaries, testing them, and experimenting 
with alternatives. For Cat, life is not a race; life is a feast. 
She sees life as a great gift to be cherished and enjoyed. 
She sees herself as an integral part of a universal truth, and 
she teaches me daily. Indeed Cat is, "a child of the universe, 
no less than the trees and the stars, she has a right to be 
here." 
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