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The Problem – A Decrease in Talent

Development and Interest in Science

Science in the Schools

Isaac Asimov, noted science fiction novelist
and scholar, once stated emphatically,
“Science can be introduced to children well
or poorly. If poorly, children can be turned
away from science; they can develop a
lifelong antipathy; they will be in a far worse
condition than if they had never been

introduced to science at all” (Moncur, 2007).
National and international achievement
indicators strongly suggest that as a nation,
the United States is experiencing a decline in
science aptitude on an academic level that
may lead to reduced economic, scientific,
and technological production (Viadero,
2005). The federally funded National
Assessment of Educational Progress
(NAEP), also known as the nation’s report
card, focuses in part on measuring students’
science content knowledge, skills and the
application of science to larger constructs. In
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Abstract

The dilemma that propelled Jeff and his older brother Mark to an international high school science
competition began when their mother, who feared they would contract the West Nile virus, insisted that
the boys cover any exposed skin when outside.  Determined to prove that it was not necessary to wear
long sleeved shirts and pants on hot summer days, Jeff and Mark explored methods to assess their
chances of contracting the West Nile virus if bitten by a mosquito in their Connecticut hometown.  “The
Science Boys,” a title bestowed by a local newspaper reporter (Murphy, 2004), worked with chemistry
teacher and mentor David White, who helped the boys master a powerful software program necessary
for their investigation.  Jeff and Mark’s curiosity, persistence and hard work led to their participation in
the Siemens Westinghouse Competition in Math, Science and Technology and a prize of $100,000.  Why
were Jeff and Mark successful in their endeavor when evidence shows that many students with high
aptitude in science fail to live up to their potential? 

This paper explores the issues around the development of pupils with high level potential in science.
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2005, scores of high achieving students (75th
and 90th percentiles) remained flat from
previous assessments or even declined,
particularly at the 8th grade level
(Cavanagh, 2006).

Science as a Profession

The rise in prominence of international
scientists and inventors in terms of citations,
monetary investments, patents and the
development of young scientists, should be
cause for concern. Countries of the European
Union (EU) are closing the gap with the U.S.
in terms of the number of published
scientific papers and citations. When
compared with GDP, the U.S. share of
citations dropped 3% between 1993 and 2002
(King, 2004), while other countries in the EU
have increased with Switzerland atop the list
for number of citations. Presently, Japan
leads the world in the investment of
businesses in scientific research and
development, while the U.S. lags behind the
EU in terms of the percentage of Ph.D.s in
science in the population (King, 2004). Over
the past decade, the ratio of international to
domestic patents has declined. Prior to 1993,
the U.S. issued 1.7 patents for every patent
issued overseas, whereas today that number
is 1.06 (U.S. Patent and Trademark Office,
2007). 

The report Rising Above the Gathering
Storm (National Academy of Sciences, 2005)
stressed to Americans the importance of
developing talent in science, technology,
engineering, and mathematics (STEM). As a
result of the report, and the decrease in U.S.
dominance in international science, the U.S.
Congress recently passed legislation
providing billions of dollars to fund
improvement in science education (Hoff &
Cavanaugh, 2007). Although potential
funding and the potential impact of national
reports are encouraging, the question

remains - how can educators at all grade
levels effectively encourage their most
talented science students to achieve at the
highest levels? 

The Importance of a Mentor

It is possible that educators may act as
mentors to encourage the talents of young
people in science. One of the most effective
strategies often used with gifted children is
mentoring. Strategies such as mentoring are
important in helping all students become
scientifically literate (Fort, 1990), a stated
goal of the National Science Education
Standards (National Research Council, 1996)
and American Association for the
Advancement of Science (AAAS)
Benchmarks (AAAS, 1993). 

Teachers, in addition to instruction, can
provide talented science students with
valuable resources and learning
opportunities designed to equip them with
the fundamental skills necessary to succeed
in the discipline. Teachers at all levels can
inspire talented students to pursue math and
science (Downing, Crosby, & Blake-Beard,
2005; Gavin, 1996; Hardcastle, 1988). Science
mentors in college can positively affect
whether a student persists in the domain or
falls out of the pipeline (Subotnik, 1988;
Subotnik & Steiner, 1994; Subotnik, Stone, &
Steiner, 2001). Noted scientists such as
physicist Frank Wilczek have discussed the
importance of mentorship to talent
development in the sciences (Subotnik,
1992), and especially for girls, teachers as
mentors may be especially important in
helping them to decide to take the most
challenging courses (Reis & Graham, 2005). 
Table 1 presents a summary of studies
referring to the important role of a teacher,
parent or other mentor in the development
of future scientists.
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Table 1: Characteristics and Actions of Mentors Relevant to Development of Talent in Science

Authors Date Characteristics

Brandwein 1981 Importance of the educator as a key component in student 
1995 success in science.

Downing, Crosby, 2005 Importance of mentors in science, especially to women. 
& Blake-Beard Mentors during college may be more influential than 

mentors prior to college.

Gavin 1996 Importance of teachers as mentors who were especially 
influential in choosing a college major.

Hardcastle 1988 Reasons mentors selected protégées, and the differences 
mentors made in their protégées’ lives.

Passow 1957 Mentor teacher is inspired and inspiring, knows science 
and its techniques, understands the meanings of science 
and its relationship to the world, encourages individual 
excellence, guides the student to local resources, adapts 
teaching methods to stimulate problem solving, attempts 
to provide flexible programming to meet the unique 
needs of rapid learners.

Passow 1988(a) Informal science centers can provide contact with staff 
1988(b) and researchers involved with real science who may serve 

as mentors and role models. This may lead to 
opportunities to learn the nature of science and scientific 
research in authentic settings.

Rand & Gibb 1989 Opportunity to be influenced by a role model, teacher or 
parent has been crucial in the career decisions of many 
scientists.

Reis 1998 Math and science achievement are particularly 
susceptible to the influence of parental beliefs.
Mentor teachers avoid use of stereotypes, discuss careers 
in science, discuss the human element in science, current 
controversies in science, recruit/expose students to 
mentors in person, via the web or in print materials, and 
communicate with parents regarding student talents, 
strengths and possible careers.

Reis & Graham 2005 Mentor programs may be especially effective in 
stimulating young women’s interest in technology.
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Successful mentoring requires a blend of
specific personal characteristics and
background experiences. Protégées report
that good mentors possess a combination of
characteristics, including wisdom, care,
commitment, integrity, a sense of humor, the
ability to act as a catalyst, and high
expectations (Hardcastle, 1988). Mentors
may be classified into different types:
traditional mentors, who provide
psychosocial help; sponsors, who provide
practical help; and role models, who may not
be aware of the protégée but who
nevertheless provide examples of how to act
(Crosby, 1999). 

In this article we focus on sponsors, who
must guide and enrich talented science
students, enabling them to move past
traditional curricula and achieve at the
highest levels. Teachers who strive to serve
as sponsors must be knowledgeable

regarding the plethora of scientific
programming and enrichment opportunities
available, as well as the benefits and
drawbacks for each option. Fortunately,
advanced programming options within and
outside of the regular classroom, as well as
enrichment opportunities such as contests
and competitions, can provide the talented
science student with a variety of learning
opportunities that a caring science
teacher/mentor may use to provide
direction and challenge.

Options to Promote High Potential
in Science

The unique nature of talented science
students requires distinct learning
experiences to fully develop their abilities, or
they may languish in the classroom. In a
recent study (Lubinski & Benbow, 2006)

Authors Date Characteristics

Sosniak 1985 Parents should provide intellectual stimulation and high 
expectations to nurture initial curiosity; provide science 
kits or toy microscopes to children in the home

Subotnik; 1988 Mentors play an influential role in helping to retain 
Subotnik, Stone, 2001 talented men and women in the science pipeline. 
& Steiner

Subotnik, Duschlk, 1993 Mentors offer intellectual support, a role model, 
& Selmon; professional advice, and emotional support.
Subotnik & Steiner 1994

Subotnik & Arnold 1996 Recognition by an influential mentor is a strong predictor 
of success in science.

VanTassel-Baska & 1987 Key component of effective science programs for the 
Kulieke gifted is the opportunity for students to interact with 

practicing scientists as mentors, as teachers, and as role 
models.
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researchers demonstrated that students
scoring 500 or above in 7th grade on the SAT-
V or SAT-M are capable of completing a full
year’s worth of math or science schoolwork
in three weeks, and students scoring 700 or
better on one or both tests can complete
twice that. 

A number of learning options exist for
these learners within and outside of the
school setting. Opportunities include
Advanced Placement (AP) and International
Baccalaureate (IB) programs, curricula and
enrichment programs, magnet schools, and
science fairs and competitions. 

AP and IB programs

The IB program and the larger AP program
serve many talented students at the
secondary level. The AP program in
particular has experienced tremendous
growth in recent years. From 2000 - 2005, the
percentage of students taking an AP exam
during high school increased from 15.9% to
23% (College Board, 2006).  The College
Board, in association with colleges and
universities, has created AP curriculum and
exams in 35 subject areas, and has trained
secondary school teachers to deliver a
rigorous curriculum. Students who pass the
AP criterion-referenced exams by scoring 3
or better out of 5 on a particular subject exam
may be able to enter college with course
credits. The College Board reports that 30
other countries accept AP results in their
admission process (College Board, 2006).

The IB program is internationally
recognized, and is currently offered at 553
secondary schools in the United States and at
2,061 schools in 125 countries worldwide
(International Baccalaureate Organization,
2007). The Primary Years Program (PYP) and
a Middle Years Program (MYP) work to
deliver challenging content to younger

students, but the majority of curriculum is
delivered at the secondary level in the
Diploma Programme, a two year program
usually taken between the ages of 16 and 19.
The program is organized around three core
requirements: (a) an extended essay; (b) a
theory of knowledge; and (c) creativity,
action, and service.  Students select
coursework focused on six concepts: (a)
individuals and societies, (b) mathematics
and computer science, (c) the arts, (d)
experimental sciences, (e) language, and (f) a
second language. At the conclusion of the
two years, students take IB assessments. If
passing scores are achieved, students
graduate with an IB diploma which is
considered prestigious in the international
community and accepted at colleges
worldwide (International Baccalaureate,
2007).

Are AP courses and IB programs an
adequate replacement for secondary gifted
programs? One study (Csikszentmihalyi,
Rathunde, & Whalen, 1993) found that gifted
adolescents acknowledge the challenges of
AP and IB math and science classes but are
dissatisfied with the rigid structure of the
curriculum. Additionally, neither the AP nor
the IB programs appear to incorporate
differentiation to meet the needs of different
types of learners. The AP program is
frequently delivered via lectures, and
research has found that teachers in AP
classes rarely differentiate instruction for
more or less advanced students, believing
that changing the curriculum for weaker
students would mean compromising the
integrity of the program (Hertberg-Davis,
Callahan, & Kyburg, 2006). IB teachers have
more instructional flexibility and may tend
to incorporate a greater variety of
instructional methods other than lecture,
however even IB teachers infrequently
adjust instructional methods to meet the
needs of diverse learners (Hertberg-Davis et
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al., 2006). It is unclear how appropriate AP
and IB options are for gifted learners, due in
part to the lack of available research
(Callahan, 2003).

Curricula and Enrichment Programs

Concerns about whether existing science
instruction is appropriately challenging for
above average learners have been voiced by
various organizations and individuals for
decades (American Association for the
Advancement of Science 1990; Hilton, Hsia,
Solorzano, & Benton, 1989; National
Assessment of Educational Progress, 1988;
National Science Foundation, 1978; National
Science Teachers Association, 2000;
VanTassel-Baska et al., 1998). Challenging
science curriculum is difficult to develop, as
it must integrate advanced content with the
sophisticated process skills scientists utilize
daily, including inquiry-based learning,
inferential and deductive reasoning, higher-
order thinking skills and critical analysis
(VanTassel-Baska et al., 1998). Good
curricula goes one step further in presenting
the framework in an interdisciplinary
manner, helping students to see that science
is not separate from other domains but
rather an integrated part of the world in
which they live (Renzulli & Reis, 1994). 

A quality curriculum for talented
learners incorporates authentic problem-
based learning as a framework in which to
integrate strong pedagogical elements and
motivate students. Frameworks such as the
Multiple Menu Model (Renzulli, Leppien, &
Hays, 2000) and the Parallel Curriculum
(Tomlinson et al., 2002) provide educators
with a coherent research-based structure
around which to organize engaging,
challenging curricula.

A number of programs have been
developed to implement quality curricula

for talented learners. In a study of science
curricula materials for talented learners,
researchers found that modular programs
(those packaged in independent units
organized around large topics or concepts)
were rated highest by the reviewers for both
depth of coverage and flexibility of pacing
(Johnson, Boyce, & VanTassel-Baska, 1995),
including Ga-GEMS (Georgia’s Project for
Gifted Education in Math and Science)
developed specifically for talented students
(Tyler-Wood, Mortenson, Putney, & Cass,
2000). The efficacy of such programs often
depends on effective teacher training and
continued support in implementation of the
module or curricula (Johnson et al., 1995;
Moss, 2003).

The Integrated Curriculum Model (ICM)
was developed especially for gifted learners
and stresses advanced content as well as
high level process and product (VanTassel-
Baska et al., 1998). Two important
conclusions from a study of ICM science
curriculum administered to both high and
average learners in a variety of K-8
classroom settings, indicate that: (1)
designing differentiation features into
curriculum materials for high-ability
learners is appropriate, and (2) “an
interdisciplinary approach to curriculum
development can yield powerful effects on
student learning through individual
curricula components…with science
research skill development” (VanTassel-
Baska et al., 1998, p. 210).

Although not specifically geared to
talented students, student scientist
partnerships (SSP) are an engaging strategy
useful for involving students in authentic
science experiences. Student scientist
partnerships come in variety of forms
including summer programs, after-school
programs, internships, and curricula. Again,
successful implementation of SSP
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experiences relies extensively on educator
training and support (Moss, 2003). 

VanTassel-Baska and Kulieke (1987)
found that a key component of effective
science programs for the gifted was the
opportunity for students to interact with
practicing scientists as mentors, as teachers,
and as role models. Indeed, it may be
students’ exposure to dynamic experiences
and their contact with the passion and
commitment of individuals presently
involved in the endeavor that motivate them
to go on in the field – “the more dynamic the
presentation, the greater the likelihood of
triggering follow-up action” on the part of
students (Renzulli, 2003, p.39). 

STEM Magnet Schools

Magnet schools, or schools designed to focus
on the development of talent in a particular
content area, have grown in number. Only
two decades ago, the first science, math, and
technology magnet schools were established
(Powell, 2005). In 2006, there were at least 95
public high schools that focused on math,
science and technology serving 37,000
students (Cavanagh, 2006). Magnet schools
are also established in many countries
including Australia, Jordan, Korea, Thailand,
Japan, and the United Kingdom (Powell,
2005).

Research regarding the achievements of
talented students at magnet schools is
promising. For example, 67% of graduates of
the Illinois Mathematics and Science
Academy (IMSA) earn a degree in math,
science, or technology. For female graduates,
this is four times the national average. Forty
percent of the school alumni go on to earn a
graduate degree (Powell, 2005).

A number of residential magnet schools
are located throughout the U.S. focus on

math and science and some are chartered by
state legislatures. The majority admit
students entering grade 11, who then live on-
campus for a 2-year program (Kolloff, 2003).
Researchers have emphasized the
importance of matching student talent with
program services (Jarwan & Feldhusen,
1993), and magnet schools do this in
identifying students through a combination
of high scores on standardized tests, high
grades, recommendations, writing samples,
and portfolios in the area of the talent
(Kolloff, 2003). 

Residential magnet schools offer
students a number of benefits, including the
opportunity to participate in an
appropriately challenging, accelerated,
enriched curriculum (Kolloff, 2003). Benefits
for teachers may include professional
development opportunities where teachers
from other schools act as visiting scholars, or
when professional development workshops
on innovative curriculum and strategies are
offered. Some magnet schools use distance
learning to transmit courses and electronic
field trips (Kolloff, 2003).

Science Fairs and Competitions

Science, technology and engineering fairs
and competitions for students in grades K-12
exist on the local, regional, national and
international level. Topics cover aspects of
community and environmental science,
creative problem solving, engineering and
technology, knowledge of science, scientific
processes, as well as specific content areas
including biology, chemistry, physics,
marine science, and space science. 

One of the best known and longest
running competitions in science is the Intel
Science Talent Search (Intel STS), which was
initiated in 1942 to find and encourage
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talented high school seniors in science, math,
engineering and medicine (Intel, 2007).
Finalists in the annual competition have
claimed many of the top honors in their
respective fields. Intel STS has produced six
Nobel Prize winners, two recipients of the
Fields Medal, three National Medals of
Science, one National Medal of Technology,
ten MacArthur Foundation fellowships
(“genius awards”), 56 Sloan Research fellows,
30 members of the National Academy of
Science, and five members of the National
Academy of Engineering (Intel, 2007). 

Conclusion

Some may say that Mark and Jeff were lucky
students, for they possessed talents and were
afforded the benefits of a caring and
knowledgeable mentor, chemistry teacher
David White. But was it luck, or was it a
committed effort on the parts of both the
boys and the mentor? Informed mentorship
can make a difference in the lives of our
talented science students, for when the
mentor is aware of opportunities for high-
achieving students, doors may open.  As
noted English writer William Butler Yeats
once declared, “Education is not the filling of
a pail, but the lighting of a fire.” (Yeats,
2005). Only through knowledgeable
mentoring can teachers develop the talents
of all of our curious boys and girls so that we
remain competitive as a nation well into the
21st century and beyond.

NOTE: Full data for the following can be
obtained from the authors:
U. S. Secondary Schools Offering a Focus in Math.
Science and Technology
STEM Magnet Schools in the Top 100 Ranked
Schools
National and International Competitions in
Science, Technology and Engineering
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