












Defining the role of section leaders
Each subject area is run by a section leader. Enrollment 

in each area is capped at 20 students to ensure that each 

student receives individual support. The section leader is

responsible for creating the scientifically appropriate

preparatory courses, as well as for monitoring student-

mentor relationships during the research year. Both tasks

require ongoing dealings with the Museum’s scientific staff.

A synthesis of three outside evaluations conducted by

Inverness Research, Inc. stressed the importance of 

assigning a key adult to each small group of students.8

Section leaders serve as role models for participants and act

as their advocates within the Museum. In some cases, 

we hired recent science Ph.D. graduates interested in science education to take on this challenge.

We filled other positions with individuals experienced in teaching and program development.

Whether educators, scientists, or a combination of the  two, section leaders must be empathetic,

organized, and capable of rapport with both youth and adults. Their job is to ensure that each 

student’s educational and personal needs are well supported. 

Setting schedules
Our students average four to six hours a week at the Museum, typically after school, which is when

scientists tend to be available. The primary drawback of this schedule is that it limits the amount

of time they can devote to the program and still get home at a reasonable hour. Many live far from

the Museum. As an alternative, we’ve had some success hiring scientists to work with small

groups of students on Saturday, outside regular work hours.

Giving students the skills they need
Early on, it became apparent that students required extensive preparation before entering 

a research lab. We found that exploring new concepts in interactive ways excited students and

readied them to work with graduate students and postdoctoral scien-

tists. We asked students to examine these new concepts from a

research-driven perspective, introduced them to relevant research

methods, and taught them how to ask and answer questions as 

practicing scientists do. We found that one year was the ideal length of

time for this intensive preparation. 

The Museum now offers a broad range of preparatory courses to all

New York City high school students. Students begin by signing up for

one five-week-long course to decide whether they’d like to pursue that

subject. They must complete a certain number of prerequisite courses

in order to apply to pursue research in a given field. For example, 

students interested in doing research in our Sackler Institute for Comparative Genomics begin with

courses on such topics as “What is DNA?” “Genetics of Disease,” and “Proteins: Genetic

Information in Action.” They progress to courses that more directly reflect Museum research, such

as “Our Genes, Our History,” “Evolutionary Genetics,” and “Conservation Biology.” This model 

provides a low-entry threshold for students who aren’t sure where their interests may lie. It also

allows program staff to identify students who lack confidence in their ability to do research and to

encourage them to build on their knowledge throughout the year. 
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I find that I’ve developed
higher standards for
school and work ethics,
for this program has
challenged me to
become more efficient
in my studies.
–Amy, program graduate

Section leader Noah Burg teaches insect classification.



One of our greatest challenges has been preserving an informal environ-

ment while teaching an advanced curriculum. Most of the content is new,

a great deal of information needs to be communicated, and 

students need to progress quickly. Although 

we sometimes rely on lectures, we try to 

minimize the amount of time spent sitting still.

Short lectures are designed to align with 

content in the Museum’s halls and to prepare 

students for activities in the classrooms, halls,

and labs. Presenters frequently initiate 

question-and-answer sessions. 

Staff members routinely observe classes to

ensure that a wide variety of activities are used to introduce students to

fundamental concepts in an engaging way. For example, in an exercise

that explores how proteins work together, teachers provide each student

with information about one specific protein within a cellular pathway. The

entire class then collaborates to reconstruct the entire pathway and

determine its biological function.

Matching students and mentors—and monitoring 
the matches
At the beginning of the second year, we ask each participant to select a specific field of study that

interests him or her—black holes, for example, or avian evolution, or conservation 

genetics. We then match each one with a scientist-mentor in that field, with whom the student will

work intensively during the coming year. We make every effort to match students and 

mentors based on interest and availability. We’ve found the most important factors underlying a 

successful mentoring relationship to be: the establishment of mutual respect and expectations,

careful matching of interests and personalities, attentive monitoring of these relationships from

the perspective of both students and mentors, and tracking progress throughout the year. Both 

parties must clearly understand each other’s goals and expectations. This is an ongoing but

rewarding challenge. Conducting laboratory research for an extended period of time is a wonder-

ful way for students to experience both the demands and the

rewards of a career in science.

There are many components to a successful student-mentor 

relationship. Some are prosaic, such as agreeing on periods when

both will be in the lab. Some are harder to define, such as 

determining whether the student is actually mastering the subject

or simply following instructions. In order to closely monitor 

relationships and track student progress, we found it helpful to

meet regularly with the students as a group once every two weeks.

Although weekly meetings would further improve monitoring and

feedback, they encroach too much into lab time. 

Each meeting involves a round-table discussion in which students share what they are doing in the

lab and learn what their peers are up to—an important community-building exercise. Staff mem-

bers assess each student’s progress and comprehension of his or her research project, and follow

up with mentors or students as necessary. It’s also important to meet regularly with the mentors

in order to gain their perspective on the students’ progress and support ongoing successful 

relationships.
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When you come here,
you get to ask a lot of
questions . . . the
questions you can’t
ask at school.
–ITEST participant

Students extract their own DNA for

analysis.

Learning how to keep good records



Teaching students how to present their work
Throughout the program, we stress communication skills, 

in particular the formal sharing of scientific results through

written articles and oral presentations. During the second

year, at regular biweekly meetings, we educate the students

in scientific reading and writing. We ask them to select 

journal articles that interest them or that connect to their

projects. We read these papers in class and discuss how to

extract key data and interpret the authors’ findings. 

To prepare for the writing phase, we discuss how scientific

articles are structured. Students then write an introduction

to their own work. This

encourages them to do

extensive background

research and helps

them place their work in

a wider context. Over time, they add methods, results, and

discussion sections. “How to Write and Publish a Scientific

Paper” by Robert A. Day is a helpful guide.9

The program culminates in a graduation ceremony, which

gives students the opportunity to present the research that

they have conducted over the past year. They use poster and

slide presentations. Sharing their work with family, friends,

teachers, and colleagues provides invaluable encouragement and boosts their confidence.

Exposing students to careers in science
As federal guidelines recommend, we strive to

expose students to many potential role models at

various stages of the career trajectory, from under-

graduate study to tenured professorship.10 Most of

this exposure occurs during the year, as students

interact extensively with practicing research 

scientists in an academic setting. They learn how

scientists develop research projects to explore 

specific unanswered questions in their fields. They

learn that it can be a lengthy process, requiring a great deal of dedication and attention to detail,

and also how rewarding it can be. This helps students assess

whether they’re likely to find this kind of career satisfying and

fulfilling.

During the summer, when students have more free time, 

we conduct career-oriented field trips. For example, a group of

students in the genetics section met a genetic counselor at

Mount Sinai Hospital. One of those students, now in her third

year of college, is considering becoming a genetic counselor.

We have also taken students to visit pharmaceutical companies

such as Bristol-Myers Squibb and Wyeth.
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The opportunity to learn how 
to write a paper has helped me
immensely in all of my classes.
Also, the ability to research
well and cite my sources 
correctly, along with reading
difficult and complex articles,
has been invaluable. 
–Courtenay, program graduate

The program has definitely opened a
lot of doors to me in terms of getting
research internships and jobs. . .  
It has also taught me how a lab works
and how to conduct research. 
–Henry, program graduate

A graduate presents his project on mussel 

conservation.

Discovering the ins and outs of frozen tissue 

storage



What makes our program work?

Current thinking emphasizes three main components of a successful youth development 

program: engagement, capacity, and continuity.11 Over the past ten years, AMNH programs 

have adopted and refined this approach. We have consciously incorporated of a wide variety of 

elements that we consider key to our success. An independent evaluation by Inverness Research,

Inc. has corroborated these findings.

Intensive exposure to hands-on research
In order to encourage students to pursue STEM careers, the program stresses intensive exposure

to scientists at work. Research shows that mentors and role models are crucial. Our 

institution’s extensive network of scientists at every level offers an ideal environment. Students are

eager to find out what goes on “behind the scenes” at the

Museum, and excited to play an authentic part in its

research mission.

Involving scientists
Programs like ours can’t succeed without intensive collaboration on the part of practicing 

scientists with diverse backgrounds and interests, primarily postdoctoral fellows and graduate

students. Focused on shepherding their research toward publication, some of these scientists view

working with students as a distraction. However, many also recognize the important role that 

mentors played in their own careers and are eager to encourage the next generation of 

scientists. We help the scientists see that making the time to work with students has intrinsic

value and also makes them better teachers and more valuable employees. We look for 

dedicated scientists who are excited about a chance to improve the lives of young people and 

for empathetic communicators who can effectively involve youth in their work.

10

With all the training, lab and 
writing experience and great staff
who are always there to help, it
really gives you an idea of what a
job in the science field will be like.
–ITEST participant

A sampling of student research projects

• Measuring morphological diversity in cichlids from African rivers 
and lakes

• Monitoring the behavioral effects on flamingos of satellite-tracking
devices 

• Apathy or activism:  An exploration of political participation of
American youth

• Studying the multi-wavelength properties of quasars
• Genetic characterization through space and time of critically 

endangered populations of North Atlantic right whales
• The hydrogen gas content of the galaxy and its distribution
• Phylogeography and molecular systematics of African forest elephants
• Working hard for the money? The relationship between youth 

employment and academic achievement
• Calculating the rotational curve of the Milky Way Galaxy
• Genetic diversity in southern elephant seals after a population 

decline

Meticulous measuring matters!



Two important factors can encourage scientists to 

participate. First, many are supported by research

grants that include a section on the broader impact

of their work on society. One way to have such an

impact is to spend time training and teaching

diverse groups of young people. Second, as soon as

young scientists start to look for academic jobs at

other institutions, their teaching credentials are

scrutinized. Experience is highly valued. Many

graduate students and postdoctoral fellows help us

design and teach the preparatory classes, a process

that challenges them to create rich, engaging, and

hands-on curricula. These skills enhance their

immediate job prospects and their future careers.

Institutional buy-in
Although our program is run by the Museum’s Education Department, it relies on staff in a 

variety of departments, including Exhibition, Information Technology, Development, Government

Relations, and others. Therefore, it is critical that the entire institution support the program and

its goals. In the initial planning phases, we involved key players across the institution, and we have

encouraged them to remain engaged as the program evolved. In return for this support, 

our students become eager ambassadors for the Museum itself, raising awareness in their 

communities of all the institution has to offer. 

It’s important to consider future sources of financial support right from the beginning. Multi-year

grants provide time to plan and test new ideas before the pressure for new funding arises. If a 

dedicated fund-raising or development team exists, it can be worthwhile to familiarize them with

the program. The more they know about the program and its goals, the better equipped they are

to promote it to donors and foundations. Ideally, over time, the institution finds ways to 

support the program through its operating budget.

Getting parents on board
The program is rigorous, and support at home makes a big difference. It’s important for parents to

understand the program’s potential benefits. However, given the demands on busy families and

employees, it can be difficult to find ways to include parents and keep them up-to-date. An early

start helps: families whose children have been in Museum programs since middle school tend to

be more involved in the program. 

It’s important to take parents’ schedules 

into account. We hold weekday-evening events to

familiarize students and parents with college

financial-aid criteria and the college selection

process. In addition, we are in the process of 

instituting regular family nights to introduce 

family and friends to special Museum exhibits and

to further integrate family into the program. The

most important family-centered event is graduation, which we hold on a Saturday evening. 

The ceremony brings everyone together, gives the students a chance to present their work, and

rewards their efforts. This clear demonstration of what kids can accomplish encourages parents

to support them with their schoolwork, college search, and career decisions. 
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Our son has become very focused
about what he wants and what area 
he wants to work in in the future. In
other words, he has selected his goals
of the future while working at AMNH.
–Parent of an ITEST participant

Curator Dr. Joel Cracraft displays bird specimens to students 

and teachers.



Challenging academics 
One way to get kids excited about science is to bring

them to the frontiers of what scientists currently

understand about the world around us. It’s exciting to

be on the cutting edge. Rather than emphasize facts

and figures, we encourage students to think 

about what remains

unknown and how

scientists go about

their investigations.

During the first year,

we introduce new

concepts and re-

search techniques.

The content resem-

bles that of lower-level college classes and is targeted to our insti-

tution’s research areas. For example, the biology students learn

lab techniques such as polymerase chain reaction and DNA

sequencing by performing experiments that are designed to 

introduce cladistics, a method of classification at the forefront of

evolutionary biology. This not only prepares students for the

research they’ll be conducting the following year, but gives them a

head start on college curricula. Many of our graduates report that

this training gave them the confidence to speak out in class in 

college and to pursue more challenging work.

Using current technology
Our current program is funded in part by an NSF initiative called Information Technology

Experiences for Students and Teachers (ITEST). The ITEST initiative is designed to encourage 

students to pursue careers in STEM fields by familiarizing them with technology, starting in 

middle school. We have made a concerted effort to introduce students to the many sophisticated

technological tools used by scientists today. This serves to demystify the tools, and students 

quickly realize that they, too, can use them. 

For example, students in astrophysics have learned to use advanced

programming tools to analyze data. They progressed from employing

a simple Fahrenheit-to-Celsius

conversion program to one that

enabled them to input, manipu-

late, and plot stellar data in order

to study the evolution of stars and

the relationships between 

different stellar populations. A

research-related approach shifts

the emphasis from the memoriza-

tion of facts to hands-on inquiry.

This feels different from the school experience and creates a

fun, interactive out-of-school environment.
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At first they teach you all of
this hard stuff and you
think, “I can’t do this, it is
too much for me.” But as
time passes, you realize
that you are capable. That’s
one of the things that this
program helps you with a
lot: realizing that you are
capable of succeeding. If
there is an obstacle, a
problem that you can’t
solve, there is a way for 
you to get the answer. 
–ITEST participant

I remember that I wanted to
be a teacher or a lawyer, but
now that I am into this, maybe
I will pursue a career in 
astrophysics or astronomy.
Right now, we are using IDL
[Interactive Data Language, 
a computer program] as if we
were really, really astrophysi-
cists. It is really interesting.
–ITEST participant

Carefully following procedures in the genetics lab

Performing phylogenetic analysis with 

ichthyologist Dr. Adriana Aquino



Once in the research labs, students are exposed to an even wider variety of tools employed by their

mentors in day-to-day investigations. They learn how to prepare samples for automated DNA

sequencers and how to read the output.

Last year, two students learned how to

interpret CT scan data to examine the 

cranial capacity of extinct penguins. Others

applied GPS/GIS technology to study the

behavior and habitat of nesting birds. After

encountering these sophisticated technolo-

gies in context, students understand their

use in the real world.
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Student Profile: Faye-Marie Vassel

Faye-Marie joined the AMNH High School Science Research Program
eager to learn more about genetics.  As the first year progressed,
despite many demands on her time, she grew more and more inter-
ested in pursuing research.  The program leaders worked with her to
create a schedule that enabled her to meet her many commitments.
During her second summer with the program, Faye-Marie was a great
role model to younger kids while she worked as a summer intern
showing the newest recruits around the Museum and getting them
acquainted with the program. Though her time at the museum was
focused on genetics and evolutionary biology, she grew increasingly
engaged by her school classes in math, physics, and computer 
science. The genetics section
leader extensively discussed
with her the burgeoning field of
biophysics, and how at college

she would be able to unite her two interests to conduct research in disciplines where biology
and physics intersect, such as neuroscience and structural biology. 

Working with Dr. Rob DeSalle, a Museum curator, we designed a bioinformatics project for
Faye-Marie’s research year.  She investigated the phylogenetic relationships among RNA-
digesting enzymes expressed in eosinophils, a type of white blood cell that works to combat
parasitic infections. Faye-Marie was able to identify the closest relatives to these proteins
expressed elsewhere in the body, as well as the specific amino acids that make these proteins
unique—research with the potential to enhance our understanding of asthma and other
immunological disorders.

After graduating from our program and from high school in 2007, Faye-Marie began studying
a diverse array of science subjects at Stony Brook University.  Buoyed by her experience in the
AMNH High School Science Research Program, she applied to several intensive summer research programs.  In the summer of
2008, she joined the Rice Quantum Institute’s Research Experience for Undergraduates program—quite an achievement for a 
college freshman!

The program has
given me the confi-
dence to believe that 
I can play an integral
part in the world of
scientific research.
Prior to this I was
skeptical of my 
abilities to do so. 
–Faye-Marie Vassel

The program has indeed opened many 
doors to me, and I think the program has
played a key role in my decision to go into
the sciences and research. Currently, I'm
working on a project concerning small 
peptide therapeutics in a chemical 
biology lab on campus.
–Hai Xi, program graduate



How can our experience 
serve as a model?

Over the past ten years, the scientific and education staff at AMNH have combined forces to 

create intensive, science-rich experiences for New York City high school students. Although the

specific nature of our program offerings draws heavily on our institution’s particular resources, its

goals, the intensity of student engagement, and the richness of the experience are all 

elements that can flourish outside of these walls. 

The evaluation team from Inverness Research,

Inc. has studied several iterations of our pro-

gramming.8 Their evaluation indicates that we

have succeeded with respect to our key goals.

Through surveys and interviews, participants

reported increased confidence and a greater

sense of their potential. Every graduate 

interviewed indicated that the program had

influenced his or her career choice to some

degree. Stories from minority students indicat-

ed that they had gained experiences that were

not readily available to their peers and that they

were encouraged by what they had learned.

Many universities and other informal science

institutions have untapped potential in the area

of youth development. Scientists are teachers.

Their students are typically college undergradu-

ate and graduate students, but enthusiasm for science develops earlier. Providing rich science 

experiences to high-school students can make a real difference. Many scientists would like to

engage youth but lack a program structure within which to do so. We have learned that a struc-

tured program is required in order to bring scientists and young people together successfully. 

It must be organized a way that supports all the players (students, scientists, and staff) and 

focuses on a successful student experience.

The fact that our program has succeeded across fields 

as diverse as genetics and astrophysics indicates that

subject matter is not the key. It’s more important to

select an area of institutional expertise and develop close

links to scientists with the relevant knowledge and the

skills to communicate it to students. For example, to

assist with our genetics program, we sought out evolu-

tionary biologists who use molecular biology techniques

to study evolutionary genetics. The students learned how

these technologies advance the study of evolution, 

conservation, and population dynamics. At the same

time, they learned general skills that will benefit them in

whatever field they choose to enter. 
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That first glimpse of being 
in the lab and seeing what bench
work is all about was an incredi-
ble experience. That is one of
those things that really helps you
understand if you want to do
this… As an African-American
woman, it was not a typical expe-
rience. It had a real impact on
how and if I could do research. 
–PreCollege Science Collaborative 
graduate

Dissecting a shark specimen



Very few programs connect long-term student involvement

with scientific research. Those that do can change lives. 

We hope that other science-rich educational institutions will

apply what we’ve learned to create programs within their

communities that encourage young scientists to discover

and pursue their dreams. 
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The programs convinced me to
dedicate my life to research and
development in the sciences.
–Subashis, program graduate

Notes
1 Sean Cavanagh, “Poverty’s Effect on U.S. Scores Greater Than for Other Nations,” Education Week, 

Vol. 27, No. 15, Dec. 12, 2007.

2 The National Assessment of Educational Progress, “The Nation’s Report Card,” 

http://nationsreportcard.gov/science_2005. These are the most recent results available.

3 National Center for Education Statistics, “International Outcomes of Learning in Mathematics Literacy and Problem Solving: 

PISA 2003 Results from the U.S. Perspective,” 2003. 

4 Sarah Rimer, “Urban Schools Aiming Higher Than Diploma,” New York Times, Jan. 17, 2008.

5 National Governors Association, “Building a Science, Technology, Engineering and Math Agenda” (NGA Report), Introduction. 

6 NGA Report, Strategies for Improvement. 

7 National Science Board, “America’s Pressing Challenge—Building a Stronger Foundation,” Arlington, VA: National Science

Foundation (NSB-06-02), January 2006.

8 Inverness Research, Inc. “Ten Years of Youth Programs at the American Museum of Natural History: An Independent

Perspective and Lessons Learned,” January 2008.

9 This book is also used successfully for a similar course offered to high school students attending the PreCollege Science

Outreach Program at The Rockefeller University (http://www.rockefeller.edu/outreach/straw.php). 

10 United States Government Accountability Office, Report to the Chairman, Committee on Rules, House of Representatives,

"Higher Education: Federal Science, Technology, Engineering, and Mathematics Programs and Related Trends," 

(GAO-06-114), October 2005.

11 Eric J. Jolly, Patricia B. Campbell, Lesley Perlman, "Engagement, Capacity, and Continuity: A Trilogy for Student Success,"

Science Museum of Minnesota and Campbell-Kibler, Inc., September, 2004.

Produced by the Education Department at the American Museum of Natural History

Writers: Cate Starr and Ashton Applewhite

Producer: Monica Philippo

Project Manager: Karen Taber

Graphic Designer: Stephanie Fotiadis

Students investigating malaria in lizards supervised

by evolutionary biologist Dr. Eric Waltari



© 2008 American Museum of Natural History. All rights reserved.




