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Abstract

The National Science Foundation has requested comments and proposals that outline challenge
questions for the next decade in behavioral sciences research. At the same time, the NSF has
joined the President's Council of Advisors on Science and Technology as well as the National
Academy of Sciences in issuing reports identifying the need for specialized STEM education as a
strategic necessity and proposing the establishment of an additional 1000 specialized STEM
schools. A common theme in these reports is that foundational work must be conducted to
establish effective organizational and instructional practices for these schools. The authors of this
paper serve as directors of a national organization of 92 such schools; as representatives of two
of the schools used as exemplars in the PCAST report they challenge the National Science
Foundation to engage and extend existing research relationships with these willing laboratory
schools as a means to accelerate work in the learning and behavioral sciences that must be
conducted for this national endeavor.

License
This document is released by its authors under a Creative Commons Attribution-

NonCommercial-ShareAlike 3.0 United States License

http://creativecommons.org/licenses/by-nc-sa/3.0/us/
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Existing schools as leverage for behavioral sciences research on

teaching and learning in STEM fields

Challenge Background

This paper is a response to the Dear Colleague letter regarding SBE:2020 Future
Research in the Social, Behavioral & Economic Sciences. As the National Science Foundation
works to identify the challenges that will be addressed by the next generation of researchers, they
do so at a time when the academic ecosystem upon which we rely is in danger. The creation of
grand challenge questions for the next generation of SBE research also implies that a generation
of researchers will be developed who are capable of engaging such questions. The call for
papers is timely given the confluence of the release of 3 national reports on the state of STEM
education and recommendations for improvement, this is a challenge particularly to the
Cognition and Learning division, which should look for opportunities to research “pipeline”
issues related to initiation and persistence of learners.

The National Academy of Sciences (NAS) recently released an update to its 2005 report
on the state of STEM education. This update, Rising Above the Gathering Storm, Revisited:
Rapidly Approaching Category 5, outlines five years of efforts to address America's strategic
competitiveness in science and innovation. The NAS identified in their initial report that “the
most pervasive concern was considered to be the state of United States K-12 education, which on
average is a laggard among industrial economies.” The authors, looking at five years of
subsequent policy and legislative effort, conclude that this situation has “worsened” and “has
shown little signs of improvement, particularly in mathematics and science.” With respect to the

establishment of STEM specialty schools they note that while Congress authorized $89 million
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for this effort, no monies were appropriated or specified in the past five years. The National
Academy of Sciences again recommends that strengthening public education is a necessary step
to avoid a catastrophe in innovation and international competitiveness.

At the end of this five year period and near the same time as Gathering Storm Revisited,
the President's Council of Advisors on Science and Technology (PCAST) issued a report to the
President, Prepare and Inspire: K-12 education in science, technology ,engineering, and math
(STEM) for America's future. The challenge that this group identifies is that “STEM education
will determine whether the United States will remain a leader among nationals and whether we
will be able to solve immense challenges in such area as energy, health, environmental
protection, and national security.” The PCAST report, like the original Gathering Storm,
suggests that the means of achieving these strategic goals includes the identification of talent in
STEM fields and the development of talent through specialized STEM schools. In fact, the
PCAST report goes so far as recommending the creation of 1000 such schools over the next
decade and that “the Department of Education and the National Science Foundation should
develop a joint plan for accomplishing this goal, through funding and technical support.”

The National Science Board at the NSF also issued a report on this urgent issue in the
summer of 2010, Preparing the Next Generation of STEM Innovators: ldentifying and
Developing Our Nation's Human Capital. The key idea is on talent identification, and as with
the other reports the development of differentiated or accelerated instruction is recommended.
The goal in the NSF report is to build the ecosystem; however, it goes further than others in
understanding the need for research on how such talent can be identified and appropriately
cultivated from identification to professional practice over a period of time that may take a

decade or longer.

4



Kolar & Sondel 5

Why challenge the NSF/SBE?

The challenges outlined above seem to refer strictly to STEM domains, we find that it is
important to remember that STEM only delimits the content, methods, and ways of thinking.
The primary challenges surrounding the identification and development of talent are
firmly rooted in the division of Cognition and Learning within the SBE Sciences
Directorate. We also feel that the same issues related to talent identification and development in
STEM fields affect the creation of scientific minds in the SBE sciences. Attacking the identified
problems of STEM education, or treating STEM education as a cause, when it is really an effect.
The current state of education (or of scientific and economic competitiveness) is the result of a
gaps created when talent development, or specific academic abilities, has been ignored in favor
of a generalized curriculum that focuses on content standards and less on the critical thinking
skills which are required for interdisciplinary thought, analysis and idea creation. It is possible
to look at schools that have created successful STEM programs and find, in many cases, that
there is in place excellent models of talent development and academic alignment. The STEM
talent crisis is not so much caused by the organization of our system of education, but rather the
inefficient system is itself an effect of decades of neglecting talent development as the primary
oucome.

The authors of this paper serve on the board of directors of a national consortium of
specialized schools that focus on STEM, and they both represent institutions used in the PCAST
report as exemplars of models for the next generation of specialty schools. In addressing this
challenge to the SBE sciences directorate we recognize two things. First, we recognize that the
learning and behavioral sciences are key to the identification and development of talent, and that

there has been a paucity of attention paid to high achieving children and adolescents. Second, we
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recognize a direct relationship between our institutions and the next generation of researchers in
the SBE sciences; the development of scientific habits of mind often leads exceptionally talented
students who started on a strictly STEM pathway into those fields.

We identify this challenge for the SBE science directorate because we feel that the
development of the talent necessary to meet its grand challenges will rely on institutions such as
ours. We also realize that the research agenda in the behavioral sciences will need to include
field research in talent identification and development. While the primary research burden will
be on the behavioral and learning sciences, the development of domain-specific expertise will

involve contributions from experts in all STEM and SBE science disciplines.
t£0

In research in which observations are made over time, t=0 represents a starting point, a
fixed referent designating where things begin. The NSF, PCAST, and NAS have identified the
development of additional capacity in specialized education as a priority, and we hope that there
will be an increase in both interest and investment surrounding research on such institutions.
Time need not be wasted - time, which is important in the STEM competition for national
success, can be best and most efficiently used by looking at the diversity of successful programs
which already exist. We restate that t#0 to stress that there exist 92 specialized schools in 18
states that have histories that are, in some cases, over 90 years old.

The schools are as diverse in design as the communities in which they exist: stand-alone
schools, residential schools, co-located or regional magnet programs, and a growing number of
schools located on college campuses. Some of these schools include applied technology as part
of meeting their community’s needs, while others have students engaged in academic inquiry

that leads to publication before they have even earned their diploma.
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While these specialized schools have been around for many decades and have secured
many accomplishments, they have rarely acted as laboratories themselves. In the past few years,
however, there have been some changes that make them more attractive as collaborators.
Engagement with policy makers led to the language in the America COMPETES Act that allows
specialized schools to work directly with the NSF in major data collection under funded research
(Sec. 513). Additionally, the NSF has funded, through the American Psychological Association,
a Study of the Impact of Specialized Public High Schools of Science, Mathematics, and
Technology, that will look at educational and career outcomes of several thousand alumni from
20 specialized high schools. In 2010 t#0 because the outcomes of the models can be studied and
understood through decades of graduates.

Conclusion

Despite the promise of recent collaboration and research, we challenge the National
Science Foundation to increase its engagement in programs that develop the next generation of
scientists and social scientists. As we look at strategic issues related to competitiveness and
innovation, we might be concerned that last year 13 of the 21 delegations visiting the Illinois
Mathematics and Science Academy from out-of-state actually represented foreign interests.
These schools hope that the development of a national agenda will include an increase in
utilizing them as laboratories to help meet America’s strategic goals.

The NSF/SBE has invited individuals and groups to outline challenge questions for the
coming decade. We believe that the identification and development of talent in both STEM and
SBE science domains represent not only a new cycle of research, but could also serve as a
transformative impulse leading to changes in education practices related to these issues of

strategic importance. The effects of these specialized schools will need to be measured for the
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purposes of advancing the behavioral and cognitive sciences, and will ultimately lead to issues
that need to be addressed by the social and economic sciences division as public education and
the constitution of the workforce change. As the NSF/SBE identifies the grand challenges for
2020, their planning should see the experiences of these willing partners in inquiry as leverage in
designing and building institutions that will create the next generation of scientific minds. The
existence of this network of established institutions creates immediate capacity for scholars and
graduate students to engage in active research on teaching and learning that will have immediate

applicability throughout the existing K-12 infrastructure.
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License
Attribution-NonCommercial-ShareAlike 3.0 United States

License

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS
PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR
OTHER APPLICABLE LAW. ANY USE OF THE WORK OTHER THAN AS AUTHORIZED UNDER THIS
LICENSE OR COPYRIGHT LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE
BOUND BY THE TERMS OF THIS LICENSE. TO THE EXTENT THIS LICENSE MAY BE CONSIDERED TO
BE A CONTRACT, THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN
CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND CONDITIONS.

1. Definitions

a. "Collective Work" means a work, such as a periodical issue, anthology or encyclopedia, in which the
Work in its entirety in unmodified form, along with one or more other contributions, constituting separate
and independent works in themselves, are assembled into a collective whole. A work that constitutes a
Collective Work will not be considered a Derivative Work (as defined below) for the purposes of this
License.

b. "Derivative Work" means a work based upon the Work or upon the Work and other pre-existing works,
such as a translation, musical arrangement, dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any other form in which the Work may be recast,
transformed, or adapted, except that a work that constitutes a Collective Work will not be considered a
Derivative Work for the purpose of this License. For the avoidance of doubt, where the Work is a musical
composition or sound recording, the synchronization of the Work in timed-relation with a moving image
("synching") will be considered a Derivative Work for the purpose of this License.

c. "Licensor" means the individual, individuals, entity or entities that offer(s) the Work under the terms of
this License.

d. "Original Author" means the individual, individuals, entity or entities who created the Work.
e. "Work" means the copyrightable work of authorship offered under the terms of this License.

f.  "You" means an individual or entity exercising rights under this License who has not previously violated
the terms of this License with respect to the Work, or who has received express permission from the
Licensor to exercise rights under this License despite a previous violation.

g. "License Elements" means the following high-level license attributes as selected by Licensor and
indicated in the title of this License: Attribution, Noncommercial, ShareAlike.

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any rights arising from fair use,
first sale or other limitations on the exclusive rights of the copyright owner under copyright law or other applicable
laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide,
royalty-free, non-exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in
the Work as stated below:

a. toreproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the
Work as incorporated in the Collective Works;
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to create and reproduce Derivative Works provided that any such Derivative Work, including any
translation in any medium, takes reasonable steps to clearly label, demarcate or otherwise identify that
changes were made to the original Work. For example, a translation could be marked "The original work
was translated from English to Spanish," or a modification could indicate "The original work has been
modified.";

to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means
of a digital audio transmission the Work including as incorporated in Collective Works;

to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means
of a digital audio transmission Derivative Works;

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above
rights include the right to make such modifications as are technically necessary to exercise the rights in other media
and formats. All rights not expressly granted by Licensor are hereby reserved, including but not limited to the rights
set forth in Sections 4(e) and 4(f).

4. Restrictions. The license granted in Section 3 above is expressly made subject to and limited by the following
restrictions:

a.

You may distribute, publicly display, publicly perform, or publicly digitally perform the Work only under
the terms of this License, and You must include a copy of, or the Uniform Resource Identifier for, this
License with every copy or phonorecord of the Work You distribute, publicly display, publicly perform, or
publicly digitally perform. You may not offer or impose any terms on the Work that restrict the terms of
this License or the ability of a recipient of the Work to exercise the rights granted to that recipient under the
terms of the License. You may not sublicense the Work. You must keep intact all notices that refer to this
License and to the disclaimer of warranties. When You distribute, publicly display, publicly perform, or
publicly digitally perform the Work, You may not impose any technological measures on the Work that
restrict the ability of a recipient of the Work from You to exercise the rights granted to that recipient under
the terms of the License. This Section 4(a) applies to the Work as incorporated in a Collective Work, but
this does not require the Collective Work apart from the Work itself to be made subject to the terms of this
License. If You create a Collective Work, upon notice from any Licensor You must, to the extent
practicable, remove from the Collective Work any credit as required by Section 4(d), as requested. If You
create a Derivative Work, upon notice from any Licensor You must, to the extent practicable, remove from
the Derivative Work any credit as required by Section 4(d), as requested.

You may distribute, publicly display, publicly perform, or publicly digitally perform a Derivative Work
only under: (i) the terms of this License; (ii) a later version of this License with the same License Elements
as this License; or, (iii) either the unported Creative Commons license or a Creative Commons license for
another jurisdiction (either this or a later license version) that contains the same License Elements as this
License (e.g. Attribution-NonCommercial-ShareAlike 3.0 (Unported)) ("the Applicable License"). You
must include a copy of, or the Uniform Resource Identifier for, the Applicable License with every copy or
phonorecord of each Derivative Work You distribute, publicly display, publicly perform, or publicly
digitally perform. You may not offer or impose any terms on the Derivative Works that restrict the terms of
the Applicable License or the ability of a recipient of the Work to exercise the rights granted to that
recipient under the terms of the Applicable License. You must keep intact all notices that refer to the
Applicable License and to the disclaimer of warranties. When You distribute, publicly display, publicly
perform, or publicly digitally perform the Derivative Work, You may not impose any technological
measures on the Derivative Work that restrict the ability of a recipient of the Derivative Work from You to
exercise the rights granted to that recipient under the terms of the Applicable License. This Section 4(b)
applies to the Derivative Work as incorporated in a Collective Work, but this does not require the
Collective Work apart from the Derivative Work itself to be made subject to the terms of the Applicable
License.

You may not exercise any of the rights granted to You in Section 3 above in any manner that is primarily
intended for or directed toward commercial advantage or private monetary compensation. The exchange of
the Work for other copyrighted works by means of digital file-sharing or otherwise shall not be considered
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to be intended for or directed toward commercial advantage or private monetary compensation, provided
there is no payment of any monetary compensation in connection with the exchange of copyrighted works.

d. If You distribute, publicly display, publicly perform, or publicly digitally perform the Work (as defined in
Section 1 above) or any Derivative Works (as defined in Section 1 above) or Collective Works (as defined
in Section 1 above), You must, unless a request has been made pursuant to Section 4(a), keep intact all
copyright notices for the Work and provide, reasonable to the medium or means You are utilizing: (i) the
name of the Original Author (or pseudonym, if applicable) if supplied, and/or (ii) if the Original Author
and/or Licensor designate another party or parties (e.g. a sponsor institute, publishing entity, journal) for
attribution ("Attribution Parties") in Licensor's copyright notice, terms of service or by other reasonable
means, the name of such party or parties; the title of the Work if supplied; to the extent reasonably
practicable, the Uniform Resource Identifier, if any, that Licensor specifies to be associated with the Work,
unless such URI does not refer to the copyright notice or licensing information for the Work; and,
consistent with Section 3(b) in the case of a Derivative Work, a credit identifying the use of the Work in the
Derivative Work (e.g., "French translation of the Work by Original Author," or "Screenplay based on
original Work by Original Author"). The credit required by this Section 4(d) may be implemented in any
reasonable manner; provided, however, that in the case of a Derivative Work or Collective Work, at a
minimum such credit will appear, if a credit for all contributing authors of the Derivative Work or
Collective Work appears, then as part of these credits and in a manner at least as prominent as the credits
for the other contributing authors. For the avoidance of doubt, You may only use the credit required by this
Section for the purpose of attribution in the manner set out above and, by exercising Your rights under this
License, You may not implicitly or explicitly assert or imply any connection with, sponsorship or
endorsement by the Original Author, Licensor and/or Attribution Parties, as appropriate, of You or Your
use of the Work, without the separate, express prior written permission of the Original Author, Licensor
and/or Attribution Parties.

e. For the avoidance of doubt, where the Work is a musical composition:

i Performance Royalties Under Blanket Licenses. Licensor reserves the exclusive right to collect
whether individually or, in the event that Licensor is a member of a performance rights society
(e.g. ASCAP, BMI, SESAC), via that society, royalties for the public performance or public
digital performance (e.g. webcast) of the Work if that performance is primarily intended for or
directed toward commercial advantage or private monetary compensation.

ii. Mechanical Rights and Statutory Royalties. Licensor reserves the exclusive right to collect,
whether individually or via a music rights agency or designated agent (e.g. Harry Fox Agency),
royalties for any phonorecord You create from the Work ("cover version") and distribute, subject
to the compulsory license created by 17 USC Section 115 of the US Copyright Act (or the
equivalent in other jurisdictions), if Your distribution of such cover version is primarily intended
for or directed toward commercial advantage or private monetary compensation.

f.  Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound
recording, Licensor reserves the exclusive right to collect, whether individually or via a performance-rights
society (e.g. SoundExchange), royalties for the public digital performance (e.g. webcast) of the Work,
subject to the compulsory license created by 17 USC Section 114 of the US Copyright Act (or the
equivalent in other jurisdictions), if Your public digital performance is primarily intended for or directed
toward commercial advantage or private monetary compensation.

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, LICENSOR OFFERS
THE WORK AS-IS AND ONLY TO THE EXTENT OF ANY RIGHTS HELD IN THE LICENSED WORK BY
THE LICENSOR. THE LICENSOR MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND
CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT
LIMITATION, WARRANTIES OF TITLE, MARKETABILITY, MERCHANTIBILITY, FITNESS FOR A
PARTICULAR PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS,
ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, WHETHER OR NOT DISCOVERABLE.
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SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH
EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT
WILL LICENSOR BE LIABLE TO YOU ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL,
CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR THE
USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

7. Termination

a.

This License and the rights granted hereunder will terminate automatically upon any breach by You of the
terms of this License. Individuals or entities who have received Derivative Works (as defined in Section 1
above) or Collective Works (as defined in Section 1 above) from You under this License, however, will not
have their licenses terminated provided such individuals or entities remain in full compliance with those
licenses. Sections 1,2, 5, 6,7, and 8 will survive any termination of this License.

Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the
applicable copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the
Work under different license terms or to stop distributing the Work at any time; provided, however that any
such election will not serve to withdraw this License (or any other license that has been, or is required to
be, granted under the terms of this License), and this License will continue in full force and effect unless
terminated as stated above.

8. Miscellaneous

a.

Each time You distribute or publicly digitally perform the Work (as defined in Section 1 above) or a
Collective Work (as defined in Section 1 above), the Licensor offers to the recipient a license to the Work
on the same terms and conditions as the license granted to You under this License.

Each time You distribute or publicly digitally perform a Derivative Work, Licensor offers to the recipient a
license to the original Work on the same terms and conditions as the license granted to You under this
License.

If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the
validity or enforceability of the remainder of the terms of this License, and without further action by the
parties to this agreement, such provision shall be reformed to the minimum extent necessary to make such
provision valid and enforceable.

No term or provision of this License shall be deemed waived and no breach consented to unless such
waiver or consent shall be in writing and signed by the party to be charged with such waiver or consent.

This License constitutes the entire agreement between the parties with respect to the Work licensed here.
There are no understandings, agreements or representations with respect to the Work not specified here.
Licensor shall not be bound by any additional provisions that may appear in any communication from You.
This License may not be modified without the mutual written agreement of the Licensor and You.



