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Preface

The United States has compiled a remarkable record of excellence and
leadership in science, mathematics, and technology over the past half cen-
tury. Effective mathematics and science education at the advanced high school
level is critical if this record is to continue. In addition, quality science and
mathematics education is important in preparing students to succeed in higher
education and to be informed citizens.

This report is the product of a 2-year study of programs for advanced
science and mathematics education in U.S. high schools. Recent research on
learning and program design served as the basis for the analysis. This emerging
knowledge was used to evaluate the Advanced Placement (AP) and Interna-
tional Baccalaureate (IB) programs and to examine specific ways in which
these and other programs of advanced study can be made more effective
and more accessible to all students who might benefit from them.

The study committee comprised professional educators, teachers with
experience in the AP and IB programs, university scientists and mathemati-
cians, experts in learning and talent development, and authorities on access
and equity in education. Their diverse perspectives resulted in an interdisci-
plinary approach to the analysis and assessment of programs for advanced
study. We appreciate the cooperative efforts of the study committee to achieve
a balance among these different perspectives.

This study was particularly complex for several reasons. First, the com-
mittee was charged by the National Research Council (NRC) to consider
advanced study in depth in four disciplines: biology, chemistry, physics, and
mathematics (with an emphasis on calculus). The committee therefore con-
vened diverse panels of experts in each of these fields, and their extensive
reports form an important part of the study results, grounding the analysis in
the classroom practice of advanced study programs.! A second source of
complexity in the study was the fact that the AP and IB programs must be

"The four panel reports are available online as pdf files at www.nap.edu/catalog/10129.html.
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examined in the context of the entire system of education in the United
States. These programs have important effects on school curricula and staff-
ing starting in the middle-school years, and they also influence and are
shaped by trends in higher education. A third source of complexity was the
dilemma of how to deal with extensive disparities in access to advanced
study that have the effect of excluding many students, especially minorities
and residents of impoverished communities, while continuing to ensure that
traditionally advantaged students are served effectively.

All members of the committee contributed generously to the study, both
to discussions held during and between meetings, and, by providing draft
text or comments, to the process of preparing this report. Four committee
members also served as panel chairs, drafted the respective panel reports,
and responded to reviews: William Wood, biology panel; Conrad Stanitski,
chemistry panel; Robin Spital, physics panel; and Deborah Hughes Hallett,
mathematics panel. Their exceptional efforts contributed substantially to the
success of this project. We also acknowledge important scholarly work on
access and equity by Valerie Lee and Jeannie Oakes. In addition, we note
the central contributions of Camilla Benbow, Hilda Borko, John Dossey,
Stephanie Pace Marshall, Michael Martinez, and Joseph Novak, who as a
group developed the material presented in Chapters 6 and 7 and guided the
analyses of Chapters 8 and 9. We thank David Ely, Patsy Mueller, Robin
Spital, and Wanda Bussey, the members of the committee who are teachers
of the AP and IB programs, for helping the committee understand today’s
high school settings. Finally, we acknowledge Glenn Crosby’s contributions
to our discussions of teacher education and professional development.

The NRC’s Center for Education provided exceptional support for this
project. Project director Jay Labov and senior program officer Meryl Bertenthal
worked tirelessly to seek out the extensive information required by the study
committee and to help overcome obstacles to achieving consensus. They
also contributed substantially to the process of drafting this report and guid-
ing the panel reports successfully through the stringent NRC review process.
We appreciate as well the capable efforts of John Shephard and Andrew
Tompkins, our research and project assistants. Leslie Ann Pierce, an experi-
enced AP and IB teacher, served as consultant to the committee and contrib-
uted to the report. Program officer Marilee Shelton and consultant Billy
Goodman assisted in the early phases of the project.

We acknowledge the helpfulness of the staff of the AP and IB, who
provided the committee with extensive information. Their commitment to
the long-term improvement of these programs and their receptiveness to the
committee’s ideas were evident. Although this report constitutes a strong
critique in many respects, its recommendations should not be regarded ei-
ther as questioning the importance of these programs or as conflicting with
improvement efforts already in progress. The active collaboration of many
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different groups will be required to implement the recommendations of this
study.

This study is part of a major commitment by the NRC to use its expertise
in the service of science and mathematics education. The committee antici-
pates that the report will be useful to all those concerned with improving
educational quality and equity, including program developers, science and
mathematics teachers, university scientists, policymakers, school administra-
tors, and parents.

Jerry W. Gollub and Philip C. Curtis, Cochairs
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Executive Summary

This report presents results of a 2-year effort by a National Research
Council (NRC) committee to examine programs for advanced study of math-
ematics and science in U.S. high schools. The committee focussed on the
two most widely recognized programs in the United States, and the only two
of national scope: Advanced Placement (AP) and International Baccalaure-
ate (IB). The committee also identified alternatives to IB and AP and ad-
dressed specific questions about advanced study.! The committee’s state-
ment of task and study questions are found in Appendix C.

While international comparisons of the performance of advanced stu-
dents served as a catalyst for the study, its primary motivator was the im-
proved, research-based understanding of teaching and learning that has
emerged recently, and its application to improving advanced study. In ap-
proaching its charge, the committee considered advances in the cognitive
and learning sciences. The committee also examined research about the AP
and IB programs using information provided by the College Board and the
International Baccalaureate Organisation (IBO). Neither the AP or IB pro-
grams nor independent researchers, however, have yet gathered or pub-
lished critical data that the committee sought. Therefore, the committee also
relied on materials and expert testimony from AP and IB program officials
and teachers for some of the data used in its analyses. More studies are
needed to address the many issues that are raised by this report.

The committee found that defining “advanced study” for secondary students is surpris-
ingly difficult. Establishing a clear definition is problematic in part because these programs
share a number of the objectives of other high school courses. Although many equate acceler-
ated content (e.g., college-level material) with secondary-school advanced study, the commit-
tee concluded that acceleration alone does not define a quality program. Indeed, the inclusion
of too much accelerated content can prevent students from achieving the primary goal of
advanced study: deep conceptual understanding of the content and unifying concepts of a
discipline.
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The committee found that existing programs for advanced study are
frequently inconsistent with the results of the research on cognition and
learning. This report describes how program developers, schools, and edu-
cators can remedy this situation by considering all components of educa-
tional programs: curriculum, instruction, ongoing and end-of-course assess-
ments, and teacher preparation and professional development.

Also examined in depth is the issue of equal access to advanced study.
Advanced study is no longer only for an elite audience of exceptionally
talented and privileged students; participation has become almost the norm
for students seeking admission to selective colleges. Yet minorities, inner-
city and rural students face serious limitations in accessing programs. These
broader populations of students who could benefit from advanced study are
currently limited by their prior educational opportunities, their schools’ abil-
ity to provide effective learning environments, and the availability of quali-
fied and effective teachers. Improvements in these areas could significantly
expand the population that can be served effectively by advanced study.

Expertise on the committee included scientist-researchers, secondary
teachers of AP and IB, science and mathematics educators working on teacher
education and issues of access and equity, cognitive scientists, and educa-
tional administrators. Panels of experts in the disciplines (biology, chemis-
try, physics, and mathematics) also advised the committee. The four panel
reports provided a critical basis for the committee’s analysis and may be
used independently of this volume. They are available online? and are sum-
marized in Appendix A.

This report is intended for many audiences concerned with high school
science and mathematics education in general and advanced study in par-
ticular, including program developers, high school and higher education
faculty, university and high school administrators, policymakers, and par-
ents.

CONTEXT OF ADVANCED STUDY

Advanced study has wide-ranging effects on curricula, teachers, and
students, therefore, advanced courses must be considered within a broader
context that includes the schools where the courses are offered, preceding
grade levels, and higher education. Advanced study in science and math-
ematics makes special demands on facilities, financial resources, and per-
sonnel at both the middle- and high school levels.

2At http://www.nap.edu/catalog/10129.html.
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Components

Teachers. Students learn best from teachers with strong content knowl-
edge and pedagogical skills. Lack of access to high-quality teachers may
preclude some students, especially minorities and those living in poverty,
from pursuing advanced study. All 50 states require licensing of public school
teachers; none requires special certification for those providing advanced
study. High school teachers see themselves as subject area specialists. They
teach up to 175 students per day, and have little opportunity to work with
colleagues to improve curriculum or instruction. They frequently cite inad-
equate support, lack of student motivation, and student discipline problems
as reasons for leaving teaching.

Coordination. Academic preparation for advanced study begins in
middle school. Mathematics and science courses in these grades often lack
focus, cover too many topics, repeat material, and are implemented incon-
sistently. In mathematics, states are moving toward offering algebra in eighth
grade. Increasing numbers of middle schools are instituting integrated sci-
ence curricula that de-emphasize disciplines. Middle and high school teach-
ers rarely have opportunities to coordinate curricula or instruction for grades
7-12.

Curricular Differentiation. More than 80 percent of middle schools
and many high schools direct or allow students to choose their classes in
mathematics, science, and other subjects. Other schools offer core curricula
that are narrowly focused on academic subjects and allow students few
choices. Early differential placement steers some students away from rigor-
ous academic programs. Research indicates that constrained curricula are
more effective and equitable in helping students pursue advanced study.

Sequencing. The typical progression of courses in high school math-
ematics leading to calculus is Algebra I, geometry, Algebra II, trigonometry,
and precalculus. Most state high school graduation requirements also in-
clude 2 years of science, although college-bound students traditionally take
more, usually biology, chemistry, and then physics.

Standards. In science, standards developed by the American Associa-
tion for the Advancement of Science and the National Research Council call
for increased emphasis on inquiry and in-depth study of fewer topics. In
mathematics, the standards from the National Council of Teachers of Math-
ematics emphasize learning of concepts and helping students understand
mathematics more deeply. Forty-nine states have developed standards and
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curriculum frameworks in mathematics and science. All 50 states test their
students and 27 states hold schools accountable for results. The AP and IB
programs are not predicated on state or national standards in any subject
area, but can complement standards-based reform efforts. Both provide
nationally recognized external measures of student achievement, but schools
can implement the programs in ways that conform to local or state stan-
dards.

Students. High school students face competing time pressures. Typical
students work 15-20 hours per week, spend 20-25 hours socializing, 5 hours
in extracurricular activities, and 15 hours watching television. Significant
numbers of students—particularly those from low-income families—think
so much about problems at home that they cannot concentrate in school.

Unequal Access

There is an enduring belief that advanced study confers advantages to
students in college; thus, ever-increasing numbers enroll in AP courses and
IB programs. However, access to advanced study is uneven. Some high
schools offer multiple sections in many AP subjects; others provide none.
These differences are associated with school size and location, and the avail-
ability of AP and IB in a school decreases as the percentage of minority or
low-income students increases, especially in mathematics and science. Even
where available, students from underrepresented and low-income groups
take advanced courses less frequently than students from other groups.
Effective strategies for improving student participation in advanced study
include eliminating low-level courses with reduced academic expectations,
enhancing professional development for teachers, hiring qualified teachers
for rural and inner-city schools, providing information to parents about long-
term benefits of participating in such programs, and increasing student access
to skilled counselors and mentors.

High School—-College Interface

To understand the role AP and IB play in college admission decisions,
the committee surveyed deans of admission. The survey revealed that par-
ticipation in these programs is of greatest importance for admission to the
most selective colleges. Deans view such participation as an indication of
students’ willingness to accept academic challenges, but stated that the lack
of such courses at an applicant’s high school typically does not adversely
influence admission if a student succeeded in the most challenging courses
available at his or her school.
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AP and IB examinations are administered each May, but scores are not
available until July. Therefore, examination grades from the senior year do
not influence college admission, but are used in credit and placement deci-
sions. Students also use these credits to reduce course loads or to meet
prerequisite or distribution requirements. As a result, some students may not
have to take college courses in specific subject areas, such as mathematics
or science. Some institutions minimize this practice by requiring that stu-
dents enroll in courses at higher levels than those taken in high school. A
survey of mathematics and biology departments revealed that the vast ma-
jority award credit and advanced placement for AP, and sometimes IB; the
amount awarded usually depends on the student’s score.

OVERVIEW OF THE PROGRAMS
Advanced Placement

Developed in 1955, AP is the predominant national program for ad-
vanced courses in U.S. high schools. Eleven separate courses are available in
eight mathematics and science subjects. The College Board provides topic
outlines for AP courses, generated largely by surveying colleges and univer-
sities. However, teachers are allowed considerable leeway in implementa-
tion. Elective, end-of-course examinations are designed to be comparable
with “typical” introductory college-level courses in a subject area. Originally,
the program served only top students from a few high schools. Today, ap-
proximately 62 percent of U.S. high schools offer AP. In May 2001, students
took more than 450,000 AP examinations in mathematics and science.

International Baccalaureate

The IB program was developed in the late 1960s to provide an interna-
tional standard of secondary education for children of diplomats and others
stationed outside their countries. One goal was to prepare students for uni-
versity work in their home countries. The IBO authorizes participating high
schools; schools must offer a full IB Diploma Programme and cannot offer
only a subset of IB courses. While some students take individual 1B courses
as they would an honors course, most are diploma candidates, taking a
program of six or seven courses over two years.

Final examinations are part of the integrated IB Diploma Programme.
Assessment consists of both external and internal components designed to
measure content knowledge, depth of understanding, and use of specific
higher-level cognitive skills for each subject. In May 2001, students from 272
U.S. public and private schools took 50,745 IB examinations, of which roughly
13,000 were in mathematics and science. Teachers also provide internal as-
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sessments of students’ practical skills (for example, laboratory investigations
in science, portfolios in mathematics), which are judged against established
IBO assessment criteria.

Alternative Approaches

Other opportunities for advanced study in high school are available
through local-, state-, and nationally sponsored programs. These include
collaborative programs between high schools and postsecondary institutions,
specialized schools for high-ability learners, distance learning programs, re-
search internships, and academic competitions. Many programs award col-
lege credit to high school students, but less is known about transferability of
credits earned in these alternate programs compared with qualifying scores
on AP or IB examinations.

DESIGNING PROGRAMS BASED ON RESEARCH
ON LEARNING AND PEDAGOGY

The goal of advanced study is to promote development of deep concep-
tual understanding and the ability to apply knowledge appropriately. Ac-
cordingly, the committee developed a framework to guide its analysis of
advanced study and to evaluate the degree to which existing programs ac-
complish this goal. This model also can guide the development of new
programs.

The concept of “learning with understanding” is concerned with knowl-
edge and how it is organized. Effective instruction is focusesd on enabling
learners to uncover and formulate the deep organizing patterns of a domain,
and then to actively access and create meaning around these organizing
principles. Learning with understanding also helps students develop the ability
to evaluate the relevance of particular knowledge to novel problems and to
explain and justify their thinking. As students learn and practice these skills
of critical reflection, they become able to apply knowledge in multiple con-
texts, develop adaptive expertise, and serve as active members of learning
communities.

Seven Principles of Human Learning

Seven research-based principles of learning can provide a framework
for designing effective curriculum, instruction, and assessment—three facets
of classroom activity that teachers can orchestrate to promote learning with
understanding. These principles also underlie the design of effective prepa-
ration and professional development for teachers, which, along with cur-
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riculum, instruction, and assessment, helps create a system that focuses on
student learning:

1. Learning with understanding is facilitated when knowledge is related
to and structured around major concepts and principles of a discipline.

2. A learner’s prior knowledge is the starting point for effective learn-
ing.

3. Metacognitive learning (self-monitoring) is important for acquiring
proficiency.

4. Recognizing differences among learners is important for effective teach-
ing and learning.

5. Learners’ beliefs about their ability to learn affect learning success.

6. Practices and activities in which people engage during learning shape
what is learned.

7. Socially supported interactions strengthen one’s ability to learn with
understanding.

Design Principles: Curriculum, Instruction, Assessment,
and Professional Development

The committee’s framework for appraising advanced study programs
encompasses the intentional and systematic design of curriculum, instruc-
tion, assessment, and professional development within the context of ad-
vanced study. Consideration of these program elements is based on the
principles of learning and on theory and research on instructional programs.
Education systems frequently address each element separately, but all four
must be aligned and work together synergistically to facilitate deep concep-
tual understanding. The following examples of design principles for curricu-
lum, instruction, and assessment reflect what is known about human learn-
ing:

e Effective mathematics and science curricula are coherent, focus on
important ideas within the discipline, and are sequenced to optimize learn-
ing. They provide ample opportunities for exploring ideas in depth and for
developing familiarity with the discourse and modes of inquiry of the disci-
pline.

e Teaching for understanding begins with careful consideration of stu-
dents’ thinking. It employs multiple representations and tasks. Effective teach-
ers create learning environments that foster development of students’ under-
standing and skills. They orchestrate classroom discourse in which students
conjecture, present solutions, and argue about the validity of claims.
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e Assessment for understanding is aligned with instruction and with
desired learning outcomes. It is multifaceted and continuous and includes
both content and process dimensions of performance.

Successful implementation of advanced study that promotes learning
with understanding also depends upon creating opportunities for teachers’
continual learning, and requires sufficient resources to support professional
development. Effective professional development for mathematics and sci-
ence teachers emphasizes deep understanding of content and discipline-
based methods of inquiry, provides multiple perspectives on students as
learners, and develops teachers’ subject-specific pedagogical knowledge. It
treats teachers as active learners, builds on their existing knowledge and
beliefs, and occurs in professional communities where there are opportuni-
ties to discuss ideas and practices as colleagues.

ANALYSIS OF AP AND 1B PROGRAMS BASED ON
LEARNING RESEARCH

Although the AP and IB programs predate contemporary learning re-
search, it is important to use the principles emerging from that research to
assess and improve the programs. The committee’s analysis of these pro-
grams, based on these principles of learning and supported by the reports of
the four disciplinary panels, yielded the following findings:

e Principled conceptual knowledge—Although the AP and IB programs
espouse an emphasis on concepts and key ideas, this intention is largely
unrealized in the sciences. Excessive breadth of coverage (especially in 1-
year science programs) and insufficient emphasis on key concepts in final
assessments contribute significantly to the problem in all science fields. Al-
though emphasis on learning concepts and key ideas is more evident in
mathematics, further improvement is needed, particularly in the assessments,
which frequently focus on procedural knowledge at the expense of concep-
tual understanding.

e Prior knowledge—Except for mathematics, these programs do not
specify clearly what prior knowledge is needed for success or help teachers
to build on what students already know or to recognize student misconcep-
tions. In all subjects, efforts to prepare students properly in the years pre-
ceding advanced study are often inadequate. Too many students, especially
in physics, take a 1-year advanced course as their first course in the disci-
pline—an inappropriate situation.

e Metacognition—Advanced study can increase students’ metacognitive
skills, but many programs and courses do not help students develop these
skills.
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e Differences among learners—AP and IB teachers who employ a vari-
ety of pedagogical approaches are likely to reach a broader range of learn-
ers. Using several sources of evidence of student progress also can provide
a more accurate picture of what students know compared with any single
measure, such as an examination. The single end-of year examinations and
summary scores, as found in AP, do not adequately capture student learning.

e Motivation—Students have varied motives for enrolling in advanced
study. Designing programs that are consistent with the findings of learning
research can increase students’ motivation to succeed in advanced study,
encourage them to believe in their own potential, and increase the propor-
tion of students who take and succeed in the course and final examinations.

e Learning communities—Teamwork and collaborative investigation are
especially important in advanced study. The breadth of course content and
the generally short duration of laboratory periods in many schools may be
inadequate for such activities. Better use of the Internet and technologies for
collaborative learning is needed.

e Situated learning—Students need opportunities to learn concepts in
a variety of contexts. The AP and IB programs currently do not emphasize
interdisciplinary connections sufficiently or assess students’ ability to apply
their knowledge in new situations or contexts. Additionally, advanced study
courses might make better use of laboratory experiences by requiring stu-
dents to plan experiments, decide what information is important, select ex-
perimental methods, and review results critically. These courses might also
draw upon local resources (e.g., science-related industries) to give students
experience with varied practices in mathematics and science.

Although AP and IB programs currently are not well aligned with learn-
ing principles, they can be revised with this research in mind. The resulting
transformations are likely to make the programs more successful in enhanc-
ing deep conceptual learning and make them more accessible to additional
students.

ANALYSIS OF AP AND IB PROGRAMS WITH
REGARD TO CURRICULUM, INSTRUCTION,
ASSESSMENT, AND PROFESSIONAL
DEVELOPMENT

Curriculum

Students can study topics in depth and develop conceptual understand-
ing only if curricula do not present excessive numbers of topics. Currently,
AP and IB programs are inconsistent with this precept. In their written mate-
rials the College Board and the IBO acknowledge the importance of depth
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and focus, but the breadth of topics covered in their curriculum guides and
assessments conveys a different message. Additionally, the College Board
models AP course outlines on typical college introductory courses, rather
than on the best college courses or educational practices based on research
on learning and pedagogy. Since college-level courses vary substantially in
content and pedagogy, this approach limits the potential quality of AP courses.

Instruction

Individual teachers have substantial leeway in implementing AP or 1B
courses. Therefore, the nature and quality of instruction vary considerably
from classroom to classroom. AP and IB programs depart from the model of
instruction outlined above by not providing adequate guidance concerning
excellent teaching practices in advanced study.

Assessment

The central principle for designing assessments that foster deep concep-
tual understanding is that they must be aligned with learning goals and with
curriculum and instruction derived from those goals. Because AP and IB
assessments exert a powerful influence on curriculum and instruction, it is
especially important to ensure that they are designed to foster deep concep-
tual understanding.

A striking inadequacy of the AP and IB programs is the lack of detailed
research about what their examinations actually measure, including the kinds
of thinking that the examinations elicit. This concern touches on the tests’
validity and the appropriateness of the inferences drawn from test scores.
For both the AP and IB programs, certain kinds of validity research are
lacking, including attention to the broader social consequences (or conse-
quential validity) of their assessments.

Because high-stakes assessments strongly influence instruction, it is im-
perative to understand the connections between assessment and instruction
in both programs. If instruction is to enhance understanding, assessments
should not be predictable from year to year, nor should their content or form
be capricious. Assessments in some AP and IB courses are relatively predict-
able.

Professional Development

At present, neither the College Board nor the IBO supports systematic
and continuing professional development for teachers. Professional devel-
opment opportunities vary in quality and focus and do not consistently re-
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flect the notions of learning, instruction, curriculum, and assessment pre-
sented in this report. The College Board does not adequately monitor pro-
fessional development programs that support AP; teachers’ participation in
such programs is voluntary. The College Board and the IBO have made
progress in providing Web-based resources, workshops, and mentorships,
but many teachers still lack access to such resources and opportunities.

Accepting greater responsibility for teacher professional development is
a daunting challenge for the College Board and the IBO, whose missions
historically have been much more limited in focus. Without improved pro-
fessional development, however, other efforts to improve advanced study
are likely to founder.

USES, MISUSES, AND UNINTENDED
CONSEQUENCES OF AP AND 1B

Some misuses of AP and IB test scores may have unfortunate conse-
quences, though these have not been studied in detail. For example, in an
attempt to quantify the extent to which high schools challenge students, top
public high schools have recently been ranked based on the number of AP
and IB tests taken. AP and IB assessment data also have been used inappro-
priately to evaluate teachers or to compare schools. Because of this, the
committee is concerned that teachers may emphasize to their students the
mechanics of preparing for a test, rather than learning and understanding of
important principles. Coverage of content may be superficial and opportuni-
ties for inquiry-based experiences insufficient. The committee also has learned
that some teachers discourage students from taking AP or IB courses (or the
final examinations) when poor performance is anticipated. This form of
limiting access occurs in many educational settings, including the most com-
petitive high schools.

Data from AP and IB test scores by themselves cannot support infer-
ences about teacher quality and effectiveness. Students come to advanced
courses with different levels of skill and mastery of content that make it
difficult to determine the effects of a teacher’s work on student achievement
in any particular year. Nor should such data be used to measure school
quality. Some schools offer other options that are equally rigorous but more
suited to their students.

Unlike the IBO, the College Board has no clear standards as to what
constitutes an AP course. With the growth of AP as a perceived standard of
excellence and school quality, the incentive to use the AP name inappropri-
ately also has increased. Some schools may label non-AP courses as AP,
while others may sponsor AP courses without providing proper facilities and
personnel resources.
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Students can be affected adversely when preparatory courses are com-
pressed or when students are allowed to skip prerequisite courses without
first demonstrating mastery before taking an AP course. However, efforts to
prepare students for advanced study often stimulate improvements in pre-
requisite courses; and this is to be strongly encouraged.

Advances in technology make it possible to create online AP courses
and to provide other online support, such as professional development for
AP and IB teachers. The potential for growth in this area is virtually unlim-
ited, but so is the potential for problems if suitable quality controls are not
established. For example, students who take an AP science course online
and earn a qualifying score on the examination may earn college credit or
placement without having had any advanced laboratory experience.

Decisions about awarding college credit or advanced placement for quali-
fying scores on AP and IB examinations are best made on an individual
basis, using multiple sources of information. Decisions based on sampling
average student performance in courses at typical colleges is not strong
enough to infer that all, or even most, AP or IB students who earn a particu-
lar examination score are qualified for either credit or placement.

RECOMMENDATIONS

Recommendation 1:
The Primary Goal of Advanced Study

The primary goal of advanced study in any discipline should be for
students to achieve a deep conceptual understanding of the discipline’s con-
tent and unifying concepts. Well-designed programs help students develop
skills of inquiry, analysis, and problem solving so that they become superior
learners. Accelerating students’ exposure to college-level material, while ap-
propriate as a component of some advanced study programs, is not by itself
a sufficient goal.

Recommendation 2: Access and Equity

Schools and school districts must find ways to integrate advanced study
with the rest of their program by means of a coherent plan extending from
middle school through the last years of secondary school. Course options in
grades 6-10 for which there are reduced academic expectations (i.e., those
that leave students unprepared for further study in a discipline) should be
eliminated from the curriculum. An exception might be made for courses
designed to meet the needs of special education students.
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Recommendation 3: Learning Principles

Programs of advanced study in science and mathematics must be made
consistent with findings from recent research on how people learn. These
findings include the role of students’ prior knowledge and misconceptions
in building a conceptual structure, the importance of student motivation and
self-monitoring of learning (metacognition), and the substantial differences
among learners.

Recommendation 4: Curriculum

Curricula for advanced study should emphasize depth of understanding
over exhaustive coverage of content. They should focus on central organiz-
ing concepts and principles and the empirical information on which those
concepts and principles are based. Because science and technology progress
rapidly, frequent review of course content is essential.

Recommendation 5: Instruction

Instruction in advanced courses should engage students in inquiry by
providing opportunities to experiment, analyze information critically, make
conjectures and argue about their validity, and solve problems both indi-
vidually and in groups. Instruction should recognize and take advantage of
differences among learners by employing multiple representations of ideas
and posing a variety of tasks.

Recommendation 6: Assessment

Teachers of advanced study courses should employ frequent formative
assessment of student learning to guide instruction and monitor learning.
External, end-of-course examinations have a different purpose: they certify
mastery. Both types of assessment should include content and process di-
mensions of performance and evaluate depth of understanding, the primary
goal of advanced study (see Recommendation 1).

Recommendation 7:
Qualified Teachers and Professional Development

Schools and districts offering advanced study must provide frequent
opportunities for continuing professional development so teachers can im-
prove their knowledge of both content and pedagogy. National programs
for advanced study should clearly specify and monitor the qualifications

Copyright © National Academy of Sciences. All rights reserved.
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expected of teachers. Professional development activities must be adequately
funded and available to all teachers throughout their teaching careers.

Recommendation 8: Alternative Programs

Approaches to advanced study other than AP and IB should be devel-
oped and evaluated. Such alternatives can help increase access to advanced
study for those not presently served and result in the emergence of novel
and effective strategies.

Recommendation 9: The Secondary—College Interface

9(a): When awarding credit and advanced placement for courses be-
yond the introductory college level, institutions should base their decisions
on an assessment of each student’s understanding and capabilities, using
multiple sources of information. National examination scores alone are gen-
erally insufficient for these purposes.

9(b): College and university scientists and mathematicians should modify
their introductory courses along lines similar to those proposed in this report
for high school advanced study. Departments should carefully advise under-
graduates about the benefits and costs of bypassing introductory courses.

Recommendation 10:
Changes in the AP and IB Programs

The following substantial changes in the AP and IB programs are rec-
ommended:

10(a): The College Board should abandon its practice of designing AP
courses in most disciplines primarily to replicate typical introductory college
courses.

10(b): The College Board and the IBO should evaluate their assess-
ments to ensure that they measure the conceptual understanding and com-
plex reasoning that should be the primary goal of advanced study. Programs
of validity research should be an integral part of assessment design.

10(c): Both the College Board and the IBO should take more responsi-
bility for ensuring the use of appropriate instructional approaches. Specify-
ing the knowledge and skills that are important for beginning teachers and
providing models for teacher development are likely to advance teacher
effectiveness.

10(d): The College Board should exercise greater quality control over
the AP trademark by articulating standards for what can be labeled an AP

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10129.html

EXEcuTIVE SUMMARY

course, desirable student preparation for each course, strategies for ensuring
equity and access, and expectations for universal participation in the AP
examinations by course participants. When necessary, the College Board
should commission experts to assist with these tasks.? These standards should
apply whether AP is offered in schools or electronically.

10(e): The College Board and the IBO should provide assistance to
schools in their efforts to offer high-quality advanced courses. To this end,
the College Board should provide more detailed curriculum, information
about best practices for instruction and classroom assessment, and strategies
for enhancing professional development opportunities.

10(H): The College Board and the IBO should offer more guidance to
educators, policymakers, and the general public concerning proper uses of
their examination scores for admission, placement, and teacher evaluation.
They should also actively discourage misuse of these scores.

10(g): The College Board and the IBO should develop programs of
research on the implementation and effectiveness of their programs.

3The committee notes that the College Board has used this strategy in the past. For ex-
ample, in 1997 the National Task Force on Minority High Achievement was convened to assist
the College Board in outlining recommendations for substantially increasing the number of
African American, Latino, and Native American undergraduates who achieve high levels of
academic success.
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Introduction

Excellence in science and mathematics education is a critical need and
goal for the United States. Programs for advanced study, particularly the
Advanced Placement (AP) and International Baccalaureate (IB) programs,
are major contributors to science and mathematics education at the high
school level. Large numbers of high school students seek access to these
courses, and many colleges use them in their admission decisions. High
school curricula are strongly affected by these programs, since schools often
structure their courses in the middle-school and early high school years to
facilitate participation in advanced study.

This report presents the results of a 2-year effort by a committee of the
National Research Council (NRC) to examine programs for advanced study
of U.S. high school mathematics and science (calculus, biology, chemistry,
and physics). As part of the scope of the study, the NRC asked the commit-
tee to “. . . explore the current status of high school mathematics and sci-
ence education by means of an in-depth look at programs designed for
advanced students, such as the AP and IB programs.” The study focuses on
AP and IB because these are the only advanced secondary science and
mathematics programs of national scope. However, the availability of and
participation in these programs are highly variable, with large differences
among schools and their student populations.

The primary purpose of this report is to use the results of recent re-
search on learning, curriculum, instruction, assessment, and professional
development as lenses to examine educational programs for advanced sec-
ondary science and mathematics in the United States. We are now in a posi-
tion to ask whether the AP, IB, and other programs of advanced study as
currently implemented are as effective as possible, and how they might be
improved.

Copyright © National Academy of Sciences. All rights reserved.
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BACKGROUND

The National Science Foundation and the U.S. Department of Education
commissioned this study following the publication of a disappointing as-
sessment of the performance of U.S. students in advanced mathematics and
physics, which was part of the Third International Mathematics and Science
Study (National Center for Education Statistics [NCES], 1998). This interna-
tional comparison appeared to show that U.S. students of advanced math-
ematics and physics lagged behind their counterparts in other countries.
However, a more recent study indicates that this pessimistic assessment may
have been unwarranted because the original sampling included many stu-
dents that should not have been classified as being in “advanced” courses.
Indeed, a second administration of the test to U.S. students enrolled in AP
calculus and AP physics showed that, in this sample, the AP calculus stu-
dents performed better than those in all other countries, and the perfor-
mance of the AP physics students was substantially above the mean of the
other countries (Gonzalez, O’Connor, and Miles, 2001). One important les-
son from these comparisons is that the percentage of U.S. students taking
bona fide advanced courses is too small compared with other countries.

Although international comparisons served as a catalyst for this study,
the need to undertake the study was clear for other reasons as well. Perhaps
most important, a greatly improved understanding of the conditions for suc-
cessful teaching and learning has emerged in recent years. These advances
have been summarized in several NRC reportts, including How People Learn:
Brain, Mind, Experience, and School (Expanded Edition) (NRC, 2000b). The
present analysis demonstrates that programs for advanced study are fre-
quently inconsistent with the findings of this body of research on cognition
and learning. We show how program developers can remedy this situation
by considering all the components of educational programs when develop-
ing their courses: curriculum, instructional methods, ongoing (curriculum-
embedded) and end-of-course (summative) assessments, and opportunities
for teacher preparation and professional development.

Another factor contributing to the urgency of this study is the rapid
growth of the AP and IB programs. In 2000, there were 433,430 AP exams
taken in math and science, compared with only 164,333 in 1990 (College
Entrance Examination Board [CEEB], 2000¢),! and the number is expected to
continue to grow rapidly in the future. The IB program had about 19,000
degree candidates in 2000, and roughly 13,000 IB exams were taken in the

The College Board, which oversees the AP program, does not keep track of who or how
many students enroll in AP courses, but estimates that about 30-40 percent of students enrolled
in a course do not take the exam. If that holds true for all courses, then 433,000 AP exams in
science and mathematics translate to about 580,000 enrollments.
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sciences and mathematics in the United States that year.? Clearly, these are
no longer programs only for an elite audience; participation in some form of
advanced study has become almost the norm for students seeking admission
to the most selective colleges. Advanced study programs can affect students’
future opportunities, and the quality and availability of these programs have
become central concerns.

As the United States becomes more diverse, racial and socioeconomic
gaps persist in high school students’ access to and success in advanced
study. While minority participation in advanced mathematics and science
courses has increased substantially during the past 20 years (National Sci-
ence Foundation [NSF], 1999), inner-city and rural schools, especially those
with high percentages of minority and poor students, are still less likely to
offer these courses (Ma and Willms, 1999). Many schools in low-income
communities remain ill equipped to provide advanced study, in part be-
cause they are less likely than schools with greater resources to have highly
qualified teachers or sufficient laboratories, equipment, and other curricu-
lum materials (Darling-Hammond, 2000; Ferguson, 1991, 1998; Greenwald,
Hedges, and Laine, 1996, Murnane, 1996; Wright, Horn, and Sanders, 1997).
In addition to these gaps, there are parallel disparities in access within ra-
cially and ethnically diverse schools. In these schools, African American,
Hispanic, and Native American students and those of low socioeconomic
status are much less likely than white or Asian American students to enroll in
upper-level mathematics and science courses even when such courses are
available (Atanda, 1999; Horn, Nunez, and Bobbitt, 2000; Ma and Willms,
1999). Those who do enroll are much less likely to fare as well as white or
Asian American students on national examinations. These facts represent a
major challenge for advanced study programs.

A number of additional trends and concerns make this an appropriate
time to analyze programs for advanced study of science and mathematics:

e Changes in science and mathematics—Rapid advances (e.g., the tre-
mendous progress in molecular biology) mean that traditional course con-
tent may be inadequate for the future.

e Demands for accountability—There is increasing pressure from
policymakers and the public for school accountability, and participation in
advanced study is often used as a measure of school quality.

e Connections to earlier years and bhigher education—Since learning of
science and mathematics tends to be hierarchical, advanced programs in

*These numbers are estimates based on IB Worldwide Statistics.
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these subjects have major implications for the earlier years of schooling and
vice versa. Similarly, as introductory college courses evolve and their em-
phases change (see, for example, NRC, 1999d), it is important to review the
secondary courses that precede them.

e Teacher shortages—A teacher shortage of immense proportions is
projected to emerge in the next few years in many districts. These shortages
are likely to be particularly acute for science and mathematics (National
Commission on Mathematics and Science Teaching for the 21st Century,
2000; NCES, 2000b). Teaching in advanced programs requires extensive knowl-
edge of both subject matter content and pedagogical methods. Thus it is
unclear how the staffing needed to implement and maintain the quality of
these programs will be provided in the future. This problem is especially
severe in schools with large populations of minority and poor students,
where shortages of qualified science and mathematics teachers are already
daunting (National Commission on Mathematics and Science Teaching in
the 21st Century, 2000).

e FEconomic forces—The increasing demands of a knowledge-based
economy add to the importance of providing advanced courses in math-
ematics and science for as many students as are motivated and prepared to
enroll in them.

e Information technology—Advances in information technology are
transforming work, teaching, and learning, creating new opportunities for
instructional delivery. For example, distance learning is now being used to
deliver advanced study programs to schools that have few resources, small
student populations, or insufficient numbers of teachers to offer a program
within the school.

e Assessment—Better understanding of the uses and impact of assess-
ment with regard to classroom dynamics and student learning creates op-
portunities for fundamentally changing and improving programs of advanced
study (see, for example, NRC, 2001a).

BRIEF OVERVIEW OF THE PROGRAMS

The AP program was launched in 1955 by the College Entrance Exami-
nation Board, commonly referred to as the College Board,? to provide col-
lege-level courses for advanced high school students. The program currently
consists of 35 courses in 19 subjects, including 11 courses in 7 science and
mathematics subjects.* An individual school can choose to offer any number

3The College Board is an independent, not-for-profit membership organization. Member-
ship includes colleges, universities, and secondary schools.
4See http://apcentral.collegeboard.com/courses/overviews/ (February 11, 2002).
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and combination of these courses. The AP program is built around elective,
end-of-course examinations that are graded on a five-point scale. The Col-
lege Board produces content outlines for its courses, largely by surveying
colleges and universities about the content of their introductory courses.
The national AP examinations are used by many colleges and universities as
a basis for granting credit or advanced placement to incoming students.
Additional information about the AP program is provided in Chapter 3.

The IB program was developed in the late 1960s to provide an interna-
tional standard of secondary education for a mobile population—primarily
the children of diplomats and others stationed outside their home countries
for extended periods. One goal was to prepare these students to qualify for
university admission in their home countries after schooling abroad. As with
the AP program, a final examination developed by the International Bacca-
laureate Organisation® (IBO) is a2 major component of an assessment process
that helps determine eligibility for university admission. The examination is
supplemented by teacher-devised classroom assessments, such as a portfo-
lio of laboratory reports. Schools cannot choose to offer individual IB courses;
they must provide a program of interrelated courses that students seeking
the IB diploma take during their junior and senior years. While some stu-
dents take individual 1B courses much as they would an honors course,
approximately two-thirds are diploma candidates, taking a full program of
six or seven courses over the 2-year period. A detailed course outline and
specific goals are provided for the courses. Additional information about the
IB program is provided in Chapter 4.

As a consequence of the growing belief that all students should have
access to quality educational programs, many states and the federal govern-
ment have advocated an expansion of programs such as AP. Former U.S.
Department of Education Secretary Richard Riley called for at least one AP
course in every school by 2002 and an additional course incorporated into a
school’s AP offerings each year for the remainder of the decade.® While
Governor of Texas, George W. Bush said, “Making Advanced Placement
available to students across Texas is one of the best ways to challenge stu-
dents academically” (Callahan, 2000, [from AP Program 1999, p. 16]). Many
states have advisory councils and other structures in place specifically to
promote and improve AP offerings.

The U.S. education system has changed dramatically since these pro-
grams were first established, and the programs and their assessments are
now being used in ways that initially were neither anticipated nor intended.
The leaders of these programs are aware of the need for reform. For ex-

>The IBO is a not-for-profit educational foundation based in Geneva, Switzerland.
%See www.ed.gov/Speeches/02-2000/20000211.html (February 11, 2002).
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ample, in 2000 the College Board convened a Commission on the Future of
the Advanced Placement Program, asking it to focus on ways of maintaining
the integrity and quality of the program while improving equity of access to
accommodate greater student diversity.”

WHAT IS ADVANCED STUDY?

The committee found that defining “advanced study” for secondary stu-
dents is surprisingly difficult. Establishing a clear definition of advanced
study is problematic in part because these programs share many of the
objectives of other high school courses. For example, all courses in math-
ematics and science, whether “advanced” or not, should encourage students
to think about concepts in addition to factual information. Similarly, all courses
should engage students in scientific or mathematical reasoning.

A number of overlapping definitions are often used to characterize ad-
vanced study for high school students in the United States. Some have tended
to equate advanced study with accelerated or college-level learning. How-
ever, the committee finds this definition insufficient because as discussed in
detail later in this report, the inclusion of too much accelerated content can
prevent students from realizing the important goal of attaining deep concep-
tual understanding.®

Furthermore, introductory courses at colleges and universities often do
not take advantage of the greatly improved understanding of the conditions
for successful teaching and learning mentioned earlier. As a result, they are
not necessarily good models for emulation at the high school level. It is
possible to enrich students’ learning beyond what is typically found in sec-
ondary curricula in other ways—for example, by adding depth or rigorous
analysis, applications to new domains, or opportunities for investigation.
Thinking of advanced study entirely in the context of obtaining college credit
and placement is unnecessarily limiting.

For purposes of this report, therefore, the committee adopted a focus on
helping students achieve deep conceptual understanding as the primary goal
of advanced study. At the same time, committee recognizes that accelerated
exposure to college-level content has an appropriate place in some pro-

"The sponsors of these programs have acknowledged and appreciate the importance of
increased access for underserved students. However, it is probable that offering courses alone,
without providing support systems for both students and teachers and appropriate prerequisite
education in the earlier years, would prove unsuccessful. These issues are discussed at length
in Chapter 2, this volume.

8Conceptual understanding involves the creation of rich integrated knowledge structures
around an underlying concept. Understanding is not a static point in learning, but rather a
continually developing mental activity.
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grams, provided it is well integrated with the primary goal of nurturing
conceptual understanding.

THE STUDENT CLIENTELE
FOR ADVANCED STUDY

For whom are programs of advanced study appropriate? Again the an-
swer is not straightforward. This study did not examine programs intended
only for the most exceptional learners, who might constitute at most a few
percent of the student population. Exceptional learners sometimes require
opportunities that differ significantly from what is needed or effective for
other able and well-motivated students; they may need earlier access to
advanced material and a faster pace (see Annex 6-1).

While it is important to provide challenging opportunities for the most
talented students, the primary concern of this study is with programs avail-
able to a broader group of highly motivated students with solid academic
preparation. This population is limited at least in part by the adequacy of
students’ prior educational opportunities, the ability of their schools to pro-
vide effective learning environments, and the availability of qualified and
effective teachers. It is the committee’s consensus that improvements in these
areas could enlarge significantly the group of students for whom advanced
study programs such as AP and IB are a realistic choice. Therefore, instead of
asking, “For whom is advanced study appropriate?” we think it much more
useful to ask, “How can high school science and mathematics education at
both the introductory and advanced levels be improved so that a lavger num-
ber of students will have access to advanced study and a realistic chance of
succeeding once enrolled?” Achieving this goal will require fundamental
changes in curriculum, approaches to teaching and learning, assessment
tools, and teacher preparation and professional development. Both school
systems and institutions of higher education will have to change in signifi-
cant ways.

The pathways leading to advanced study begin early. If a student has
not developed a sound conceptual understanding of algebra, geometry, and
functions, for example, he or she may be lost even in a well-taught calculus
class. The committee envisions a future in which the conceptual understand-
ing and habits of mind essential to advanced study are successfully nurtured
among a greater number of students than at present. In this hoped-for fu-
ture, early tracking of some students into academically weak courses is avoided
so that each child has a suitable opportunity to develop and demonstrate his
or her individual academic abilities and talents.

It should be noted that the early high school years are important as well
for students who do not go on to advanced study. The programs reviewed
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in this report have a profound influence on the course structure and course-
taking patterns of all students throughout the high school years. Moreover,
AP and IB teachers—who are often among the best in their schools—are a
critical resource for the entire high school system.

STUDY CHARGE AND APPROACH

The charge to the committee was as follows:

... to consider the effectiveness of, and potential improvements to, pro-
grams for advanced study of mathematics and science in U.S. high schools.
In response to the charge, the committee will consider the two most widely
recognized programs for advanced study: the Advanced Placement (AP)
and the International Baccalaureate (IB) programs. In addition, the commit-
tee will identify and examine other appropriate curricular and instructional
alternatives to IB and AP. Emphasis will be placed on the mathematics,
physics, chemistry, and biology programs of study.

The committee was charged with answering the following questions:?

1. What does research tell us about the ways in which high school
students learn science and mathematics?

2. To what extent do the AP and IB programs in mathematics and sci-
ence incorporate current knowledge about cognition and learning in their
curricula, instruction, and assessments?

3. To what extent do AP and IB programs encourage teaching approaches
that are consistent with current research on effective instructional practices?

4. How do final assessments generally, and AP and IB assessments in
particular, influence instructional practice?

5. What does research tell us about how teachers learn to teach, and
about effective professional development opportunities?

6. What is the impact of student assessment on the learning process,
and how could student assessment be used to improve student learning in
advanced courses?

7. To what extent do the IB and AP programs reflect the best in current
thinking about content and curriculum for teaching mathematics and sci-
ence?

8. How can the goal of equitable and broad access to programs for
advanced study best be pursued?

?The full text of the committee’s statement of task can be found in Appendix C; only a
subset of the questions to be addressed is presented here.
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9. How does the interface with higher education affect programs for
advanced study in secondary schools?

In approaching its charge, the committee considered research about
how people learn and gain expertise in a discipline. The committee found
surprisingly sparse empirical data about either the AP or IB programs. For
example, systematic information is lacking about how the AP and IB pro-
grams are actually implemented in U.S. high schools. Systematic data about
the AP and IB examinations are also scarce, as is information about the long-
term effects of AP and IB participation on student learning and achievement.
Because neither independent researchers nor the AP or IB programs have
gathered and published much of the data the committee sought for this
study, it was necessary to use instead available program materials and ex-
pert testimony from program officials and experienced AP and IB teachers.
As this report notes throughout, more studies are sorely needed to address
the many issues and questions raised herein.

The committee was composed of scientist-researchers, secondary teach-
ers having considerable experience with both the AP and IB programs, sci-
entists and educators with expertise in the preparation of teachers and in
issues of access and equity, experts in the cognitive sciences, and educa-
tional leaders. (Biographical sketches of the committee members are pro-
vided in Appendix B.) The committee held seven 2- to 3-day meetings over
a period of 2 years, convened several small-group meetings, and interacted
extensively between meetings. Representatives of the AP and IB programs
and experts on science learning met with the committee. Deans of admis-
sion and chairs of science and mathematics departments in a diverse group
of colleges and universities were surveyed about their uses of AP scores.
These surveys and their results are described in Chapters 2 and 10, this
volume.

Given the differences among the four disciplines under the committee’s
charge, panels of experts in each of the disciplines were convened to advise
the committee. Each panel included at least one representative from each of
the following categories: an expert on pedagogy in the discipline, an accom-
plished university teacher-scholar, a secondary teacher involved in advanced
programs, and an educational researcher with a strong base in the disci-
pline. The panels met for two 2-day sessions during the summer of 2000.
The charge to the panels, the set of questions they were asked to consider,
and a summary of their findings are included in Appendix A. Each of the
panel reports was submitted to a group of independent reviewers for analy-
sis and improvement, using procedures identical to the review process for
all NRC reports. The panels’ analyses and recommendations were an impor-
tant source for the information on which the analyses, conclusions, and
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recommendations of this report are based. The names and institutional affili-
ations of the panel members are provided in the front matter of the report.
To keep the size of this volume reasonable, only summaries of the panels’
findings and recommendations are included in Appendix A; the full text of
their reports is available online for reading or downloading.'®

AUDIENCES FOR THE REPORT

This report is intended to be useful to a variety of audiences concerned
with high school science and mathematics curricula in general and advanced
study in particular. Those who determine the shape of advanced study pro-
grams should find many opportunities to improve their programs along the
lines suggested in this report. High school teachers should be interested in
the analysis, which they can use both to develop useful teaching ideas and
to press for changes in their schools that will enhance advanced study op-
portunities and make the programs effective for more of their students. It is
hoped that university faculty members will see the importance of interacting
with their secondary school colleagues and of encouraging deep conceptual
understanding among their students, especially those who might become
teachers. It is also hoped that university administrators will better appreciate
the influence of their policies regarding admission and credit or placement
for advanced study on both high schools and their students. Middle school
and elementary school teachers should attain a better understanding of what
they can do to prepare their students for advanced study at a later time and,
in so doing, to enhance academic opportunities for all students. The report
should be of value as well to policymakers and administrators at both the K-
12 and university levels, who have a vital role to play in promoting the
practices that research has shown to be effective and in providing the re-
sources their teachers need to make advanced study successful for larger
numbers of students. Finally, this report is intended to assist parents in being
informed advocates for educational quality in science and mathematics.

OVERVIEW AND STRUCTURE OF THE REPORT

Chapter 2 provides essential background for this report, including the
policy context of advanced study, the roles of middle schools and high
schools in preparing students for these programs, and problems related to
the supply of qualified teachers. It also addresses issues of equity and access
to advanced study programs, factors that affect the success of students who
enroll in advanced study, and the interface of secondary advanced study

YAt www.nap.edu/catalog/10129.html/.
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with colleges and universities. Chapters 3 and 4 introduce the AP and IB
programs in some detail, while Chapter 5 provides a brief overview of some
alternative advanced study programs. Chapter 6 summarizes the results of
research on human learning that are critical for the present analysis. Chapter
7 extends these findings to the design of curriculum, instruction, assessment,
and professional development as they relate to advanced study.

The report next turns to a detailed analysis of programs for advanced
study, an analysis that is influenced strongly by the panel reports in the four
individual disciplines. Chapter 8 presents an analysis of the programs from
the perspective of research on learning, while Chapter 9 considers them
from the perspective of curriculum, instruction, assessment, and professional
development of teachers. Chapter 10 examines appropriate and inappropri-
ate uses of these programs and their assessments of students. Finally, Chap-
ter 11 presents the committee’s recommendations for change.
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Context of Advanced Study

There are approximately 36,000! public and private high schools in the
United States (National Center for Education Statistics [NCES], 2001a). As a
result of the U.S. tradition of local control of education, these schools vary
widely along many dimensions, such as size, availability of facilities and
resources, student and teacher characteristics, staffing levels, teacher prepa-
ration and qualifications, and stated goals and missions. Public, private, and
parochial schools set their own educational standards? and are accountable
to different oversight agencies. They implement widely varying curricula
and administer different assessments, which are selected by their districts’ or
states’ boards of education or boards of trustees. Local school boards orga-
nize their schools and implement policies related to ability grouping, course
offerings, and staffing patterns in ways that reflect their differing missions,
educational goals, and local political concerns and priorities. Thus, “high
school” in the United States must be understood as a diverse array of institu-
tions in which students, even those attending the same school, may have
vastly differing opportunities and experiences, depending on their course of
study.

Students’ school experiences and academic achievement are most af-
fected by the overall culture and atmosphere of their school, the organiza-
tion and content of their school curriculum, and the training and qualifica-
tions of the teaching force they encounter during the course of their educa-
tional career (NCES, 2000b). It has been consistently demonstrated that dis-
parities among schools along these dimensions have a profound effect on
students’ abilities to prepare for and fully participate in advanced study op-
portunities.

IThis figure excludes special education, alternative, and other schools not classified by
grade span.

Public school standards are usually established by local boards of education, which fol-
low polices established by state boards of education.
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CoNTEXT oF ADVANCED STuDY

Advanced study does not exist in isolation. As advanced study programs
are currently structured in the United States, they have wide-ranging effects
on the curricula, teachers, and students in the schools where they are of-
fered. In turn, they are affected by political, educational, and social contexts
that shape their implementation in schools. This chapter reviews the policy
context of advanced study (including its financing), its educational context
(including student preparation for advanced study in both middle and high
school and teacher preparation), disparities in opportunities for different
groups of students to pursue and succeed in advanced study, and the con-
nections between advanced study and higher education.

POLICY CONTEXT

Immediately following the release of A Nation at Risk by the National
Commission on Excellence in Education (1983), intense public interest was
generated in improving the achievement of U.S. secondary school students
by reforming and restructuring U.S. high schools. Although most states and
school districts have adopted the commission’s recommendations for strength-
ening state and local high school graduation requirements,? U.S. high schools
still face intense criticism from those involved in higher education,
policymakers, education reformers, and the public for continuing to gradu-
ate significant numbers of students who are neither well prepared for col-
lege nor able to enter the workplace with the technological and problem-
solving skills demanded by the new economy (American Federation of Teach-
ers [AFT], 1999; Kaufman, Bradby, and Teitelbaum, 2000; National Associa-
tion of Secondary School Principals [NASSP], 1996; National Commission on
the High School Senior Year [NCHSSY], 2001a, 2001b; Powell, Farrar, and
Cohen, 1985; Sizer, 1992).

High schools may not be failing to the degree that some of these reports
indicate (see for example, Berliner and Biddle, 1996). However, the Math-
ematics and Science Report Cards of the National Assessment of Educational
Progress (NAEP)? and data gathered from state education testing and the
SAT T and 1II suggest that the schools are doing a less than stellar job in
challenging all students to achieve at the same high levels.

In 1999 Richard Riley, then U.S. Secretary of Education, declared it was
time to change U.S. high schools so they would be better aligned with the

3The Five New Basics recommended by the commission included 4 years of English; 3
years of mathematics; 3 years of science; 3 years of social studies; one-half year of computer
science; and, for the college-bound, 2 years of foreign language.

4Available at http://www.nces.ed.gov/nationsreportcard/ (February 10, 2002).
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demands and needs of modern times.’> The needed changes, according to
Riley, must include high expectations for all students, rigorous curricula,
support for students who need help in meeting higher standards, an educa-
tional structure that is flexible in meeting students’ needs, and well-prepared
teachers who have adequate opportunities for professional development
and the time to work together in achieving student and school goals. In light
of all of the recent criticism leveled at high schools, many policymakers and
educators have turned to AP® and IB to improve their academic programs
(see for example, The National Education Goals Panel, Promising Practices,
Goal 3,7 and legislation in Virginia® and California®). Rod Paige, current U.S.
Secretary of Education, has continued the Department of Education’s sup-
port for AP in 2001-2002 by providing $6.5 million in grants to 18 states, the
District of Columbia, and Guam so that thousands of students from low-
income backgrounds can prepare for and take AP examinations.!® Several
states also have adopted policies to support IB that are similar to those
for AP.

In the view of many educators and policymakers, AP and IB comple-
ment the nation’s decentralized system of educational governance and the
different approaches that states and districts have adopted with regard to
academic standards, curriculum, and instruction. That is, AP and IB are na-
tional programs that are controlled locally. Both programs provide a basic
structure, quality standards, and nationally recognized external measures of
student achievement, but states and individual schools can decide which
students are able to take the courses, who is qualified to teach them, and
how the courses will be taught.

At least 26 states provide legislative support to AP programs in their
schools by subsidizing examination fees or costs for teacher education, pro-

SRiley, 1999, available at www.ed.gov/Speeches/09-1999/990915.html (February 11, 2002).

%Secretary Riley called on all schools to add one AP course to their curricular offerings for
each of the next 10 years (ending in 2010) so that every student in every high school in the
United States could have access to at least ten AP courses. The Federal AP Incentive Act (1999)
provided funds to help low-income students pay the fees for AP examinations.

"The National Education Goals Panel uses an increase in the number of AP examinations
receiving a grade of 3 or higher per 1,000 students in grades 11 and 12 to recognize schools
with promising practices (http://www.negp.gov [February 11, 2002)).

8Virginia’s Board of Education established an accountability system that requires every
school division in the Commonwealth to offer at least two AP courses (www.pen.k12.va.us
[February 11, 2002]).

Spending $20.5 million to make at least one AP class available for every high school
student by the fall of 2000, although at first this might mean the students’ going to a different
location or watching the class on closed-circuit television (http://www.cisco.com/warp/public/
779/ govtaffs/people/issues/educational _reform.html [November 26, 2001]).

19Additional information about this support is available at http://www.ed.gov/PressReleases/
10-2001/10012001b.html (October 26, 2001).
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viding funds for materials and supplies for AP courses, offering incentives
for initiating AP courses or hosting training sessions, encouraging or man-
dating publicly funded colleges and universities to accept AP credit, and/or
supporting professional development opportunities. State policies related to
IB are less well established.!!

For many years, policymakers have focused on making advanced-level
courses available to all students who are interested in participating. That
goal has not yet been accomplished, but educators and policymakers have
increased their efforts to provide many more students with equitable oppor-
tunities to learn and succeed in these courses. As discussed later in this
chapter, the success of these efforts will depend on whether educational
leaders assign top priority to increasing the number of underrepresented
minority students who both are enrolled in advanced study and achieve at
high levels.

The Role and Influence of Standards and Accountability

Reform is an ongoing and recurring theme in American education. The
latest wave of educational reform, highlighted by calls for standards and
accountability, began a little more than a decade ago. These efforts, which
have garnered the broad-based support of education policymakers, busi-
ness leaders, many educators, and the public, rest on three basic tenets: (1)
all students should be held to the same high standards for learning; (2) high
standards should serve as a basis for systems of assessment that can be used
for the purpose of accountability; and (3) consequences should be imposed
on schools, teachers, and sometimes students when students do not meet
the established standards (Linn, 2000).

In the early 1990s, attempts at developing national standards for several
subject areas met with varying degrees of success. The American Association
for the Advancement of Science (AAAS) published Benchmarks for Science
Literacy (1993), which contains science content standards based on a previ-
ous publication, Science for All Americans (AAAS, 1989). These publications
outlined what the citizens of the United States should know about science.
In 1996, the National Research Council (NRC) published the National Sci-
ence Education Standards (NSES), a consensus document based on input
from hundreds of scientists, science educators, and professional societies.
The NSES relate to science content, teaching, teacher development, assess-
ment, and the infrastructure required to support effective science education.

"The committee noted that Florida has instituted a state scholarship program that allows
Florida students who graduate with an IB diploma to attend any state university for free. Cali-
fornia recently enacted legislation that grants sophomore standing in college to students who
earn an IB diploma in high school.
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Both documents call for fundamentally different approaches to teaching and
learning science for students in grades K—12, with emphasis on inquiry and
in-depth study of fewer topics than was characteristic of most science edu-
cation programs at the time.

In mathematics, the National Council of Teachers of Mathematics (NCTM)
has taken the lead in developing content standards for grades K-12 (NCTM,
1989, 2000). Like their counterparts in science, the national mathematics
standards emphasize teaching and learning concepts and helping students
understand mathematics much more deeply. Both the national science and
mathematics standards leave decisions about specific curriculum to the dis-
cretion of the teacher, school, or district.

Based in part on these efforts, during the past decade 49 states and the
District of Columbia have established statewide academic standards for what
students should know and be able to do in at least some subjects; many
states also have developed curriculum frameworks to support their stan-
dards. All 50 states currently test how well their students are learning, and 27
states hold schools accountable for results (Education Week, 2001).

This expectation for academic standards and measuring of student
achievement has again assumed national prominence with the passage in
January 2002 of the No Child Left Behind Act, which requires all states to test
children in reading and mathematics every year while they are in grades 3—
8. National expectations for assessing science achievement will begin in the
2007-2008 school year. Schools will be held accountable for the results.

The question now, after a decade of standards-based reform, is whether
this approach achieves the results envisioned by policymakers and educa-
tors. Some contend that the assessments being used to measure achieve-
ment are narrowing the curriculum and discouraging high-quality instruc-
tional practices. These critics contend that greater gains in learning would
occur if policymakers and educational decision makers focused more on
equity in educational funding, teacher quality, and professional develop-
ment, and less on testing. Supporters of standards-based reform point out
that test scores are on the rise in a number of districts, including those that
have shown low achievement in the past, and that a focus on accountability
has forced teachers and schools to attend to the learning and achievement
of all students, not just those at the top.

The AP and IB programs complement standards-based reform efforts at
the advanced level. Both programs provide content-rich curricula and na-
tionally recognized external measures of student achievement, but can be
implemented by states and individual schools in ways that conform to local
standards and link with other curricular offerings.
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Financing Advanced Study Programs at the Local Level

Implementing, expanding, and supporting high-quality advanced study
programs in science and mathematics requires resources that some school
districts have difficulty providing. Such is the case particularly in rural areas
and urban school districts that are supported by a limited property tax base
and serve a large number of high-poverty or minority students. There is
substantial variation in available fiscal resources across states, as well as
among districts within states. For example, Rubenstein (1998) found that
within some districts, schools with higher levels of student poverty some-
times receive lower allocations of both money and other educational re-
sources than more affluent schools within the same district.!?

Establishing and supporting high-quality advanced study programs also
means that school districts must allocate sufficient resources for teacher pro-
fessional development, instructional resources, and adequate student prepa-
ration at the middle school level. Indeed, disparities in school funding can
exacerbate the already low level of access to advanced study courses for
students who reside in high-poverty localities. Some states, such as Indiana,
South Carolina, California, and Texas, have implemented state funding ini-
tiatives to ensure that advanced study opportunities will be equitably distrib-
uted across all of the states’ schools and school districts.

Teacher Qualifications, Certification, and Challenges

In the quest for greater student achievement, state governments have
undertaken reforms that have as their goal better teaching and learning for
all students (Council of Chief State School Officers [CCSSO], 1998). Despite
these reforms and the hard work of school and school district personnel,
gaps still exist between desired and actual student achievement. These gaps
can be attributed largely to disparities in the qualifications and distribution
of the teacher workforce (Darling-Hammond, 2000).

Teaching quality matters. Numerous studies of the effects of teachers on
student achievement have revealed that the availability and effectiveness of
qualified teachers are strong contributors to observed variances in student
learning (Jordan, Mendro, and Weerasinghe, 1997; Sanders and Rivers, 1996;
Wright, Horn, and Sanders, 1997). There is broad consensus that students
learn more from teachers with strong academic skills than from those with

12Two reports by the NRC’'s Committee on Education Finance (NRC, 1999a, 1999¢) exam-
ine the link between school finance and student achievement and educational attainment.
Readers interested in issues of school finance as they relate to student achievement are encour-
aged to review these reports.
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weaker academic skills (see for example, Ballou, 1996; Ferguson and Ladd,
1996; Hanushek, 1996). Further, the effects of teachers on student learning
appear to be additive and cumulative, and affected students may not be able
to compensate for being taught by an unqualified teacher (NCES, 2000b).
Results of a recent survey of secondary school teachers, students, school
administrators, and parents also indicate that students who experience top-
quality teaching are more likely than those who experience poor teaching to
have high expectations for their futures (Markow, Fauth, and Gravitch, 2001).

Data drawn from the Fast Response Survey System (as cited in NCES,
2000b) show that the highest-poverty schools and those with the greatest
concentrations of minority students have nearly twice the proportion of in-
experienced teachers as schools with the lowest poverty levels and concen-
trations of minority students (20 versus 11 percent). Also troubling are stud-
ies showing evidence of strong bias in the assignment of students to teach-
ers of different levels of effectiveness (Jordan et al., 1997). For example,
African American students are nearly twice as likely to be assigned to the
most ineffective teachers and half as likely to be assigned to the most effec-
tive teachers as white or Asian students (Sanders and Rivers, 1996). It also
should be noted that new teachers, who increasingly are expected to have
credentials in specific subject areas, leave high-poverty schools at a rate far
greater than teachers in affluent suburban schools (NCES, 2000b).

High turnover rates and inexperienced teachers not only have an effect
on student learning, but also deprive new teachers of mentors. A high pro-
portion of experienced colleagues in a school can provide strong resources
for advice and guidance to new teachers, as well as offer opportunities for
experienced teachers to discuss their practices and learn from the experi-
ences of others.

Darling-Hammond, Wise, and Klein (1999) discuss what is required of
teachers if the gap in student achievement is to be closed and the goals of
reform are to be met:

The new mission for education requires substantially more knowledge and
radically different skills for teachers . ... In order to create bridges be-
tween common, challenging curriculum goals and individual learners’ ex-
periences and needs, teachers must understand cognition and the many
different pathways to learning. They must understand child development
and pedagogy as well as the structure of subject areas and a variety of
alternatives for assessing learning . . . teachers must be prepared to ad-
dress the substantial diversity in the experience children bring with them to
school—the wide range of languages, cultures, exceptionalities, learning
styles, talents and intelligences that in turn [require] an equally rich and
varied repertoire of teaching strategies. (p. 2)
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Teacher Certification

All 50 states and the District of Columbia require public school teachers
to be licensed. Requirements for regular licenses vary by state. However, all
states require a bachelor’s degree with a minimum grade point average,
completion of an approved teacher-training program with a prescribed number
of subject and education credits, and supervised practice teaching. One-
third of the states currently require training in the use of information tech-
nology as part of the teacher certification process. Other states require teachers
to obtain a master’s degree in education, which involves at least a year of
additional coursework after earning a bachelor’s degree with a major in a
subject other than education.

Many states offer alternative teacher licensure programs for those who
have a bachelor’s degree in the subject they will teach, but lack the educa-
tion courses required for a regular license. Such programs were originally
designed to ease teacher shortages in certain subjects, such as mathematics
and science. Under other programs, states may issue emergency licenses to
individuals who do not meet requirements for a regular license when schools
cannot attract enough qualified teachers to fill positions. No states require
special licensing for advanced study teachers. Further, the committee did not
identify any colleges or universities that currently offer teacher preparation
programs specifically designed for prospective teachers of advanced study.!?

Teacher Shortages

Impending teacher shortages and the concomitant need to educate and
retain more qualified teachers to staff the nation’s schools have been pre-
dominant legislative and policy themes. Recently, some education policy
experts have stated that the problem is more the distribution of qualified
teachers than a teacher shortage. For example, these experts say that while
there is a teacher shortage in secondary and middle schools, there is no such
shortage in elementary schools; while there is a strong need for more single-
subject teachers, especially in mathematics, physical science, special educa-
tion, and bilingual education, there is no shortage of multisubject teachers or
teachers of English or social studies; and while fast-growing cities in the
South and dense urban areas will have a need for more teachers, suburban
and more affluent schools will experience few shortages (Bureau of Labor
Statistics, 1999; Eubanks, 1996; Ingersoll, 1999).

BAccording to Education Week (2001), the College Board is experimenting with develop-
ing a three-credit course colleges can offer to prospective AP teachers.

Copyright © National Academy of Sciences. All rights reserved.

35


http://www.nap.edu/catalog/10129.html

ing Advanced Study of Mathematics and Science in U.S. High Schools

36 LEARNING AND UNDERSTANDING

TABLE 2-1 Trends in Teacher Salaries Compared with Average Annual Salaries of
Selected White-Collar Occupations, 1999

Buyer/ Computer
Contract Systems Full Prof. Assistant Prof.
Accountant  Specialist Attorney  Analyst Engineer Public Public
Teacher 1] 11} 1] 1] v Doctoral Comprehensive
$40,574 $49,257 $57,392 $69,104 $66,782 $68,294 $78,830 $41,940

SOURCE: Adapted from http://www.aft.org/research/survey99/tables/tablell-5.html (January 29, 2002).

The committee takes the position that qualified teachers are the back-
bone of both high-quality advanced study programs and the gateway courses
leading to advanced study. Consequently, teacher shortages in mathematics
and science and the dearth of teachers willing to teach in high-poverty and
rural areas have implications for both access to and the quantity and the
quality of advanced study programs available to students across the country.
Education policy experts agree with this appraisal and suggest that govern-
ment agencies, colleges and universities, and school districts initiate and
support efforts to attract and retain qualified teachers in specific subjects and
for particular geographic regions (National Commission on Mathematics and
Science Teaching for the 21st Century, 2000; National Commission on Teaching
and America’s Future [NCTAF], 1996; NRC, 2000a).

Attracting the number of new teachers needed to the profession and
retaining current teachers is a major challenge for the nation. In addition,
given the challenges teachers face in the classroom (as discussed later in this
chapter), the United States has not been willing to compensate teachers at
levels comparable to those of people in other professions with similar levels
of education, training, and expertise. The AFT reports that beginning teach-
ers with a bachelor’s degree earned an average of $25,700 in the 1997-1998
school year; those with a master’s degree earned slightly more. The esti-
mated average salary of all public elementary and secondary school teachers
during the 1998-1999 school year was $40,574 (AFT, 2001). This salary is
considerably less than that earned by other white-collar professionals (see
Table 2-1).

EDUCATIONAL CONTEXT
Preparing for Advanced Study: Middle Schools

Academic preparation for advanced study begins in middle school. How-
ever, middle schools face a number of factors that compromise their ability
to impart to as many students as possible the desire and preparation neces-
sary to aspire to advanced study.
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Educators, policymakers, and researchers have recently begun to focus
considerable attention on middle-level education because of several widely
held concerns. Specific concerns include a lack of focus on core academic
courses; teachers without the appropriate training to teach young adoles-
cents, especially those with special needs who are placed in general class-
rooms; appropriate approaches to teaching challenging academic material
to students in this age group; and a much greater emphasis than in primary
schools on ability grouping, which restricts high-poverty and minority stu-
dents’ access to challenging curricula and high-quality instruction and effec-
tively precludes many of these students from participating in advanced study
in high school (NCES, 2000a).

Middle School Mathematics and Science

The mathematics and science curricula for middle school students vary
widely both within and among states (CCSSO, 1999). In mathematics, two-
thirds of the states report that fewer than half of their students are in the
traditional grade 8 mathematics curriculum by the time they reach that grade;
the majority are enrolled in algebra-based mathematics (CCSSO, 1999). States
are moving toward providing eighth-grade students with greater exposure
to algebra topics, whether in full-fledged Algebra I or in pre-algebra courses.
However, McKnight et al. (1987), Porter, Kirst, Osthoff, Smithson, and
Schneider (1993), and Shaughnessy (1998) all found that the course titles
provide only a rough indication of the content students actually receive.

In science, most seventh-grade students are studying life sciences or a
biology-based curriculum, while most eighth-grade students are focusing on
a mix of earth science and physical science (Schmidt, McKnight, Cogan,
Jakewerth, and Hourang, 1999). CCSSO reports that a growing proportion of
middle schools are instituting integrated or coordinated science programs.
Integrated science programs, which intentionally blur the disciplinary lines
among biology, chemistry, earth science, and physics, treat science as an
integrated whole, based on the position that science learning during the
middle school years should not be separated by discipline. Coordinated
science curricula treat the disciplines of biology, chemistry, physics, and
earth science individually, for perhaps 9 weeks each, and focus on the
overarching ideas in science that can be studied in terms of each discipline
rather than focusing on facts and details, as is more typical of traditional
courses in these subjects. Finding qualified instructors for integrated and
coordinated middle school science courses is often difficult because many
science teachers at this level have not been prepared adequately in even
one area of science.

Schmidt, Finch, and Faulkner (1992) analyzed a random sample of eighth-
grade state curriculum guides in mathematics and science and concluded
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that the curricula lacked focus, covered too many topics, were repetitious
from grade to grade, and were implemented inconsistently across schools
and classrooms, resulting in highly uneven exposure to a range of important
curricular topics. This lack of rigor and coherence can have enduring long-
term consequences for students, whether or not they decide to pursue ad-
vanced study later in high school.

If middle school is one of the gateways to advanced study (the other
being introductory high school courses), it stands to reason that middle
school and high school mathematics and science teachers should have struc-
tured opportunities to plan together and make decisions about the content
and focus of the science and mathematics curricula for grades 7-12. How-
ever, a majority of high school teachers never interact with their peers from
elementary and middle schools on the crucial issue of curricular alignment.*
Fewer than 30 percent of middle school teachers report having had any
contact with high school teachers in their discipline with regard to curricu-
lum structure, content, or design (NCHSSY, 2001a, p.16).

Even where school districts encourage and facilitate such vertical inte-
gration, however, their efforts can be compromised by the fact that today’s
students are far more mobile than ever before. The transience of the U.S.
population will continue to confound efforts to provide well-defined aca-
demic pathways through the various grade levels that would enable more
students to take advantage of advanced studies in high school.

Challenges of Middle School Teaching

A great deal of research conducted over the past 15 years has led to the
conclusion that “in-field” teachers (those holding certification in the subject
area to which they are assigned) not only know more content than their
“out-of-field” colleagues, but also are better able to communicate that knowl-
edge to students in their classrooms (Darling-Hammond, 2000). However,
mathematics and science teachers in middle schools are far more likely to be
teaching mathematics or science classes without certification in the subject
area as compared with high school teachers (NCES, 2000b). This lack of
certification in specific subjects can have profound effects on preparing middle
school students for higher-level or advanced work in high school.

“Through its Vertical Teams Initiative, the College Board provides a vehicle for cross-grade
contact (see Chapter 3, this volume). In the Vertical Teams approach, teachers from the middle
school level up through AP work with one another to ensure that students are prepared to
participate successfully at the advanced level by aligning curricula and developing content-
specific teaching strategies.
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Ability Grouping in Mathematics

Schmidt et al. (1999) note that 82 percent of 13-year-olds in the United
States are in schools offering two or more differently titled mathematics
classes for students at the same grade level, each with different expectations
for student learning. These students from different middle-grade courses
sometimes funnel into the same high school courses, leading to a lack of
continuity in their mathematics education. Of even greater concern is that
this early mathematics placement contributes to sorting students into differ-
ent “pipelines,” some of which lead away from rigorous academic courses
and programs. As noted below in the discussion of disparities in opportuni-
ties to pursue and succeed in advanced study, this problem is compounded
for minority students and those of low socioeconomic status.

Early ability grouping at the middle school level has the most pronounced
effect in mathematics because of the cumulative and sequential nature of the
curriculum. Once students are placed in a mathematics sequence, it is very
difficult for them to move to a more advanced sequence without doubling
up (taking two mathematics courses during the same year) or attending
summer school for an intensive and fast-paced version of a typical yearlong
course. Summer school courses, because they are compressed, often do not
provide a solid foundation of understanding for further study (see the report
of the mathematics panel).

Several recent reports indicate that the process of determining which
students will take advanced courses in high school begins with their place-
ment in the first algebra course (Gamoran, 1987; Horn, Nunez, and Bobbitt,
2000; NCHSSY, 20012)."> Once considered a ninth-grade course, algebra is
becoming an eighth-grade option in increasing numbers of school districts,
and some districts offer it to a small number of seventh graders.!”

Placement in algebra is based most often on the results of standardized
tests, teacher recommendations, and parental requests. It is not uncommon,
however, for parental requests to take precedence over test scores. Studies
have shown that, although counselors and school administrators use test
scores or current mathematics placement to bar low-income students from
high-level courses, they permit middle-class students with similar qualifica-
tions to enroll when parents intervene on their children’s behalf (Orfield and

15Some research indicates that ability grouping begins much earlier than middle school,
perhaps even as early as elementary school.

161 1998, 18 percent of U.S. eighth-graders were enrolled in Algebra 1.

7This shift is beginning to place great strain on middle schools, as well as many of the
teachers in those schools who may not have received appropriate preparation or professional
development for teaching this subject well to younger students (NRC, 1998, 2000a).
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Paul, 1995; Paul, 1995; Romo and Falbo, 1996), even though parents some-
times push for class options for which their children may not be prepared or
ready.

While mathematics is often the subject in which students initially are
separated by perceived ability, this division occurs throughout the curricu-
lum. Because this system of matching students to courses begins even be-
fore high school, many low-income and minority students (as well as other
students who have been inappropriately accelerated) enter high school un-
prepared for demanding science and mathematics courses.

During the last two decades, attempts have been made to dismantle
formal “tracking” systems for students. Few principals today would admit to
tracking in their schools. However, the differentiation of students by ability
that tracking was intended to address persists in the form of nonacademic
courses and varying levels of specific academic courses (such as Algebra 1,
Honors Algebra 1, Algebra 1: Parts 1 and 2, Basic Algebra, Introduction to
Algebra, Business Algebra [Lucas, 1999; Powell et al., 1985]), coupled with
allowing students to choose which course or series of courses to take.

Preparing for Advanced Study: High School
Curriculum

The curriculum of most high schools is organized around subject areas:
English, mathematics, science, social studies, and fine and performing arts.
Typically, academic courses are offered at multiple levels of difficulty, and
students are grouped for instruction on the basis of earlier performance,
perceived ability, student persistence, or parental request. In most compre-
hensive high schools, there are fairly distinct curricula for those who are
college bound and those who are not. Even among those headed for col-
lege, decisions are made continually about whether a particular student should
take the more rigorous AP and honors courses or the traditional academic
versions of those courses. These different “college preparatory” classes are
often characterized by different grading scales'® and degrees of depth. Many

8In some schools, the four-point grade-point average (GPA) system has been replaced by
a weighted system. In a weighted system, final letter grades earned in honors or advanced
courses are assigned a higher number of points to be used in the calculation of GPAs. For
instance, using a four-point system, A = 4, B = 3, C = 2, and D = 1, whereas in one type of
weighted system, A = 4.5, B = 3.5, C = 2.5, and D = 1.5. Thus, grades earned in honors or
advanced courses help increase students’ GPAs. Weighted grades were first devised to entice
students to take more-rigorous classes without fear of hurting their class rank or GPA. Some
colleges and universities readjust these weighted GPAs to their own systems when making
decisions about which students to admit. There are many variations on this formula. Schools
often devise a system that reflects their unique beliefs and goals.
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students describe these alternative pathways as differing in tone and pur-
pose, with the higher-level classes drawing more serious students who are
more likely to stay on task (NCHSSY, 2001a; Office of Educational Research
and Improvement [OERI], 1999).

Most comprehensive U.S. high schools offer a vast array of courses, and
students are allowed to choose freely among them. This diversification and
differentiation of curriculum is intended to address the differing abilities,
interests, and preparation of the student body. However, diversification and
freedom of choice also allow many students to choose poorly and conse-
quently to leave school underprepared for either college or work (AFT,
2001; Frome, 2001; NCHSSY, 2001a).' More-rigorous state high school gradu-
ation requirements have helped address these concerns, but the continuing
availability of many low-level academic courses and their effects on stu-
dents’ course-taking patterns and achievement remain a significant problem
for students, schools, higher education, and prospective employers.

While most high schools organize their curriculum as described above,
others take a different approach, offering a core curriculum. Such a set of
course offerings is quite narrowly focused and composed mainly of aca-
demic courses, and the students have very few choices among them. Elec-
tives are typically academically oriented courses. A student is more likely to
take academic courses if he or she is assigned to them, if enrolling in such
courses is considered the norm among students at a school, or if there are
few (or no) undemanding courses available. This core curriculum approach
is one way schools might try to address disparities in course-taking patterns
among students; research on other promising practices is greatly needed.

Lee and colleagues have evaluated the relative efficacy of the above
alternative curriculum structures, defined as “differentiated” and “constrained,”
respectively, in both public and Catholic schools (Lee, 2001; Lee, Burkam,
Chow-Hoy, Smerdon, and Geverdt, 1998; Lee, Croninger, and Smith, 1997).2°
Using two different nationally representative longitudinal datasets and mul-
tilevel analysis methods, they evaluated the effects of curriculum structure
and other student- and school-related variables on two outcomes: (1) learn-
ing in mathematics during the high school years and (2) distribution of learning
in a school according to students’ social class. The studies demonstrated that

P Although almost 70 percent of high school graduates now go on to college, only about
28 percent of them complete a bachelor’s degree, and only 8 percent complete an associate’s
degree by the time they reach age 28 (NCES, 2001a). Of the high school graduates who go to
college, approximately 30 percent need to take a remedial course in basic subjects such as
English and algebra before they can begin college coursework (Kirst, 2000).

2The constrained curriculum model is more common in Catholic than in public schools in
the United States (Bryk, Lee, and Holland, 1993; Lee, 2001; Lee and Bryk, 1989).

Copyright © National Academy of Sciences. All rights reserved.

41


http://www.nap.edu/catalog/10129.html

42

LEARNING AND UNDERSTANDING

the constrained curriculum was both more effective (i.e., it induced higher
levels of learning among all students in the school) and more equitable (.e.,
socioeconomic status was less strongly correlated with learning in schools
with a constrained curriculum). Indeed, holding all students to the same
high standards and eliminating low-level academic courses is recommended
by many organizations, including the NASSP (1996), the Southern Regional
Education Board (Bottoms, 1998; Kaufman et al., 2000), the AFT (2000), the
NCHSSY (2001a, 2001b), and the American Youth Policy Forum (2000).

A constrained curriculum does not imply an absence of differentiation
among students. Rather, differentiation in constrained curricula is related to
the pace at which students progress through the curriculum, not the content
of the courses. As a result, some students may graduate from high school
having completed calculus, while others may take longer to master algebra
or geometry and graduate having completed only Algebra II. It is important
to reiterate that both the path and the content of the courses along the path
are the same, or nearly so, for all students, regardless of their future educa-
tional plans or perceived abilities (an exception might be made for classes
designed to meet the needs of special education students). What differs is
the time and support students need to move along the path and how far
they progress. To be successful, some students will require additional aca-
demic support, such as “double dosing” (taking the same course over more
than one class period). Such students may have to skip some other activity
in their school day to do so, but after-school and Saturday academic classes,
tutoring, and summer “bridge” classes can help them develop academic
competencies (e.g., analytic reading and writing) or give them a head start
on the curriculum they will be expected to learn should they pursue ad-
vanced coursework. The idea is that remediation is reduced as students
demonstrate greater learning and achievement. Additionally, some school
districts, understanding that students differ in the amount of time they may
need to complete high school graduation requirements when expectations
are high, have opted to allow their students to complete high school in 3, 4,
or 5 years in accordance with individual achievement and educational needs
(see, e.g., Johnston, 2000). This flexibility is consistent with recommenda-
tions made by the American Youth Policy Forum (2000).

High School Mathematics and Science

Many states have set 3 years of high school mathematics as a require-
ment for high school graduation, following the recommendation of the Na-
tional Commission on Excellence in Education (1983) (Education Week, 2000).
Research on patterns of student achievement in mathematics and science
demonstrates that the amount of time spent in instruction and the number
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TABLE2-2 Percentage of All High School Students Taking Higher-Level Mathematics
Courses by Graduation, 1998 and Change 1990 to 1998

Geometry or Integrated Algebra 2 or Integrated Trigonometry or Calculus or
Mathematics 2 Mathematics 3 Precalculus AP Calculus

% Change % Change % Change % Change
1998 1990 to 1998 1998 1990 to 1998 1998 1990 to 1998 1998 1990 to 1998
2% +11% 63% +14% 39% +10% 12% +3%

SOURCE: Adapted from CCSSO (1999).

and level of courses taken are strongly related to achievement (Adelman,
1999; Jones, Davenport, Bryson, Bekhuis, and Zwick, 1986; Jones, Mullis,
Raizen, Weiss, and Weston, 1992).

The typical progression of courses in high school mathematics leading
to calculus begins with Algebra T and is followed (although not always in
this order) by geometry, Algebra II, trigonometry, analysis or precalculus,
and calculus.?! Table 2-2 indicates the number of students taking higher-
level mathematics classes in 1998 and the changes in the percentage of
students doing so between 1990 and 1998.

National consensus standards for mathematics and science have been
available for the past decade (American Association for the Advancement of
Science [AAAS], 1993; NCTM, 1989, 2000; NRC, 1996) and frequently have
served to guide individual states in developing their own standards, curricu-
lum frameworks, and assessments to improve learning in these subjects. In
many states, however, standards in mathematics and science have been de-
veloped in the context of local political considerations and needs rather than
with an eye to regional or national cooperation and consensus, or remain
enmeshed in debates about the appropriate ways in which students should
learn these subjects. Thus, expectations for what students should know and
be able to do vary greatly among states (Gandal, 1997).

It should be noted that instructional time and course taking in math-
ematics and science vary widely among U.S. schools. Such variation relates
to ability (Benbow and Stanley, 1982; Benbow and Minor, 1986), but also is
correlated with students’ socioeconomic status (Goodlad, 1984; Horn, Hafner,
and Owings, 1992; Lee, Bryk, and Smith, 1993; McKnight et al., 1987; Oakes,
1990). While the data reported in Table 2-2 for mathematics and in Table 2-
3 for science do not reveal differences in course taking among students of
different racial and ethnic groups, such is the case primarily because many

2There are numerous remedial and basic mathematics courses below Algebra I, and some
10 percent of public high school graduates in 1998 never progressed beyond them (NCES,
1998).

Copyright © National Academy of Sciences. All rights reserved.

43


http://www.nap.edu/catalog/10129.html

ing Advanced Study of Mathematics and Science in U.S. High Schools

44 | LearNING AND UNDERSTANDING

TABLE 2-3 Percentage of All High School Students Taking Higher-Level Science Courses
by Graduation, 1998 and Change 1990 to 1998

Biology Chemistry Physics
1998 % Change 1990 to 1998 1998 % Change 1990 to 1998 1998 % Change 1990 to 1998
92% -3 54% +9% 24% +4%

SOURCE: Adapted from CCSSO (1999).

states do not report data in this fashion. Of the 13 states that do report
mathematics enrollment by race/ethnicity, enrollment of African American
and Hispanic students in higher-level mathematics courses lagged behind
that of whites and Asians in the same courses in all cases.

Most state high school graduation requirements include the completion
of at least 2 years of science (Education Week, 2000), although college-
bound students traditionally take more. These students usually take science
in the sequence of biology, chemistry, and physics, with some taking earth
science before biology. Physics is the least frequently selected science, often
because most students have completed their graduation requirements in
science by the junior year.

Table 2-3 indicates the number of high school students who had taken a
specific science course by the time they graduated in 1998 and the changes
in the percentages of students in those courses between 1990 and 1998.
Although the increases in enrollment in upper-level science courses are not
as dramatic as those for higher-level courses in mathematics, Table 2-3 indi-
cates that more students now enroll in chemistry and physics. Recently,
there has been an effort to change the order in which science courses are
taught, with physics serving as the introduction to the science course se-
quence (Roy, 2001). Should this effort gain momentum, the numbers of
students who graduate with a credit in physics could rise dramatically dur-
ing the next decade.

Several states have recently implemented integrated or coordinated sci-
ence programs for ninth- or ninth- and tenth-grade students. Students leav-
ing an integrated or coordinated science program often go on to more spe-
cialized or advanced science courses during their last 2 years of high school
(CCSSO, 1999). This move toward integrating science during the first 2 years
also may account for the small decrease in the number of students who have
taken biology, since that course is typically offered to ninth or tenth graders.

Challenges of High School Teaching

There are approximately 1.4 million teachers of grades 9-12. These sec-
ondary school teachers see themselves primarily as subject area specialists.
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In general, high school teachers are members of subject-based departments
that operate quasi-independently within a high school. Most academic de-
partments are directed by department chairs, who make decisions about
curriculum, instructional materials, textbooks, and teaching assignments.

Secondary school teachers typically are responsible for five periods of
instruction per day.?? Teaching responsibilities for high school teachers gen-
erally exceed 100 students and in some districts reach nearly 175 students.
With such high enrollments, it is difficult for many high school teachers to
know their students well or to adjust pedagogy to meet individual students’
needs, particularly when there are special needs. Within the average school
day, most high school teachers have 13 minutes of instructional planning
time for every assigned teaching hour, and consequently have little opportu-
nity to work with colleagues on curricular or instructional planning (Darling-
Hammond, 1999b; NCTAF, 1996).

In a study of teachers” work, Louis (1992, p. 150) reports that what
matters most to secondary school teachers is time. To be effective, teachers
need time to remain abreast of changes in their subject areas and in the
pedagogy related to their disciplines. They need time to plan effectively and
collaboratively, to receive and analyze feedback about their teaching, and to
reflect on their own teaching practice. However, many high school teachers
report that they have little time during the school day to interact with other
teachers (Choy et al., 1993, p. 128).

The National Institute on Student Achievement, Curriculum, and Assess-
ment (OERI, 1999) describes two different teacher approaches to dealing
with the lack of time for activities besides teaching. Some teachers indicate
that they do what they can during school hours; what is not finished during
the school day remains uncompleted. Others extend their working hours far
beyond contract time to allow for collaboration and planning with other
teachers, for grading, or for preparing for their own classes. In urban schools,
teachers may not be able to remain in their buildings after hours because of
safety concerns, making it even more difficult for any collaborative planning
or collegial interactions to take place.

Secondary school teachers are more likely than teachers at other levels
to report feeling isolated and unsupported (Bureau of Labor Statistics, 1999;
NCES, 2000b; OERI, 1999). They also report that there are many competing
demands on their own and their students’ time that interfere with instruc-
tion. High school teachers who leave the profession frequently cite as their
major reasons for doing so concerns about inadequate support from their
school’s administration; nonacademic demands, such as cafeteria duty; poor
student motivation to learn; and student discipline problems (National Sci-

22This varies in schools that use alternative scheduling options.
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ence Teachers Association [NSTA], 2000). Isolation is an especially frequent
complaint of advanced study teachers, who are often the only members of
their departments assigned to teach particular classes, such as AP physics or
IB chemistry. Efforts to combat this isolation have led both the College Board
and the International Baccalaureate Organisation (IBO) to establish online
teacher education and support networks.

Students

The U.S. Department of Education (NCES, 2001a) estimates that there
will be more than 15 million students in grades 9-12 in public and private
high schools in the United States in the fall of 2002 and an additional 235,000
home-schooled students in these grade equivalents (Parent Survey of the
National Household Education Surveys Program, as cited in Basham, 2001).
The majority of secondary school students say that seeing friends is the most
important reason for going to school; only a quarter of secondary school
students cite academics as the most important reason (Hart Research Associ-
ates, 1999).

The popular media have reported on the stress many high school stu-
dents feel because of the competing demands placed on their time—de-
mands that both detract from and enrich their academic endeavors (see for
example, Hart Research Associates, 1999; Schneider, 1999; Springer and Peyser,
1998; Noonan, Seider, and Peraino, 2001; Hong, 2001; Gratz, 2000). For
example, in the United States approximately 60 percent of high school sopho-
mores and 75 percent of seniors are employed (Bachman and Schulenberg,
1993; Steinberg and Dornbusch, 1991). Tt is now commonplace for students,
particularly those bound for college, to work 15-20 hours per week during
the academic year to earn spending money. In addition, as compared with
their counterparts in other countries, U.S. teenagers spend a disproportion-
ate amount of their free time each week in activities that not only fail to
support learning, but may actually undermine it. On average, U.S. teens
spend 20-25 hours socializing, 5 hours participating in extracurricular activi-
ties, and 15 hours watching television during each week of the school year
(NCHSSY, 2001a).

Students in advanced study programs are more frequently caught be-
tween competing demands on their time as compared with other U.S. high
school students. They are involved in field trips that take them out of their
academic classes. They are also tapped regularly for academic competitions,
honor society committees, student government planning and activities, and
fundraising for clubs, all of which remove them from the classroom or im-
pinge on needed study time after school. These students often also play in
school orchestras or march in school bands, and they frequently assume
leadership positions with school clubs or serve as editors for school publica-
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tions.?> Many of these students consistently carry the maximum number of
academic subjects allowed by their schools’ schedules, often starting on
their homework as late as 10:00 pm. Added to all of this activity is a rushed
school schedule that includes a 25-30 minute lunch period in a crowded
cafeteria as the only break in the day. Problems at home and with friends
and concerns about school safety and personal well-being distract many
secondary school students from their academic pursuits. Fully 25 percent of
secondary school students report that it is difficult for them to concentrate in
class because they are worried about problems at home. This finding is most
prevalent among low-income students: 55 percent of these students versus
17 percent of students whose families have few economic worries report
that they think so much about home that they cannot concentrate in school
(Hart Research Associates, 1999).

Moreover, 40 percent of students say that students who interrupt classes
with bad behavior are a major problem that interferes with learning. Indeed,
many parents and students view advanced study courses as temporary ha-
vens from such disruptions. Almost a quarter of the students surveyed said
that teachers not knowing or caring about them as individuals is a big prob-
lem as well.

DISPARITIES IN OPPORTUNITIES TO PURSUE
AND SUCCEED IN ADVANCED STUDY

Students’ educational opportunities and achievement are strongly tied
to the beliefs and values of those who educate them (Rosenthal, 1987;
Rosenthal, Baratz, and Hall, 1974; Rosenthal and Rubin, 1978; Rutter,
McNaughan, Mortimore, and Ouston, 1979). Offering advanced courses in
most if not all academic subjects is one way to give students the message
that teachers and administrators view participation in higher education as
expected and attainable, and that they value the efforts and persistence
required to prepare for college.

Most students perform poorly when their teachers do not believe in
their abilities, in large part because such beliefs translate into fewer learning
opportunities (Lee, 2001; Lee and Smith, 1996; Raudenbush, 1984; Rosenthal
and Jacobson, 1968). Many teachers set different learning objectives for stu-
dents according to perceptions of their abilities. For example, mathematics
and science classes taught by teachers who report that their students are of
“high” ability focus on developing reasoning and inquiry skills, whereas

ZWhile these activities are voluntary, and many more students than those in advanced
study participate, advanced study students are disproportionately represented among partici-
pants. Some attribute this situation to the public’s perception of college admission practices.
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classes in which teachers report that their students are of “low” ability em-
phasize instead the importance of mathematics and science in daily life
(Gamoran, Nystrand, Berends, and LePore, 1995; Oakes, 1990; Raudenbush,
Rowan, and Cheong, 1993; Weiss, 1994). All too often, students who are
seen as being of low ability are disproportionately poor or of color (Ingersoll,
1999; Oakes, 1990). Differentiation of coursework and content by the per-
ceived ability of students is characteristic of both formal and informal track-
ing in most U.S. secondary schools.

Disparities in Participation

High school students can take an advanced class in science and math-
ematics only if (1) their school offers such classes, (2) the school provides
them access to the courses, and (3) they are prepared for such courses. A
recent study in California revealed that AP offerings in that state’s 1,100 high
schools vary greatly (Oakes et al., 2000): 13 percent offer multiple sections
of more than 15 different AP courses; 30 percent provide only single sec-
tions of 2 or 3 different AP courses; and 16 percent offer no AP classes at all
(Carnevule, 1999; Hebel, 1999). Although these differences in AP offerings
are associated with several factors, such as school size and location, there
also is a clear correspondence between the availability and breadth of a high
school’s AP course offerings and its racial composition. Regardless of the
size of the school, the availability of AP courses decreases as the percentage
of African Americans, Hispanics, or students of low socioeconomic status in
the school population increases, as compared with comprehensive public
high schools that serve predominantly white and middle-class students (see
Table 2-4). This differential access to AP classes is most stark and most
consequential in mathematics and science. The problem also is compounded
by the fact that even when schools do offer high-quality advanced math-
ematics and science courses, students of color and those of low socioeco-
nomic status are much less likely to enroll in them (Atanda, 1999; Horn et
al., 2000; Ma and Willms, 1999; Oakes, 1990).

As noted earlier, parental involvement can play a strong role in students’
course selections. Students are more likely to take higher-level mathematics
and science courses if their parents are highly educated and knowledgeable
about the college admission process and help guide their children’s course
selection (Ekstrom, Goertz, and Rock, 1988; Horn et al., 2000; Lee and Ekstrom,
1987; Useem, 1992). When asked to explain the disproportionate enrollment
of whites and Asians in advanced classes as compared with other racial or
ethnic groups, however, educators attributed this disparity to students’ abil-
ity or wise choice of courses without considering the influence of parents on
these decisions (Oakes and Guiton, 1995). Some faculty members dismissed
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TABLE 2-4 School Racial/Ethnic Disparities in Mathematics and Science Offerings in
California, 1998-1999

Proportion African American and Hispanic Number of AP Math/Science Offerings
Greater than 70 percent 3.8
Less than 30 percent 5.3

SOURCE: Adapted from Oakes et al. (2000).

the disproportionate representation of Hispanics in lower-level courses, even
those whose test scores were comparable to the scores of higher-placed
white and Asian students, attributing the disparities to differences in stu-
dents’ motivation and choices or to cultural differences in educational values
or family support. And studies of schools under court-ordered desegregation
have found them to have course placement practices that result in consis-
tently skewed enrollments in favor of white or Asian students over and
above what can be explained by measured achievement (Welner, 2001).

Disparities in Outcomes

Even when minority students participate in high-level courses such as
AP, end-of-course test results reveal significant differences in outcomes for
students from different racial and ethnic groups (see Table 2-5). The dispar-
ity in scores on AP assessments between African American, Hispanic, and
Native American students on the one hand and white and Asian students on
the other are large (as they are for most standardized tests). Additionally, the
proportion of minority students who earn scores of 4 and 5 on AP assess-
ments is small (AP examinations are scored on a scale of 1-5, with 5 being
the highest score).

It is unclear whether these disparities result from assessments that are
biased or reflect others factors, such as the multiple inequities that affect
minorities long before they are able to take AP courses or assessments. In
any case, education policymakers, school officials, and college leaders must
evaluate and implement educational reforms that will improve the academic
achievement of economically and educationally disadvantaged students. As
a means of improving outcomes, the College Board and many school dis-
tricts are focusing on improving teaching and learning in the courses that
lead to advanced study. As described earlier, this means school districts must
redesign the organization and structure of their schools and the allocation of
resources to meet the educational needs of a/l students.
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TABLE 2-5 Mean Scores? and Standard Deviations? on Selected Advanced Placement

Examinations, Categorized by Subject and Racial/Ethnic Group

Chicano,
American  Black/ Puerto Rican,  Asian/
Indian/ African- and Other Asian Other and National
Subject Alaskan American Hispanic® American ~ White  Not Stated?  Average
AP biology 2.68 212 2.32 3.28 3.15 3.18 3.08
[1.23] [1.17] [1.29] [1.31] [1.26] [1.32] [1.30]
AP chemistry 2.17 2.00 2.08 3.07 2.86 2.94 2.84
[1.21] [1.14] [1.24] [1.36] [1.33] [1.36] [1.35]
AP Physics B 2.44% 1.71 1.98 2.75%* 2.82 2.77%* 273
[1.23] [1.05] [1.20] [1.32] [1.28] [1.31] [1.30]
AP Physics C: 3.05%* 2.33 2.62 3.26%* 3.32 3.21%* 3.25
Mechanics [1.54] [1.32] [1.41] [1.38] [1.34] [1.37] [1.37]
AP Physics C: 3.11** 2.52 2.74 3.30%* 3.35 3.13* 3.29
E&M [1.63] [1.26] [1.39] [1.43] [1.39] [1.37] [1.40]
AP Calculus AB 2.54 212 2.41 3.09 3.1 3.09 3.03
[1.33] [1.23] [1.33] [1.34] [1.30] [1.33] [1.33]
AP Calculus BC 3.20% 2.77 3.10 3.66 3.63 3.65%* 3.60
[1.55] [1.42] [1.48] [1.38] [1.36] [1.38] [1.38]

SOURCE: Adapted from College Entrance Examination Board (2000c).

aThe differences between any given group mean and the national mean are significant at.01 except where
indicated: *difference between group mean and national mean is significant at .05; **difference between group

mean and national mean is not significant.
bGiven in brackets.

This column shows the weighted mean and standard deviation as calculated from three groups reported by

the College Board—Chicano/Mexican American, Puerto Rican, and Other Hispanic.

This column shows the weighted mean and standard deviation as calculated from two groups reported by

the College Board—Not Stated and Other and Not Stated.

Some of the most effective strategies for improving student success in
advanced study go far beyond merely adding more advanced study classes
in high schools with underserved student populations (although access to
these classes is important). Strategies that have proven effective include re-
ducing class size (Grissmer, 1999); eliminating low-level academic courses
that do not prepare students academically (Frome, 2001; NASSP, 1996); en-
hancing professional development to help teachers incorporate research-
based instructional, curricular, and assessment strategies in their classrooms
(see Chapter 7, this volume); hiring and retaining qualified teachers to teach
in rural and inner-city schools; providing information to parents about the
long-term benefits of students’ participation in rigorous academic programs
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(Dornbusch, 1994; Eccles and Harold, 1996);>* implementing and support-
ing supplementary educational opportunities; and increasing student access
to skilled counselors and mentors who can help them plan and implement
strategies for educational attainment and achievement.

CONNECTIONS BETWEEN ADVANCED STUDY
AND HIGHER EDUCATION

High School—-College Interface Coordination
and Articulation

Most people agree that an important goal of high school is to prepare
students for further education and future work. However, a high school
diploma currently does not guarantee success in either domain. This situa-
tion derives partly from a decentralized and disconnected system of K—12
education in which students encounter differing sets of requirements and
expectations as they move from elementary school to the middle grades and
on to high school. The disjuncture is exacerbated further by the lack of
articulation and coordination between secondary and higher education in
terms of what students need to succeed academically in college (Kirst, 1998).

In 1999 almost 66 percent of high school graduates nationwide had
completed some college by the time they reached age 28. This number
represents an enormous increase as compared with the proportion of 28-
year-olds who had completed some college in 1971 (43 percent). Yet despite
this increase in matriculation, the proportion of high school graduates who
have completed a baccalaureate degree by the time they reach age 28 has
risen by only 10 percentage points (NCES, 2000a).

Many policymakers and higher education faculty view students’ inad-
equate preparation for the rigorous demands of college as a failure on the
part of high schools. Others contend that the situation represents not a fail-
ure on the part of high schools, but a misunderstanding of what it means to
be prepared. The diverse nature of colleges and the corresponding diversity
of their academic offerings and expectations contribute markedly to this lack
of understanding. Given this diversity, teachers and guidance counselors
can be unclear about what students should know and be able to do before
they begin college work.

A cursory review of the placement examinations administered to incom-
ing freshmen at many institutions is all that is required to reveal just how
varied these expectations are. Even in the same state, each public institution

24See also The National Coalition for Parent Involvement in Education at http://
www.ncpie.org/Resources/Subject_HigherEducation.html (February 11, 2002).

Copyright © National Academy of Sciences. All rights reserved.

51


http://www.nap.edu/catalog/10129.html

52

LEARNING AND UNDERSTANDING

of higher education often has a different set of expectations for placement of
students in its system, making it doubly difficult for high schools to know
just what preparing their students for college means (Kirst, 1998). This lack
of understanding may leave some students with limited college options many
years before they are ready to make such a choice.

What is clear, however, is a pervasive and enduring belief that AP or IB
courses offer an advantage to students in the college admission process.
This belief has led to ever-increasing numbers of students enrolling in mul-
tiple AP courses or seeking IB Diplomas (see Chapters 3 and 4, this volume).
The popular media, college guidebooks, and even the colleges themselves
promote the potential positive edge in admission gained from participation
in these programs.

Advanced Study as a Link
Between High School and College

Advanced study programs such as AP span the boundaries of secondary
and higher education. The content and structure of advanced study pro-
grams and the learning experiences they offer to high school students can
provide one of the foundations for academic success in higher education.
Students and their parents look to these programs to facilitate students’ ad-
mission to college, to help them succeed in college-level work once admit-
ted, and to yield college credit and the possibility of proceeding directly to
more advanced courses when the students matriculate in college. High school
teachers expect these programs to provide motivated and well-prepared
students with opportunities to gain the prerequisite content knowledge and
habits of mind that will make them successful in college.

In turn, colleges and universities want to enroll highly qualified students
who have the background and motivation to succeed in college courses.
They want students who are well prepared and well educated. Colleges and
universities look to and rely on advanced study to prepare students for the
rigors of higher education. High school advanced study courses in science
and mathematics are particularly important in establishing a foundation on
which to build further study in these disciplines. Students, parents, high
school guidance counselors, and even some college faculty may view these
introductory courses in science and mathematics as “gatekeepers.” Science
and mathematics are among the most hierarchical subjects in higher educa-
tion and typically require sequential courses of study extending over many
years. If the advanced study programs that serve as introductions to these
disciplines are not well constructed, subsequent learning is likely to be ad-
versely affected.
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The availability of both government and private funds has begun to
catalyze fundamental changes in the ways science and mathematics are taught
at the undergraduate level, especially in introductory courses (see, for ex-
ample, NRC, 1999d; Rothman and Narum, 1999). Cutting-edge concepts and
skills from the disciplines are being integrated into introductory classes and
laboratories. Information technologies increasingly are being woven into the
fabric of teaching and learning for large numbers of undergraduates. How-
ever, this teaching and learning revolution has yet to reach many campuses,
and advanced high school courses in the sciences continue to be modeled
on traditional approaches. This tendency is reinforced in AP science courses
by the College Board’s practice of basing its course outlines on surveys of
institutions that accept large numbers of AP students. This practice can rein-
force the status quo for AP courses instead of encouraging change to reflect
emerging best practices in the disciplines involved.?

The Role of Advanced Study in College Admission Decisions

How Admission Decisions Are Made. Although much is known about
how colleges make admission decisions, there is clearly a limit to what can
be known about actual practices across institutions. The committee recog-
nizes that many different individuals ultimately make these decisions, and
that the decisions they make are based on particular circumstances and
available information of varying quality. Thus, the discussion below can
explore only in part the full range of processes and practices involved.

The primary role of admission officers at all colleges and universities is
to assemble a class from among the qualified applicants. In some states,
legislative mandates determine who must be admitted to public colleges and
universities. For example, the Top 10 Percent Law (officially House Bill 588)
guarantees that Texas high school graduates who rank in the top 10 percent
of their senior class will be admitted to any state institution of higher learn-
ing. At other postsecondary institutions, both public and private, admission
decisions are made primarily on the basis of numerical formulas that include
a student’s high school grade-point average (GPA), class rank, completion of
specified numbers of courses, and performance on the ACT (American Col-
lege Testing Program) or SAT I and sometimes one or more SAT II subject
tests. Some of these institutions also consider information on applicants’

B An exception to this trend is in AP calculus, which is based on emerging research about
teaching and learning in that subject. This difference between calculus and the science subjects
that were investigated by the committee is considered in greater detail in Chapter 10 and in the
panel reports prepared for this study (a summary of these reports is provided in Appendix A;
the full reports can be found at http://www.nap.edu/catalog/10129.htmbD.
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experiences, extracurricular activities, talents, and backgrounds. Students
who meet established standards are typically admitted as long as space is
available. This approach to admissions allows institutions to identify quali-
fied applicants efficiently from a very large pool. With this approach, AP and
IB play a role only when grades earned in those classes are given extra
weight in computing GPAs or establishing class rank. Students who do not
have access to AP or IB courses are at a disadvantage in this type of admis-
sion process unless provisions are in place to give equal weight to other
kinds of advanced courses available to them. Thus, colleges and universities
that use a formula to make admission decisions often give special consider-
ation to grades earned in honors or college preparatory courses as well as to
AP and IB grades.

In contrast with both of the systems described above, some institutions,
particularly those interested in shaping their incoming classes in accordance
with institutional goals and priorities, use a very different approach. Admis-
sion officers at these colleges individually read applications (sometimes more
than once), consider information about students that is more subjective in
nature, and examine how each student might contribute to the values and
goals of the institution. Evaluations of students in these situations usually
take into account both what an individual applicant has accomplished and
the context of the high school from which he or she will graduate. For
example, students who take no honors or AP classes at schools that offer
such programs are viewed differently from those who take no such classes
at schools where they are unavailable. Similarly, those who attend schools
where participation in extracurricular activities is limited by school policy
are not evaluated with the same expectations for participation as those who
attend high schools that encourage participation in a wide variety of activi-
ties. School profiles,?° reports of admission officers who visit many high
schools, and the academic reputations of particular schools are used to pro-

20A profile is a concise overview of the high school and its offerings. Profiles vary in
quality, but a good one will indicate the highest-level courses offered in each academic area,
describe the levels available (for example, honors, gifted and talented, college preparatory,
remedial) for each grade, and make clear the degree of challenge. This profile allows an admis-
sion reader to compare the applicant’s transcript against the offerings of the school. In addition
to course-level information, a profile also includes demographic information about both the
school and the community; economic information, including percentage of school population
on free or reduced lunch; the diversity of the student body; the percentage of graduates attend-
ing 4-year colleges; educational options in the community (mentorships or access to college
courses taught on local college campuses, for example); college acceptance lists (where previ-
ous graduates were accepted or matriculated); SAT/ACT ranges; GPA distribution; and AP or IB
score distributions by subject that serve as important indicators of how well the high school
classes are aligned with the AP or IB program syllabi.
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vide admission officers with needed information about the high schools
attended by applicants.

The Roles of AP and IB in the Admission Process. To better under-
stand the role played by AP and IB courses and examination results in col-
lege admission decisions, the committee conducted an informal survey of
deans of admission from 264 U.S. colleges and universities.?” Approximately
half responded. The survey was designed to shed light on three broad issues
related to the college admission process: (1) how AP and IB courses on an
applicant’s transcript are used in admission decisions, (2) the extent to which
applicants’ chances for admission are affected if they do not take IB or AP
courses because the courses are not offered at their high schools, and (3) the
role played in admission decisions by AP and IB examination grades or by a
lack of reported results.

The survey revealed that, regardless of their specific goals, the most
important priority for admission officers at selective schools is to admit stu-
dents who can take advantage of the academic strengths of the institution as
well as contribute to the education of their peers. Because past performance
is deemed a strong predictor of future performance, admission officers care-
fully review applicants’ transcripts to determine how well and to what extent
the applicants have taken advantage of the school- and community-based
opportunities available to them in high school.?® Admission personnel gen-
erally view the presence of AP or IB courses on a transcript as an indicator
of the applicant’s willingness to confront academic challenges.?

The presence of AP and IB courses on a student’s transcript (if such
courses are available at the applicant’s high school) is of greatest importance
for admission to highly selective schools seeking students who have taken

YTUsing the 1994 Carnegie classifications for ranking undergraduate institutions, schools
were placed into four broad categories: national universities, national liberal arts colleges,
regional universities, and regional liberal arts colleges. Institutions from these four categories
were then sorted by their selectivity in the admission process, as defined by the percentage of
applicants admitted. Surveys were sent to the 50 most selective national liberal arts colleges and
the 50 most selective national universities, as well as every seventh school on the remaining
lists (a total of 264 institutions). Reminders were sent to deans who had not returned their
survey forms by the deadline. This process resulted in a return of surveys from 133 institutions.
Admission selectivity among the sample of surveys that were completed ranged in percentage
of applicants accepted from a low of 11 percent to a high of 100 percent.

28Admission officers use two primary sources of information for determining what was
available to students at different high schools: first-hand information gathered by admission
staff during recruiting trips, and the high school profile, discussed above.

AP and IB courses may also serve as indicators of the quality of the academic program
offered by the applicant’s high school and hence assist in comparing students from different
schools.
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maximum advantage of the academic opportunities available to them. AP
and IB courses are somewhat less important factors for admission at colleges
where a larger percentage of applicants are admitted. Nonetheless, many of
these colleges use the presence of AP and IB courses as an indicator of the
strength of the applicant’s academic preparation. AP and IB play little to no
role in admission decisions at colleges where the vast majority of applicants
are accepted.

There are generally two types of high schools that do not offer AP or IB
courses. First are both public and private schools that, for institutional rea-
sons, elect not to offer AP and IB and instead provide their own rigorous
curricula. Many of these high schools have national reputations for excel-
lence, and admission officers know the levels of challenge the students in
these schools experience. Second are schools typically located in areas where
sufficient resources or qualified personnel are not available to mount such a
program or where the demand for such courses is deemed to be low. The
committee was concerned primarily with the outcome for students from this
second group.

When asked what the effect on admission decisions is if AP or IB classes
are not available at an applicant’s high school, deans from virtually every
college or university replied that a lack of AP or IB courses at an applicant’s
high school would not have an adverse effect on a student’s gaining admis-
sion to their institution if the student had taken the most challenging courses
that were available and done well in them. Some admission officers indi-
cated that they might look for evidence that students lacking access to rigor-
ous opportunities in school tried instead to participate in similar kinds of
academic opportunities outside of school. A very small number of deans
indicated that there might be indirect consequences for students from schools
with limited advanced course offerings. For example, a small number of
deans reported that they are more likely to “dip deeper” into a class (i.e.,
accept students with a lower class rank) in high schools with solid academic
programs than in schools with less solid programs. Thus, the number of AP
and IB courses is sometimes used as an indicator of a school’s academic
commitment. Of course, while offices of admission consciously avoid penal-
izing students who do not have access to advanced study courses or pro-
grams in their high schools, the lack of access to such courses also could
result in students’ from these schools being less prepared and less successful
if they are admitted to selective institutions.

The survey also addressed the issue of students who have access to AP
and IB courses at their high schools but choose not to enroll in them. Deans
from the most selective schools responded consistently that this decision
would likely place an applicant at a disadvantage. When evaluating a student’s
program against a high school’s course offerings, the most selective schools
effectively require, in the absence of some compelling reason, that success-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10129.html

CoNTEXT oF ADVANCED STuDY

ful applicants take the most demanding curriculum available to them. For
some students, this may mean they are expected to take four to six AP
courses during their high school years or three higher-level IB courses dur-
ing their senior year. It also implies that students who attend schools where
AP and IB courses are offered as junior year options are expected to have
taken such courses in their junior year as well.

AP and IB Examination Grades
and the Admission Process

AP and IB examinations are administered each May, and scores are not
usually available until July. Therefore, final examination grades for AP and
IB courses taken during the senior year of high school are not a factor in
admission decisions, although they are a factor in credit and placement
decisions. Many educators contend that this makes it easy for seniors to
reduce their level of commitment to academics once admission letters have
been mailed, sometimes as early as December of the senior year for those
students who have applied for early decision or rolling admission.

If an applicant has taken AP or IB classes in tenth or eleventh grade but
has not submitted scores, deans at most of the more selective colleges and
universities included in the committee’s survey indicated that they interpret
the student’s decision cautiously. Many observed that AP examinations are
expensive and that applicants may not have taken them for financial rea-
sons. Others noted that teaching is uneven from school to school and that it
would be unfair to make assumptions about an applicant on the basis of
information not provided. If, however, a student fails to submit scores, he or
she has, in the words of one respondent, “missed a chance to strengthen the
application.” A few of the most selective schools actively search for AP or IB
scores on an applicant’s transcript; deans from these schools mentioned that
the lack of an examination score would be addressed in a student interview
if the opportunity arose.

Given the increase in the number of examinations being administered to
sophomores and juniors, it is anticipated that examination scores may play a
greater role in the admission process in the future. Deans from colleges and
universities familiar with the IB program noted to the committee that the
practice of some high schools of providing predicted scores®® was helpful in
the evaluation of an applicant.

30IB teachers are required to submit “predicted grades” for each student before the year’s
end. Predicted grades are used for a variety of purposes, including teacher evaluation and
determination of grade distributions. The decision whether to release predicted grades to stu-
dents, and presumable to colleges, is left to the individual high schools (IBO, 2000d). See
additional details in Chapter 4, this volume.
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College Credit and Placement Based on Advanced Study

The College Board and the IBO do not award credit or mandate specific
placements, although both provide some guidance about appropriate prac-
tice. Thus individual colleges and universities (or departments within them)
decide whether to award credit for AP and IB examination scores they re-
gard as sufficiently high.

More than 2,900 colleges and universities accept AP test scores, and
approximately 750 postsecondary institutions recognize IB scores. IB stu-
dents traditionally have more difficulty than their AP counterparts obtaining
college credit or placement for their scores. This situation is changing some-
what as colleges become more familiar with IB course content and require-
ments and gain more experience with IB students. However, because of the
lingering reluctance of some schools to grant credit or placement for IB,
some IB students also take AP assessments. This is a challenging undertak-
ing for IB students because both sets of examinations are administered in
May, and the dates may overlap.

Reducing Time to Degree

One of the factors contributing to the rapid increase in AP and IB enroll-
ments is the perceived potential benefit of earning inexpensive college cred-
its that can reduce time to degree and consequently decrease overall tuition
costs.! The extent to which students actually take advantage of this oppor-
tunity for acceleration in college and the resulting savings in tuition, is not
well documented, however. Some students spend the same amount of time
as other undergraduates, using these credits instead to reduce overall course
loads, to pursue coursework that their schedules would not otherwise allow,
or to take additional courses in a subject area.

Using AP and IB for Placement
or Exemption from Required Courses

As noted above, in addition to being able to graduate early, students can
use their AP and IB credits to reduce overall course loads or to meet college
prerequisite or distribution requirements, freeing time in their schedules to

31Approximately 1,400 institutions offer sophomore standing to students with sufficient AP
credit (College Board, http://www.collegeboard.org/ap/students/benefits/soph_standing.html
[November 27, 2001]). Increasing numbers of colleges (for example, state universities in Califor-
nia, Florida, and Washington) are awarding credit and sophomore standing to IB students with
IB diplomas.
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take courses they find more interesting or challenging.?? Indeed, for many
high-achieving students, the opportunity to place out of introductory courses
and move directly into upper-level classes is a greater motivator than early
graduation. Some colleges explicitly support this use of AP and IB scores by
offering upper-level course placement to students who earn qualifying scores
even if the institution does not award credit. Many high school counselors
and teachers encourage their students to use their AP and IB credits in this
manner when they enter college, especially when the introductory courses
they would otherwise be required to take are large lecture classes or are
perceived not to be sufficiently challenging.

At the same time, using credits from these examinations to fulfill distri-
bution requirements means that students can potentially graduate from col-
lege without ever having taken courses in certain subject areas. For ex-
ample, a student with AP biology credits may never have to take another
course in science. Some institutions have attempted to minimize this prac-
tice, requiring that students address the school’s distribution requirements
by enrolling in courses that are at higher levels than those taken in high
school.

In contrast, some students decide not to use their AP or IB credits to
place out of introductory courses because they believe they will benefit
from taking the subjects again in college. The biology, physics, and chemis-
try panels that provided information for this study agreed that most students
would benefit from retaking these courses in college. The mathematics panel
did not agree, suggesting that there is typically little benefit for qualified AP
or IB students in retaking introductory calculus in college unless their insti-
tutions require them to do so.

Students also may forego upper-level placement because they want to
avoid the risk of doing poorly in upper-level courses during their first year in
college or because they believe retaking a course in college would result in
their receiving a higher grade than if they enrolled in a more advanced
course. Deans from a very small number of institutions participating in the
committee’s survey indicated that they offer transitional courses to students
who place out of introductory-level courses but do not advance to the next
course because of either the student’s own decision or that of the institution.

It may also be noted that students who take AP and IB courses and then
repeat those same courses in college present a particular challenge to col-
lege faculty. It can be difficult to teach these students in the same class with
those who may have only a basic understanding of the subject.

32Some colleges do not allow students to use AP or IB credits to fulfill distribution or major
requirements; others grant AP or IB credit for first-year courses only after students have suc-
cessfully completed a second-level course in the same subject.
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Institutional Decisions

In general, colleges and universities make decisions about granting AP
and IB credit and placement in the same way they decide about accepting
credits from other colleges. That is, university or department officials con-
sider the content of the course, its perceived difficulty, associated laboratory
activities (in the case of science courses), and the student’s level of achieve-
ment. They compare the course with similar offerings at their own institu-
tions. Placement (rather than credit) decisions also may take into account
the capabilities of the particular student and may be aided by the use of a
department’s own placement test. This process is consistent with recom-
mendations made by the College Board to its member institutions. In some
publicly funded institutions,? the granting of credit for a given AP or IB
score may be legislatively mandated or set by institutional policy.

The IBO does not provide guidelines for colleges to use in making
decisions about credit or placement. IB is an international program, and
consequently IB students attend colleges in many countries, each with its
own standards and examination policies. However, the IBO offers to assist
administrators and department heads at U.S. colleges or universities who are
unfamiliar with the IB program in making appropriate decisions with regard
to the acceptance of IB examination scores for credit or placement.

In science, decision making at the department level may involve inter-
viewing the student and reviewing his or her high school course syllabus
and laboratory notebooks. In other departments, examination scores alone
may suffice. In mathematics, most departments accept an AP examination
score in calculus without question. This practice is the result of faculty expe-
rience with what AP students know and are able to do, and the similarity
between AP and college calculus courses.

Denial of Credit or Placement

Although the College Board encourages colleges to award academic
credit for an AP score of 3 or higher, and the American Council for Educa-
tion endorses this stance (College Entrance Examination Board, 2000a), nearly
half of the colleges in the United States that accept AP credits do not abide
by the College Board’s standards (Lichten, 2000). Lichten found that while
most 4-year colleges accept 4’s and 5’s for credit, only 55 percent accept 3’s.
Overall, only 49 percent of AP test takers receive college credit, even though

33This point applies only to publicly funded institutions.
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two-thirds of them are qualified for college credit according to the College
Board.*

There are various reasons for the reluctance of some colleges to award
college credit as generously as entering students have come to expect and as
frequently as the College Board recommends. For example, university fac-
ulty and administrators may not believe that students taking AP courses have
undertaken work that is equivalent to the courses at their institution or that
students have engaged the concepts of the discipline as deeply as they
would in college.

Variability of Credit and Placement Decisions

Survey of Mathematics and Biology Departments. To gain a better un-
derstanding of the ways in which postsecondary institutions make credit and
placement decisions about AP and IB, the committee sent an informal ques-
tionnaire about these issues to the departments of biology and mathematics
at 131 colleges and universities.?® The respondents represented national uni-
versities and liberal arts colleges, as well as regional colleges and universi-
ties located in the Midwest, North, South, and West. The institutions that
responded included research universities, colleges, highly selective institu-
tions, and institutions with open-admission policies.

It is important to note that a precise interpretation of the survey data
was difficult. Response rates were less than ideal. The survey questions
unfortunately did not probe sufficiently for detail or allow respondents to
qualify their answers. Nevertheless, the data do provide useful information
about how placement decisions are actually made.

The majority of the biology departments that responded to the survey
offer two different introductory biology courses—one designed for potential
majors and the other for everyone else. Other survey findings include the
following:

3¥The College Board is currently studying the validity of a grade of 3 on AP examinations.

¥Departments of biology and mathematics to which survey forms were sent were selected
from a list of schools gathered from the Gourman Report: A Rating of Undergraduate Programs
in American Universities (Gourman, 1999). Also selected were departments in every third school
from the alphabetical list of the Oberlin Conference schools and every seventh school from the
Carnegie Foundation’s listings of institutions of higher education by institutional type (Bach-
elors 1 and II, Masters I and II, and Doctoral I and II institutions—available at http://
www.carnegiefoundation.org). This process resulted in the selection of 131 schools. The chairs
of the biology and mathematics departments from these institutions were sent the questionnaire
by electronic mail. Responses were received from 43 chairs (33 percent) from departments of
biology and 59 chairs (45 percent) from departments of mathematics.
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e The vast majority of these departments award college credit for AP,
and sometimes for IB.%

e The amount of credit awarded almost always depends on the score
earned. For example, a student with an AP score of 5 or an IB score of 7
might earn up to eight credits (the equivalent of two semester courses with
laboratory), while a student with a score of 3 or 4 might earn only earn four
credits.

e Some departments are willing to accept an AP score of 3 or an IB
score of 5, but the majority look for 4’s or 5’s on AP tests and 6’s or 7’s on 1B
tests. Two institutions grant credit or placement only for an AP 5 or an IB 7.

e Credit and placement policies at most institutions do not vary signifi-
cantly between majors and nonmajors.

e A small proportion of the schools reported using indicators other
than the test scores in making placement or credit decisions. In order of
descending frequency, these additional factors are student interviews, place-
ment tests, the high school’s reputation, and the student’s laboratory manual.

e Only two of the schools that responded have developed a special
course as a transition to higher-level science for students with AP or IB
credits.

Approximately half of the mathematics department chairs that responded
to the survey indicated that their departments offer only one sequence of
calculus. The others offer different sequences—one for mathematics, engi-
neering, and physical science majors and the other for life science and other
majors. A variation on this last organizational structure is a third sequence
for business majors. Additional survey findings are as follows:

e A large majority of the mathematics departments offer credit to stu-
dents with qualifying AP scores without considering any additional factors.
However, almost a third require a departmental test and/or an interview
with the student before determining placement in courses beyond the intro-
ductory level.

e Mathematics departments routinely offer credit for scores of 4 and 5
on AP Calculus AB or BC examinations. Among the schools that accept IB,
most consider a score of 5 or higher on the Higher Level examination to be
acceptable.?’

3Many of the biology departments were unfamiliar with the IB program and had never
been asked to consider an IB score for credit or placement. These institutions restricted their
responses to AP.

3Many respondents did not know of a policy for accepting 1B credits, and some of the
departments reported that they do not award IB credit.
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e Very few departments indicated that they would accept any scores
from the IB Standard Level course in Mathematics Methods.

e Special sections of mathematics (both higher-level calculus and other
areas of mathematics) are sometimes offered to students who score 4 or
higher on an AP calculus examination. This practice is most common among
schools that emphasize mathematics and engineering.

EPILOGUE

From the perspective of higher education, advanced study in mathemat-
ics and science has both advantages and disadvantages. In theory, both the
AP and IB programs should lead to learning of science and mathematics
content at a more advanced and deeper level than would occur if students
had taken only introductory high school courses in these subjects. Further-
more, by creating de facto standards for the kinds of knowledge and skills
students are expected to learn in a subject area, these programs allow col-
leges and universities to gauge more easily the academic experiences that
applicants and entering students have had during their high school years as
compared with students who did not enroll in these courses or programs.

As detailed in Chapters 3 and 4, however, the academic experiences of
the students in these programs can be highly variable. Additionally, some
college-bound students may not have access to such opportunities even
where they do exist. Therefore, it remains a challenge to provide appropri-
ate college courses for this broad array of first-year students. This is a con-
cern in particular for smaller institutions that cannot offer a large number of
options for incoming students in each discipline.
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The Advanced Placement (AP) and International Baccalaureate (IB) pro-
grams are the two most widely known and nationally recognized models for
advanced study. Students in AP and IB courses are provided opportunities
for both acceleration and advanced study in high school mathematics and
science. Both AP and IB are examination-based programs, designed for well-
prepared and highly motivated students in their last 2 years of high school.
Both certify a student’s level of knowledge with a score on an end-of-course
assessment that is recognized and valued nationally and internationally. And
both programs are being challenged by a rapid expansion in the number of
participating schools and students and by uses of test scores that probably
were unforeseen when the programs were first established nearly 50 years
ago.

Despite their ostensible similarities, the two programs are actually quite
different with respect to their goals, their organization, and the ways in
which they assess student learning. This chapter presents a detailed review
of the AP program; a similar review of the IB program is provided in Chapter
4, this volume. The first section gives an overview of the AP program; the
sections that follow address in turn AP curriculum, instruction, assessment,
and professional development.

OVERVIEW

The AP program is the predominant national model for advanced courses
in high school. It was established in 1955 to challenge able and well-pre-
pared secondary students with college-level work. Supported by the Educa-
tional Testing Service (ETS), the College Board develops AP course descrip-
tions and yearly end-of-course examinations that represent an attempt to
mirror the coverage typical of college-level introductory courses. On the
basis of demonstrated achievement on the examinations, students may be
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awarded college credit or advanced placement in higher-level college courses
(see Chapter 2, this volume). A high school can elect to offer one or more
AP courses simply by scheduling the courses and assigning a teacher.
Individual students can elect to take any number of AP courses, as their high
school allows, and there is no requirement from the College Board that
students who take AP courses and receive the AP designation on their high
school transcript take the examination.!

The College Board has developed an AP Diploma that is being offered
in the academic year 2000-2001 in 20 school districts across the United
States. To earn the diploma, students must complete five AP courses and
receive a qualifying score (3) on each of the five examinations. The five
courses must include at least one in each of the core areas of mathematics,
science, language arts, and history, along with one AP elective course. The
College Board plans to offer the AP Diploma in all schools in the 2001-2002
school year.

During the past 45 years, the AP program has grown from a small pro-
gram that served only the top students from largely suburban public and
private high schools to one that now is available in a much more diverse
group of approximately 62 percent of the nation’s high schools. The pro-
gram experienced a decade of rapid growth during the 1990s as the number
of students taking AP examinations increased from 206,000 to more than
760,000 a year. The number of examinations administered in a year rose
from 277,000 in May 1990 to 1,277,000 in May 2000 (College Entrance Ex-
amination Board [CEEB], 2000c¢).

In its report Access to Excellence, the Commission on the Future of the
Advanced Placement Program (CFAPP) (CFAPP, 2001) describes significant
challenges to the program that have accompanied this rapid growth. Since
approximately 34 percent of students enrolled in AP courses do not take the
AP examinations, the first challenge noted is how the program can maintain
the quality of courses and examinations and the validity of the AP credential.
Second, students from urban, rural, and poor districts are underrepresented
among those who take the AP examinations, and minority students are less
likely than other students to take AP courses when they are offered and to
achieve success on the examinations. Therefore, the commission notes the
critical importance of finding ways to increase the equity of access to AP
courses. The report sets forth goals and recommendations that would broaden
the aim of the program by positioning it to enable many more students to
experience college-level courses and earn college credit while in high school.

ISome states and school districts require that students who receive an AP credit on their
transcript take the corresponding AP examination. This requirement is most common in dis-
tricts where students receive financial support for taking the examinations.
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At the same time, the commission emphasizes that the AP program needs to
adhere to the following set of expectations to maintain program quality and
oversight:

e While continuing to reflect college-level expectations and coopera-
tion between schools and colleges, AP courses and examinations also should
reflect changes in the disciplines and in pedagogy and provide models of
effective instruction.

e The reliability of the AP examinations in measuring student achieve-
ment at the introductory college level must be ensured.

e Standards for AP programs in schools and school systems, for AP
teachers, and for teachers’ professional development should be formulated
and implemented.

e The program should focus on expanding access for underserved
schools and populations by strengthening the preparation of students in
courses that precede AP courses.

AP CURRICULUM

Consistent with the purpose of the program, AP courses are designed to
be equivalent to general introductory college courses with respect to the
range and depth of topics covered, the kinds of textbooks used, the kinds of
laboratory work done by students, and the time and effort required of stu-
dents (CEEB, 2001a). A course description for each AP course briefly out-
lines the topics that may be included on the end-of-course examination,
describes the examination format, and provides sample questions. The course
description and teacher’s guide for each AP subject area are available for a
fee to teachers, who can use them as the basis for developing the curriculum
for their own courses (course descriptions can now be downloaded from
the College Board’s Web site for free). Individual teachers are given great
leeway in structuring AP courses for their classrooms. Thus, the curriculum
for AP courses varies from classroom to classroom in both design and imple-
mentation, including which topics are emphasized, how the topics are re-
lated, how the content is sequenced, and how much time is spent on labo-
ratory activities.

Development of AP Courses

College faculty members in each discipline, along with experienced AP
teachers, are recruited by the College Board to serve on a development
committee for each AP course. The traditional strategy for determining the
content and skills to be covered in an AP course and on the AP examination
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has been to survey the department faculty from colleges and universities
receiving the most AP score reports in a discipline. The faculty who serve on
the subject-specific development committees synthesize the information from
these surveys and construct a course description they believe best repre-
sents the consensus view of the college-level introductory course (CFAPP,
2001, p. 22). The development committee for a course develops both the
topic outline and, with help from ETS experts, the course examinations. The
committee prepares the course description for each subject and compiles a
list of the textbooks used most frequently in the corresponding college course.
Development committees for AP science courses may also recommend labo-
ratory activities that are representative of work done by college students in
the corresponding introductory course. This entire process is repeated every
5 to 6 years.

One result of this process is that until curricular changes have become
common in introductory college courses, those changes are not reflected in
the AP course descriptions and examinations. Thus, some disciplinary lead-
ers have contended that, with the growth in AP participation and the program’s
influence on high school curricula, the AP course development process has
the potential to slow the implementation of desirable curricular reforms.

In contrast, the development of AP calculus during the 1990s provides a
model for implementing rather than impeding curricular change. The AP
Calculus Development Committee used a broader, more forward-looking
strategy for revising the description and the examination specifications for
this course by collaborating with experts in mathematics content, curricu-
lum, and pedagogy. The committee became an active participant in the
calculus reform movement at the college level and the National Council for
Teachers of Mathematics—driven standards movement at the precollege level.?
According to CFAPP, “We believe that such strategies must be replicated
whenever AP course descriptions are reviewed and revised. Leaders in the
disciplines, pedagogy, and research must all play a role in order to create
the highest quality curriculum possible” (CFAPP, 2001, p. 12). This commit-
tee concurs with that recommendation.

Content of AP Courses

Each AP course description, or acorn book to use the popular term,
includes a topic outline. The major topics on the outline for biology, chem-
istry, and physics are accompanied by percentages. However, the percent-

“More information about the AP calculus development process is available at AP Calculus
Jfor a New Century by Dan Kennedy, http://www.collegeboard.org/ap/calculus/new_century/
index.html (November 26, 2001).
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ages may have different meanings for different subjects. For example, in the
course description for AP biology, the percentages for each major topic and
subtopic to be covered in a course are indicated (CEEB, 2001a, pp 5-6). In
the course description for AP physics, the “percentage goals for the exami-
nation” are given (CEEB, 2001d, pp.16-20). In AP chemistry, the percent-
ages indicate “the approximate proportion of questions on the multiple-
choice portion of the examination that pertain to that topic” (CEEB, 2001c,
pp. 6-8).

A listing of subtopics is provided for each major topic. The portion of
the AP chemistry topic outline related to chemical bonding illustrates the
level of detail provided by the topic outlines for each subject (CEEB, 2001c,
p. 6):

B. Chemical Bonding
1. Binding forces
a. Types: ionic, covalent, metallic, hydrogen bonding,
van der Waals (including London dispersion forces)
b. Relationships to states, structure, and properties of matter
¢. Polarity of bonds, electronegativities
2. Molecular models
a. Lewis structures
b. Valence bond: hybridization of orbitals, resonance, sigma and
pi bonds
¢. VSEPR [valence shell electron pair repulsion]
3. Geometry of molecules and ions, structural isomerism of simple
organic molecules and coordination complexes; dipole moments
of molecules; relation of properties to structure

The topic outline is intended to indicate the scope of the course, but not
necessarily the order or depth in which topics are taught. Teachers are told
that although the examination is based on the outline, they may wish to add
further topics (CEEB, 2001b, p. 12).

Laboratory Requirement for AP Science Courses

Because each AP course is developed independently, information on
laboratory work provided to teachers of AP science courses varies among
disciplines. There is a common recommendation that at least one double
period per week in AP chemistry and AP physics and two double periods
per week in AP biology be spent in laboratory work. The AP physics course
description does not recommend specific laboratory exercises, but rather
presents survey results on laboratory emphases in typical introductory col-
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lege physics courses and describes the diversity of approaches used. The
May 2002—-May 2003 course description for AP chemistry includes A Guide
Jforthe Recommended Laboratory Program for Advanced Placement Chemis-
try (CEEB, 2001c¢, pp. 36-51). The guide recommends 22 laboratory activi-
ties,? with the qualification that it is unlikely that every student will complete
all 22 activities while enrolled in an AP chemistry course (CEEB, 2001c, pp.
45-49). Students who have completed a first-year chemistry course will likely
have been exposed to many of these activities prior to the AP course. For AP
biology teachers, an AP biology student laboratory guide and accompanying
teacher’s guide are available. Like the recommended chemistry activities,
many of the biology laboratories will likely have been part of a first-year
biology program. Biology teachers are encouraged to substitute alternative
investigations as appropriate if they will enable students to meet the objec-
tives stated in the guide.

While the importance of including laboratory work in the curriculum is
emphasized to teachers, the interrelationships among curriculum, assess-
ment, and instruction are also highlighted. The AP physics course descrip-
tion suggests that laboratory experiences should help students understand
the topics being considered in the course and may improve test perfor-
mance overall (CEEB, 2001d, p. 8). The description for AP chemistry states,
“Data show that student scores on the AP Chemistry Exam improve with
increased time spent in laboratory. This correlation is expected to be even
stronger now that a question concerned with laboratory experiences is in-
cluded on the examination each year” (CEEB, 2001c, pp. 43—44). Recent
guidelines given to the AP science course development committees include
a charge to assess knowledge about laboratory skills and experimentation.

Additional Guidance Provided to Teachers
About Curriculum Development

The College Board asks AP biology teachers to stress understanding of
concepts rather than memorization of terms and technical details. The ratio-
nale provided is that students who understand the topics on a conceptual
level will do better on the national examination. Teachers are told that the
AP biology examination will assign increasingly less weight to specific facts,
and that students should be encouraged to focus on understanding impor-
tant relationships, processes, mechanisms, and potential extensions and ap-
plications of concepts. According to the College Board, questions on future

3The recommended activities include some processes and procedures that can often be
combined and incorporated into a single laboratory investigation.
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examinations can be expected to test students’ ability to explain, analyze,
and interpret biological processes and phenomena more than their ability to
recall specific facts (CEEB, 1999a). With regard to the issue of depth vs.
breadth, the AP physics course description states, “concentration on basic
principles of physics and their applications through careful and selective
treatment of well-chosen areas is more important than superficial and ency-
clopedic coverage of many detailed topics” (CEEB, 2001d, p. 4).

Although the stated goals for AP courses emphasize the importance of
depth of understanding of fundamental concepts, the materials provided to
teachers give little specific and detailed advice for designing a coherent
curriculum. The AP biology course description goes the furthest in articulat-
ing the principal concepts underlying the discipline and in organizing knowl-
edge around them: “Emphasizing concepts over facts makes the content of a
biology course less overwhelming and more meaningful. A biology course
has more structure and meaning when the key concepts for each topic are
placed in the broader context of unifying themes” (CEEB, 2001a, p. 4). To
this end, the course description identifies three main subject areas that are
crosscut by eight biological themes. The College Board presents a brief,
open-ended framework for conceptual knowledge and encourages teachers
to continue the articulation and organization of knowledge themselves (see
Table 3-1).

TABLE3-1 Some Applications of the Energy Transfer Theme to the Three Main Subject

Areas
II. Organisms and
Theme |. Molecules and Cells 1. Heredity and Evolution Populations
Plants transform light energy A cell must spend energy to Energy flows from producers
into chemical energy. transcribe and translate a to consumers in an
gene because entropy ecosystem.
decreases as monomers are
organized into complex
macromolecules.
I1l. Energy A proton gradient across Energy released by the lon pumps in membranes
Transfer membranes powers the hydrolysis of ATP is used by reestablish a transmembrane
synthesis of ATP in cells in DNA synthesis, resting potential after a
mitochondria, chloroplasts, transcription, and translation.  neuron fires an impulse or a
and prokaryotes. muscle fiber contracts.

SOURCE: Adapted from CEEB (2001a, p. 17).
NOTES: ATP = Adenosine Tri-Phosphate. The College Board encourages teachers to continue identifying ways
in which the eight major themes can be applied to the three major subject areas.
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The teacher’s guide for AP biology (Schofield, 2000) encourages teach-
ers to develop a curriculum for conceptual or thematic understanding. The
guide illustrates a shift in emphasis of AP biology examination questions
away from factual listings of information, as illustrated by the 1989 free-
response question about cell energetics, and toward conceptual understand-
ing, as illustrated by the 1995 question. The following examples are taken
from that guide (Schofield, 2000, pp. 24-25).

Factual free-response question about cellular energetics from
the 1989 AP biology examination:

Explain what occurs during the Krebs (citric acid) cycle and electron trans-
port by describing the following:
a. The location of the Krebs cycle and electron transport chain in the
mitochondria
b. The cyclic nature of the reactions in the Krebs cycle
¢. The production of ATP and reduced coenzymes during the cycle
d. The chemiosmotic production of ATP during electron transport

Conceptual-thematic free-response question about cellular
energetics from the 1995 AP biology examination:

Energy transfer occurs in all cellular activities. For three of the following five
processes involving energy transfer, explain how each functions in the cell
and give an example. Explain how ATP is involved in each example you
choose:

e Cellular movement

e Active transport

e Synthesis of molecules
e Chemiosmosis

e Fermentation

AP INSTRUCTION

Little is known, other than anecdotally, about what actually happens in
AP classrooms as teachers engage with students in the teaching—learning
process. Teachers make decisions every day and in every class period about
what to teach and how. Many factors influence these decisions, including
teaching philosophies; experience with various teaching strategies; the
teacher’s own educational background, experience, and familiarity with vari-
ous topics in the discipline; and student outcomes. In typical honors courses,
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teachers generally feel freer to follow their own interests and pursue topics
within the broad course outline in which their content knowledge is most
secure. In AP courses in which teachers focus on preparing their students for
success on an AP examination, there is internal accountability if students
take the external examination (Herr, 1993), although little can be said about
accountability if large numbers of students in the course do not take the test.
Differences among schools also influence how a course is implemented.
Scheduling and length of class periods, available facilities and resources,
and existing state standards and assessments for courses preceding the AP
course all help shape a course differently in each locality.

AP Course Descriptions and Teacher’s Guides

AP program materials address instruction only in a very general way.
For example, a letter to teachers from Gasper Caperton, President of the
College Board, is included as a preface to the May 2002-May 2003 course
descriptions for AP biology, calculus, chemistry, and physics. He states, “This
AP Course Description provides an outline of content and description of
course goals, while still allowing teachers the flexibility to develop their own
lesson plans and syllabi, and to bring their individual creativity to the AP
classroom.” Consistent with this message, for example, the May 2002-May
2003 AP physics course description features a message from the develop-
ment committee encouraging the following broad instructional goals (CEEB,
2001d):

e Basic knowledge of the discipline of physics, including phenomenol-
ogy, theories and techniques, and generalizing principles.

e Ability to ask physical questions and to obtain solutions to physical
questions by use of qualitative and quantitative reasoning and by experi-
mental investigation.

e Fostering of important student attributes including appreciation of
the physical world and the discipline of physics, curiosity, creativity and
reasoned skepticism.

e Understanding connections of physics to other disciplines and to so-
cietal issues. (p. 3)

The course descriptions in the other subjects also provide statements of
goals and emphases that suggest a focus for instruction, such as the value of
active learning, but do not address strategies or specific models for instruc-
tion in any detail.

Instructional strategies that might be employed effectively in achieving
the instructional goals specified for AP courses may be among the teaching
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strategies and techniques included with the sample course outlines pre-
sented in the AP teacher’s guides. However, the following two examples of
strategies provided by teachers in the teacher’s guide for AP biology (Schofield,
2000) are indicative of the degree of variability in instruction that might be
found in AP biology classrooms:

“The primary goal of the class is to ensure that students leave having expe-
rienced an intense course of college-level biology. I do this mainly through
lectures and discussions, during which time students are able to ask plenty
of questions.” (p. 45)

“I try to provide my students with a variety of teaching techniques that
encourage both independent and group activities.” The strategies described
by this teacher include student discussion of journal and newspaper ar-
ticles, student presentations of course topics, use of computer simulation
software and a yearlong independent experimental research project. (pp.

58-59)

The section of the May 2002—-May 2003 course description for AP chem-
istry entitled A Guide for the Recommended Laboratory Program for Ad-
vanced Placement Chemistry (CEEB, 2001c¢, pp. 36-51) clearly states goals
for the laboratory program that include inquiry and student experimenta-
tion:

The program of laboratory investigations should be seen as a cyclic con-
tinuum of inquiry rather than a linear sequence of steps with a beginning
and an end . . . the ideal program should not only allow students to gain
experience with traditional laboratory exercises, . . . but also provide op-
portunities for students to carry out novel investigations. (CEEB, 2001c, pp.

39-40).

The stated goals for laboratory work (CEEB, 2001¢) encourage students
to:

e Think analytically and to reduce problems to identifiable, answerable
questions.

e Design and carry out experiments that answer questions.

e Draw conclusions and evaluate their validity.

e Propose questions for further study.

e Communicate accurately and meaningfully.

The teacher’s guide for AP chemistry (Mullins, 1994) describes a variety
of laboratory programs, but does not address the context in which they
might be effective in meeting the stated goals. Most of the programs de-
scribed in the guide are based on typical published manuals for college-
level introductory chemistry laboratory programs that prescribe both a pur-
pose and a step-by-step procedure for students and allow few opportunities
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for inquiry or student-designed investigations. Some course descriptions in-
clude laboratory components that may be more effective in providing these
opportunities, including “small-scale inquiry labs” (Mullins, 1994, p. 74) and
preparation of a botanically based universal indicator (p. 86).

Similarly, the stated goal for the 12 biology laboratory investigations is
to encourage higher-level thinking and provide opportunities for students to
learn concepts, acquire skills, and engage in problem solving. The manuals,
however, while providing important information to teachers about materials
and procedures that are essential features of a biology laboratory program,
specify the questions to be investigated, as well as step-by-step procedures.
They provide no guidance to teachers about establishing a laboratory pro-
gram that would enable student inquiry and no support for the goal stated in
the AP Biology course description that students gain personal experience in
scientific inquiry.

The report from the CFAPP is also relatively silent about instruction. Tt
recommends only that the College Board set high standards for AP course
delivery and provide demonstrations via video and other media of “best
practice” teaching approaches (CFAPP, 2001, p. 10).

Messages About Instruction Conveyed by AP
Examinations

Recent guidelines given to the development committees for AP science
courses include a charge to assess knowledge about laboratories and experi-
mentation. One of the free-response questions on each AP science examina-
tion will be a laboratory question. The format of the second section of the
chemistry examination was changed in 1999 with the introduction of a re-
quired laboratory-based question. The 1999 question referred to a traditional
experiment designed to determine the molar mass of an unknown gas. Com-
mentary on the question in the 1999 released exam for AP chemistry states
that the goal of the question is to determine whether students understand
how an experiment works, as well as the chemistry behind it. Students hav-
ing performed the experiment (or a similar one involving the determination
of moles of a gas collected over water) in the laboratory may have had an
advantage, as the question asked them to explain the purpose of steps in the
experiment and list measurements that must be made. However, the ques-
tion also could have been answered on the basis of knowledge of variables
needed in the calculation, without a student’s having actually completed the
laboratory. And although one of the stated goals for the AP chemistry labo-
ratory program is for students to design and carry out experiments, students
have not yet been asked to design an experiment on an AP chemistry exami-
nation. Thus the program materials may be sending conflicting messages,
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since the examination questions indicate that experience with designing
experiments is not necessary for success.

AP ASSESSMENT

The AP examinations, administered nationally in May of each year, pro-
vide the foundation for curriculum and instruction in AP courses. They are
timed examinations, with about 50 percent of the total time devoted to mul-
tiple-choice questions and the rest to free-response, essay, or problem-solv-
ing questions.* Students can elect to have their examination scores reported
to their choice of colleges, where the scores may be considered in decisions
about placement in a college course, awarding of credit for the introductory
course in the subject, or both (see Chapter 2, this volume).

AP courses are intended to represent general introductory-level college
courses. The AP examinations are designed to allow students to demon-
strate mastery of the concepts and skills learned in the course, enabling
some students to undertake, as freshmen, second-year work in the sequence
at their institution or to register for courses in other fields for which the
general course is a prerequisite.”> Consequently, AP examinations must be
valid and reliable measures of student achievement at the college level.
“Continued acceptance by colleges and universities of the validity of the
content of AP courses, the validity and reliability of the AP Examinations,
and the integrity of the scoring process is critical to AP’s success” (CFAPP,
2001, p. 6).

How AP Examinations Are Developed

Content specifications for AP examinations are determined during the
development of AP courses. The development committee for each AP course
is responsible for deciding the general content of the examination and the
ability level to be tested. The examination is constructed using the topic
percentages from the AP course descriptions as a guideline for the distribu-
tion of questions. The development committee helps write and review test
questions, as well as materials (including the AP course descriptions) that

“These percentages do not necessarily reflect the weighting of scores as a final examina-
tion grade is determined.

>The policies of colleges and universities vary widely with respect to the score they will
accept to award credit or placement and how that score translates into college credit or place-
ment. Indeed, individual departments within an institution of higher education often have very
different policies and expectations. This issue is considered in greater detail in Chapter 2 this
volume.
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are distributed to schools. The committees also help create and give final
approval for each examination.

The committees, representing both secondary- and college/university-
level teachers, work closely with ETS content specialists and psychometri-
cians to ensure that the examination scores will mean the same thing to from
year to year and from student to student. AP validity studies are designed to
validate the use of AP for college credit by measuring the comparability of
student knowledge of content and processes with that of students in intro-
ductory-level college courses (see Chapter 10, this volume, for a discussion
of these studies). Most of the multiple-choice questions are written by com-
mittee members and pretested in college classes to obtain some estimate of
the degree of difficulty and comparability with college courses. For optimal
measurement, the AP development committee endeavors to design a multiple-
choice section such that the average raw score is between 40 and 60 percent
of the maximum possible raw score. Questions at varying levels of difficulty
are included. Using many questions of medium difficulty ensures that clear
distinctions will be made between students earning grades of 2 and 3 on the
one hand and 3 and 4 on the other (CEEB, 2000b, p. 1). Some previously
administered questions are included to link the current form of the examina-
tion to previous forms, thus maintaining reliability from year to year and
examination to examination. The committees write, select, review, and re-
fine free-response questions. One important aspect of test development is
determining which item type and format are best for assessing a given topic
or skill area. AP development committee members work with AP content
experts and ETS statisticians to make this determination. Free-response ques-
tions are designed so that students will have to use analytical and organiza-
tional skills to solve problems, predict the products of chemical reactions,
and formulate answers to questions (CEEB, 2000b, p. 2). The College Board
does not, however, employ systematic research to determine the validity of
test items in measuring cognitive processes.’

As questions are being written and refined, the development commit-
tees propose preliminary scoring standards that are based on consistent cri-
teria from year to year. The committees also develop a formula for assigning
composite scores based on differential weights for the multiple-choice and
free-response questions.

%see http://www.collegeboard.org/ap/techman/whois/apdevcom.htm (November 26, 2001).
7The committee has been informed that an effort is presently under way by the College
Board to begin the collection of validity data.
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TABLE3-2 College Board Recommendations Regarding Students Qualifications for
Receiving College Credit, Placement, or Both

AP Grade

Qualification

—_ N W s G

Extremely well qualified
Well qualified

Qualified

Possibly qualified

No recommendation

SOURCES: CEEB (2001a, 2001b, 2001c, 2001d).

How AP Examinations Are Scored

In scoring, the number of correct and incorrect answers in the multiple-
choice section of an examination is determined, and a correction for guess-
ing is applied. The procedures for scoring the free-response sections are
similar to those used by other testing programs to score essays Or con-
structed-response items. Faculty consultants score the free-response ques-
tions during AP readings, which are held at various sites (usually college
campuses) throughout the United States each June.® Because it is essential
that students’ responses be scored consistently, “a great deal of attention is
paid to the creation of detailed scoring guidelines, the thorough training of
all faculty consultants, and various ‘checks and balances’ applied through-
out the AP Reading.” Composite scores are created using formulas devel-
oped by each development committee.

AP uses a five-point scale for awarding final grades on the examina-
tions. The qualification for college credit that is described for each AP grade
is shown in Table 3-2. As indicated, those students who earn a score of 3, 4,
or 5 are described by the College Board as qualified for credit and/or enroll-
ment in advanced courses at colleges and universities.

Boundaries for awarding AP grades are reset annually at a grade-setting
session for each examination. Participants in these sessions usually include
the chief faculty consultant, the AP director or associate director from the
ETS, the College Board director or associate director of the AP program, ETS
content experts for the discipline, and an AP program statistician. Grade
distribution charts for each examination are available on the subject pages of
the AP Web site.!?

8All of the examinations from a subject area are graded at the same site.
See http://www.collegeboard.org/ap/techman/chap3/scorefc.htm (February 11, 2002).
19See http://apcentral.collegeboard.com/courses/overviews/ (February 11, 2002).
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How Examination Results Are Reported

AP grade reports are sent in July to the college(s) designated by the
student, to the student’s secondary school, and to the student. The report
includes the grade earned and an interpretation of that grade for each AP
exam taken by the student in the current year. A report to AP teachers is sent
for each examination taken by five or more students at participating schools.
The report compares these students’ performance with that of the national
candidate group. Mean scores for the multiple-choice questions grouped by
four or five major topics and for each free-response section are compared.
The free-response booklets of a school’s senior AP students are released to
the schools after October 15 of the year in which the exam is taken if the
booklets have not already been requested by a postsecondary institution.

The free-response questions on the AP examinations are released to
students and teachers after the exam has been administered. They are also
posted on the AP Web site, along with scoring guidelines and student samples
with scoring commentary, after the examinations have been graded.

Entire released examinations, including both the multiple-choice and
free-response sections, are published about every 5 years for each subject.!!
The publication provides the following:

e Multiple-choice questions and answer key, and the percentage of
candidates who answered each question correctly.

e Free-response questions and scoring guidelines.

e Sample student responses with commentary (the actual scores these
students received, with a brief explanation).

e Statistical information about students’ performance on the examina-
tion.

How the College Board Determines Whether
AP Examinations Accomplish Their Purpose

AP examinations must be valid and reliable measures of students’ achieve-
ment at the college level. Colleges need to know that the AP grades they
receive for their incoming students represent a level of achievement equiva-
lent to that of students who take the corresponding introductory course in
college. The College Board conducts college comparability studies to con-
firm that the AP grade scale is properly aligned with current college stan-
dards. Periodically, instructors from some of the 200 colleges receiving the
largest number of AP grades for an examination administer the AP examina-

HFree-response questions are released annually.
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tion or portions thereof to college students who are completing the corre-
sponding college course. The performance of the college students on the
examination is compared with that of the AP students. When AP grades are
set, the composite score cut points are established so that the lowest com-
posite score for a grade of 5 is roughly equal to the average composite score
of college students earning a grade of A. The lowest composite score for a
grade of 4 is roughly equal to the average composite score for students with
a grade of B. The average composite score of students receiving a grade of
C is used to set the lowest AP grade of 3. Similar logic is used in setting the
lowest composite score for a grade of 2 (Morgan and Ramist, 1998).

AP PROFESSIONAL DEVELOPMENT

What Is Known About the Preparation and Credentials
of AP Teachers

Very little is known about the teaching experiences and preparation of
teachers who are teaching AP courses. The College Board is currently con-
ducting a survey of AP teachers with the goal of describing their characteris-
tics and identifying teacher attributes that affect the success of students.!?
Until the results of this study are available, information about the teachers
involved with the AP program must be based on descriptions provided in
program materials.

The College Board (CFAPP, 2001, p. 6) states, “AP is an enterprise that
relies on a culture of dedication, volunteerism, and altruism among AP teach-
ers.” The College Board (CFAPP, 2001, p. 2) estimates that there were ap-
proximately 100,000 teachers teaching AP classes in the United States during
the 1999-2000 school year. Assigning teachers to AP courses is usually a
school-level decision; the College Board does not certify teachers and has
relatively little to say about the matter of teacher qualifications. School ad-
ministrators attending an AP workshop reported that arbitrary assignment of
teachers to AP courses is used only when absolutely necessary and that in
many cases, teachers apply specifically to take an AP assignment (Burton,
Bruschi, Kindig, and Courtney, 2000).

Professional Development Experiences of AP Teachers
Although the College Board does not require participation in AP profes-

sional development activities, each of the AP teacher’s guides encourages
such participation. Stipends and travel support may come from local schools

2See http://www.collegeboard.org/ap/research/abstract24.html (February 11, 2002).
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or school districts or from the states and the federal government, or a teacher
may receive no support at all. Consequently, many of the teachers who
participate in AP professional development activities do so on their own
time and at their own expense.

The two principal types of professional development available to AP
teachers nationally are 1- and 2-day AP workshops offered by the College
Board’s regional offices and AP summer institutes, usually 5 days long and
offered by a variety of independent agencies. During the 1999-2000 aca-
demic year, more than 56,000 AP teachers (about 56 percent of the approxi-
mately 100,000 teachers teaching AP classes in the various disciplines) par-
ticipated in professional development workshops and summer institutes
(CFAPP, 2001, p. 2). Teachers who participate may have widely differing
professional development experiences, depending on which workshop or
summer institute they attend. Recognizing the variability in content and un-
even quality of the workshops and summer institutes, the College Board
recently developed and implemented quality standards for AP workshop
consultants and AP summer institutes (College Board, 2000, 2001).

Generally, teachers, guidance counselors, and school administrators at-
tend the 1- or 2-day workshops to learn the rudiments of teaching an AP
course and to be apprised of the latest developments and expectations for
each course. Major topics covered include the following:

e Advice on preparing students for the AP examinations.
e Practical information on starting or revising an AP course.
e Insights into the structure, content, and grading of the AP examina-

e New technology applications.
e Updates from the College Board and the ETS.

AP teachers attending the summer institutes explore a variety of instruc-
tional strategies that can be employed both to help their students learn and
understand the material and to prepare them for success on the national
examination. The strategies discussed range from covering every topic to
emphasizing concepts, principles, and a “scientific attitude,” and from teacher-
centered, content-based lecture delivery to a variety of student-centered
pedagogies (Burton et al., 2000). AP science teachers attending summer
institutes often perform and discuss laboratory activities with the guidance
of experienced AP instructors. They follow actual laboratory procedures;
learn to handle equipment and materials; and discuss time frames, pitfalls,
possible shortcuts, reasonable laboratory results, good follow-up questions,
and ways of integrating the laboratory experience most profitably into the
classroom setting (Schofield, 2000, p. 13). Fifty summer institutes responded
to a 1999 survey in which directors were asked to provide evaluation data
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about their workshops. Workshop participants from these 50 programs indi-
cated that sharing ideas and experiences, networking, and having good dis-
cussions with other teachers were of the activities of most value to them.
Many of the participating AP teachers reported feeling isolated and unsup-
ported after they left the institutes and workshops, as most of them returned
to schools where they were the only AP teacher in a discipline (Burton et al.,
2000).

Experienced AP teachers often cite the experience of serving as a faculty
consultant for the annual AP reading as a highly valued professional devel-
opment experience. In June 2000, approximately 5,000 college faculty and
high school teachers participated in the 1-week sessions. The College Board
cites three of the most common reasons given by readers for applying to
return after their first experience:!?

e High school and college faculty exchange ideas on an equal playing
field.

e Networks are established among participants.

e Practice gained in establishing and applying rubrics makes partici-
pants better teachers.

The CFAPP recommends that teacher professional development become
the area of greatest emphasis for technological investment and develop-
ment: “Technology can supplement face-to-face workshops and institutes,
providing ongoing support to teachers throughout the year” (CFAPP, 2001,
p. 11). Services currently provided to teachers by the College Board include
an AP electronic mailing list for each discipline—AP Central, the College
Board’s online site for the AP program, with information about AP courses,
publications, workshops, and summer institutes; and videoconferences with
the teachers who develop the AP courses and examinations. The College
Board presents no information about local professional development activi-
ties available for AP teachers, but AP teacher’s guides for the individual
disciplines refer teachers to their respective professional organizations, which
often sponsor sessions on AP at state and national conventions.

The CFAPP report warns that the current models for AP professional
development are and will continue to be insufficient. An estimated 100,000
new AP teachers will be needed between now and the end of the decade,
and many of them will be teaching AP for the first time. The commission
states: “The College Board, working in cooperation with schools, school
systems, colleges and universities, governments and others, must make an
unconditional commitment to teacher professional development. Without

3See http://www.collegeboard.org/ap/readers/index.html (November 26, 2001).
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this commitment, access to AP will not improve and quality will decline”
(CFAPP, 2001, p. 10). Specific recommendations include (1) developing and
implementing a mentoring system using experienced and retired AP teach-
ers as mentors, (2) identifying successful strategies for preparing teachers to
teach AP, and (3) evaluating and incorporating new models of professional
development that support instructional and curricular changes. The commis-
sion also recommends that the College Board expand the development and
implementation of the AP Vertical Teams program. This program focuses on
collaborative planning workshops at which teachers in grades 7-12 are in-
volved in redesigning middle school and high school curricula to give stu-
dents good preparation for AP and other advanced courses.
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The International Baccalaureate
Programme

Given the differences in their origins and goals, it is not surprising that
the International Baccalaureate (IB) and Advanced Placement (AP) programs
differ significantly. This chapter presents a detailed review of the IB pro-
gram; a similar review of the AP program is provided in Chapter 3. The first
section gives an overview of the IB program; the sections that follow ad-
dress in turn IB curriculum, instruction, assessment, and professional devel-
opment.

OVERVIEW

The International Baccalaureate Organisation (IBO), a nonprofit educa-
tional foundation headquartered in Geneva, Switzerland, was founded in
the 1960s with the mission of fostering in member schools international
understanding and responsible world citizenship, as well as intellectual rigor
and high academic achievement (IBO, 1997a). The IB Diploma Programme
consists of a comprehensive precollege curriculum for highly motivated stu-
dents in the last 2 years of high school that allows students to fulfill the
requirements of various educational systems and aims to incorporate the
best elements of many different national models (IBO, 1997a). Each of the
IB courses in mathematics and the experimental sciences incorporates a
formative internal assessment component and culminates in an internation-
ally administered external examination. Students who complete the program
and receive qualifying scores on the examinations are awarded the IB Di-
ploma.!

!Although the TBO does not represent its courses as replacements for college courses,
some college and university policies allow for granting credit or placement. A database listing
these institutions and describing their policies can be accessed at the IBO Web site at http://
www.ibo.org/ibo/index.cfm/en/ibo/services/universities (November 28, 2001).
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The requirements for the IB Diploma are designed to engage students in
an integrated program of studies as they complete courses and examinations
in one subject from each of six different subject groups.? Students study
some subjects in depth by selecting at least three but no more than four
courses at the Higher Level (HL) and explore others more broadly at the
Standard Level (SL). This approach represents a deliberate compromise be-
tween the early specialization preferred in some national systems and the
breadth found in others (IBO, 1998b, p. 2, 2001a, 2001b, 2001c, p. 1). HL
courses are 2-year courses. SL courses may be completed in 1 year if sched-
uling allows for the required number of hours, although many IB schools
offer 2-year SL courses.?

In contrast to the AP program, which aims to provide discrete college-
level courses for students in high school, the IB courses are part of an
integrated program designed to prepare students for college. The IB math-
ematics program offers a selection of mathematics courses designed to meet
the varying needs, interests, and abilities of college-bound high school stu-
dents. The IB Mathematical Methods SL course is designed to provide a
sound mathematical background for students who expect to study subjects
at the university level that have a significant mathematical content. The IB
Mathematics HL and Further Mathematics SL courses offer more rigorous
preparation. Another fundamental difference between the AP and IB math-
ematics programs is that the IB mathematics courses are not calculus courses;
rather, they focus on many advanced mathematics topics that may include
calculus.* Similarly, students are offered both HL and SL courses in each of
the experimental sciences; this accommodates students with a strong inter-
est in science while also providing sound preparation in science for those
who wish to focus on other subjects.

Three additional requirements are designed to give IB Diploma candi-
dates the opportunity to pursue their own interests while at the same time
developing a broad understanding of the bases of knowledge in both the
humanities and the sciences. Theory of Knowledge is a 2-year course of
study unique to IB and mandatory for every diploma candidate. “It chal-
lenges students and their teachers to reflect critically on diverse ways of
knowing and areas of knowledge, and to consider the role which knowl-
edge plays in a global society. It encourages students to become aware of

’Language (a student’s first language and a study of world literature), a second modern
language, the social sciences, the experimental sciences, mathematics, and the arts and elec-
tives.

3For IB courses, 240 hours of teaching is recommended for HL courses and 150 hours for
SL courses.

“For a detailed discussion of the content of these courses, including their calculus compo-
nent, and an analysis of how they fit into typical U.S. high school mathematics programs, see
the report of the mathematics panel, available at http://www.nap.edu/catalog/10129.
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themselves as thinkers . . .” (IBO, 2000b, p. 3). The curriculum for the course
centers on a series of questions, including those designed to help students
understand the nature of knowledge in mathematics and the sciences.’

IB Diploma candidates must also satisfy the Extended Essay require-
ment by undertaking original research and writing an essay of some 4000
words. This requirement offers students the opportunity to investigate a
topic of special interest and acquaints them with the independent research
and writing skills expected at the university level. It allows them to deepen
their study by investigating a topic that was introduced in one of their higher-
level courses or to add breadth to their program by studying a subject not
included in their diploma courses. A third requirement—the Creativity, Ac-
tion, and Service requirement (CAS)—encourages students to become in-
volved in extracurricular activities.

A student who satisfies the Theory of Knowledge, Extended Essay, and
CAS requirements and achieves a cumulative score of at least 24 points on
the six examinations (each of which is graded on a scale from 1 to 7) is
awarded the IB Diploma. An IB Certificate is awarded to students who take
any number of individual IB courses and the subsequent examinations, but
do not fulfill all of the requirements for the diploma.

During the past three decades, an increasing number of U.S. high schools
have joined IB schools worldwide in offering the Diploma Programme. In
May 2000, 18,511 students from 255 U.S. public and private schools took
50,745 1B examinations. Approximately two-thirds of those students were
candidates for the IB Diploma,® and one-third were certificate candidates
(May 2000 Summary). Although these students represent less than 2 percent
of U.S. high schools, their increasing numbers indicate that the IB program is
experiencing a period of rapid growth in this country. The number of IB
examinations administered in the United States has increased by an average
16 percent annually every year since 1994. The number of schools applying
to International Baccalaureate of North America (IBNA) has tripled over the

>The central questions examined include the following: How do I or how do we know
that a given assertion is true, or a given judgment is well grounded? How is knowledge gained?
What role does personal experience play? Do we construct reality, or do we recognize it? How
is a mathematical proof different from, or similar to, justifications accepted in other areas of
knowledge? Has technology, for example computers and electronic calculators, influenced the
knowledge claims made in mathematics? Is the scientific method a product of western culture
or is it universal? To what extent can science be understood through the study of just one
discipline, for example physics? Are the models and theories created by scientists accurate
descriptions of the natural world, or are they primarily useful interpretations for prediction,
explanation, and control of the natural world? (IBO, 2000b, pp. 3—4)

According to Paul Campbell, director for programs, International Baccalaureate of North
America (IBNA) (personal communication), approximately 70 percent of diploma candidates
earn the IB Diploma.
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past several years and has been stable recently at 50 to 60 applications per
year.’

A high school must offer all the components of the diploma program
and be authorized by the IBO to use IB curriculum and assessment materi-
als, register candidates for the IB examinations, and qualify them for the IB
Diploma. U.S. schools that are interested in joining the IBO complete a self-
study and submit a formal application to IBNA. Receipt of the application is
followed by an on-site visit by representatives from IBNA that focuses on
evaluating faculty commitment and qualifications; physical facilities, includ-
ing the library and science laboratories; and commitment at the school level.
The process of becoming an IB school can take 2 years or more as IBNA
evaluates the ability of both the school and the school district to commit
resources to providing the administrative structure, faculty, and facilities
needed to support the offering of the IB Diploma Programme. IBNA main-
tains a relationship with member schools that includes monitoring test regis-
tration and administration.® Every 5 years, each IB school conducts a self-
evaluation and submits a school review to IBNA.

IB CURRICULUM

IB mathematics and science courses are designed to be components of
an integrated program, and this objective is reflected in the curriculum ma-
terials. The IB program guides for courses in each discipline, including math-
ematics and the experimental sciences, present common aims and objec-
tives. A discussion of the program model, a description of the examination,
and detailed information and guidance for teachers about meeting the inter-
nal assessment requirements are common to all of the subject guides for
experimental science. The guides also provide a topic outline and a detailed
syllabus for each course. Teachers use the guides as the basis for determin-
ing the structure of their curriculum. Thus like the curriculum for AP courses,
the curriculum for IB courses, as it is designed and implemented, can vary
from school to school in sequence and emphasis. However, the specificity of
the IB syllabus and the requirements for the IB internal assessment lead to
less variability in the content of the curriculum and the nature of the labora-
tory and other practical experiences provided to students than is the case in
the corresponding AP courses. The extent to which the IBO specifies cur-
riculum for IB courses is described in detail in the discussion that follows.

7Paul Campbell, director of programs, IBNA (personal communication).
8Schools are not able to maintain membership in the IBO without registering students in
IB courses for the examinations and ensuring the security of the examinations.
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Development of IB Courses

The 1B course development process is guided by the IBO’s vision of a
rigorous, comprehensive, and balanced college preparatory curriculum. A
curriculum review committee with international membership is responsible
for articulating, implementing, and maintaining the vision in each subject
area. The International Baccalaureate Curriculum and Assessment Centre
(IBCA) in Cardiff, Wales, has primary responsibility for curriculum develop-
ment. IBCA staff representatives, most of whom are former IB teachers,
work with teachers representing IB schools from around the world on the
curriculum review committees. The committees for all subjects in a disci-
pline convene jointly at IBCA because changes in the mathematics or ex-
perimental sciences programs impact all of the subjects in that discipline.
The role of the curriculum review committees encompasses identifying top-
ics to be included, as well as reviewing the assessment structure and writing
the assessment statements for each topic. The mathematics curriculum re-
view committees are also responsible for specifying presumed knowledge
and skills for each IB mathematics course.

An important distinguishing feature of 1B curriculum review is the sys-
tematic involvement of classroom teachers in a “consultative process” (IBO,
1999d). The recent revision of the IB Experimental Sciences curriculum illus-
trates the process well. The process began with a review of responses to
questionnaires sent to each IB biology, chemistry, and physics teacher. Teach-
ers were asked about the instructional time spent on each topic in the sylla-
bus and on laboratory work for each topic, as well as about the technology
resources available to them. The biology, chemistry, and physics curriculum
committees then made revisions to the diploma guides for each subject.
Revised versions of the guides were posted on a password-protected Web
site for further teacher review and comment before being published.

Content of IB Courses

The IB Diploma Programme Guide for each subject includes a detailed
topic outline. It provides IB teachers with some guidance in identifying fun-
damental concepts by grouping “essential principles of the subject” in mate-
rial designated as the core.” The core topics are common to both the SL and
HL courses in a subject, with additional topics being specified for the latter.

“In the experimental sciences, 80 hours of instruction is recommended for core material in
SL courses, with an additional 55 hours for HL courses. In mathematics courses, 105 hours is
recommended for SL and 195 hours for HL courses.
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The guides also provide outlines for optional topics.'® Teachers of each
IB experimental science subject at an IB school must collaboratively select
two options to include in their curriculum. Options are generally selected on
the basis of teachers’ backgrounds and areas of expertise, as well as avail-
able local resources. The options for IB mathematics courses allow for studying
a topic in more depth. Teachers select one option, and the selection made
can determine the nature of the course, resulting in very different experi-
ences for students. In the United States, for example, the Mathematics Meth-
ods SL option Further Calculus is often selected over the other two op-
tions—Statistical Methods and Further Geometry—to provide students with
a course that is comparable to the AP Calculus AB course. The experimental
science courses offer options that allow in-depth study of a topic, such as
the physics options Astrophysics and Relativity. Many, like the physics op-
tion Biomedical Physics, focus on interdisciplinary topics. Schools are also
allowed to submit an option of their own design for approval. That some
schools have taken advantage of this opportunity is indicated by the addi-
tion of Medicine and Drugs, previously a local option, to the most recent
revision of the IB program guide for chemistry.

The IB program guides provide considerable information about what
students are expected to know by specifying assessment statements, expressed
in terms of learning outcomes, for each topic in the experimental science
courses. The guides also give estimated teaching hours for each topic, but
do not recommend a sequence for the presentation of topics. To illustrate
the considerably greater detail provided in the IB guides than in the AP
course descriptions, the treatment of ionic bonds in IB chemistry can be
contrasted with the AP topic outline for Chemical Bonding included in Chapter
3, this volume. The latter outline simply lists “ionic” as one of the binding
forces that might appear on the AP chemistry examination. AP chemistry
teachers must infer the desired depth of treatment of the topic by reviewing
old examination questions. In contrast, the Programme Guide for IB Chem-
istry (IBO, 2001b, p. 51) gives the following six assessment statements for
the same topic:

Topic 4: Bonding
4.1 Ionic Bond (2 hours)
4.1.1 Describe the ionic bond as the result of electron transfer
leading to attraction between oppositely charged ions.
4.1.2 Determine which ions will be formed when metals in
groups 1, 2, and 3 lose electrons.

"Mathematics courses include one 35-hour option. Experimental science courses include
two options—15 hours each in SL courses and 22 hours each in HL courses.
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4.1.3 Determine which ions will be formed when elements in
groups 6 and 7 gain electrons.

4.1.4 State that transition metals can form more than one ion.
Restrict examples to simple ions e.g., Fe?" and Fe3*.

4.1.5 Predict whether a compound of two elements would be
mainly ionic or mainly covalent from the position of the
elements in the periodic table, or from their electronega-
tivity values.

4.1.6 Deduce the formula and state the name of an ionic
compound formed from a group 1, 2, or 3 metal and a
group 5, 6, or 7 non-metal.

The assessment statements for experimental science use 26 action verbs
to indicate expectations for each topic. Some of these verbs are highlighted
in bold in the preceding example (“describe,” “determine,” “state,” “predict,”
and “deduce”). The guides define each verb and associate it consistently
throughout the syllabus and on the IB examinations with one of three con-
tent objectives:

» o«

e Demonstrate an understanding.
e Apply and use.
e Construct, analyze, and evaluate.

Use of the action verbs conveys important information to teachers about the
expectations for depth and breadth of content. Teachers and students are
expected to be familiar with the definitions of these verbs. They must be
aware that, for example, “predict” and “deduce” are associated with the third
objective (construct, analyze, and evaluate) and require deeper understand-
ing than “state,” which is associated with the first objective (demonstrate an
understanding) and requires only memorization.

Laboratory Requirement for
IB Experimental Sciences Courses

The IB program has more to say about laboratory experimentation than
does the AP program, as the score for a student’s laboratory work (assessed
internally by the teacher and moderated externally by the IBO) makes up 24
percent of a student’s final examination score. The program guides do not
recommend any specific laboratory exercises, but provide general guidance
for the design of a laboratory program. The Vade Mecum: Procedures Manual
Jfor IB Coordinators and Teachers specifies that the laboratory activities in IB
Experimental Sciences courses must include hands-on investigations in the
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TABLE 4-1 Summary of Eight Assessment Criteria for IB Experimental Sciences and Two
or Three Aspects of Each Criterion

Assessment Criteria

Aspects

Planning (a)
Planning (b)
Data collection

Data processing and presentation
Conclusion and evaluation

Defining the problem or research question; formulating a hypothesis or
prediction; selecting variables.

Selecting appropriate apparatus or materials; designing a method for the
control of variables; designing a method for the collection of sufficient
relevant data.

Collecting and recording raw data; organizing and presenting raw data.

Processing raw data; presenting processed data.

Drawing conclusions; evaluating procedure(s) and results; improving the

investigation.
Manipulative skills Carrying out techniques safely; following a variety of instructions.

Personal skills (a) Working within a team; recognizing the contributions of others; exchanging

and integrating ideas.

Personal skills (b) Approaching scientific investigations with self-motivation and
perseverance; working in an ethical manner; paying attention to
environmental impact.

SOURCES: Adapted from IBO (2001a, 2001b, 2001c).

laboratory or in the field, as well as problem-solving activities involving data
analysis IBO, 2000d, p. 4). At least 25 percent of the teaching program (not
including time spent writing up the experiments) must be devoted to the
Practical Scheme of Work (PSOW, described in greater detail below).!! Teach-
ers are provided extensive detail about the criteria for the internal assess-
ment of laboratory work, as they must offer opportunities for their students
that match the relevant assessment criteria. Specific criteria for the internal
assessment guide science teachers in setting the stage for students to design
and carry out their own experiments.

The IB internal assessment for the experimental sciences uses eight as-
sessment criteria to evaluate the work of both HL and SL candidates (Table
4-1). These are described in the guide for each of the IB experimental sci-
ences courses. For a particular criterion, a student’s laboratory work is judged
to see whether the requirements for different aspects of the criterion have
been fulfilled completely, partially, or not at all. For example, forming a
hypothesis is one of the three aspects of the planning (a) criterion. The
following example (Table 4-2) is given in the guide for each of the IB ex-
perimental sciences courses.

HAt least 60 hours for HL students and 40 hours for SL students (IBO, 2000d, p. 3), which
includes 10-15 hours that candidates must spend on their Group 4 project IBO, 2000c, p. 3).
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TABLE 4-2 Example of Expectations of Students to Meet the Requirements of One Aspect
of the Planning (a) Criterion

Formulating a Hypothesis or Prediction

Complete Partial Not at all
Relates the hypothesis or States the hypothesis or prediction ~ Does not state a hypothesis or
prediction directly to the research but does not explain it. prediction.

question and explains it,
quantitatively where appropriate.

SOURCES: Adapted from IBO (2001a, 2001b, 2001c).

The guides also provide a discussion of the criteria to guide teachers. “It
is generally not appropriate to assess planning (a) for most experiments or
investigations found in standard textbooks, unless the experiments are modi-
fied. It is essential that students be given an open-ended problem to investi-
gate” (IBO, 2001a, 2001b, 2001c, p. 24). A separate publication, Teacher
Support Material: Experimental Sciences—Internal Assessment (IBO, 1999¢),
provides teachers with exemplars of student laboratory reports that fulfill all
aspects of the criteria completely, as well as examples of those that do not.

Teachers of the various experimental science subjects in an IB school
must jointly submit to the IBO a PSOW, a summary of all the investigative
activities their students carry out. Each PSOW must include at least a few
complex investigations that make greater demands on the students than
those posed by simple experiments. It must also include the date and a brief
description of each investigation and an estimate of the time spent. The
PSOW is accompanied by a copy of the instructions given to students for
each activity. A script of any verbal instructions offered also must be in-
cluded. These materials are used in moderating the internal assessment grades
to ensure, for example, that if students are offered credit for planning, the
teacher has not given them procedures. “The main criticism made by mod-
erators was that the investigations were too directed with no real freedom
for the candidates to develop the investigation for themselves” (IBO, 1998a).
The PSOW also must include an interdisciplinary project involving all of the
IB science students at a school in identifying and investigating an issue of
local interest. The project requirements emphasize sharing of concepts and
theories from across the disciplines, as well as the processes involved in
scientific investigation, rather than products.

The PSOW is evaluated yearly, and teachers receive feedback and sug-
gestions for improvement. More detail about the scoring and moderation of
the internal assessment and about the feedback the IBO provides to schools
on their laboratory programs is provided later in this chapter.
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IB INSTRUCTION

There is variation from classroom to classroom in what is actually taught
in an IB course, how much of the topic outline is covered, how much time
is devoted to different topics, and what instructional strategies are used.
However, the detail provided in the IB guides regarding expected student
outcomes directs teachers toward the use of specific instructional strategies.
Teachers are told that internal assessment tasks should be built into class-
room teaching whenever possible. Internal assessments should form part of
the learning experience of the students and should not be seen as an addi-
tion to the teaching schedule (IBO, 1999b).

IB Programme Guides and Teaching Notes

IB mathematics programme guides provide general guidance on instruc-
tion, but also offer specific suggestions about instructional strategies. The
objectives for students given in the mathematics program guides include the
following:

e Organize and present data in graphic, tabular, and/or diagrammatic
form.

e Formulate a mathematical argument, and communicate it clearly.

e Recognize patterns and structures in a variety of situations.

e Use appropriate technological devices as mathematical tools.

Teaching notes for each topic in the syllabus for each mathematics course
provide suggestions for teachers, while stating that “it is not mandatory that
these suggestions be followed” (IBO, 1998b, p. 9). The following are ex-
amples of alternative strategies presented in the teaching notes for the Math-
ematical Methods SL guide: “an informal investigative/experimental approach
to statistical inference is envisaged” (IBO, 1997b, p. 21), and “problems
might be best solved with the aid of a Venn diagram or tree diagram, without
the explicit use of these formulae” (IBO, 1997b, p. 18). The teaching notes
also include suggestions for linking content to help students see connec-
tions, such as linking the study of the second derivative in the Further Calcu-
lus option to the study of exponents and logarithms in the core content
(IBO, 1997b, p. 23).

The experimental sciences guides do not address instruction directly,
other than to indicate consistently that there is no single best approach to
teaching IB courses and that teachers should provide a variety of ways of
acquiring information that can be accepted or rejected by each student,
allowing different routes through the material (IBO, 2001a, 2001b, 2001c, p.
11). The IB program guide for chemistry tells chemistry teachers, for ex-
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ample, that the “chemistry course includes the essential principles of the
subject but also, through selection of options, allows teachers some flexibil-
ity to tailor the course to meet the needs of their students” (IBO, 2001b, p.
35). References to instruction also appear in annual subject reports, such as
the following example from the 1999 IB chemistry subject report (IBO, 20002):
The main areas of weakness involved applications of principles to specific
situations. This process is always a challenge to students. Students need to
be exposed repeatedly to the application of basic concepts to new situa-
tions. This can be done through examples used in the classroom, by home-
work assignments which provide a variety of appropriate situations requir-
ing skills beyond recall of information, and by tests and examinations which
use questions similar to those used in the IB examination. (p. 401)

As indicated in the discussion of curriculum, the use of action verbs in
the experimental science assessment statements informs teachers about the
depth of treatment required. Teachers then make decisions about the best
way to prepare their students for the required outcomes. For example, “de-
scribe the ionic bond as the result of electron transfer leading to attraction
between oppositely charged ions” (IBO, 2001b, p. 51) means students must
be able to recall the definition of ionic bond. Teachers then make individual
instructional decisions about the most effective ways to help their students
learn this information. At a level requiring deeper understanding, the ability
to “predict molecular polarity based on bond polarity and molecular shape”
(IBO, 2001b, p. 52) is an outcome that cannot be achieved by memorizing a
breadth of detail, but only by building the necessary understanding during a
variety of practical experiences with molecular shapes, bond character, and
electronegativities. Teachers must decide how best to accomplish this and
are guided by the assessment statement to set up a variety of situations in
which students can build understanding and experience.

Messages About Instruction Conveyed
by IB Examinations

In specifying aspects of a subject to be assessed, the IB internal assess-
ment criteria require that teachers structure the classroom and laboratory
environment so that students have the opportunity to acquire and develop
the skills to be evaluated.

IB mathematics teachers are encouraged to integrate the internal assess-
ment assignments for the mathematics portfolio into their teaching. Related
teaching and learning strategies discussed in the Mathematical Methods SL
guide (IBO, 1997b, p. 51) include the following:
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Candidates need to be provided with the opportunities to experiment, ex-
plore, make conjectures and ask questions. Ideally, the atmosphere in the
classroom should be one of enquiry.

Small groups could work through some relatively simple assignments in
order to learn skills associated with portfolio activities.

Students may be unaware of certain strategies associated with experimenta-
tion, or “playing,” which are an important part of investigative work, par-
ticularly if they have only experienced more formal modes of working.

Similarly, IB experimental science teachers are given guidance in pro-
viding a variety of practical experiences for their students. Sample laboratory
investigations are offered and analyzed in the IB Teacher Support Material:
Experimental Sciences—Internal Assessment (IBO, 1999e). The program
guides provide direction for preparing students for experimentation without
specifying laboratory activities. For example, “the teacher might present the
aim of an investigation generally in the form ‘investigate the factors that
affect X.” Students should be able to realize that certain factors will influence
X and clearly . . . identify a focused research question” IBO, 1999¢, p. 4).
The criteria for personal skills (a) require that a teacher assess a student’s
work within a team, defined as follows: “Teams, whose members collabo-
rate, can be formed with a wide variety of people. The views of all team
members are respected and actively sought” (IBO, 1998a). Teachers must
therefore provide opportunities for students to learn how to work effectively
in teams. Teachers are encouraged to use the online curriculum center to
share ideas about possible investigations and add resources to the relevant
sections of the online subject guides.

IB ASSESSMENT

Assessment in IB mathematics and science courses has two compo-
nents—external and internal. The external assessment consists of a written
examination that is administered internationally over a period of 2 days in
May of each year (in November for split-session schools). The examination
tests knowledge of both the core and optional topics. The internal assess-
ment component comprises the teacher’s formative assessment of students’
practical work (laboratory investigations in science courses and portfolios in
mathematics courses) judged against established assessment criteria. This
component is conducted by teachers within the school environment and is
moderated externally by the IBO. In the experimental sciences, the external
and internal assessments make up 76 percent and 24 percent of the final
examination mark, respectively. IB teachers submit internal assessment marks
and a predicted final examination grade for each of their students. The latter
is the teacher’s prediction of the grade the candidate will achieve in the
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subject, based on all the evidence of a candidate’s work and the teacher’s
knowledge of IB standards (IBO, 2000d, p. F14).

The IB assessments are designed to gauge the educational achievement
of candidates against the range of objectives specified for each subject. The
structure of each written external examination paper “allows candidates to
demonstrate their achievement in terms of content knowledge, depth of
understanding and use of specific higher level cognitive skills, as described
by the subject objectives.”!?

The internal assessment component addresses skills that cannot be dem-
onstrated satisfactorily within the context of a written examination. As stated
in the guides, the purpose of the internal assessment for the IB mathematics
portfolio is to “provide candidates with opportunities to be rewarded for
mathematics carried out under ordinary conditions, that is, without the time
limitations and stress associated with written examinations” (IBO, 1998b, p.
47). The requirements for the internal assessment in the experimental sci-
ences are focused on the candidates’ skills in laboratory investigation, in-
cluding planning; data collection and processing; evaluation of procedures
and results; manipulative skills; and personal skills, including working with
a team (IBO, 2001a, 2001b, 2001c, pp. 20-22).

How IB Assessments Are Developed

Examinations for each IB course are written by chief examiners and
deputies and are overseen and approved by the examination board at IBCA.
Teams of experienced senior examiners prepare the examinations for each
administration in a process that is coordinated and overseen by IBO aca-
demic staff. Separate examinations are developed for SL and HL courses in a
subject area. Single senior examiners normally write individual examination
questions, which are directly linked throughout the examination develop-
ment process to the assessment statements and the objectives to be mea-
sured as outlined in the program guides for each subject. “The questions are
not field tested, partly because it is difficult to find a suitable trial group of
candidates without the possibility of compromising security. New questions
are written for each examination session—they are not banked.” Moreover,
“for each session, the senior examining team aims to prepare a different
form of the examination which is of the same standard of demand as in
previous sessions. In practice it is very difficult to achieve a high level of
precision.”!3

The IBO also does not calculate the internal reliability of the examina-

12George Pook, assessment director, IBCA (personal communication, May 31, 2001).
3George Pook, assessment director, IBCA (personal communication, May 31, 2001).
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tions, as it is not one of the assumptions of IB assessment that all the items
in each written examination paper will assess the same trait. Thus, high
correlation of a candidate’s performance on different parts of the assessment
is not expected. Like the College Board, the IBO does not make use of
systematic validity research regarding the cognitive characteristics of its ex-
aminations.

As part of the curriculum development and review process in each sub-
ject, the IB curriculum committees specify and describe the internal assess-
ment criteria. The examiners in each subject meet to develop common un-
derstandings about how to assess each of the criteria. The IBO communi-
cates the assessment details to classroom teachers and moderators in each
subject through program materials and workshops.

The assessment structure for each subject is reviewed periodically as
part of an overall curriculum review. Proposals for revisions to the assess-
ments are developed by the curriculum review committees through a pro-
cess similar to that described for curriculum review. The proposals are then
reviewed by the Diploma Review Committee, which consists of chief exam-
iners representing each subject group and senior academic staff from the
IBO.

After each examination session, candidates’ responses are scrutinized
closely to determine whether they are in line with expectations for each
question. Additionally, all IB teachers are asked to complete feedback forms
following the examinations, answering questions about both the emphases
of the examination and the content and form of individual questions. Much
attention is paid to teachers’ comments about the suitability of examination
papers in achieving the intended objectives. Information gained in this man-
ner is fed into the examination development process for future sessions.

How IB Assessments Are Scored

The IB grading system is criterion referenced. Each student’s perfor-
mance is measured against seven grade descriptors, given in the form of
levels of performance that candidates should be able to demonstrate. The
different levels of performance are closely related to the course objectives
and are clearly specified for mathematics and the experimental sciences.
The descriptors are equally applicable to both HL and SL examinations. As
an example, grade descriptors 7, 4, and 1 for the experimental sciences
follow (IBO, 1999¢):

Grade 7 Excellent performance

Displays comprehensive knowledge of factual information in the syllabus
and a thorough command of concepts and principles. Selects and applies
relevant information in a wide variety of contexts. Analyzes and evaluates
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data thoroughly. Constructs detailed explanations of complex phenomena
and makes appropriate predictions. Solves most quantitative and/or quali-
tative problems proficiently. Communicates logically and concisely using
appropriate terminology and conventions. Shows insight or originality. Dem-
onstrates personal skills, perseverance and responsibility in a wide variety
of investigative activities in a very consistent manner. Works very well within
a team, and approaches investigations in an ethical manner, paying full
attention to environmental impact. Displays competence in a wide range of
investigative techniques, paying considerable attention to safety, and is fully
capable of working independently.

Grade 4 Satisfactory performance

Displays reasonable knowledge of factual information in the syllabus, though
possibly with some gaps. Shows adequate comprehension of most con-
cepts and principles but with limited ability to apply them. Demonstrates
some analysis or evaluation of quantitative and qualitative data. Solves ba-
sic or routine problems but shows limited ability to deal with new or diffi-
cult situations. Communicates adequately but responses may lack clarity
and include some repetitive or irrelevant material. Demonstrates personal
skills, perseverance and responsibility in some investigative activities, al-
though displays some inconsistency. Works within a team and generally
approaches investigations in an ethical manner, with some attention to en-
vironmental impact. Displays competence in a range of investigative tech-
niques, paying some attention to safety, although requiring some close
supervision.

Grade 1 Very poor performance

Recalls fragments of factual information and shows very little understand-
ing of any concepts or principles. Rarely demonstrates personal skills, per-
severance or responsibility in investigative activities. Does not work within
a team. Rarely approaches investigations in an ethical manner, or shows
awareness of the environmental impact. Displays little competence in in-
vestigative techniques, generally pays no attention to safety, and requires
constant supervision (IBO, 1999¢).

The senior evaluating team uses these descriptors when determining the
examination marks, which reflect the combined raw scores for the written
examinations and the internal assessments. Examiners look to assign candi-
dates the grade that matches their performance most comprehensively by
determining the various grade boundaries for the raw scores the candidates
achieve. Each time the examinations are administered and marked, the se-
nior examiners meet to decide what marks equate to the same level of
performance as in previous sessions.

The process begins by using the grade boundaries suggested by exam-
iners on the basis of their reading of student responses on the written exami-
nation. Individual examiners mark students’ responses on the examinations
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using a set of assessment criteria or mark schemes, which are accompanied
by notes about the range of content that might be expected. Scripts with raw
scores just below or above the proposed boundaries are reread carefully
and evaluated with reference to the criteria described above. Inter-examiner
reliability is ensured by a system of moderation in which each examiner
sends a sample of his or her marking to a more senior examiner for check-
ing. If the senior examiner’s remarking of the sample indicates a slight dis-
parity in standards, a statistical adjustment based on linear regression is
made to all of the assistant examiner’s marks. If there is substantial disagree-
ment or inconsistency, all of the assistant examiner’s work is remarked.
Analysis of these moderation samples indicates that in the vast majority of
cases, different examiners’ marks are within 5 percent of each other, and
that in very few cases is the difference more than 10 percent.'t

Schools submit marks for internal assessment to IBCA by a given dead-
line in April of each year. A moderation process is also used to ensure
reliability and an equivalent standard among schools for the internal assess-
ment marks in both mathematics and the experimental sciences. Each school
must submit for moderation five marked sets of candidates’ work in each
subject, selected to represent the full range of quality of work submitted by
students in that subject. If the moderators’ remarking of the students’ work
samples indicates a disparity in standards, a statistical adjustment is made to
all the internal assessment marks of the teacher involved, and a moderator
who is an experienced IB teacher remarks the work. In mathematics, for
example, each moderator reviews about 50 portfolios. Each then sends a
sample of five sets of student work to a senior moderator, who repeats the
grading and sends samples of that work to a principal moderator in each
subject. The senior moderator also sends a report to the IBO for inclusion in
the chief examiner’s report.

How Examination Results Are Reported

IBCA communicates examination results directly to the secondary schools.
The schools, in turn, are responsible for ensuring that the results are com-
municated to candidates. IBNA communicates the results to colleges and
universities. The results include scores on each examination taken, as well
as marks for the Theory of Knowledge course and the Extended Essay and
cumulative scores for diploma candidates. A profile of candidates’ grades is
available to schools for each examination session. The profile is only for
candidates whose examinations are entered by that school and includes
predicted grades; examination grades, including marks for each paper; and

HGeorge Pook, assessment director, IBCA (personal communication, May 31, 2001).
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internal assessment grades, indicating any adjustments made. All sections of
the examination papers are made available to teachers for use in their class-
rooms 24 hours after the testing date.

The IBO publishes yearly detailed reports for each subject that include
mark bands for each score, general comments on the application of mark
schemes to free-response problems, and comments on the strengths and
weaknesses of the candidates in the treatment of individual questions. The
subject reports also describe areas of the program and examination that
appeared to be difficult for candidates, as well as areas in which candidates
appeared to be especially well prepared. Recommendations are offered for
teachers regarding assistance and guidance that should be provided for fu-
ture candidates. Examples from the May 2000 chemistry subject report in-
clude the following: “Overall, it appeared that the weaker candidates . . . did
not fully understand the concept of intermolecular forces and typically de-
scribed covalent bond strengths as affecting boiling points. This is some-
thing that teachers might place greater emphasis on in class” (IBO, 2000c,
p- 5.

The subject report also includes a detailed discussion of the internal
assessment and recommendations directed at improving the laboratory pro-
gram. For example, the May 2000 report states: “Overall most schools pre-
sented a suitable Practical Scheme of Work, although some schools pre-
sented programs that were significantly deficient, either in the total experi-
mental hours completed or in the degree of syllabus coverage . ... The
depth and breadth of the experiments was generally found to be good. New
teachers are clearly considering the depth of the syllabus when designing
experiments, at times with limited resources. These efforts are recognized
and applauded” (IBO, 2000c, pp. 17-18). The biggest problem continues to
be in providing students with opportunities to demonstrate the internal as-
sessment planning (a) and planning (b) criteria: “These skills cannot be
properly assessed if teachers provide students with the purpose, hypothesis
and/or procedures for experiments. Some teachers consistently gave far too
much direction in their instructions (purpose, method, data table, sample
calculations etc.). Candidates have been deprived of the opportunity to de-
sign realistic methods for the control of variables. Teachers must use open-
ended questions in order to facilitate the assessment of Planning (a) and
Planning (b)” ABO, 19994, p. 414).

Yearly detailed narrative reports are made available to individual schools,
for a fee, on the performance of their students as a group for each subject
examined. The reports include comments on students’ general examination
techniques, along with suggestions for improvement, comments on overall
performance in each section of the examination, analysis and evaluation of
candidates’ performance on individual questions, and recommendations and
guidance for future candidates. Examiners write these reports at the time of
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marking and then add statistical data and a description of the mark schemes
(IBO, 2000d, p. B1). The reports are substantial (7-10 pages) and include
the following detailed information:

e Comments on the candidates’ approach to answering the questions
on each test paper, with suggestions for improvement.

e Quantitative information on the numbers of candidates answering
particular questions.

e Comments on the overall performance of candidates in relation to all
portions of each examination paper.

e An analysis and evaluation of candidates’ performance on individual
questions in relation to the marking scheme.

e Recommendations and guidance for future candidates.

Each school can also receive a Moderation Report on the Internal Assess-
ment that provides information on the differences between the teachers’
marks for their students and the marking by the moderator for the internally
assessed samples of work. This information lets teachers know whether they
are applying the standards correctly (i.e., the average mark awarded by the
teacher is within 10 percent of the average mark awarded by the moderator)
and consistently (i.e., the correlation between teacher and moderator marks
is 0.85 or greater). Also provided are written comments from the moderators
on feedback forms for each subject (International Baccalaureate Form 4/IAF,
Internal Assessment Feedback Form: Group 4). These comments are pro-
vided in the form of responses to questions about clerical/procedural de-
tails, as well as the students’ experimental work, including the following:

e Were the investigations/projects appropriate for the assessment of
particular criteria?

e Was the practical program of the correct duration?

e Was the syllabus coverage (core, additional high level, and options)
appropriate?

e Was the practical scheme of work of appropriate complexity?

IB PROFESSIONAL DEVELOPMENT

What Is Known About the Preparation and Credentials
of IB Teachers

Because the credentials of prospective IB teachers are submitted as part
of a school’s application for membership in the IBO, initial staffing decisions
and teaching assignments for IB courses are made as part of a comprehen-
sive school plan. IB teaching assignments may be given to experienced or
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novice teachers. The IBO has established neither teacher qualifications nor
standards for faculties, although the application process does ensure that, at
least initially, prospective IB teachers attend an IB workshop (see the next
subsection). The IBO also does not certify teachers and is not involved in
monitoring staffing changes after a school has become an IB school. Conse-
quently, there is not much more information available about the qualifica-
tions of IB teachers than exists for AP teachers.

Professional Development Experiences of IB Teachers

One prerequisite for a school’s obtaining permission to offer the 1B
program is that every teacher who will teach IB courses must attend a 3- to
5-day workshop offered by IBNA. Teachers new to an already authorized
school also must attend an IB workshop, preferably before they begin to
teach IB courses. In addition, the IBNA regional office is responsible for
conducting weeklong professional development workshops for IB teachers
and administrators during the summer, as well as 3- to 5-day workshops
during the school year. IBNA has also facilitated the establishment of re-
gional organizations for IB schools. These organizations are supported by
IBNA in holding conferences and workshops several times each year. Schools
and/or school districts budget resources annually to support attendance by
teachers and administrators at these sessions, which are held both nationally
and regionally. Experienced IB teachers typically work with representatives
from IBNA to prepare materials for and plan and conduct the sessions.

Both the conferences and workshops focus on providing guidance and
resources for the implementation of IB programs and development of course
curricula. Workshops focus on general topics unique to IB, including the
following:

e Restructuring of the school schedule and course registration to ac-
commodate IB course requirements.

e Internal assessment.

e Restructuring of the ninth- and tenth-grade curriculum to prepare
students for IB courses.

e Characteristics of IB students.

e Use of international examples and illustrations in the curriculum.

Experimental science workshops focus on designing laboratory experi-
ences that will enable students to meet specific internal assessment criteria.
The most recent focus has been on the planning criteria, as the IB examiners
have found that the practical work done in most classrooms does not afford
students opportunities to practice the skills needed in planning their own
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experiments. In most mathematics workshops, time is spent on preparing
teachers to teach an unfamiliar and expanded mathematics curriculum, in-
cluding vectors and matrices; probability and statistics; and the optional
topics—statistics, abstract algebra, and further geometry.

A dialogue exists between IB teachers and the IBO that is not a feature
of the AP program. Every teacher completes feedback forms following each
examination, answering questions about both the emphases of the exami-
nation and the content and form of individual test items. The results are
summarized by IBCA and provided both to teachers and to the develop-
ment committees, driving changes in curriculum and instruction the follow-
ing year, as well as in the assessment instrument itself. After the examina-
tions have been graded, each teacher receives a subject report (general
comments about all of the student responses worldwide on the examina-
tion) and a school report (specific comments about their students’ perfor-
mance on the written examination and internal assessment, as well as com-
ments and suggestions about the practical program in each discipline at the
school). The comments provided to the schools and teachers serve as the
impetus for corresponding changes in the instructional program aimed at
improving students’ test scores. Additionally, the IBO maintains an online
curriculum site so IB teachers can receive the most current information
about the curriculum.
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Other Opportunities and Approaches
to Advanced Study

Advanced Placement (AP) courses and International Baccalaureate (IB)
programs are designed to meet the educational needs of high school stu-
dents who are motivated and prepared for academic challenges beyond
those that characterize most high school curricula. They are the only two
nationally recognized, comprehensive, multisubject programs offered for this
purpose in the United States. This chapter reviews other current opportuni-
ties for advanced study and some of the more common alternative models
for providing college-level learning to high school students. It also describes
some of the more widely recognized enrichment programs that provide op-
portunities for advanced study in settings other than classrooms, including
internships and mentorships and academic and research competitions.! Many
students, even those enrolled in AP, IB, or other formal programs, take ad-
vantage of some of these enrichment activities.

ALTERNATIVES FOR PROVIDING
COLLEGE-LEVEL LEARNING IN HIGH SCHOOL

There are many opportunities for high school students to engage in
college-level learning through local and state-sponsored programs. Some of
these alternative programs follow the AP content outlines; others do not.
Although many of the programs award college credit to high school stu-
dents, less is documented about the transferability of credits earned by stu-
dents in these alternative programs than is the case for credits earned through

ISome students who pursue independent study document their learning and eligibility for
college credit by taking one of the subject tests offered as part of the College-Level Examination
Program (CLEP). Traditionally, CLEP examinations have been taken by adults who have been
out of school for a long time. However, the College Board is beginning to encourage high
schools to offer both AP and CLEP opportunities to their students (http://www.collegeboard.org/
clep/clephs/html/hs004.html [November 27, 2001)).
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qualifying scores on AP or IB examinations. As a result, an increasing num-
ber of students who participate in alternative college-level learning pro-
grams or in courses taught in specialized schools that do not offer AP classes
document their achievement for college credit and/or placement by taking
AP examinations in the appropriate subject area.? (IB does not allow stu-
dents to take subject examinations unless they have completed the corre-
sponding course at a school authorized to offer the IB program.)

The committee did not have the information or resources needed for a
careful evaluation of the effectiveness of any of these alternative opportuni-
ties, but does note that such evaluation is necessary because there is tremen-
dous variability among these programs, even those ostensibly designed for
the same purpose. Further, there are no standardized external assessments,
such as those used in the AP and IB programs, to measure student learning
or the quality of the programs themselves. The committee suggests that
systematic evaluation of these models be conducted to provide objective
data about their quality and their effects on students, teachers, high schools,
colleges, and universities.

Collaborative Programs

With the exception of AP, the most prevalent option for college-level
learning has evolved from collaborative efforts among universities, 2- or 4-
year colleges, and high schools. In some cases, the colleges, universities, or
high schools involved initiate these collaborations; others are mandated by
state legislatures or other policymaking entities. Although these collabora-
tions differ in terms of funding sources, site of instruction, faculty, class
composition, and the use of technology (Russell, 1998), they frequently take
one of the following forms:

e College courses taught in high schools.

e Dual-enrollment options.

e Concurrent enrollment options.

e Prematriculation enrichment programs designed for specific groups
of students, including talented, minority, and able but underprepared or
unmotivated students.

Rationales for promoting college-level learning for high school students
include (1) strengthening the high school curriculum and raising expecta-
tions for high school students; (2) decreasing the total number of credits
students need to complete college, thus reducing, at least potentially, both
the time required for the baccalaureate and costs to parents, students, and

’Lee Jones, College Board director of AP programs (personal communication), 2001.
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taxpayers; and (3) offering the potential to enrich students’ undergraduate
college experiences by reducing the need to take some introductory courses
and allowing earlier entry into more-advanced courses, facilitating double
majors, and permitting students to enroll in a more enriched array of elec-
tives (Greenberg, 1992; Johnstone, 1993). Others point to the positive social
consequences of college and high school partnerships, asserting that such
partnerships provide opportunities for students who attend schools where
AP, honors, and gifted-and-talented courses are not readily available (Tafel
and Eberhart, 1999).

College Courses Taught in High School

College courses taught in high school are typically the product of coop-
erative educational program agreements between high schools and colleges
to offer college courses for credit in the high school. The postsecondary
institutions are usually responsible for the curricular content and for stan-
dards, administrative support, and program monitoring. High school faculty,
supervised by college faculty, frequently teach these courses.?

Both college and high school administrators and faculty have been rais-
ing concerns about the widespread implementation of these types of pro-
grams. Their concerns revolve around the following:

e Qualifications of the teachers who teach the courses.

e Policies for awarding college credit.

e Characteristics of a “qualified” student.

e Impact on the high schools’ curricula.

e Difficulties associated with maintaining an atmosphere in high schools
that is commensurate with the instructional/social setting and expectations
of a college class.

e Impact on the workload of high school teachers selected to teach
university-level courses.

e Instructional models that stress teacher-dominated class discussions
to cover the scope of a college course.

e Costs.

Dual Enrollment

Dual-enrollment options usually involve high school students taking
college courses that allow them to earn both college credit and credit to-

3Syracuse University’s Project Advance is one of the oldest and most widely recognized
programs of this type. Information about this program can be accessed at http://supa.syr.edu/
(November 27, 2001).
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ward a high school diploma so that high school graduation is not delayed.
These programs enable students to attend nearby colleges, sometimes at
reduced tuition rates. State departments of education and/or local school
boards certify the majority of dual-enrollment programs. In most cases, stu-
dents attend the college as full-time students and use the college credits
obtained to meet high school graduation requirements. At least 38 states
have formal dual-enrollment agreements between public high schools and
community colleges (Reisberg, 1998), and according to data gathered by the
State Higher Education Executive Officers (Russell, 1998), the phenomenon
shows no signs of abating. Tech Prep,* 2+2,> and middle-college high school®
programs are usually built around dual-enrollment agreements. Yet a recent
report published by the Association of American Colleges and Universities
(Johnstone and Del Genio, 2001) finds fault with a number of these dual-
enrollment arrangements, including those between 2-year colleges and high
schools.

Concurrent Enrollment

Concurrent-enrollment programs allow high school students to take
courses at local colleges or universities for credit while still in high school.
One key difference between college courses taught in high school and con-
current enrollment is that students in the latter programs enroll in courses
either taught by college faculty at the college’s campus or delivered to the
high school site by the college, whether through visits by faculty or elec-
tronically. In some cases, school districts cover a portion of the tuition costs,
especially if they are unable to meet the educational needs of particular

“Tech Prep is a nationwide career development system that provides a high school student
with a planned program of study that incorporates academic and career-related courses articu-
lated between the secondary and postsecondary levels. The program leads to a diploma, de-
gree, or 2-year apprenticeship certificate. All partners (secondary, postsecondary, and private
sector) develop a Tech Prep program cooperatively. The program may also articulate from a
community college to a 4-year baccalaureate degree. The program most typically provides
technical preparation in a career field such as engineering; technology; applied science; a
mechanical, industrial, or practical art or trade; agriculture; health occupations; business; or
applied economics.

52+2 programs allow students to complete 2 years of a vocational program in high school
and the second 2 years at a community college.

“Students at middle-college high schools usually take high school and college courses on
a community college campus. The programs began as a means to serve capable but unsuccess-
ful students. Their purpose is to serve as a transition between high school and college for at-risk
youth.
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students. Students who participate in concurrent-enrollment programs typi-
cally earn college credit for their coursework,” but may or may not earn high
school graduation credit. The decision to award high school graduation credit
is almost always made by the local school district.

Frequently, students who take advantage of this type of arrangement
have exceeded the offerings of their home high school in a particular disci-
pline or want to take a course in a discipline not offered at the high school.
Concurrent-enrollment opportunities are quite common in mathematics, par-
ticularly in geographic areas where there may not be enough students to
offer courses such as AP calculus or those beyond AP calculus, such as
Multivariate Calculus, Linear Algebra, or Differential Equations. In these cases,
students may be allowed to enroll in a nearby college mathematics course
with the district covering the college tuition or, in some cases, with the
college offering reduced or free tuition as a community service. Students
who participate in concurrent-enrollment programs usually attend high school
full time and college part time.

Concurrent-enrollment options are quite prevalent in colleges. Accord-
ing to a 1997 State Higher Education Executive Officers’ survey,® approxi-
mately 90 percent of postsecondary institutions admit qualified high school
students to college courses prior to graduation through concurrent-enroll-
ment agreements. As of 1997, 204,790 students had participated in dual-
enrollment, college-in-high-school, or concurrent-enrollment programs dur-
ing the previous school year. In addition, many colleges and universities
offer programs that enable academically advanced and highly motivated
students to pursue college-level course work on a part-time basis through
early morning, late afternoon, and summer classes. They do so in the belief
that concurrent-enrollment programs permit students to supplement high
school work with more advanced material, to pursue interests, or to build on
special talents. Some colleges also report that they gain from concurrent-
enrollment programs an opportunity to recruit highly able students to their
campuses for full-time study after graduation from high school.

The proliferation of dual-enrollment and concurrent-enrollment programs
has sparked debate among professors about whether students are unwisely

"Colleges routinely accept the credits they have awarded to high school students in their
concurrent-enrollment programs. However, transferability to other institutions is generally at
the discretion of the receiving institution. In many cases, concurrent-enrollment credits are not
deemed transferable if students also use such credits to meet high school graduation require-
ments.

8A complete version of the data gathered in the survey, including detailed summaries of
the status of college-level learning policies and programming within all 50 states, is available
through University Microfilms International, Publication No. 9833590, Volume/Issue 59-05A,
300 North Zeeb Rd., P.O. Box 1346, Ann Arbor, MI 48106-1346.
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skipping entry-level classes at the colleges they ultimately attend and ending
up in advanced courses for which they are under- or unprepared. A primary
concern cited is the lack of standardized plans of instruction for the courses
offered in these programs. Also noted is the lack of any general measure of
the quality the curriculum or the instruction that could be used in determin-
ing whether to award credit or advanced standing to students who earn
credit in such programs (Reisberg, 1998).

College-Sponsored Enrichment Programs

College-sponsored enrichment programs are designed to serve specific
populations of students, including talented, minority, and underprepared or
unmotivated students. Most postsecondary institutions in the United States
offer such programs. The configuration of the programs varies among insti-
tutions, but they usually take the form of precollege summer programs or
year-long programs and activities that provide enrichment and motivation
for students who are underrepresented (e.g., women and minorities in sci-
ence and engineering)’ or those who are not fully served through conven-
tional programs (e.g., gifted and talented students).!”

Precollege summer programs offer students the opportunity to earn col-
lege credit in residential summer school programs while living on college
campuses. Students usually attend these programs during the summer fol-
lowing the tenth or eleventh grade. Participants typically take regular col-
lege courses along with undergraduates from the host institution and other
colleges. These programs are usually designed to provide academic enrich-
ment, foster independence, and promote good work habits.

Specialized Schools

Another vehicle for providing advanced study to secondary students is a
specialized school. Most states and many school districts have developed
specialized schools that bring together academically talented students and
offer them an educational experience geared to their high abilities and their
need for peers who share their interests. Specialized schools have prolifer-
ated across the country in response to research demonstrating that high-

For example, the Summer High School Apprenticeship Research Program (SHARP) Pro-
gram is a national enrichment and support effort aimed at increasing the numbers of qualified
minority students in sciences and engineering by offering internships and mentorships to quali-
fied students. (See the discussion of internships and mentorships later in this chapter.)

19The Center for Talented Youth at The John Hopkins University is an example of a
program designed to provide academic enrichment to highly gifted students through flexibly
paced courses.
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ability students develop greater expectations, feel better about themselves,
and engage in higher-level processing or discourse when working with other
students of similar abilities (Fuchs, Fuchs, Hamlett, and Karns, 1998).

Programs designed to meet the needs of these high-ability learners in-
clude governors’ schools, both academic year and summer programs; resi-
dential and day academies that specialize in mathematics, science, and tech-
nology; charter schools;!'! schools-within-a school;!? and magnet schools.!?
Admission to most of these programs is highly competitive and selective.
The configuration of these specialized schools varies markedly from institu-
tion to institution. Some of the programs embrace innovative curricula and
instructional approaches; others incorporate and/or expand on programs
such as AP or IB; while still others use some of the college-level learning
options described above.

There are 58 secondary schools that belong to The National Consortium
for Specialized Secondary Schools of Mathematics, Science and Technol-
ogy.!* In addition, there are hundreds of other specialized schools, some of
which focus on mathematics and science, which are not members of that
organization.

Distance Learning

Technology has created myriad opportunities to provide advanced study
options for students who otherwise might not have access to such programs.
As with the other opportunities described in this section, distance learning is
a rapidly growing national phenomenon that is configured in a variety of
ways, depending on a program’s mission and available technology.

HA publicly funded school that is formed by legislation rather than by the standard school
incorporation process. It has the autonomy to make decisions concerning structure, curriculum,
and educational emphasis and is held accountable for the academic achievement of its students
by means of its charter (www.uscharterschools.org [November 23, 2001)).

12A separate and autonomous unit formally authorized by the board of education and/or
superintendent that plans and runs its own program, has its own staff and students, and re-
ceives its own separate budget. The school-within-a-school usually reports to a district official
instead of being responsible to the building principal except in matters of safety; teachers and
students typically are affiliated with the school-within-a-school as a matter of choice (Raywid,
1995).

13A school or education center that offers a special curriculum capable of attracting sub-
stantial numbers of students of different racial backgrounds. A key feature of magnet schools is
a specialty curriculum designed to embrace a subject matter or teaching methodology not
generally offered to students of the same age or grade level under the same local education
agency, such as a science—technology center or a center for the performing arts (Magnet School
Assistance Program, Title V, Part A of the Elementary and Secondary Education Act, as amended
in 1994).

HMore information can be found at: http://www.ncsssmst.org/ (November 27, 2001).
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For many years, distance learning was used to meet the needs of home
schoolers, students seeking independent study options for acceleration or
graduation, and those in rural areas who did not have access to enriched
educational options. The movement has grown exponentially during the
past decade. State departments of education, commercial enterprises, col-
leges and universities, and high schools are the most frequent sponsors of
distance-learning opportunities.

Televised courses were one of the first strategies used for distance learn-
ing. For many years, courses were broadcast on network television for adult
learners who did not have access to schools. In the past decade, state de-
partments of education have been tapping this resource to provide courses
not otherwise available to high school students, particularly in small and
rural schools. Although attempts have been made to make televised courses
more interactive, they still rely almost exclusively on a lecture format. Teach-
ers conduct classes from electronic classrooms, and students participate by
watching the classes at home or at school. Computers, telephones, and fax
machines allow students to communicate with the instructor and to ask
questions for clarification, but responses are not always immediate. New
technology is poised to change this situation. High-speed data networks and
online discussions have made communication with telecourse faculty during
live broadcasts easier to manage, and the combined use of computers, video
cameras, and microphones has created opportunities for live, interactive
dialogue between students and faculty that can be heard by other students
in different locations. Nonetheless, little is known about the quality of learn-
ing that can be supported by televised courses, and the committee notes that
further research on this strategy is necessary.

In discussing the viability of using televised courses for the advanced
study of science, the committee noted several additional problems. These
include providing laboratory experiences primarily by demonstration.!® The
committee believes research is needed to evaluate the effectiveness of this
practice in supporting learning with understanding and that alternatives should
be investigated if necessary. Another concern is the inability of telefaculty to
gain a clear understanding of students’ conceptions and misconceptions and
to adjust teaching to reflect students’ initial understandings. Additionally,
there is little opportunity in the context of a televised lecture to encourage
the development of students’ metacognitive skills.

5Alternatives to demonstration include the use of regional centers for laboratory work
and agreements with high schools and colleges to offer the laboratory component. In these
cases, students must report to a central location at specified times. Other alternatives include
the use of micro laboratories that can be conducted by students in their homes.
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Web-Based Courses

Web-based courses are offered over the Internet. Internet-based dis-
tance learning makes it possible for commercial enterprises, as well as
nonprofits such as universities, to deliver courses to students on a for-profit
basis. Some of these offerings are single courses;'® others are part of a sys-
tem, such as a virtual high school or university. A compelling feature of
online courses, according to many observers, is their flexibility and accessi-
bility. Students can download a lecture when it is convenient to do so and
can have access to data, demonstrations, and immediate feedback when
they need them. In some cases, interactive features are used; for example,
students can be given an assessment and its results used to tailor instruction
for them.

The committee found that the number of Web-based courses is increas-
ing rapidly but that there is little empirical data to support their creators’
claims of effectiveness in achieving the stated learning objectives. In fact,
issues noted above with regard to televised courses also exist for many Web-
based courses. In addition, students enrolled in Web-based courses often
work alone, without other students or a teacher present (see Chapter 6, this
volume, for a discussion of the social nature of learning).!” More research is
needed to evaluate the quality of learning that is supported by Web-based
courses and the ways in which technology can be used to support learning
with understanding. Indeed, there has recently been some concern expressed
that AP courses taught via the Internet are not adequately preparing students
for the examination (Carr, 2001; Kuehn, 2001'®). The College Board is inter-
ested in taking a more active role in monitoring Web-based AP courses to
ensure that program standards are being met (CFAPP, 2001).

Many of the committee’s concerns related to the effectiveness of Web-
based courses used for advanced study in mathematics and science are ech-
oed in a report recently released by the Web-Based Education Commis-
sion.!” This report acknowledges that the Internet has great potential to

1APEX Learning Systems and Class.com are examples of Web-based programs offered by
for-profit organizations. The effectiveness of these programs in achieving their goals has re-
cently been questioned by parents, students, and teachers, who have found the learning out-
comes to fall short of what was promised by the program developers (Carr, 5/25/2001).

Televised courses offered in high schools frequently have a teacher’s assistant in the
classroom with students as they are viewing the course on television.

BAvailable at http://www.californiastar.com/courses.html (January 15, 2001).

PThe Web-based Education Commission was established by the Higher Education Act
Amendments of 1998. Its 16 members were appointed by President Clinton, Education Secre-
tary Richard Riley, and the Democratic and Republican leadership of Congress. The full report
is available at http://www.ed.gov/offices/AC/WBEC/FinalReport/ (November 23, 2001).
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address many challenges facing schools and students, but emphasizes that
content available for learning on the Web currently is variable in quality:
some is excellent, but much is mediocre. To date, a great deal of emphasis
has been placed on developing the technology, but “. . . dazzling technol-
ogy has no value unless it supports content that meets the needs of learners”
(Education Commission to the President of the United States, 2000, p. 12).

Virtual high schools are a rapidly increasing phenomenon (Carr, 2000).
Many evolve from virtual universities and are sponsored by a postsecondary
institution. Illinois, Maryland, Michigan, New Mexico, Utah, and West Vir-
ginia have all started or are planning to start statewide virtual high schools.
States that have previously had such programs in place include California,
Florida, Indiana, Kentucky, Massachusetts, and Nebraska. While all of the
state virtual high schools are organized and financed slightly differently,
many appear to adhere to a model in which the virtual high school is a
division of the virtual university and shares the same infrastructure.

Nearly all university-sponsored virtual high schools started with AP-level
courses, but they now are drawing on a variety of different sources to sup-
ply the online courses offered. Several plan to purchase courses from APEX
Online Learning, which focuses on creating and delivering online AP courses;
others are developing their own courses by contracting with teachers or
schools for the use of courses created by virtual high schools in other states
(Carr, 2000).

A model for a virtual high school that is not affiliated with a single
college or university is the Virtual High School Project, a collaboration among
high schools from around the country. In exchange for contributing a small
amount of teaching time, a participating school can offer its students
NetCourses ranging from advanced academic to technical and specialized
courses. Schools donate computers, Internet connectivity, and staff time.
Each school also provides a site coordinator who is responsible for project
management and support of teachers and students at the local school. Teachers
must successfully complete The Teachers Learning Conference, a graduate-
level NetCourse designed to expose participants to educational strategies
and technologies for NetCourse teaching.

Computer-Based Multimedia Courses

Computer-based multimedia courses combine online technology with
CD-ROM, video conferencing, electronic communication, Web-based labo-
ratory, and other technologies. These courses allow for self-paced instruc-
tion that is tailored to the individual’s needs; students can spend as little or
as much time as necessary to master a concept. Some include contact with
live tutors.
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The Education Program for Gifted Youth (EPGY) at Stanford University
sponsors a computer-based, multimodel delivery system that exemplifies
this approach. The courses use a combination of CD-ROM and Internet
technologies to provide students with a multifaceted, highly individualized
learning environment. The courses are organized around lectures that are
computer-based and multimedia, consisting of voice accompanied by syn-
chronized graphics. The program is designed to allow flexible pacing of
instruction. Students who demonstrate ready mastery move quickly through
a course, while slower learners receive additional instruction. Formative evalu-
ation of student progress through ongoing data collection and analysis is a
key component of the program and is used to adjust instruction for indi-
vidual students. In all courses, lectures are followed by exercises in which
students answer questions that are evaluated by the computer. Additional
computer-based instruction and practice are provided to students whose
responses to these questions indicate that they need further assistance. In
addition, human instructors provide support to these and other students by
telephone and electronic mail, as well as through a virtual classroom. To
participate in a virtual classroom, students connect via the Internet, using
voice and shared whiteboard conferencing software to create a real-time
interactive lecture environment.

The committee did not have the opportunity to fully evaluate the Stanford
program, but notes that it appears to be a promising model worthy of further
evaluation. In evaluating this or other computer-based programs, the focus
should be on how well the curricula, instruction, and companion assess-
ment techniques align with the principles of learning with understanding
detailed in Chapter 6 of this volume. Student achievement—the ultimate
indicator of program effectiveness—should be measured by assessing not
only students’ command of factual knowledge, but also their conceptual
understanding of the subject matter and their ability to apply that knowl-
edge to learning new concepts.

ENRICHMENT ACTIVITIES

Even in schools with strong curricular and instructional resources, edu-
cators seek to create activities that will enhance and enrich student learning.
With the exception of some national academic and research competitions,
most of these activities are the product of collaborations involving individual
localities; postsecondary institutions; professional organizations; or research
entities, such as the National Aeronautics and Space Administration (NASA)
or the National Institutes of Health (NTH). Enrichment activities are typically
targeted at high-ability learners, students with strong interests or talent in a
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particular discipline, and members of groups who are underrepresented in
particular occupations.

Internships and Mentorships

Eminent individuals tend to have been profoundly influenced by a single
or several mentors or role models (Goertzel, Goertzel, and Goertzel, 1978;
Kaufmann, Harrel, Milam, Woolverton, and Miller, 1986; Torrance, 1984).
Internships and mentorships can provide students with such experiences.

Internship programs expose students to research and career develop-
ment opportunities through placement in research facilities or industries.
These placements can be during the summer, part time during the school
year, or longer term. Research facilities, large government agencies, local
colleges, and university scientists all sponsor internships. NIH and NASA
both offer research opportunities to high school students. Individual teach-
ers frequently arrange for their students to participate in internships and
research activities in local laboratories or universities. The committee learned
of many teachers who have marshaled the resources of their communities to
provide meaningful experiences for science and mathematics students. We
recognize the extraordinary amount of time and energy required to arrange
these types of activities and commend the efforts of these individuals.

There are also numerous summer enrichment opportunities that enable
students to participate in specialized and challenging programs of advanced
study. Some of these programs are designed to address the needs of high-
ability learners seeking opportunities to work on problems that are not strictly
defined so they can help structure their own learning experiences. An ex-
ample of this type of program is the nationally recognized Arnold Ross
program for advanced mathematics students, held annually at Ohio State
University.?? Another nationally recognized initiative is the Program in Math-
ematics for Young Scientists at Boston University.?! Others, such as the Uni-
versity of California’s Early Outreach Program, focus on compensatory and
motivational activities that encourage and support students in efforts to be
successful in more advanced curricula.?? Many U.S. colleges and universities
sponsor this type of program.

2Additional information about this program is available at http://www.math.ohio-state.edu/
ross/ (November 23, 2001).

2Additional information about this program is available at http://math.bu.edu/INDIVIDUAL/
promys/indice.html (November 23, 2001).

2See http://uga.berkeley.edu/apa/APA%20Home/eaop/default.htm (November 23, 2001).
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Academic and Research Competitions

Many students participate in activities that require them to develop ex-
pertise through self-directed research or intense study of a topical area and
then demonstrate their learning by participating in a competition. Some aca-
demic and research competitions are geared toward participation by teams
of students; others are designed for individual participants. The goal of most
academic competitions is to provide a competitive outlet for students who
are particularly talented or interested in an area or subject by encouraging
them to engage in problem-solving activities that are complex and challeng-
ing. Examples of these types of programs include science fairs, mathematics
and science Olympiads, the Intel and Duracell/National Science Teachers
Association science competitions, inventors’ competitions, and bridge-build-
ing competitions. External judging is usually a component of these pro-
grams. Coaching and mentorship are important aspects of the preparation
students receive.

Critics of such competitions cite disparities in the resources available to
students and the negative aspects of encouraging competitiveness instead of
the cooperation that is more in keeping with the way modern science is
conducted in the field. Some worry about the lack of participation by stu-
dents who have the ability to undertake such work but have not had oppor-
tunities in their schools to demonstrate this ability. Thus, these critics say,
the competitions reward those who already have access to greater resources
and opportunities. Proponents cite the unique opportunity these activities
provide for students to engage in problem-solving activities not typically
available through classroom curricula.

Alternative Curricular and Instructional Approaches

Students and schools differ in many ways that are important to teaching
and learning. Consequently, no single course structure or approach, includ-
ing those as widely used as AP and IB, can meet the educational needs of
every high school student who is ready for advanced study. For example,
not all schools have adequate resources (physical, financial, or human) to
teach high-quality AP courses, and implementing IB requires a level of
schoolwide commitment that not all schools are prepared or able to under-
take. Additionally, the goals and objectives of individual schools vary in
accordance with their local communities’ educational values and beliefs.
State educational standards that describe what students who are educated in
the state should know and be able to do at particular grade levels play an
important role in determining what is taught and the way instruction and
curriculum are organized. This variation underscores the need for alterna-
tives to the AP and IB programs.
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The committee suggests, however, that before adopting any curriculum
for advanced study, those responsible for selecting programs do two things.
The first is to evaluate the programs under consideration for alignment with
the principles of learning outlined in this and other reports, such as How
People Learn: Brain, Mind, Experience, and School (Expanded Edition) (Na-
tional Research Council, 2000b). In so doing, it is important to ensure that
the program not only moves students along the learning continuum by in-
creasing their content knowledge, but also fosters a deep conceptual under-
standing of the subject matter. Second is to assess whether the school has
the necessary infrastructure and resources to implement the program suc-
cessfully, including qualified teachers and adequate time and money to pro-
vide ongoing, high-quality professional development opportunities for mem-
bers of the staff who will be responsible for implementing the program (see
Chapter 7, this volume).

CONCLUSION

The two extant national models for advanced study (AP and IB) cannot
meet the educational needs of all students. The committee learned of many
advanced study alternatives that have been developed by individual schools
and school districts, sometimes in conjunction with universities. While the
committee applauds local efforts to develop original advanced study pro-
grams, we believe such programs are not enough, and additional national
programs are needed. This call for more national programs stems from re-
search identifying the benefits that accrue when students and teachers are
part of national educational efforts.

In calling for more national programs, the committee wishes to be quite
clear that we are not asking for more programs that merely replicate those
that already exist. Rather, the committee urges universities, policymakers,
and curriculum specialists to encourage the development, evaluation, and
dissemination of information about promising alternatives that can help in-
crease access to advanced study for students from diverse backgrounds and
communities, as well as those whose learning styles or interests are not
adequately addressed by existing national programs.
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Learning with Understanding:
Seven Principles

During the last four decades, scientists have engaged in research that
has increased our understanding of human cognition, providing greater in-
sight into how knowledge is organized, how experience shapes understand-
ing, how people monitor their own understanding, how learners differ from
one another, and how people acquire expertise. From this emerging body of
research, scientists and others have been able to synthesize a number of
underlying principles of human learning. This growing understanding of
how people learn has the potential to influence significantly the nature of
education and its outcomes.

The committee’s appraisal of advanced study is organized around this
research on how people learn (see, for example, Greeno, Collins, and Resnick,
1996; National Research Council [NRC], 2000b; 2001a; Shepard, 2000). Our
appraisal also takes into account a growing understanding of how people
develop expertise in a subject area (see, for example, Chi, Feltovich, and
Glaser, 1981; NRC, 2000b). Understanding the nature of expertise can shed
light on what successful learning might look like and help guide the devel-
opment of curricula, pedagogy, and assessments that can move students
toward more expert-like practices and understandings in a subject area. To
make real differences in students’ skill, it is necessary both to understand the
nature of expert practice and to devise methods that are appropriate to
learning that practice.

The design of educational programs is always guided by beliefs about
how students learn in an academic discipline. Whether explicit or implicit,
these ideas affect what students in a program will be taught, how they will
be taught, and how their learning will be assessed. Thus, educational pro-
gram designers who believe students learn best through memorization and
repeated practice will design their programs differently from those who hold
that students learn best through active inquiry and investigation.

The model for advanced study proposed by the committee is supported
by research on human learning and is organized around the goal of fostering
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learning with deep conceptual understanding or, more simply, learning with
understanding. Learning with understanding is strongly advocated by lead-
ing mathematics and science educators and researchers for all students, and
also is reflected in the national goals and standards for mathematics and
science curricula and teaching (American Association for Advancement of
Science [AAAS], 1989, 1993; National Council of Teachers of Mathematics
[NCTMI, 1989, 1991, 2000; NRC, 1996). The committee sees as the goal for
advanced study in mathematics and science an even deeper level of concep-
tual understanding and integration than would typically be expected in in-
troductory courses.

Guidance on how to achieve learning with understanding is grounded
in seven research-based principles of human learning that are presented
below (see Box 6-1).! In Chapter 7, these principles are used as the frame-
work for the design of curricula, instruction, and assessments for advanced
study—three facets of classroom activity that, when skillfully orchestrated by
the teacher, jointly promote learning with understanding. These principles
also serve as the foundation for the design of professional development, for
it, too, is a form of advanced learning.

The design principles for curriculum, instruction, assessment, and pro-
fessional development provide one of the organizing frameworks of the
committee’s analysis of the AP and IB programs (see Chapters 8 and 9, this
volume). While it could be argued that all components of the educational
system (e.g., preservice training and leadership) should be included (and
we believe they should), our analysis was limited to these four facets. Al-
though this framework was developed to assess current programs of ad-
vanced study, it also can serve as a guide or framework for those involved in
developing, implementing, or evaluating new educational programs.

SEVEN PRINCIPLES OF HUMAN LEARNING
Principle 1: Principled Conceptual Knowledge

Learning with understanding is facilitated when new and
existing knowledge is structured around the major concepts
and principles of the discipline.

Highly proficient performance in any subject domain requires knowl-
edge that is both accessible and usable. A rich body of content knowledge
about a subject area is a necessary component of the ability to think and

The research on which these principles are based has been summarized in How People
Learn: Mind, Brain, Experience and School (Expanded Edition) (NRC, 2000b).
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BoX 6-1 Seven Principles of Learning

1.

Learning with understanding is facilitated when new and existing knowledge
is structured around the major concepts and principles of the discipline.
Learners use what they already know to construct new understandings.
Learning is facilitated through the use of metacognitive strategies that iden-
tify, monitor, and regulate cognitive processes.

Learners have different strategies, approaches, patterns of abilities, and learn-
ing styles that are a function of the interaction between their heredity and their
prior experiences.

Learners’ motivation to learn and sense of self affects what is learned, how
much is learned, and how much effort will be put into the learning process.
The practices and activities in which people engage while learning shape what
is learned.

Learning is enhanced through socially supported interactions.

solve problems in that domain, but knowing many disconnected facts is not
enough. Research clearly demonstrates that experts’ content knowledge is
structured around the major organizing principles and core concepts of the
domain, the “big ideas” (e.g., Newton’s second law of motion in physics, the
concept of evolution in biology, and the concept of limit in mathematics)
(see, for example, Chi et al., 1981; Kozma and Russell, 1997). These big
ideas lend coherence to experts’ vast knowledge base; help them discern
the deep structure of problems; and, on that basis, recognize similarities
with previously encountered problems. Research also shows that experts’
strategies for thinking and solving problems are closely linked to rich, well-
organized bodies of knowledge about subject matter. Their knowledge is
connected and organized, and it is “conditionalized” to specify the context
in which it is applicable.

If one conceives of advanced study as moving students along a con-
tinuum toward greater expertise, then advanced study should have as its
goal fostering students’ abilities to recognize and structure their growing
body of content knowledge according to the most important principles of
the discipline. Therefore, curriculum and instruction in advanced study should
be designed to develop in learners the ability to see past the surface features
of any problem to the deeper, more fundamental principles of the discipline.
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Curricula that emphasize breadth of coverage and simple recall of facts
may hinder students’ abilities to organize knowledge effectively because
they do not learn anything in depth, and thus are not able to structure what
they are learning around the major organizing principles and core concepts
of the discipline. Even students who prefer to seek understanding are often
forced into rote learning by the quantity of information they are asked to
absorb.

Principle 2: Prior Knowledge

Learners use what they already know to construct new un-
derstandings.

When students come to advanced study, they already possess knowl-
edge, skills, beliefs, concepts, conceptions, and misconceptions that can
significantly influence how they think about the world, approach new learn-
ing, and go about solving unfamiliar problems (Wandersee, Mintzes, and
Novak, 1994). People construct meaning for a new idea or process by relat-
ing it to ideas or processes they already understand. This prior knowledge
can produce mistakes, but it can also produce correct insights. Some of this
knowledge base is discipline specific, while some may be related to but not
explicitly within a discipline. Research on cognition has shown that success-
ful learning involves linking new knowledge to what is already known.
These links can take different forms, such as adding to, modifying, or reor-
ganizing knowledge or skills. How these links are made may vary in differ-
ent subject areas and among students with varying talents, interests, and
abilities (Paris and Ayers, 1994). Learning with understanding, however, in-
volves more than appending new concepts and processes to existing knowl-
edge; it also involves conceptual change and the creation of rich, integrated
knowledge structures.

If students’ existing knowledge is not engaged, the understandings they
develop through instruction can be very different from what their teacher
may have intended; learners are more likely to construct interpretations that
agree with their own prior knowledge even when those interpretations are
in conflict with the teacher’s viewpoint. Thus, lecturing to students is often
an ineffective tool for producing conceptual change. For example, Vosniadou
and Brewer (1992) describe how learners who believed the world is flat
perceived the earth as a three-dimensional pancake after being taught that
the world is a sphere.

Moreover, when prior knowledge is not engaged, students are likely to
fail to understand or even to separate knowledge learned in school from
their beliefs and observations about the world outside the classroom. For
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example, despite instruction to the contrary, students of all ages (including
college graduates) often persist in their belief that seasons are caused by the
earth’s distance from the sun, rather than the inclination of the earth’s axis
relative to the plane of its orbit around the sun, which affects the amount of
solar energy striking the northern and southern regions of the earth as it
orbits the sun (Harvard-Smithsonian Center for Astrophysics, Science Educa-
tion Department, 1987). Roth (1986) similarly found that students continued
to believe plants obtain food from the soil, rather than making it in their
leaves, even after they had been taught about photosynthesis; this belief
persisted since many failed to recognize that the carbon dioxide extracted
from the air has weight and makes up most of a plant’s mass.

Effective teaching involves gauging what learners already know about a
subject and finding ways to build on that knowledge. When prior knowl-
edge contains misconceptions, there is a need to reconstruct a whole rel-
evant framework of concepts, not simply to correct the misconception or
faulty idea. Effective instruction entails detecting those misconceptions and
addressing them, sometimes by challenging them directly (Caravita and
Hallden, 1994; Novak, 2002).

The central role played by prior knowledge in the ability to gain new
knowledge and understanding has important implications for the prepara-
tion of students in the years preceding advanced study. To be successful in
advanced study in science or mathematics, students must have acquired a
sufficient knowledge base that includes concepts, factual content, and rel-
evant procedures on which to build. This in turn implies that they must have
had the opportunity to learn these things. Many students, however, particu-
larly those who attend urban and rural schools, those who are members of
certain ethnic or racial groups (African American, Hispanic, and Native Ameri-
can), and those who are poor, are significantly less likely to have equitable
access to early opportunities for building this prerequisite knowledge base
(Doran, Dugan, and Weffer, 1998; see also Chapter 2, this volume). Inequi-
table access to adequate preparation can take several forms, including (1)
lack of appropriate courses (Ekstrom, Goertz, and Rock, 1988); (2) lack of
qualified teachers and high-quality instruction (Gamoran, 1992; Oakes, 1990);
(3) placement in low-level classes where the curriculum focuses on less
rigorous topics and low-level skills (Burgess, 1983, 1984; Nystrand and
Gamoran, 1988; Oakes, 1985); (4) lack of access to resources, such as high-
quality science and mathematics facilities, equipment, and textbooks (Oakes,
Gamoran, and Page, 1992); and (5) lack of guidance and encouragement to
prepare for advanced study (Lee and Ekstrom, 1987).

Students who lack opportunities to gain important knowledge and skills
in the early grades may never get to participate in advanced classes where
higher-order skills are typically taught (Burnett, 1995). Consequently, these
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students may be precluded very early in their school careers from later par-
ticipation in advanced study—even when they are interested and motivated
to enroll. In essence, they are “tracked away.” The end result is that many
students are denied access to important experiences that would prepare
them to pursue the study of mathematics and sciences beyond high school.

Principle 3: Metacognition

Learning is facilitated through the use of metacognitive strat-
egies that identify, monitor, and regulate cognitive processes.

To be effective problem solvers and learners, students need to deter-
mine what they already know and what else they need to know in any given
situation. They must consider both factual knowledge—about the task, their
goals, and their abilities—and strategic knowledge about how and when to
use a specific procedure to solve the problem at hand (Ferrari and Sternberg,
1998). In other words, to be effective problem solvers, students must be
metacognitive. Empirical studies show that students who are metacognitively
aware perform better than those who are not (Garner and Alexander, 1989;
Schoenfeld, 1987).

Metacognition is an important aspect of students’ intellectual develop-
ment that enables them to benefit from instruction (Carr, Kurtz, Schneider,
Turner, and Borkowski, 1989; Flavell, 1979; Garner, 1987; Novak, 1985; Van
Zile-Tamsen, 1996) and helps them know what to do when things are not
going as expected (Schoenfeld, 1983; Skemp, 1978, 1979). For example,
research demonstrates that students with better-developed metacognitive
strategies will abandon an unproductive problem-solving strategy very quickly
and substitute a more productive one, whereas students with less effective
metacognitive skills will continue to use the same strategy long after it has
failed to produce results (Gobert and Clement, 1999). The basic metacognitive
strategies include (1) connecting new information to former knowledge; (2)
selecting thinking strategies deliberately; and (3) planning, monitoring, and
evaluating thinking processes (Dirkes, 1985).

Experts have highly developed metacognitive skills related to their spe-
cific area of expertise. If students in a subject area are to develop problem-
solving strategies consistent with the ways in which experts in the discipline
approach problems, one important goal of advanced study should be to
help students become more metacognitive. Fortunately, research indicates
that students’ metacognitive abilities can be developed through explicit in-
struction and through opportunities to observe teachers or other content
experts as they solve problems and consider ideas while making their think-
ing visible to those observing (Collins and Smith, 1982; Lester et al., 1994;
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Schoenfeld, 1983, 1985). Having students construct concept maps® for a
topic of study can also provide powerful metacognitive insights, especially
when students work in teams of three or more (see Box 6-2 for a discussion
of concept maps). It is important to note that the teaching of metacognitive
skills is often best accomplished in specific content areas since the ability to
monitor one’s understanding is closely tied to the activities and questions
that are central to domain-specific knowledge and expertise (NRC, 2000b).

Principle 4: Differences Among Learners

Learners bave different strategies, approaches, patterns of
abilities, and learning styles that are a function of the inter-
action between their beredity and their prior experiences.

Individuals are born with potential that develops through their interac-
tion with their environment to produce their current capabilities and talents.
Thus among learners of the same age, there are important differences in
cognitive abilities, such as linguistic and spatial aptitudes or the ability to
work with symbolic quantities representing properties of the natural world,
as well as in emotional, cultural, and motivational characteristics.

Additionally, by the time students reach high school, they have acquired
their own preferences regarding how they like to learn and at what pace.
Thus, some students will respond favorably to one kind of instruction, whereas
others will benefit more from a different approach. Educators need to be
sensitive to such differences so that instruction and curricular materials will
be suitably matched to students’ developing abilities, knowledge base, pref-
erences, and styles. (Annex 6-1 illustrates some of the ways in which cur-
riculum and instruction might be modified to meet the learning needs of
high-ability learners.)

Appreciation of differences among learners also has implications for the
design of appropriate assessments and evaluations of student learning. Stu-
dents with different learning styles need a range of opportunities to demon-
strate their knowledge and skills. For example, some students work well

2Concept maps are two-dimensional, hierarchical representations of concepts and rela-
tionships between concepts that model the structure of knowledge possessed by a learner or
expert. The theory of learning that underlies concept mapping recognizes that all meaningful
learning builds on the learner’s existing relevant knowledge and the quality of its organization.
The constructivist epistemology underlying concept maps recognizes that all knowledge con-
sists of concepts, defined as perceived regularities in events or objects or their representation,
designated by a label, and propositions that are two or more concepts linked semantically to
form a statement about some event or object. Free software that aids in the construction of
concept maps is available at www.cmap.coginst.uwf.edu.
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Box 6-2 Use of Concept Maps

Figures 6-1 and 6-2 are examples of actual concept maps constructed by a high school
student. Figure 6-1 was made at the beginning of the study of meiosis and shows that
the student did not know how to organize and relate many of the relevant concepts.
The student equated meiosis with sexual reproduction and was not clear on how meio-
sis relates to homologous chromosomes. These maps are presented without editing.

sexual
reproduction
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fertilization @
pollination

has in

two of
these join in \
homologous
gametes chromosomes
Punnett
Square
involved

ith
probability w

Mendels
Laws of
Genetics
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law of
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law of
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law of' law of unit
segregation characters

dominant

genes on
homologous chance of genes
chromosomes how genes characteristics prevent
that separate are determined by expression
during gamete presented a pair of genes of
located in recessive

in the sex
cells

production
genes

chromosmes in
the nucleus

FIGURE 6-1 Concept map made by an advanced biology siudent early in the study of
meiosis and genetics. Note that several concepts are not infegrated into the student's
knowledge structure, and he has the misconception that meiosis is sexual reproduction.
SOURCE: J. Novak (Jan. 2001) personal correspondence. Used with permission.
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Figure 6-2, a concept map made at the end of the study, reveals an elaborated, inte-
grated understanding of the process. The student now has integrated the meanings of
meiosis and sexual reproduction, homologous chromosomes, and other concepts. While
some concept meanings still appear a bit fuzzy, the student has clearly made progress
in the development of understanding, and his knowledge structure can serve as a good
foundation for further study.
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each time

FIGURE 6-2 Concept map drawn by the same student at the end of the study unit on
meiosis. Note that the original misconceptions about the nature of meiosis have been
remediated, and more concepis have been integrated into the student’s knowledge structure.
SOURCE: J. Novak (Jan. 2001) personal correspondence. Used with permission.
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under pressure, while the performance of others is significantly diminished
by time constraints. Some excel at recalling information, while others are
more adept at performance-based tasks. Some express themselves well in
writing, while others do not. Thus using one form of assessment will work
to the advantage of some students and to the disadvantage of others (Mintzes,
Wandersee, and Novak, 2001; O’Neil and Brown, 1997; Shavelson, Baxter,
and Pine, 1992; Sugrue, Valdes, Schlackman, and Webb, 1996).

Principle 5: Motivation

A learner’s motivation to learn and sense of self affects what
is learned, bow much is learned, and bow much effort will be
put into the learning process.

Humans are motivated to learn and to develop competence (Stipek,
1998; White, 1959). Motivation can be extrinsic (performance oriented), for
example to get a good grade on a test or to be accepted by a good college,
or intrinsic (learning oriented), for example to satisfy curiosity or to master
challenging material. Regardless of the source, learners’ level of motivation
strongly affects their willingness to persist in the face of difficulty. Intrinsic
motivation is enhanced when learning tasks are perceived as being interest-
ing and personally meaningful and are presented at the proper level of
difficulty. A task that is too difficult can create frustration; one that is too
easy can lead to boredom.

Research has revealed strong connections between learners’ beliefs about
their own abilities in a subject area and their success in learning about that
domain (Eccles, 1987, 1994; Garcia and Pintrich, 1994; Graham and Weiner,
1996; Markus and Wurf, 1987; Marsh, 1990; Weiner, 1985). Some beliefs
about learning are quite general. For example, some students believe their
ability to learn a particular subject or skill is predetermined, whereas others
believe their ability to learn is substantially a function of effort (Dweck,
1989). Believing that abilities are developed through effort is most beneficial
to the learner, and teachers and others should cultivate that belief (Graham
and Weiner, 1996; Weiner, 1985). The use of instructional strategies that
encourage conceptual understanding is an effective way to increase stu-
dents’ interest and enhance their confidence about their abilities to learn a
particular subject (Alaiyemola, Jegede, and Okebukola, 1990; Cavallo, 1996).

Cultivating the belief among a broad range of students that the ability to
learn advanced science and mathematics is, for the most part, a function of
effort rather than inherited talent, ability, and/or intelligence has other ben-
efits as well. For example, the belief that successful learning in advanced
study is a matter of effort fosters risk taking in course selection and pro-
motes students’ motivation to succeed in challenging situations (Novak and
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Gowin, 1984). A belief in the value of effort is especially important for stu-
dents who are traditionally underrepresented in advanced study. For stu-
dents to maintain their beliefs about the role of effort in successful perfor-
mance, teachers and other school personnel must act in ways that do not
contradict students’ sense that they are capable of understanding science
and mathematics and that sustained effort will produce such understanding,
even though there may be struggles along the way.

Several recent studies document the power of a high school culture that
expects all students to spend time and effort on academic subjects and is
driven by a belief that effort will pay off in high levels of academic achieve-
ment for everyone, regardless of prior academic status, family background,
or future plans. When such norms and expectations are held in common for
all students, they define the school’s culture. In such settings, remediation of
skill deficits takes on a different character, teachers are able and willing to
provide rigorous academic instruction to all students, and all students re-
spond with effort and persistence (Bryk, Lee, and Holland, 1993; Lee, 2001;
Lee, Bryk, and Smith, 1993; Lee and Smith, 1999; Marks, Doane, and Secada,
1996; Rutter, 1983).

Principle 6: Situated Learning

The practices and activities in which people engage while
learning to shape what is learned.

Research on the situated nature of cognition indicates that the way people
learn a particular domain of knowledge and skills and the context in which
they learn it become a fundamental part of what is learned (Greeno, 1993;
Lave, 1991). When students learn, they learn both information and a set of
practices, and the two are inextricably related. McLellan (1996, p. 9) states
that situated cognition “involves adapting knowledge and thinking skills to
solve unique problems . . . and is based upon the concept that knowledge
is contextually situated and is fundamentally influenced by the activity, con-
text, and culture in which it is used.” Learning, like cognition, is shaped by
the conventions, tools, and artifacts of the culture and the context in which
it is situated.

Because the practices in which students engage as they acquire new
concepts shape what and how the students learn, transfer is made possible
to the extent that knowledge and learning are grounded in multiple contexts
(Brown, Collins, and Duguid, 1989). Transfer is more difficult when a con-
cept is taught in a limited set of contexts or through a limited set of activities.
When concepts are taught only in one context, students are not exposed to
the varied practices associated with those concepts. As a result, students
often miss seeing the concepts’ applicability to solving novel problems en-
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countered in real life, in other classes, or in other disciplines. It is only by
encountering the same concept at work in multiple contexts that students
can develop a deep understanding of the concept and how it can be used,
as well as the ability to transfer what has been learned in one context to
others (Anderson, Greeno, Reder, and Simon, 1997).

If the goal of education is to allow learners to apply what they learn in
real situations, learning must involve applications and take place in the con-
text of authentic activities (Brown et al., 1989). J. S. Brown and colleagues
(1989, p. 34) define authentic activities as “ordinary practices of a culture”—
activities that are similar to what actual practitioners do in real contexts. A. L.
Brown and colleagues (1993) offer a somewhat different definition: given
that the goal of education is to prepare students to be lifelong learners,
activities are authentic if they foster the kinds of thinking that are important
for learning in out-of-school settings, whether or not those activities mirror
what practitioners do. Regardless of which definition is adopted, the impor-
tance of situating learning in authentic activities is clear. Collins (1988) notes
the following four specific benefits: (1) students learn about the conditions
for applying knowledge, (2) they are more likely to engage in invention and
problem solving when learning in novel and diverse situations and settings,
(3) they are able to see the implications of their knowledge, and (4) they are
supported in structuring knowledge in ways that are appropriate for later
use.

Teachers can engage learners in important practices that can be used in
different situations by drawing upon real-world exercises, or exercises that
foster problem-solving skills and strategies that are used in real-world situa-
tions. Such an approach provides language, activities, and procedures that
can acculturate students into the community of scholars and lifelong learn-
ers. Problem-based and case-based learning are two instructional approaches
that create opportunities for students to engage in practices similar to those
of experts. Technology also can be used to bring real-world contexts into
the classroom. The committee emphasizes that with all of these approaches,
care must be taken to provide multiple opportunities for students to engage
in activities in which the same concept is at work; otherwise learning could
become overly contexualized.

Principle 7: Learning Communities
Learning is enbanced through socially supported interactions.

Learning can be enhanced when students have the opportunity to inter-
act and collaborate with others on instructional tasks. In learning environ-
ments that encourage collaboration among peers, such as those in which
most practicing scientists and mathematicians work, individuals build com-
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munities of practice, have opportunities to test their own ideas, and learn by
observing others. Research demonstrates that opportunities for students to
articulate their ideas to peers and to hear and discuss others’ ideas in the
context of the classroom is particularly effective in bringing about concep-
tual change (Alexopoulou and Driver, 1996; Carpenter and Lehrer, 1999;
Cobb, Wood, and Yackel, 1993; Kobayashi, 1994; Towns and Grant, 1997;
Wood, Cobb, and Yackel, 1991). Social interaction also is important for the
development of expertise, metacognitive skills, and formation of the learner’s
sense of self.

The social nature of learning has important implications for the conse-
quences of the ways in which students are grouped for instruction. For
example, students who are placed in low-track classes often have less time
to collaborate and interact around instructional tasks. Research indicates that
teachers in low-track science and mathematics classes spend more time than
teachers in higher-track classes on routines, and more frequently provide
seatwork and worksheet activities that are designed to be completed inde-
pendently (Oakes, 1990). Additionally, teachers in higher-track classes often
orchestrate more frequent and varied opportunities for students to partici-
pate in small-group problem-solving activities than are provided by teachers
in lower-track classes, who tend to focus on behavior management and on
maintaining control during learning activities. Some might contend that teach-
ers in both types of classes are responding to the needs of their students.
However, teachers must strike a balance between providing the structure
that is often appropriate for low-ability students and the active engagement
that allows these students to learn at deeper levels.

Newmann and Wehlage (1995) identify teaching strategies that promote
intellectual quality and authenticity. One of the most powerful strategies is
the “substantive conversation,” in which students engage in extended con-
versational exchanges with the teacher and/or peers about subject matter in
a way that builds an improved or shared understanding of ideas or topics.
The authors stress that such subject matter conversations go far beyond
reporting facts, procedures, or definitions; they focus on making distinc-
tions, applying ideas, forming generalizations, and raising questions. Ac-
cording to the results of research by Gamoran and Nystrand (1990), the
opportunities for such substantive engagement are far fewer in low-track
than in higher-track classes.

CONCLUSION

The seven principles of learning set forth in this chapter are not ends in
themselves. Their usefulness lies in the guidance they provide for the design
of curriculum, instruction, assessment, and professional development for
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advanced study that fosters in students a deep conceptual understanding of
a domain. The next chapter articulates design principles for advanced study
that draw on these principles of learning.

ANNEX 6-1

CHARACTERISTICS OF HIGH-ABILITY LEARNERS
AND IMPLICATIONS FOR CURRICULUM AND
INSTRUCTION

Differences among learners have implications for how curriculum and
instruction should be structured.® Provided below is an example of how a
better understanding of learning can assist teachers in structuring their cur-
ricula and instruction more appropriately to meet the needs of a particular
group of students. Different strategies would most likely be used to meet the
needs of other students, although there might be some overlap.

Characteristic: High-ability learners display an exceptionally rich knowl-
edge base in their specific talent domain. Within that domain, they tend to
achieve formal operational thought earlier than other students and to dis-
play advanced problem-solving strategies. High-ability learners are also able
to work with abstract and complex ideas in their talent domain at an earlier
age.

Implication: High-ability learners are ready to access the high school
mathematics and science curriculum earlier than other students. Thus the
high school mathematics and science sequence should be offered to them
beginning in middle school.

Characteristic: High-ability students pick up informally much of the
content knowledge taught in school, and as a result, that knowledge tends
to be idiosyncratic and not necessarily organized around the central con-
cepts of the discipline.

Implication: Assessment of what the learner has already mastered
through diagnostic testing is critical. Instruction needs to build on what is
already known and on previous experiences, filling in the gaps and correct-

3The information in this section is drawn from research on gifted and talented learners
(see, for example, Association of the Gifted and Talented, 1989; Berger, 1991; Boyce et al., 1993;
Dark and Benbow, 1993; Feldhusen, Hansen, and Kennedy, 1989; Johnson and Sher, 1997;
Maker, 1982; VanTassel-Baska et al., 1988; Tomlinson, 1995; VanTassel-Baska, 1998).
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ing misconceptions. It also must help the student organize his or her knowl-
edge around the central ideas of the discipline. A full course in a content
area often is not needed; either it could be skipped, with gaps being filled in
as needed, or the curriculum compacted. “The proper psychology of talent
is one that tries to be reasonably specific in defining competencies as mani-
fested in the world, with instruction aimed at developing the very compe-
tencies so defined” (Wallach, 1978, p. 617).

Characteristic: High-ability learners learn at a more rapid rate than
other students and can engage in simultaneous rather than only linear pro-
cessing of ideas in their talent domain.

Implication: The pace at which the curriculum is offered must be ad-
justed for these learners. The curriculum also must be at a more complex
level, making interdisciplinary connections whenever possible. That is, the
curriculum should allow for faster pacing of well-organized, compressed,
and appropriate learning experiences that are, in the end, enriching and
accelerative.

Characteristic: Many high-ability students will have mastered the con-
tent of high school mathematics and science courses before formally taking
the courses, either on their own, through special programs, or through Web-
based courses.

Implication: Opportunities for testing out of prerequisites should be
provided. Many high-ability students could be placed directly in an AP sci-
ence course, skipping the typical high school-level prerequisite, or begin
the IB program earlier than is typical.

Characteristic: High-ability students often can solve problems by alter-
native means and not know the underlying concept being tapped by a test
item (e.g., can solve an algebra problem but not know algebra).

Implication: Assessments should not be solely in multiple-choice for-
mat; students must be able to show their work in arriving at a solution.

Characteristic: The motivation of high-ability students to achieve often
becomes diminished because of boredom in school, resulting in underachieve-
ment.

Implication: Because one facet of effective teaching involves assessing
the student’s status in the learning process and posing problems slightly
exceeding the level already mastered (Hunt, 1961), it is important to provide
curricula for high-ability students that are developmentally appropriate for
them. Doing so will not only meet the intellectually talented student’s edu-
cational needs, but also facilitate his or her development of good study
skills, more realistic self-concepts, and achievement motivation. Growth in
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achievement motivation and self-efficacy arises out of challenge and satis-
faction in mastering tasks that appropriately match capabilities.

Characteristic: The capacity for learning of high-ability students is un-
derestimated and thus becomes underdeveloped, especially if learning crite-
ria lack sufficient challenge, and curriculum is not adequately knowledge
rich and rigorous.

Implication: Curriculum must be targeted at developing especially deep
and well-organized knowledge structures that with time will begin to ap-
proximate those of experts. Doing so will foster cognitive development,
higher-level thinking skills, and creativity. The depth of the curriculum should
allow gifted learners to continue exploring an area of special interest to the
expert level. Curricula for these students should enable them to explore
constantly changing knowledge and information and develop the attitude
that knowledge is worth pursuing in a global society.

Characteristic: High-ability children are advanced in their critical and
creative thinking skills. They tend to spend much more time up front (i.e.,
metacognitively) than in the execution phase of problem solving.

Implication: The basic thinking skills to be developed in high-ability
students are critical thinking, creative thinking, problem finding and solving,
research, and decision making. Those skills should be mastered within each
content domain.

Characteristic: High-ability students prefer unstructured problems in
which the task is less well defined. They also like to structure their own
learning experiences. They do not require careful scaffolding of material or
step-by-step learning experiences to master new material or concepts; in
fact, they become frustrated with such approaches.

Implication: Opportunities to identify and solve problems should be
provided. Interdisciplinarity, greater in-depth exploration of areas of inter-
est, and autonomous learning should be encouraged. Meaningful project
work in content areas, in which real-world products are generated, is appro-
priate as it allows students the opportunity to create on their own and to
apply and expand ideas learned in class. To facilitate such work, curricula
should encourage exposure to, selection of, and use of specialized and ap-
propriate resources.

Characteristic: High-ability students have the capacity to make con-
nections easily among disparate bodies of knowledge and to deal effectively
with abstractions and complexity of thought.

Implication: Curricula ought to emphasize providing students with a
deep understanding of the important concepts of a discipline and how they
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are organized, as well as identify important pathways between disciplines so
that separate facets of knowledge are understood as being integrated. Cur-
ricula should allow for the development and application of productive thinking
skills to instill in students the capacity to reconceptualize existing knowl-
edge and generate new knowledge.

Characteristic: Eminent persons tend to have been profoundly influ-
enced by a single individual, such as an educator. Students in the top math-
ematical/science graduate programs have reported research experiences
during high school at unusually high levels. Those who are precocious in
creative production tend to exhibit outstanding achievement in adult life.

Implication: Mentorships, internships, or long-term research opportu-
nities should be provided for advanced students.

Characteristic: High-ability students who become productive adults in
a domain have passed through that domain’s specific stages. Doing so took
them much time and sustained effort, with the talent development process
having begun well before secondary school.

Implication: Accelerated learning experiences are critical, given that
the development of talent proceeds from practice and mastery of increas-
ingly more difficult and complex skills at an individual rate, and mastery of
a domain’s knowledge base and the concomitant reorganization of cognitive
structures are both necessary for creativity.

Characteristic: High-ability students develop greater expectations, feel
better about themselves, and engage in higher-level processing or discourse
when working with other students of similar ability.

Implication: High-ability students need the challenge and stimulation
of being together for at least part of every school day, with expectations set
high enough to challenge their potential ability to meet them.
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Designing Curriculum,
Instruction, Assessment, and
Professional Development

The previous chapter describes seven principles that support learning
with understanding. This chapter explores the implications of those prin-
ciples for the intentional and systemic design of four key elements of the
educational system—curriculum, instruction, assessment, and professional
development—to promote learning with understanding within the context
of advanced study. It is critical to recognize that programs for advanced
study share many of the objectives of other programs in the same discipline;
these design principles, therefore, also apply to the design and development
of mathematics and science courses at all levels.

While each of the four key elements is addressed separately here, in
practice they work together synergistically and need to be aligned in mutu-
ally supportive ways. Without such alignment and interdependence, deep
conceptual understanding is more difficult to achieve. For example, if teach-
ers focus on teaching “big ideas” but the related assessments measure stu-
dents” knowledge of discrete facts, it is impossible to know the extent to
which students genuinely understand core concepts. The systemic and dy-
namic relationship among the four elements also means that changes in one
element affect and require changes in the others.

In addition, it is essential to recognize the critical role of the learning
environment in fostering learning with understanding. The learning environ-
ment of the school and the classroom in which these components of educa-
tional programs interact affects the degree to which teachers can integrate
curriculum, instruction, and assessment to promote learning with under-
standing (National Research Council [NRC], 2000b).
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CURRICULUM

A curriculum for understanding is intentionally designed around the
organizing principles and essential concepts of the domain and provides
opportunities for in-depth exploration in a variety of contexts (design prin-
ciples for curriculum are summarized in Box 7-1). Such a curriculum empha-
sizes depth of understanding over breadth of coverage. It is designed to
provide genuine opportunities for high-quality instruction and multiple points
of entry into mathematics and science (Au and Jordan, 1981; Brown, 1994;
Heath, 1983; Tharp and Gallimore, 1988).

Research reveals that experts’ knowledge is organized around core con-
cepts or organizing principles that guide their thinking in their area of exper-

Box 7-1 Principles of Curriculum for Understanding

A mathematics or science curriculum for advanced study that promotes learn-
ing with understanding:

e Structures the concepts, factual content, and procedures that constitute
the knowledge base of the discipline around the organizing principles (big ideas) of
the domain.

e Links new knowledge to what is already known by presenting concepts in
a conceptually and logically sequenced order that builds upon previous learning
within and across grade levels.

e Focuses on depth of understanding rather than breadth of content cover-
age by providing students with multiple opportunities to practice and demonstrate
what they learn in a variety of contexts.

e Includes structured learning activities that, in a real or simulated fashion,
allow students to experience problem solving and inquiry in situations that are
drawn from their personal experiences and real-world applications.

e Develops students’ abilities to make meaningful applications and generali-
zation to new problems and contexts.

e Incorporates language, procedures, and models of inquiry and truth verifi-
cation that are consistent with the accepted practice of experts in the domain.

e Emphasizes interdisciplinary connections and integration and helps students
connect learning in school with the issues, problems, and experiences that figure
prominently in their lives outside of the classroom.
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tise; expert knowledge is not simply a list of facts and formulas (Chi, Feltovich,
and Glaser, 1981; Kozma and Russell, 1997; NRC, 2000b; see also Chapter 6,
this volume). Therefore, in designing a curriculum for understanding, the
key concepts and processes of the discipline should be clearly identified,
explicated, and organized in a coherent fashion around the big ideas (Mintzes,
Wandersee, and Novak, 1998; National Council of Teachers of Mathematics
[NCTMI, 1995; NRC, 1996). In addition, the interrelationships among topics
should be clearly articulated to provide a framework teachers can use in
developing and setting goals for their students’ learning (American Associa-
tion for the Advancement of Science [AAAS], 2001).

The organization of curriculum plays a critical role in helping students
reconstruct misconceptions and see connections between what they are cur-
rently learning and what they have learned before. Curriculum for under-
standing represents more than a collection of activities or bits of informa-
tion: it provides for the holistic performance of meaningful, complex tasks in
increasingly challenging environments (Resnick and Klopfer, 1989). A cur-
riculum for understanding takes the shape of topical strands that are highly
interconnected in ways that are consistent with the knowledge structure
used by experts in tackling complex tasks in their discipline (Marin, Mintzes,
and Clavin, 2000).!

The deep disciplinary understanding of experts encompasses a vast
amount of knowledge, but generally only a subset of that knowledge is used
in the solution of any given problem. Experts not only have acquired exten-
sive and deep knowledge and conceptual understanding, but also are skilled
at discerning, identifying, and retrieving knowledge that is relevant to the
solution of a particular problem. Their knowledge is organized into mean-
ingful patterns and structures and is conditionalized (situated), meaning that
what they know is accompanied by a specification of the contexts in which
it is useful (Glaser, 1992; Simon, 1980). Many curricula and instructional
materials, however, are not designed to help students conditionalize their
knowledge. For example, textbooks are more likely to tell students how to
do something than to help them understand the conditions under which
doing it will be useful (Simon, 1980, p. 92). Having students work in labora-
tory settings is a familiar strategy for helping them develop conditionalized
knowledge that supports problem solving. Well-designed laboratory experi-
ences also encourage students to apply their knowledge and skills to con-
crete, real-world problems or novel situations (Resnick, 1994).

ISee also the proceedings of From Misconceptions to Constructed Understanding, the
Fourth International Misconceptions Seminar, at http://www.mlrg.org/proc4abstracts.html (No-
vember 27, 2001).
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Students presented with vast amounts of content knowledge that is not
organized into meaningful patterns are likely to forget what they have learned
and to be unable to apply the knowledge to new problems or unfamiliar
contexts (Haidar, 1997). Curriculum for understanding provides ample op-
portunity for students to apply their knowledge in a variety of contexts and
conditions. This helps them transfer their learning to new situations and
better prepares them for future learning (Bransford and Schwartz, 2000).
Providing students with frequent opportunities to apply what they learn in
multiple contexts requires a reallocation of instructional time. Allowing time
for in-depth learning means decisions must be made about what knowledge
is of most worth. For this reason, the curriculum needs to specify clearly the
appropriate balance between breadth and depth of coverage in terms of
student learning outcomes.

It is well accepted that students draw on their families, communities,
and cultural experiences to create meaning and understanding. When cur-
riculum is designed to build on students’ experiences, teachers are able to
engage students’ prior knowledge, expose and restructure their knowledge
and remediate misconceptions, and enhance motivation to learn. If students
are able to draw on their cultural, social, and historical experiences in prob-
lem-solving situations, they are more likely to deepen their understanding.
This can be accomplished by design through structured activities that, in real
or simulated fashion, allow students to experience problem solving and
inquiry in situations drawn from their personal experiences.

An effective curriculum allows for incorporating socialization into the
discourse and practices of academic disciplines and provides frequent op-
portunities for students to apply the modes of inquiry and truth verification
strategies and processes characteristic of each domain. An appreciation of
the distinctive features of disciplines, however, should not lead to their iso-
lation from each other or from the everyday world. Rather, strong curricu-
lum design emphasizes interdisciplinary connections, integration, and au-
thenticity in the relationship between learning in and out of school. These
features not only make learning more challenging, exciting, and motivating,
but also help students develop their abilities to make meaningful connec-
tions by applying and transferring knowledge from one problem context to
another. The emphases of a curriculum for supporting learning with under-
standing are presented in Table 7-1.

INSTRUCTION

Instruction in advanced courses in mathematics and science should en-
gage students in a variety of learning activities that are purposefully de-
signed to connect with what they already know and motivate them to work
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TABLE 7-1

Characteristics of Curriculum for Student Understanding

Less Emphasis on

More Emphasis on

Lists of topics to be covered

Isolated concepts presented in relation to
a single context or topic with no
connection to other topics

Individual teachers working in isolation

Coverage of as many topics as possible in
a limited and fixed amount of time
Example: A curriculum guide specifies
that 8 percent of the advanced biology
course should include topics related to
cell energy, including cellular respiration
and photosynthesis. The teacher
schedules 1 week for a unit on cellular
respiration. During this time, students
carry out a variety of activities and
laboratory exercises in class and
complete out-of-class assignments.

At the end of the week they take a unit
test. The class goes on to the next unit,
photosynthesis.

Curriculum developed for one course ata
time without articulation among the levels
of schooling

Arrigid, prescribed, static curriculum

No relationship between NRC's National
Science Education Standards/NCTM's
Principles and Standards for School
Mathematics and programs for advanced
study or college courses

Underlying disciplinary principles and processes sequenced to
optimize learning

Continuity and interdisciplinary integration through emphasis on
the relationships of unifying concepts and processes to many
topics

Collaborative teams including content and pedagogy experts

Understanding of concepts in expanded and more flexible time
periods

Example: A curriculum specifies four statements of essential
knowledge about the production and utilization of energy in cells
that are critical to building an understanding of the processes of
photosynthesis and respiration. Prior relevant knowledge
possessed by students is assessed using quizzes or student
concept maps. The teacher schedules 3 days for activities that
focus on this knowledge. A rubric is written so that both teacher
and students know how the knowledge will be demonstrated.
Students carry out a variety of activities in class and complete
out-of-class assignments. At the same time, they must demonstrate
their knowledge of each of the four specified outcomes before they
can receive credit for the unit. Students continue to work on
essential knowledge and present evidence when they are ready,
even as activities for the next unit may be beginning.

Curriculum that is well articulated between the elementary grades
and between high school and college and makes recognized
connections with other disciplines

Curriculum that can be adapted to meet the diverse needs of
students and situations

Standards-driven changes in courses, leading to advanced high
school and introductory college courses through modification of
content and pedagogy at the advanced course and college levels

SOURCES: Adapted from ACS (1997); NRC, (1996); and NSTA, (1996).

toward developing deeper understanding. Instruction should focus students
on the central concepts and fundamental principles of the discipline. Tt also
should assist them in constructing a framework for organizing new informa-
tion as they explore concepts in depth and in a variety of contexts and
develop problem-solving strategies common to the discipline (Novak, 1991).
The design principles for instruction are summarized in Box 7-2.
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Box 7-2 Principles of Instruction for Understanding

Teaching for conceptual understanding in advanced mathematics and science
courses:

e Maintains students’ focus on the central organizing themes and underlying
concepts of the discipline.

e |sbased on careful consideration of what students already know, their ideas
and ways of understanding the world, and the patterns of practice they bring with
them into the classroom.

e Focuses on detecting, making visible, and addressing students’ often frag-
ile, underdeveloped understandings and misconceptions.

e Reflects an understanding of differences in students’ interests, motiva-
tions, preferences, knowledge, and abilities.

e |s designed to provide the appropriate degree of explicitness for the situa-
tion and the abilities of the learners.

e Recognizes students’ preferences for and varying abilities to process dif-
ferent symbol systems, such as language (written and spoken), images, and nu-
merical representations, by employing multiple representations during instruction.

e Engages students in worthwhile tasks that provide access to powerful math-
ematical and scientific ideas and practices; moves students to see past the surface
features of problems to the deeper, more fundamental principles; and develops
their conceptual understanding and skills.

e Structures learning environments in which students can work collaboratively
to gain experience in using the ways of thinking and speaking used by experts in
the discipline.

e QOrchestrates classroom discourse so that students can make conjectures,
present solutions, and argue about the validity of claims, thus helping them ex-
plore old understandings in new ways, reveal misconceptions, and generalize and
transfer their learning to new problems or more robust understandings.

e Provides explicit instruction in metacognition as part of teaching in the dis-
cipline.

e Uses various kinds of formal and informal formative assessments to moni-
tor students’ understanding and target instruction effectively.

e Creates expectations and social norms for the classroom that allow stu-
dents to experience success and develop confidence in their abilities to learn.
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The selection of instructional strategies and activities should be guided
by knowledge of learners and should recognize and build on individual
differences in students’ interests, understandings, abilities, and experiences.
Instruction should take into account common naive concepts held by stu-
dents, as well as the effects of their cultural and experiential backgrounds on
their learning. Tt also should reflect the teacher’s own strengths and interests
and consideration of available local resources. Activities and strategies should
be continually adapted and refined to address topics arising from student
inquiries and experiences.

It is important for instruction in advanced courses in mathematics and
science to engage students in inquiry using a variety of activities and strate-
gies, including experimentation, critical analysis of various sources of infor-
mation, and the application of technology in problem solving. In this way,
students combine knowledge in the domain with reasoning and thinking
skills as they are engaged collaboratively in asking questions, constructing,
testing and analyzing explanations, communicating the explanations, and
considering alternatives (Townes and Grant, 1997).

One of a teacher’s primary responsibilities is to select and develop sig-
nificant and meaningful problems, learning experiences, projects, and inves-
tigations for students. Learning experiences are worthwhile when they rep-
resent concepts and procedures; foster skill development, reasoning, and
problem solving; and help students make connections among mathematical
and scientific ideas and to real-world applications (NCTM, 1991). Such expe-
riences prompt the learner to see past the surface features of a problem to
deeper, more fundamental principles. They “lend themselves to multiple
solution methods, frequently involve multiple representations, and usually
require students to justify, conjecture, and interpret” (Silver and Smith, 1996,
p. 24). The design of such tasks is complex, requiring teachers to take ac-
count of students’ knowledge and interests, of the ways students learn par-
ticular mathematical or scientific ideas, and of common points of confusion
and misconceptions about those ideas (Borko et al., 2000).

Accomplishing this complex endeavor requires a qualified teacher. The
National Board for Professional Teaching Standards (NBPTS) describes a
qualified teacher as one who effectively enhances student learning and dem-
onstrates the high level knowledge, skills, abilities, and commitments re-
flected in the following five core propositions:?

e Teachers are committed to students and their learning.
e Teachers know the subjects they teach and how to teach those sub-
jects to students.

2See http://www.nbpts.org (November 22, 2001).
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e Teachers are responsible for managing and monitoring student learn-
ing.

e Teachers think systematically about their practice and learn from ex-
perience.

e Teachers are members of learning communities.

To promote understanding, explicit instruction in metacognition should
be integrated into the curriculum. Thus, instruction should create tasks and
conditions under which student thinking can be revealed so that students,
with their teachers, can review, assess, and reflect upon what they have
learned and how. Additionally, teachers should make their reasoning and
problem-solving strategies visible to students whenever possible (Collins
and Smith, 1982; Lester et al., 1994; Schoenfeld, 1983, 1985).

Effective instruction in advanced courses should involve building and
nurturing a community of learners. A community of learners encourages
students to take academic risks by providing opportunities for them to make
mistakes, obtain feedback, and revise their thinking while learning from
others with whom they are engaged in inquiry and cooperative problem-
solving activities.

To nurture the capacity of students to generalize and transfer their learn-
ing to new problems, teachers must help students explore old understand-
ings in new ways. To this end, teachers must draw out misconceptions in
order to challenge and displace them (Blumenfeld, Marx, Patrick, Krajcik,
and Soloway, 1997; Caravita and Hallden, 1994; Jones, Rua, and Carter, 1998;
NRC, 2000b; Pearsall, Skipper, and Mintzes, 1997;).

Since intrinsic motivation is self-sustaining, instruction should be planned
so as to maximize the opportunity for developing a strong intrinsic motiva-
tion to learn. Students benefit when they can experience success and de-
velop the confidence of a successful learner—one who has the tools to ask
relevant questions, formulate problems and reframe issues, and assess his or
her own knowledge and understanding (Alaiyemola, Jegede, and Okebukola,
1990; Stipek, 1998). Table 7-2 illustrates the emphases of instructional prac-
tices to support learning with understanding.

ASSESSMENT

Educational assessments can be designed for any number of purposes,
from conducting large-scale evaluations of multiple components of educa-
tional programs to measuring individual students’ mastery of a specified
skill. Understanding assessment results requires that the user draw infer-
ences from available data and observations that are supported by the assess-
ment. Three key concepts related to assessments—reliability, validity, and
fairness—underlie a user’s ability to draw appropriate inferences from the
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TABLE7-2 Characteristics of Instruction for Student Understanding

Less Emphasis on

More Emphasis on

Presenting scientific knowledge through lecture, text,
and demonstration, with activities centered on the
teacher

The same learning experiences for all students

Strategies that have students working alone

“One-size-fits-all” instructional strategies

Establishing blocks of time and designing lessons such
that all students are required to learn the same thing in
the same way at the same rate

Students doing numerous, often simplistic and
unconnected laboratory activities and being exposed
to many different procedures

Focusing on elaborate, equipment-intensive laboratory
exercises

Laboratory exercises in which students are provided
with all relevant background and procedures and are
asked to follow the steps, fill in the data, and answer a
few questions, after which the class moves on

Teachers monitoring laboratory work to ensure that
the steps of the procedure are being followed correctly

Example: The teacher’s lecture centers on presenting
and explaining rate expressions and factors that affect
forward and reverse reactions. Keq calculations are
shown. The teacher demonstrates color changesin a
reversible reaction. LeChatelier’s principle is reviewed,
and students predict equilibrium shifts on the basis of
hypothetical changes in reactants, products, and
conditions. Student misconceptions about the nature
of equilibrium remain uncovered and unchallenged.

Guiding students through active and extended inquiry
and facilitating student-centered learning

Appropriate matching of strategies and learners
based on awareness of individual student’s prior
knowledge, abilities, and interests

Strategies that incorporate collaboration among
students and foster the development of classroom
learning communities

Multiple strategies designed to enhance
understanding

Flexible scheduling and learning experiences that
provide students with enough time, space, resources,
guidance, and feedback for learning

Students conducting extended investigations and
inquiry and having opportunities to progress through
cycles of assessment and revision

Focusing on interactions between students and
materials, as well as teacher—student and student—
student interactions

Laboratory and inquiry experiences in which students
are challenged to formulate questions that can be
answered experimentally, propose and support
hypotheses, plan procedures, design data tables and
data analyses, evaluate and discuss results, and
repeat experiments with modifications

Teachers acting as facilitators for laboratory
experimentation; advising students on what essential
measurements must be taken; discussing sample
sizes; suggesting equipment that is available for use
during the experiment; coaching students in
techniques and protocols; and, within the limits of
safety, allowing students to make mistakes and try
again

Example: The teacher poses a question: “If the rate of
a forward reaction is faster than the rate of a reverse
reaction, will the system ever come to equilibrium?”
Students are asked to construct a model for such a
system, in which particles can be moved between two
containers at different rates, and to use this model to
collect data needed to answer the question. The
common student misconception that equilibrium
means equal amounts in each container is challenged
as students develop an understanding of the principle
of equilibrium.

SOURCES: Adapted from ACS (1997); NRC (1996); NSTA (1996).
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results. A brief discussion of each is provided in Box 7-3 (for further detail
see, American Educational Research Association [AERA]/American Psycho-
logical Association [APA]/National Council on Measurement in Education
[NCME], 1999; Feldt and Brennan, 1993; Messick, 1993; NRC, 1999b).

Assessment is a critical aspect of effective teaching and improved edu-
cation (NBPTS, 1994; NCTM, 1995; NRC, 2001a; Shepard, 2000). It is impor-
tant to note, however, that assessment does not exist in isolation, but is
closely linked to curriculum and instruction (Graue, 1993). Thus as empha-
sized earlier, curriculum, assessment, and instruction should be aligned and
integrated with each other, and directed toward the same goal (Kulm, 1990;
NCTM, 1995; Shepard, 2000). In advanced mathematics and science, that
goal is learning with understanding.

This section reviews design principles for two types of assessments:
those that measure student achievement at the end of a program of study,
such as AP Physics, and those that are used by teachers to provide feedback
to students, guide instruction, and monitor its effects throughout the course
of study (see Box 7-4 for a summary of the design principles for assess-
ment). To guide instruction, teachers need assessments that provide specific

Box 7-3 Reliability, Validity, and Fairness

Reliability generally refers to the stability of results. For example, the term
denotes the likelihood that a particular student or group of students would earn the
same score if they took the same test again or took a different form of the same
test. Reliability also encompasses the consistency with which students perform
on different questions or sections of a test that measure the same underlying
concept, for example, energy transfer.

Validity addresses what a test is measuring and what meaning can be drawn
from the test scores and the actions that follow (Cronbach, 1971). It should be
clear that what is being validated is not the test itself, but each inference drawn
from the test score for each specific use to which the test results are put. Thus, for
each purpose for which the scores are used, there must be evidence to support
the appropriateness of inferences that are drawn.

Fairness implies that a test supports the same inferences from person to per-
son and group to group. Thus the test results neither overestimate nor underesti-
mate the knowledge and skills of members of a particular group, for example,
females. Fairness also implies that the test measures the same construct across
groups.
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Box 7-4 Principles of Assessment for Understanding

The following principles of assessment can be applied both to assessments
designed to assist learning (curriculum-embedded or formative assessments) and
those designed to evaluate student achievement at the end of a unit of study
(summative assessments). Effective assessments for measuring students’ learn-
ing with understanding in advanced mathematics and science are:

e Based on a model of cognition and learning that is derived from the best
available understanding of how students represent knowledge and develop com-
petence in a domain.

e Designed in accordance with accepted practices that include a detailed
consideration of the reliability, validity, and fairness of the inferences that will be
drawn from the test results (see Box 7-3). This is especially important when the
assessment carries high stakes for students, teachers, or schools.

e Aligned with curriculum and instruction that provide the factual content,
concepts, processes, and skills the assessment is intended to measure so the
three do not work at cross-purposes.

e Designed to include important content and process dimensions of perfor-
mance in a discipline and to elicit the full range of desired complex cognition, in-
cluding metacognitive strategies.

e Multifaceted and continuous when used to assist learning by providing mul-
tiple opportunities for students to practice their skills and receive feedback about
their performance.

e Designed to assess understanding that is both qualitative and quantitative
in nature and to provide multiple modalities with which a student can demonstrate
learning.

information about what their students are learning and what they do and do
not understand. Of primary importance if a test is to support learning is that
students be given timely and frequent feedback about the correctness of
their understandings; in fact, providing such feedback is one of the most
important roles for assessment. There is a large body of literature on how
classroom assessment can be designed and used to improve learning and
instruction (see for example, Falk 2000; Shepard 2000; Wiggins, 1998; Niyogi,
1995). Concept maps, such as those discussed in Box 6-2 in Chapter 6, are
one example of an assessment strategy that can be used to provide timely
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and informative feedback to students (Edmondson, 2000; Rice, Ryan, and
Samson, 1998).

End-of-course tests are too broad and too infrequently administered to
provide information that can be used by teachers or students to inform
decisions about teaching or learning on a day-to-day basis. The power of
such tests lies in their ability to depict students’ attainment of larger learning
goals and to provide comparative data about how the achievement of one
student or one class of students compares with that of others.? Ultimately,
end-of-course tests are often used to shape teachers’ instructional strategies
in subsequent years. Thus, the content of the tests should be matched to
challenging learning goals and subject matter standards and serve to illus-
trate what it means to know and learn in each of the disciplines.

Because advanced study programs in the United States are strongly in-
fluenced by high-stakes assessment, the committee is especially concerned
with how this form of assessment can be structured to facilitate learning with
understanding. It is well known that such assessments, even coming after
the end of instruction, inevitably have strong anticipatory effects on instruc-
tion and learning. Thus if high-stakes assessments fail to elicit complex cog-
nition and other important learning outcomes, such as conceptual under-
standing and problem solving, they may have negative effects on the teach-
ing and learning that precede them. In designing such assessments, then,
both psychometric qualities and learning outcomes should be considered.

If end-of-course tests are to measure important aspects of domain profi-
ciency, test makers need to have a sophisticated understanding of the target
domain. They must understand the content and the process dimensions that
are valued in the discipline and then design the test to sample among a
broad range of these dimensions (Millman and Greene, 1993). Doing so is
complicated, however, by the fact that an assessment can only sample from
a large universe of desirable learning outcomes and thus can tap but a
partial range of desirable cognitions. Consequently, concerns will always
arise that a particular assessment does not measure everything it should, and
therefore the inferences drawn from it are not valid. Similarly, the selection
of tasks for an assessment may be criticized for measuring more than is
intended; an example is word problems on mathematics tests that require
high levels of reading skill in addition to the mathematics ability that is the
target of the assessment. To ensure the validity of inferences drawn from
tests, a strong program of validity research must be conducted on all exter-
nally designed and administered tests. The higher the stakes of the test, the
more critical is this research and the more frequently it must be reviewed
(AERA/APA/NCME, 1999).

3In the case of such tests as the AP and IB examinations, the results are used additionally to
guide decisions about college placement and credit.
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Test design and construction includes consideration of which forms of
complex thinking fairly reflect important aspects of domain proficiency. As-
sessments that invoke complex thinking should target both general forms of
cognition, such as problem solving and inductive reasoning, and forms that
are more domain-specific, such as deduction and proof in mathematics or
the systematic manipulation of variables in science. Because metacognition
is such an important component of experts’ performance, both classroom-
based and end-of-course assessments should be designed to evaluate stu-
dents’ use of metacognitive strategies (NRC, 2001a).

Given that the goals of curriculum and assessment for advanced study
are to promote deep understanding of the underlying concepts and unifying
themes of a discipline, effective assessment should reveal whether students
truly understand those principles and can apply their knowledge in new
situations. The ability to apply a domain principle to an unfamiliar problem,
to combine ideas that originally were learned separately, and to use knowl-
edge to construct new products is evidence that robust understanding has
been achieved (Hoz, Bowman, and Chacham, 1997; Perkins, 1992).

Meaningful assessment also includes evidence of understanding that is
qualitative and quantitative in nature, and provides multiple modalities and
contexts for demonstrating learning. Using multiple measures rather than
relying on a single test score provides a richer picture of what students
know and are able to do. The characteristics of assessments that support
learning with understanding are presented in Table 7-3.

TEACHER PROFESSIONAL DEVELOPMENT

One of the most important factors influencing student achievement, if
not the most important, is teacher expertise (see Shepard, 2000; National
Commission on Mathematics and Science Teaching for the 21% Century, 2000;
National Center for Education Statistics [NCES], 2000a; Darling-Hammond,
2000). Thus, the key to implementing the committee’s vision of learning
with deep conceptual understanding is having highly skilled teachers who
can effectively put into practice the strategies suggested earlier in the discus-
sion of instruction for understanding. This observation is particularly true
when one is implementing well-structured external programs that build on
the regular curriculum already in place at a school. Most teachers, even
those regarded as excellent, would have to change their beliefs and prac-
tices significantly to teach in a manner consistent with the committee’s con-
ceptual framework (Haidar, 1997; Jones et al., 1998; Ryder, Leach, and Driver,
1999; Schoon and Boone, 1998; Southerland and Gess-Newsom, 1999). Such
change cannot occur unless teachers are given ample opportunity and sup-
port for continual learning through sustained professional development, as
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TABLE7-3 Characteristics of Assessment for Understanding

Less Emphasis on

More Emphasis on

Summative examinations—unit tests and the final
examination

High-stakes tests that impact college entrance and
placement and drive unintended program change

Assessments that measure students’ ability to
recall facts

Assessment as something that is done to students
and that provides information to teachers about
students

Private communication of students” ideas and
understandings to the teacher/examiner

Example: During a unit on cell structure, biology
students participate in lecture/discussions,
complete reading assignments, use electron
micrographs to examine cell ultrastructure, and
conduct related practical investigations involving
microscopic examination of a variety of cell types
and scale drawings. At the end of the unit
laboratory write-ups are collected, and a unit test
is administered.

Assessing discrete, easily measured information

Example: A multiple-choice question asking
students to select the weak base given a set of
chemical formulas.

Student dependence on using algorithms

One right or wrong answer

Unintended uses of results

Formative assessments—ongoing assessment of teaching
and learning

Learning assessments that drive program changes in the
direction of the goal for advanced studies

Assessments that evaluate understanding and reasoning

Students participating in developing and analyzing the
results of assessments

Classroom discourse including argument and explanation
of students’ ideas and understandings

Example: Students participate in varied assessment
activities throughout the unit. A brief oral examination
tests understanding of a reading assignment. A teacher
uses a check sheet during microscope work to assess
skills. Laboratory data records are evaluated individually
as the students are working on the investigations. A short
multiple-choice test on identifying and naming cell parts is
given, marked, and discussed. Students prepare a
concept map illustrating the relationship between cell
structure and function and are asked to explain their
thinking to a small group. The group gives feedback, and
each student performs a self-assessment of the quality of
his or her concept map. The class develops a rubric that
will be applied to a unit examination essay question
comparing prokaryotic and eukaryotic cell structures.

A unit test, of which the essay is one component, is given.

Assessing what is most highly valued—deep, well-
structured knowledge

Example: A free-response question involving this
scenario: The student is given four 0.10 M solutions
labeled A, B, C, D; a conductivity probe; and a pH probe.
One of the solutions is a weak acid, one a strong

acid, one a weak base, and another a strong base.

The student is asked to characterize each solution,
describing both the method developed to solve

the problem and the results.

Students communicating thought processes

Partial credit for various subtasks and many possible
paths to a successful outcome

Clear relationships between the decisions and the data

SOURCES: Adapted from ACS (1997); NRC (1996); NSTA (1996).
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well as the opportunity to try out and reflect upon new approaches in the
context of their own classrooms (Putnam and Borko, 1997).

Because the standards and frameworks driving reform efforts do not
provide specific guidelines for teaching, the implementation of reform vi-
sions, including that described in this report, poses a considerable challenge
for teachers and school administrators responsible for curriculum and in-
struction. Moreover, the changes demanded of teachers are not a simple
matter of learning new teaching strategies: “Learning to practice in substan-
tially different ways from what one has oneself experienced can occur nei-
ther through theoretical imaginings alone nor unguided experience alone”
(Darling-Hammond, 1999a, p. 227). Thus the success of current reform
efforts—in secondary mathematics and science, as well as other curricular
areas—in fostering learning with understanding depends on creating oppor-
tunities for teachers’ continual learning and providing sufficient professional
development resources to exploit these opportunities (Darling-Hammond,
1996, 1999b; Sykes, 1990).

Unfortunately, current professional development for U.S. teachers can
be described only as inadequate:

Sadly and short-sightedly, however, professional development is too often
treated not as a necessity but as a luxury item on the school budget. Many
people erroneously believe that teachers are not working unless they are
standing in front of a classroom. In fact, preparation time, individual study
time, as well as time for peer contact and joint lesson planning, are vital
sources of both competence and nourishment for all teachers. But teachers
are granted precious little time for any of these activities. . . . High quality
professional development ought to be the lifeblood of American teaching;
instead, it is used only to provide the occasional transfusion. (National
Commission on Mathematics and Science Teaching for the 21st Century,
2000, p. 27)

Nothing has promised so much and been so frustratingly wasteful as the
thousands of workshops and conferences that led to no significant change
in practice when teachers returned to their classrooms. (Fullan, 1991, p. 315)

To teach advanced mathematics or science well, teachers need to know
their subjects deeply and extensively, know their students and understand
how they learn, and know the pedagogical techniques specific to their sub-
jects. These three domains of professional knowledge form the core content
of professional development for teachers (NCTM, 2000; Schulman, 1986).
Teachers use this knowledge to listen carefully to students and examine
their work in order to identify understandings and misunderstandings and
frame appropriate learning activities for each student (NCTM, 1991; NRC,
1996). Box 7-5 summarizes the design principles for professional develop-
ment of teachers.
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Box 7-5 Principles of Effective Professional Development

Effective professional development for teachers of advanced study in science
and mathematics:

e Focuses on the development of teachers’ subject matter knowledge, knowl-
edge of students, and subject-specific pedagogical knowledge.
- Emphasizes deep conceptual understanding of content and discipline-
based methods of inquiry.
- Provides multiple perspectives on students as learners.
- Develops teachers’ subject-specific pedagogical knowledge.
e Treats teachers as active learners who construct their own understandings
by building on their existing knowledge and beliefs.
e |s grounded in situations of practice.
e Takes place in professional communities where teachers have the opportu-
nity to discuss ideas and practices with colleagues.
e Uses with teachers’ instructional strategies and assessment practices that
teachers are expected to use with students.
e |s most effective when teachers take an active role.
e |s an ongoing, long-term effort spanning teachers’ professional lives.

Professional development should emphasize more than the fundamen-
tal facts, concepts, and procedures of a discipline. It also should help teach-
ers understand the particular methods of inquiry in their discipline, know
discipline-specific ways to reason and communicate, and understand the
relationships of the discipline to other school subjects and to societal issues
(NCTM, 1991; NRC, 1990).

Professional development should also help teachers understand students
as learners by providing opportunities to examine students’ thinking about
mathematics and science. Excellent professional development addresses such
issues as how students think and behave, what they already know and be-
lieve, and what they find interesting. Issues of race, gender, age, and socio-
economic background also are germane, as is an understanding of students’
common preconceptions and misconceptions. In addition, teachers should
expect to receive a strong foundation of pedagogical content knowledge
from effective professional development. Such knowledge might include
instructional and classroom organization strategies, materials and resources
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(including technology), alternative ways to represent concepts and strate-
gies or assess student understanding, and methods of fostering classroom
discourse and communication.

High-quality professional development treats teachers as teachers should
treat their students, including acknowledging that learning is an active pro-
cess wherein learners construct new understandings based on what they
already know and believe. There is considerable evidence that existing knowl-
edge and beliefs play an important role in how teachers learn to teach, how
they teach, and how they think about teaching in new ways (Cohen and
Ball, 1990; Prawat, 1992; Putnam and Borko, 1997). If professional develop-
ment is to support meaningful change in teaching and teachers, it must
address teachers’ existing knowledge and beliefs, just as teachers are ex-
pected to address prior knowledge in their students in order to promote
learning with understanding. What teachers know and believe will influence
their interpretation and enactment of new ideas for teaching.

Moreover, professional development instructors are role models who
contribute to teachers’ evolving visions of what and how to teach. Although
they ought to model the kinds of practices they expect teachers to use in
their own classrooms, all too often teacher educators, like K-12 educators,
revert to what they know best—the ways they were taught themselves. The
result is professional development activities that promote traditional views
of schooling and uninspired, didactic teaching methods.

Because knowledge is integrally connected with the contexts in which it
is acquired and used, teacher learning ought to be situated in practice. There
are numerous ways to accomplish this, with advantages for different compo-
nents of teacher learning (Putnam and Borko, 1997). One approach is to
conduct professional development at the schools—and largely in the class-
rooms—where participants teach. Doing so enables the teacher and staff
developer to work together to interpret classroom events in light of various
ideas about teaching, learning, and subject matter. A second approach is to
have teachers bring experiences from their classrooms, such as samples of
students’ work or videotapes of classroom activities, to workshops. Away
from the classroom, teachers have opportunities to develop a reflective per-
spective on teaching by considering different points of view on their own
teaching practice and that of others. Other activities, such as detailed study
of the discipline, may best occur away from the classroom. Settings such as
summer workshops free teachers from the daily demands of having to think
about the immediate needs of their students and classrooms.

A combination of experiences situated in different settings may be the
most powerful way to foster meaningful change in teachers’ thinking and
practice (Putnam and Borko, 1997). The recommendations of the National
Commission on Mathematics and Science Teaching for the 21st Century (2000)
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provide one model for multifaceted professional development. Central to
the commission’s recommendations are summer institutes designed to ad-
dress pressing needs, such as enhancing teachers’ subject matter knowl-
edge, introducing new teaching methods, and integrating technology into
teaching. Also recommended are ongoing inquiry groups. Teachers need to
form learning communities in which they can explore problems of practice
that occur during the school year and engage in continuing discussion to
enrich their knowledge of subject matter, students, and teaching.

Professional development, as characterized here, typically occurs in pro-
fessional communities, not in isolation. This model is consistent with a view
of cognition as developing within a social context that provides the lan-
guage, concepts, and modes of thought with which people make sense of
the world. If teachers are to be successful in developing new practices, they
need opportunities to participate in, as McLaughlin and Talbert (1993, p. 15)
put it, “a professional community that discusses new teacher materials and
strategies and that supports the risk taking and struggle entailed in trans-
forming practice.” Through their participation in such professional commu-
nities, as well as through other means of communication, such as books,
professional journals, and electronic networks, teachers come to understand
and think in ways that are common to those communities while also helping
the thinking of the community to develop and change.

Because learning is a developmental process that takes time and hard
work, teachers’” professional development needs to continue throughout their
careers, and teachers need to accept responsibility for their own learning
and growth. If teachers view themselves as agents of change, responsible for
improving teaching and learning in their schools, they may be more likely to
take advantage of high-quality professional development. Professional de-
velopment, in turn, should support and encourage teachers in accepting
such responsibilities.

In sum, tomorrow’s students will have very different needs from those
of today as a result of new knowledge in the various disciplines, new tech-
nologies, and new workplace demands. To meet those needs, teachers must
constantly revise their practice and reflect on teaching and learning. To this
end, teachers need professional development that provides opportunities
for them to expand their knowledge, to experiment with new ideas about
teaching and learning, to receive feedback about their teaching, and to work
with others to effect positive changes in mathematics and science education
(NCTM, 1991; NRC, 1996; Putnam and Borko, 1997). Lifelong learning expe-
riences can provide teachers with the opportunity to continually consider
and contribute to the evolving knowledge base of teaching and learning
(NRC, 1990). Table 7-4 summarizes the emphases of professional develop-
ment programs that promote understanding.
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TABLE7-4 Characteristics of Effective Teacher Professional Development

Less Emphasis on

More Emphasis on

Sporadic learning opportunities
Transmission of knowledge and skills by lecture

Isolation of teachers, classrooms, and disciplines

Separation of science/mathematics content knowledge
and teaching knowledge

Separation of theory and practice

Individual learning, as teachers of an advanced subject
are physically and temporally isolated from other
teachers of the same advanced subject

Teacher as technician and consumer of knowledge

Teacher as target of change
Reliance on external or internal expertise only

Fragmented, one-shot workshops

Continuous ongoing, connected learning experiences
Inquiry into teaching and learning

Interdisciplinary inquiry that extends beyond the
classroom

Discipline-specific pedagogy

Integration of theory and practice in school settings

Collegial and collaborative learning in a professional
community and time for teachers to interact during the
school day and year

Teacher as reflective practitioner and producer of
knowledge

Teacher as source and facilitator of change
Mix of internal and external expertise

Long-term, coherent plans incorporating 1- to 2-week
summer institutes with follow-up during the school
year

SOURCES: Adapted from ACS (1997); NRC (1996); NSTA (1996).

FROM FRAMEWORK TO

ADVANCED STUDY PROGRAMS

The development of educational programs that foster learning with con-
ceptual understanding, as outlined in this chapter, could be seen as idealiza-
tion that cannot be achieved in practice; the committee sees it as an impera-
tive. The changes in education proposed here represent a significant depar-
ture from current practice in most schools and from most of the preparation
and professional development that teachers and school administrators have
received. Implementing such changes will not require reforming, but rather
transforming the entire social and institutional context for learning, includ-
ing school culture, leadership practices, and pedagogical practice. The more
aligned the institutional and social context for learning is with the committee’s
conceptual framework for analyzing and designing advanced study, the more
likely it is that the innovations we advocate will be sustained over time and

enhance student achievement.
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The committee has come to a sobering conclusion: given what is now
known about human learning, transformation of advanced study is impera-
tive. Accordingly, the committee presents in this report a framework and a
set of guidelines for assessing and designing advanced study. This frame-
work was constructed on the basis of current knowledge about how people
learn and about the nature of subject matter expertise. Advanced study pro-
grams that are aligned with this framework and the attendant principles will
foster deep, robust conceptual understanding. They also will make such
deep learning accessible to a broader range of students, because the prin-
ciples of learning and of program design set forth here (1) recognize mul-
tiple ways of thinking and (2) support a wide range of perspectives and
practices in the school curriculum. The complex, authentic, multidimen-
sional learning opportunities that could be designed following the committee’s
model could make it possible for all children to discover and use their unique
strengths to engage in learning at a deep conceptual level.
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Analysis of the AP and IB Programs
Based on Learning Research

In this chapter, what is known about how people learn, especially the
principles of learning presented in Chapter 6, is used as a lens for analyzing
and assessing the Advanced Placement (AP) and International Baccalaureate
(IB) programs in mathematics and science. In Chapter 9, this analysis is
extended with respect to the design principles of curriculum, instruction,
assessment, and professional development presented in Chapter 7. The analy-
sis highlights some major strengths and shortcomings in the programs as
currently implemented in U.S. high schools and indicates directions for change
that would help bring the program elements into closer alignment with the
principles of learning set forth in Chapter 6 and with the goals of advanced
study. Although the analysis is often critical, the committee recognizes that
these advanced programs challenge some of the nation’s most talented and
highly motivated students and some of its most capable and creative high
school teachers to accomplish more than is generally expected of a high
school education. Both programs have provided models of high expecta-
tions for students and of recognized and valued external assessments of
student achievement. Regular and even honors courses are often not suffi-
ciently challenging for many of the best students in the sciences and math-
emartics.

The AP and IB programs are dynamic and were moving toward signifi-
cant change even as the present study was being conducted, as exemplified
by the report of the Commission on the Future of the Advanced Placement
Program (CFAPP) (2001) and the revision of the IB Experimental Sciences
curriculum, discussed in Chapters 3 and 4, respectively. Both programs are
being adapted to serve broader purposes than those for which they were
originally designed. Sometimes, however, the programs are misused through
no fault of their developers, as discussed in Chapter 10.

Another set of caveats is in order. Neither the College Board nor the
International Baccalaureate Organisation (IBO) articulates the principles of
learning on which its program is based. This is understandable, as both
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programs were created well before the nature of human cognition and learning
became the focus of intensive research or the potential for using this re-
search to inform the design of educational programs was emphasized. None-
theless, now that research is providing a clearer picture of how people
learn, it is important to use this information to consider how to improve the
programs’ courses, assessments, and professional development activities.

Systematic information is lacking about the AP and IB programs as they
are actually implemented in U.S. high schools, including the instructional
strategies used in individual classrooms, the structure of the syllabi in differ-
ent schools, the quantity and quality of the facilities available, the prepara-
tion of teachers who teach the courses, and the ways in which students are
prepared prior to advanced study.! What is known, however, is that there is
wide variation among teachers and schools. Yet data on the nature of this
variation and its effect on student learning are scant, as is information about
the cognitive processes elicited by the AP and IB assessments. Because im-
portant data about the programs have not yet been published by either the
programs or independent researchers, the committee focused its analysis on
what the programs say they do, using available program materials such as
course guides, released examinations, teacher manuals, program goals and
mission statements. and expert testimony from program officials and experi-
enced AP and IB teachers.?

The discussion in this chapter is organized around the seven principles
of learning set forth in Chapter 6 and is based on the evidence noted above,
as well as the findings of the four panels that conducted in-depth appraisals
of the AP and IB programs in mathematics, biology, chemistry, and physics
for this study.? The analysis is focused on determining the extent to which
the AP and IB curricula in science and mathematics and the associated in-
struction and assessments are aligned with the principles of learning and
goals for advanced study outlined in previous chapters. This analysis (and
that of Chapters 9 and 10) serves as the foundation for the recommendations
offered in Chapter 11 for improving advanced study in general and the AP
and IB programs in particular. In presenting these analyses, we emphasize
that AP and IB are different programs designed for different purposes, and

The College Board is beginning to undertake some new research related to how the AP
courses are implemented in schools. See www.collegeboard.org/ap/research/index.html (No-
vember 28, 2001). The IBO has also established a research committee to oversee studies on the
nature of learning in IB classrooms. See www.ibo.org (February 8, 2002).

’The College Board and the TBO provided the committee with a considerable range of
program materials, such as mission statements; course outlines; teacher guides; sample syllabi;
released examinations; scoring rubrics; and research results from studies conducted under the
auspices of their researchers, as well as by independent researchers.

3A summary of the panels’ findings and recommendations is given in Appendix A; and the
full panel reports are available online at www.nap.edu/catalog/10129.html.

Copyright © National Academy of Sciences. All rights reserved.

155


http://www.nap.edu/catalog/10129.html

156

LEARNING AND UNDERSTANDING

therefore that findings related to one program do not necessarily apply to
the other.

PRINCIPLED CONCEPTUAL KNOWLEDGE

A vital goal of advanced study is to help students progress from novice
understanding toward deeper understanding of the fundamental content and
unifying concepts of a discipline and toward greater expertise in the pro-
cesses of inquiry and problem solving. Because they lack an organizing
structure, novices tend to approach problems by seeking formulas or algo-
rithms they have used in the past, by focusing on surface features of the
problems, or by relying on their intuitions and preconceptions. Experts, on
the other hand, think in terms of core concepts and underlying principles in
approaching and solving problems. The evidence gathered for this report
indicates that, in constructing their programs, AP and IB do not make ad-
equate use of what is known about differences in the ways in which experts
and novices structure knowledge. The committee’s findings in this area are
based on several key observations about the programs.

Breadth Versus Depth

According to the mathematics panel, the breadth of coverage in AP
Calculus is appropriate. The curriculum for the IB Mathematical Methods
Standard Level (SL) and Mathematics Higher Level (HL) courses, however,
encompasses an introduction to elementary calculus (similar to the AP
program’s AB-level calculus course) and additional areas of study that the
teacher selects from among available options. The small number of hours
suggested for study of each topic (20 hours for Mathematical Methods SL
and 50 hours for Mathematics HL according to the IBO’s 1998 course de-
scriptions) leads to the concern that students study each topic only at a
procedural level.

The inclusion of too much content is a major issue in the sciences,
especially the AP sciences. The 2-year format of the IB HL science courses
makes the issue of breadth of content coverage less of a concern for these
courses. However, the 1-year IB SL science courses suffer from some of the
same shortcomings as the AP science courses in this regard.

The content that is expected to be taught and ultimately assessed in the
final examinations for many of the AP and IB HL science courses is quite
broad. According to the findings of the biology, physics, and chemistry pan-
els, most teachers, especially AP teachers, find they have insufficient time for
more than superficial coverage of some topics before moving on to others.
These three science panels are unanimous in expressing their concern that,
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in an effort to prepare students for an examination by covering all of the
topics on the course outline, teachers may place undue emphasis on the
presentation and memorization of disconnected facts.

In the science disciplines, both AP and IB materials emphasize con-
cepts, key ideas, and unifying themes. However, the biology, chemistry, and
physics panels emphasize that this commitment is largely unrealized in the
programs’ assessments. Although the science panels find that the examina-
tions do not adequately assess depth of conceptual understanding and place
disproportionate emphasis on recall, the panels are encouraged by the fact
that the College Board is moving toward making improvements in this area.
The 2002-2003 AP biology course description states, “Questions on future
AP Biology Examinations can be expected to test students’ ability to explain,
analyze, and interpret biological processes and phenomena more than their
ability to recall specific facts” (College Entrance Examination Board [CEEB]
2001a, p. 7). Although the IB examinations sample the range of assessment
statements included in the syllabus for each course, the science panels cite
as weaknesses what they consider to be undue emphasis on factual knowl-
edge and failure to target misconceptions and adequately measure concep-
tual understanding.

In their review of the influence of external tests on the curricula pro-
vided in the schools of several nations, Madaus and Airasian (1978) con-
clude that “most studies have found that the proportion of instructional time
spent on various objectives was seldom higher than the predicted likelihood
of their occurrence on the external exam” (p. 21). Since both AP and IB
courses are designed to prepare students for high-stakes, end-of-course as-
sessments, an instructional focus on “big ideas” will likely remain unrealized
until these assessments focus on key concepts in each domain, as has oc-
curred to a considerable extent in AP calculus.

When an advanced course occupies only a single year, as in the AP
program, the broad scope of the curriculum and the demands of the assess-
ments can create a conflict between two goals: providing the broad base of
content knowledge that is perceived to be necessary for the exam, and
promoting conceptual understanding that provides the framework for future
learning and application of knowledge. Program developers can continue to
address this issue by devising focused curricula and by working to equip
teachers to make judgments that support depth of understanding.

Organizing Complex Content

A second observation of the committee and the panels is that the topic
outlines for AP and IB science courses sometimes provide insufficient guid-
ance to teachers about how to organize the enormous amount of recom-
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mended content around important central ideas. The course objectives are
not uniformly structured to reflect the organizing themes of the discipline;
each objective is presented in isolation, rather than as part of a larger net-
work. Yet it is precisely this network—the connections among objectives—
that is important (National Research Council [NRC], 2000b).

In biology, for example, although the AP course description explicitly
addresses principles and themes, teachers are merely given a brief, open-
ended framework for conceptual knowledge using themes that cut across
different topics and must organize the content themselves. The committee is
concerned that students, given the sheer volume of material with which they
are confronted in a typical AP biology course, may be unable to use the
organizing themes effectively, even when they know what those themes are.
Being able to state a theme or memorize a statement is a far cry from under-
standing it.

The IB Biology Guide, like the guide for all of the IB experimental
sciences, identifies “essential principles of the subject” that are common to
both the SL and HL courses in a discipline, but the assessment statements
used to define what should be taught are grouped by topic rather than
thematically. Here also teachers are expected to organize and integrate the
material on their own. While it is important not to specify course designs too
rigidly, further guidance on organizing the recommended content might pro-
duce more consistent results—especially when teachers are undergoing
changes in their practice.

In contrast, in the opinion of the mathematics panel, the topics in the AP
calculus syllabi are appropriate and well connected. In its current formula-
tion, AP calculus pays careful attention to the central concept of function
and to connecting the common ways (numerical, graphical, analytical, and
verbal) of representing functions. There is likewise careful attention to
developing the main concepts of differentiation and integration, including
several interpretations of and applications for each.

Examinations and Conceptual Learning

The AP and IB examinations could be improved if they required stu-
dents to demonstrate a deeper level of conceptual understanding to earn
passing grades. Two of the panels (calculus and chemistry) attribute this
problem, of limited depth, at least for AP, in part to the relatively predictable
nature of many items on the respective examinations. This characteristic
allows or even encourages teachers to instruct students on how to answer
particular types of questions, a practice that might not occur if tests con-
sisted of widely varied items whose solutions required the integrated appli-
cation of key principles.
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For example, the mathematics panel is concerned that teachers may be
encouraged to focus on teaching their students specific problem types in-
stead of engaging them in modeling and problem-solving activities that would
lead to greater understanding of the underlying concepts of the subject. As a
result, students could compute a right answer in a limited range of situations
but be unable to explain why their solution is correct. Students who do not
understand the concepts underlying procedures will have difficulty using
mathematics to solve unexpected problems or applying their knowledge in
other disciplines, such as physics or economics, or in real-world settings.

The mathematics panel notes that the AP examination has improved
under the new syllabus. The effort to promote conceptual understanding by
asking nonstandard questions and requiring verbal explanations is an excel-
lent step in the right direction. The fact that there is now a wider variety of
applications of integration (and not from a prescribed list) encourages stu-
dents to think about the meaning of an integral. The panel recognizes and
applauds the fact that that the College Board is taking such steps to encour-
age more modeling activities (applications) and to make its tests less predict-
able (see, for example, CEEB, 2001b). The mathematics panel notes that
many problems on the IB mathematics examinations could also be solved
procedurally if students were taught to do so or if they had solved enough
practice problems. The panel concludes, however, that there is such a broad
range of topics that it would be difficult for students to do well on the
examination as a whole without understanding the underlying concepts.
Indeed, the panel’s analysis of the IB examinations suggests that consider-
able conceptual understanding is required for students to do well. Tt ap-
pears, however, that opportunities are missed throughout the exam to con-
nect procedural knowledge with conceptual knowledge; this emphasis on
procedural knowledge could lead to superficial instruction in IB classrooms.

The science panels call for final assessments that are better tests of con-
ceptual understanding, with less emphasis on students’ ability to remember
discrete facts, formulas, and procedures. The inclusion of novel tasks that
require the application of key principles could encourage teachers to focus
on students’ development of conceptual understanding and ability to make
interdisciplinary connections. The use of a wider range of assessment strat-
egies also might encourage effective instruction (Rice, Ryan, and Samson,
1998). The science panels note that both AP and IB are taking positive steps
in this direction. For example, some AP science examinations ask students
to design experiments and to demonstrate their solutions to problems. Do-
ing well on this task requires that students have significant prior experience
with designing experiments to solve a variety of problems. Teachers thus
have an excellent incentive to engage students more regularly in these types
of activities.
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PRIOR KNOWLEDGE

Research on cognition has strongly confirmed the importance of prior
knowledge for all aspects of thinking and learning. One reason prior knowl-
edge is important is almost self-evident: new knowledge is built on what
learners already know. Thus before entering AP or IB courses, students
need a solid knowledge base.* To focus the curriculum and instruction ap-
propriately (a critical factor in maintaining student motivation, as well as in
developing understanding), teachers need a clear idea of the depth of knowl-
edge, skills, and experiences their students bring to the classroom.

Prerequisites

Both the AP and IB programs provide fairly detailed information about
the necessary prerequisite knowledge and skills in mathematics.> However,
neither the College Board nor the IBO clearly specifies the competencies
students must master in advance in the sciences. In both mathematics and
the sciences, the College Board suggests (but does not require) that students
complete a previous course or combination of courses before enrolling in
AP sciences. Schools are free to adhere to these suggestions or not. State-
ments about the need for such courses are of limited value for several rea-
sons. First, similarly titled courses vary widely in content and rigor, so stu-
dents may not have the necessary background even if they follow this ad-
vice. Second, some students acquire the knowledge and skills necessary for
success through independent study or related experience, not through tradi-
tional course taking. Finally, even when prerequisites are clearly specified, it
may be difficult to ensure that students have met them.

The IBO does not specify any prerequisites for the experimental sci-
ences. IB HL courses are taught over 2 years. Therefore, the IBO does not
believe it necessary to specify prerequisite courses for the experimental sci-
ences, assuming that a 2-year course of study provides ample opportunity
for students to both build a solid foundation in the discipline and pursue
advanced work. However, these courses also are built on prior knowledge
to some extent, and this is worth specifying.

Identifying the prerequisite student knowledge and skills needed for
success in each course is of considerable importance to schools in providing
adequate preparatory experiences (tools for gauging student mastery of these
skills would also be useful). A clear articulation of the body of necessary

Interestingly, it has been shown that good science instruction in grades 1 and 2 can
strongly influence learning throughout the high school years (Novak and Musonda, 1991; Sneider
and Ohadi, 1998).

>The IBO calls these skills “presumed knowledge.”
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prior knowledge could help teachers and counselors advise students about
their readiness to take specific AP or IB courses, and appropriate assess-
ments could help them identify areas of weakness that should be addressed
before advanced study begins. The programs attempt to provide this infor-
mation to varying degrees. However, identifying the full range of prerequi-
site content knowledge, conceptual understanding, and skills is a complex
task requiring the combined efforts of experts from the science disciplines,
cognitive psychologists, master teachers, and staff from the advanced study
programs. The committee believes that the benefits for student learning are
well worth the effort. At the same time, while this task is important, it is also
essential that prerequisites not become barriers to participation for students
from particular ethnic or socioeconomic groups (see Chapters 2 and 10, this
volume).

An alternative to the use of more testing to measure readiness for ad-
vanced study might be to adopt a developmental approach, such as that
devised by the Australian Council for Educational Research. Central to this
approach are models of learning known as progress maps, which provide a
sequential description of skills and knowledge indicating both the goal and
the steps necessary to achieve it. Readiness for AP or IB courses could be
calibrated with a position on such a map (as cited in NRC, 2001a, p. 181).
Use of such an approach also might be beneficial for students seeking to
prepare themselves for advanced work through independent study.®

The American Association for the Advancement of Science’s (AAAS)
Project 2061 program for science literacy recently produced an atlas of learning
maps that indicate the interrelationships among science concepts. Although
limited in scope at present, these maps provide a useful set of guidelines for
building upon science concepts as students advance through school (AAAS,
2000). Adapting aspects of these maps could assist experts in developing
appropriate measures of prior knowledge and readiness for advanced study.

Coordination of Courses

The fact that students need to acquire certain prerequisite knowledge
and skills before participating in advanced study implies that greater atten-
tion should be paid to across-grade curricular and instructional planning. If
advanced study is viewed as an extension of the regular curriculum, it fol-
lows that students’ success in such programs depends on knowledge and
skills acquired much earlier.

°To date, progress maps have been developed primarily for elementary and middle school
mathematics and science. If they are to be useful for the purpose proposed here, teams of
experts will be required for their development. Examples of progress maps can be found at
WWW.Acer.org/.
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For example, the study of calculus logically builds on foundational knowl-
edge acquired in previous courses in mathematics. Yet the mathematics panel
points out that there are not enough checks in the system to ensure that
students have mastered the algebra, trigonometry, and precalculus concepts
and skills necessary for success in calculus and in courses beyond. The
performance of many AP calculus students is undermined by the fact that
they do not learn precalculus thoroughly, or learn adequately how to solve
problems and think mathematically. This situation is not a defect of the AP
calculus course per se, but of the system in which it is embedded.

An example of prior foundational knowledge is the periodicity of trigo-
nometric functions, such as sine and cosine. While these are not calculus
concepts, an understanding of these functions is needed in the study of
calculus. If these ideas are learned poorly or not at all in previous coursework,
the calculus teacher must devote valuable instructional time to their devel-
opment, or some students will experience difficulty.

The science panels argue that a syllabus for a year-long advanced course
that also serves as an introduction to the discipline allows too little time for
students to develop the depth of conceptual understanding that should be
the fundamental goal of advanced science courses. Thus they unanimously
recommend that students study the biology, chemistry, or physics that is
suggested for grades 9—12 in the National Science Education Standards (NRC,
1996) before enrolling in advanced high school courses in those disciplines.”
At the same time, to ensure that students who complete introductory courses
do not face excessive redundancy in subsequent courses requires active
coordination among teachers at different grade levels.

Implications of Prior Knowledge for Instruction

Because prior knowledge is so important to students’ ability to under-
stand new material, care must be taken to structure advanced courses around
a coherent curriculum. That is, the presentation of topics must be sequenced
so that the concepts and processes imparted to students gradually become
more complex (AAAS, 2000). Neither the AP course descriptions (see for
example, CEEB, 2001b, p. 8) nor the more detailed IB program guides pro-
vide guidance on sequencing concepts or topics. In fact, the IB Chemistry
Guide notes that the order in which topics are presented on the course
outlines does not constitute a recommended sequence: “It is up to the indi-
vidual teachers to decide on an arrangement which suits their circumstances”

7All of the panels agree that there are exceptions to this general rule. For example, particu-
larly precocious students or those who have had significant experiences outside of the class-
room related to the discipline might be able to skip the first course.
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(IBO, 2001b, p. 35).8 Similar statements are included in 1B program guides
for mathematics, biology, and physics IBO, 2001a, p. 5; IBO, 2001c, p. 9).
This flexibility can be a strength in the hands of good teachers because they
can adjust their activities in response to what their students understand. On
the other hand, less-experienced AP or IB teachers may try to follow college
textbooks too closely, and according to the chemistry panel, their doing so
could contribute to the problem of excessive breadth.

Misconceptions and Formative Assessment

One important subset of prior knowledge involves misconceptions and
naive theories, as discussed in Chapter 6. Even well-performing students
often retain and use deeply flawed prior beliefs. The AP and IB programs
could address this problem in several ways. First, using emerging research
on student misconceptions, they could include in their course guides infor-
mation about typical misconceptions that students may already harbor or
that may arise during study of each of the topics included in the courses.
There is considerable research and detailed description of the common types
of misconceptions held by learners in mathematics and physics (see for
example, Driver, Squires, Rushworth and Wood-Robinson; 1994; Gabel, 1994;
Minstrell, 2000b). Information might be provided in the teachers’ guides
about these common misconceptions, as well as strategies that could be
used to address them. Second, a focus on detecting and addressing common
misconceptions in content areas could be built into professional develop-
ment programs. Third, items could be included in the AP and IB final assess-
ments that would reveal common misconceptions, thus focusing teachers on
the goal of identifying and remediating misconceptions that persist even
after instruction. While the AP physics examination now does this to some
extent, the mathematics panel notes that AP calculus examinations miss op-
portunities to include questions that address common student misconcep-
tions, such as those that arise in attempting to understand the derivative,
slope fields, and functions.

One effective strategy for identifying student misconceptions, especially
those that endure after instruction, is the use of curriculum-embedded (for-
mative) assessment, which enables teachers and students to set intermediate
goals for learning and to select appropriate materials and tasks for pursuing
those goals. Formative assessment can also provide information about stu-
dents’ preconceptions and misconceptions, thereby informing subsequent
instructional choices (see, for example, Kozma and Russell, 1997; Mestre,
1994; Minstrell, 2000a; NRC, 2001a). The College Board and the IBO could

8Similar statements are found in AP course guides and teacher’s guides.
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develop or help teachers develop the tools needed for this purpose. Al-
though some excellent teachers apply this strategy already, it probably can-
not be presumed that most do so.

The IBO helps teachers integrate formative assessments of students’ prac-
tical (laboratory) work and portfolios into instruction on an ongoing basis.
However, it does not provide guidance on the development or structure of
other forms of ongoing assessment. The AP program provides no explicit
guidance on the structure or development of classroom-based assessments,
although course guides and teachers’ guides mention the usefulness of such
measures. The panel’s appraisal of professional development materials pro-
vided by the AP and IB programs indicates that classroom assessment re-
ceives limited attention.

Lacking appropriate interim assessments, many teachers use previously
released final examination questions throughout the school year to measure
student achievement. This strategy may be useful for predicting students’
performance on the AP or IB examinations or providing practice with the
test format and item types, but it is of little use as a tool for identifying
misconceptions or appraising students’ conceptual understanding because
the test items are not designed for this purpose. AP and IB teachers also
would benefit from professional development opportunities directed toward
improving their knowledge of common misconceptions and assisting them
with the development of activities or formative assessments that could be
used to detect and address those misconceptions. Experienced teachers of
advanced study would be needed to staff such workshops.

METACOGNITION

Advanced study courses present a significant opportunity for providing
students with instruction in metacognition, or self-monitoring of learning
(Mintzes, Wandersee, and Novak, 2000). Research has shown that strong
metacognitive skills are characteristic of experts in any field, as well as of
effective school-age learners, and that they are developed most effectively
in the context of a discipline. For example, White and Frederickson (1998)
demonstrate that teaching students metacognitive strategies in physics im-
proves their understandings of the concepts of that discipline. Similarly,
Schoenfeld (1983, 1984, 1991) shows that a metacognitive approach to in-
struction improves students’ heuristic methods for mathematical problem
solving.

Minimally, AP and IB course materials should recognize proficiency in
metacognition as a goal of advanced study. Teachers should elicit
metacognitive activity in classroom discourse by posing questions and mod-
eling reasoning. In addition, suitable opportunities for students to demon-
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strate metacognitive strategies should be built into curricular materials and
assessments. The goal should be to help students become proficient in moni-
toring their own thinking and learning.

Although the AP course outlines and professional development pro-
grams for mathematics and science teachers currently pay little explicit at-
tention to metacognition, the teachers’ guides suggest that teachers help
students develop skills that are important components of metacognitive strat-
egies. For example, according to the teacher’s guide for AP chemistry (Mullins,
1994, p. 8), “It would be unreasonable to expect that all AP students come
into the class with strong analytical and critical thinking skills; therefore the
AP teacher must strive to strengthen these skills within the students. A pro-
cess of problem solving should be continually modeled and reinforced.”
Likewise, the teacher’s guide for AP calculus (Kennedy, 1997, p. 48) sug-
gests that “teacher modeling of questioning and exploration, multiple ap-
proaches to problem solving, correct use of terminology, clarity of work,
and openness to the ideas of others are all essential.” The committee views
these suggestions as positive steps toward addressing the important role of
metacognition. However, the statements in the teacher’s guides are isolated,
and the committee believes the importance of metacognition currently is
substantially underrepresented in both the teacher’s guides and the types of
questions students encounter on the final AP examinations in science. As is
the case for principled conceptual knowledge, an instructional emphasis on
metacognition will not be realized until that emphasis is reflected in the
assessments.

The committee views as promising the fact that in future AP calculus
examinations, students will be required to justify and explain their solutions
to all calculator problems. Scoring rubrics will consider both the correctness
of the solution and whether the reasons for using the selected procedures
are justified. Given the strong influence of the assessments on the content
and structure of curriculum and instruction, it is likely that AP calculus teachers
will provide frequent opportunities for students to make their thinking vis-
ible. The committee commends the AP calculus development committee for
its attention to this important principle of learning and encourages other AP
development committees to follow suit.

The IB program also provides significant opportunities for students to
learn and develop metacognitive skills. As discussed in Chapter 4, the IB
Theory of Knowledge course? is designed to provide students with knowl-
edge about cognitive processes and strategies, practice in using those strat-
egies, and opportunities to evaluate the outcomes of their efforts. “It encour-

°This course is a requirement for students seeking an IB Diploma (see Chapter 4, this
volume, for other requirements).
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ages students to become aware of themselves as thinkers, to become aware
of the complexity of knowledge, and to recognize the need to act responsi-
bly in an increasingly interconnected world” (IBO, 2000b, p. 3).

DIFFERENCES AMONG LEARNERS

The existence of differences among learners and the extraordinary com-
plexity of such differences have implications for how educational programs
are structured, how students are taught, and how learning is assessed. They
are also relevant to teacher professional development.

Research on how students differ in knowledge representation and ex-
pression is difficult work that is not yet complete. Nonetheless, programs
such as AP and IB can begin to address student variations by building corre-
sponding variability into their curricula and assessments and by addressing
learner differences as part of their professional development opportunities
for teachers. While variety will not ensure a perfect match of instruction or
curriculum to the preferences or abilities of each student, it will likely pro-
vide many more students with opportunities to learn in ways best suited to
their strengths, at least some of the time.

AP or IB teachers who creatively mix pedagogical approaches with sen-
sitivity to the profile of learners in particular classes are likely to reach a
broad range of students with varying learning modes and may motivate
more students as well. The IB program guides for the experimental sciences
recognize the importance of this tenet by indicating that there is no single
best approach to teaching IB courses and that teachers should provide a
variety of ways of acquiring information that can be accepted or rejected by
each student, allowing different routes through the material (IBO, 2001a,
2001b, 2001c, p. 11). A combination of approaches is also likely to result in
students learning the same concepts in multiple ways, a strategy that is
conducive to building deep understanding. An example of such a strategy is
the current “rule of four” emphasis in calculus, which suggests that students,
with the help of their teachers, see the links among four representations of
mathematics: numerical, graphical, symbolic, and verbal.

Using Differences Among Learners in Assessment

As discussed in Chapter 6, students with different learning styles may
need different ways to demonstrate their knowledge and skills. For ex-
ample, some students work well under pressure, while the performance of
others is significantly diminished by time constraints. Some students ex-
press themselves well in writing, while others do not. Using one form of
assessment will work to the advantage of some students and to the disad-
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vantage of others. Research (see, for example, Linn, 2000; Mintzes et al.,
2000; NRC, 2001a) also indicates that the use of different measures admin-
istered over a period of time will offer a more accurate picture of what
students know than any single measure can provide (Linn and Hsi, 1999).
Using information gathered from multiple sources shows respect for the
diversity among learners.

The internal assessment that is part of all of the IB experimental science
courses and the portfolio that is part of the IB mathematics courses are
examples of how large-scale assessment can incorporate the results of differ-
ent types of measures into a final evaluation of student achievement. How-
ever, the scores earned on the internal assessment and the portfolio are not
reported separately, but are combined with scores earned on the written
final examination and contribute only a fraction of the student’s total score.
Therefore, some information is lost that might be useful in providing a fuller
picture of students’ capabilities.

The AP reporting levels of 1 to 5 do not differentiate well among stu-
dents at higher levels of achievement. A score of 5 putatively represents a
commendable level of proficiency, but it fails to capture just how proficient
a student is or what a student knows qualitatively. At all levels of achieve-
ment on the AP assessments, the score by itself does not speak to what
students actually understand. For example, a student who earns a 3 on an
AP biology examination might know a great deal about a few topics or less
about many things. A student who earns a score of 1 might either know little
or have failed to make an effort on the examination. The physics panel
addresses this issue at length, indicating that two students who earn scores
of 5 can have vastly different levels of understanding. Scores on the 2000 AP
Physics B examination that result in a 5 range from 104 to 180. The panel
states unequivocally that students at the higher end of the score range are far
more competent than those at the lower end. Institutions receiving student
scores could benefit from information that reflects this difference. The com-
mittee notes that even students who achieve a score of 5 could have serious
gaps or inconsistencies in their understanding, and these gaps ought to be
revealed as well.

With some planning and effort, the College Board could do much better
in assigning qualitative meaning to summary scores.'? One possibility is that
a numerical summary of performance—say a score of 4—could be linked to
a description of what students who earn that score are likely to understand.

19The committee notes that the reporting structure of an assessment cannot be modified
without considering whether the test can support the inferences that will be drawn from the
reported scores. If they cannot, changes may have to be made in the test itself. This requires
long-range planning and changes that must be made at the test development stage.
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It also may be possible to review the specific responses of examinees and
evaluate them for gaps in understanding, or to provide subscores for specific
skill and knowledge areas. Currently, most AP examinations do not include
enough items targeting the same concept or skill to allow development of a
meaningful subscore for individuals.!' An exception is the AP Calculus BC
exam, which already provides a useful subscore indicating proficiency on
the AB section of the material. To develop useful subscores on other exams,
the assessments might have to cover less material more deeply or include
more items. Reducing the breadth of material covered on the assessments
could potentially accomplish two important goals: providing more meaning-
ful and useful information about student performance, and reducing the
breadth of content teachers are expected to cover and students are expected
to learn in AP classes.

MOTIVATION

Learners’ academic motivation influences their choices about which tasks
to undertake, the persistence with which they pursue these tasks, the level
of effort they expend, and their thoughts about the usefulness of the tasks
and their performance on them. Eccles and colleagues (Eccles, Wigfield, and
Schiefele, 1998) organized research about motivation into three broad ques-
tions students might ask themselves when confronted with a new task: Can
I do this task? Do I want to do this task and why? What do I have to do to
succeed on this task? These questions are used below to frame an analysis of
the ways in which the AP and IB programs help or impede students in
developing and maintaining their motivation in advanced study programs.

Believing in the Possibility of Success

Factors that contribute to students’ sense that they can be successful in
AP or IB courses have been discussed earlier in this report. These factors
include students’ positive beliefs about their own competence, their expec-
tations for success or failure, their sense of control over the outcomes, their
belief that others think they are competent, their belief that support of vari-
ous kinds is available if they need it, and a strong sense that what they have
learned before is adequate preparation for the challenges they will face in
AP or IB. The IBO’s Middle Years Programme and the College Board’s Verti-
cal Teams, Equity 2000, and Pathways Programs are designed to help stu-
dents believe they can be successful in AP and IB courses.

HCurrently the College Board provides aggregate subscore information to teachers of
classes in which five or more students sit for the examination. The IBO provides similar feed-
back to its teachers.
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Deciding to Enroll in an Advanced Course

Many able high school students and others take AP and IB courses
because they seek opportunities to challenge themselves academically—
opportunities that might otherwise not be available in high school courses.
Others select these courses because they believe extrinsic rewards will ac-
crue to them for doing so. These rewards include, for example, a potential
advantage in the college admission process at competitive colleges,'? oppor-
tunities for academic recognition, the possibility of earning college credit,
and the possibility of placing out of introductory college courses.!> Most
students, however, are motivated by a combination of internal and external
factors.

Some students take these courses because their parents want them to
do so. Parents’ reasons may include those mentioned above, as well as
beliefs that AP and IB courses are taught by better teachers and produce
more learning, that there are fewer discipline problems in these courses,
and that students will have greater access to resources and opportunities in
these courses than in others. Peers also exert a strong influence on stu-
dents’ decisions on whether to enroll. Students who are members of peer
groups that value AP or IB participation are probably more likely to enroll
even when they are not personally interested in a course. This observation
may have serious implications for able students who attend schools where
their peers do not value academic achievement. Still others take AP and IB
classes because no other options exist in their high schools. This is particu-
larly the case in mathematics: students who complete precalculus often
have no other choice but to take AP or IB calculus if they want to continue
with mathematics.'*

Investing Effort for Success

Even when students are prepared to take AP or IB courses and have
determined that they want to do so, they still must ask themselves whether

ZResponses to a survey of college admission officers conducted by the committee clearly
indicate that student perceptions in this area are accurate and that the more selective a college
is in terms of admission, the more important it is that a student participate in AP and IB courses
if their high school offers such courses (see Chapter 2, this volume).

3The committee conducted a survey of biology and mathematics departments at a sample
of colleges and universities to ascertain how AP test scores are used for placement and credit
(see Chapter 2, this volume).

4In September 1986, the Mathematical Association of America and the National Council of
Teachers of Mathematics released a joint statement advocating that calculus courses taken in
high school be at the college level, in other words, at the level of AP or IB. The statement was
published in Calculus for a New Century (Steen, 1988).
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they are willing to expend the effort required for success. Researchers have
begun to examine the relationships among motivation, cognition, and the
social context in which learning takes place. The results of some of this
work suggest that educational programs designed in accordance with the
principles of learning described in this report can enhance students’ motiva-
tion to engage in advanced study even when considerable effort is involved.
Research also has shown that when computers, teachers, and peers are inte-
grated as learning partners, not only does greater achievement result, but
also more positive affective changes occur (Canas, Ford, Novak, Hayes, and
Reichherzer, 2001; Linn and Hsi, 1999).

Motivation and the Final Examination

It is interesting to note that a far larger percentage of 1B than AP students
take the final examinations.'> The IBO promotes the idea that IB courses
prepare students for success in college and in real life. The examinations,
students are told, are an integral part of the course and are the best way for
them to demonstrate to themselves and others that they have achieved com-
petence. In contrast, AP materials focus primarily on the usefulness of AP
test scores for college credit and placement. If students lose interest in earn-
ing credit or placement or the colleges at which they plan to matriculate do
not accept AP credits,'® they may choose not to sit for the examinations.

The College Board is concerned about the number of students who do
not take the AP examinations and is considering ways to address this issue
(CFAPP, 2001). All four of the panels and the committee believe that sitting
for the examinations should become an integral part of AP courses (see
Chapter 11). Otherwise, students will miss an important opportunity to vali-
date their performance, colleges and universities will lack information that
can be highly useful in deciding on appropriate placements, and AP will be
less credible as a rigorous program for high school students.

LEARNING COMMUNITIES

Learning is mediated by the social environment in which students inter-
act with others. Although students also learn individually, research indicates

5Virtually all IB students take the examinations (Campbell, 2000). In contrast, only two-
thirds of AP students sit for the examinations. (This is an overall estimate provided by the
CFAPP [2001], but the committee does not know the extent to which this figure varies across
disciplines. It may be, for example, that almost everyone who takes AP U.S. history sits for the
examination, but only 25 percent of AP chemistry students do so, or vice versa.)

1Students generally receive acceptance to college prior to the May AP examination dates.
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that learners benefit from opportunities to articulate their ideas to others and
listen to and challenge each other’s ideas, and in so doing reconstruct their
thinking. Teamwork and collaborative investigations similar to those in which
professional scientists engage help students refine important concepts and
principles and apply them in real-world contexts. Students build on the
learning of others through interaction. For example, students who are using
an ineffective problem-solving strategy can learn by observing others who
are using more productive methods.

The panels see learning communities as an important avenue for stu-
dents to develop advanced understanding in their disciplines. The panels
recognize the importance of discourse to both student construction of un-
derstanding and scientific discovery (Dunbar, 1995). They are concerned,
however, that the push to cover too much content during the course of a
school year can discourage teachers from permitting students to engage in
lengthy discussions, ask questions, make conjectures, and challenge each
others’ ideas. The science panels’ reviews of the broad scope of AP and IB
course outlines, sample course syllabi, school scheduling options, and their
own experiences lead them to believe that in many (but not all) AP and IB
science classrooms, a lecture format is used extensively. Lectures can be an
efficient tool for transmitting information, but they are not very useful for
eliciting students’ misconceptions, helping them understand the conditions
for which principles are valid, or providing them with opportunities to prac-
tice skills and receive feedback. Traditional lecture formats limit the ability
of students to be active participants in their own learning because they
cannot control the pace of the information that is being presented, and
interaction between lecturer and learner is limited at best.

The science panels are also concerned that students’ opportunities to
engage in collaborative work with peers in the laboratory components of
science courses may be limited by the brevity of the periods within which
the laboratories must be offered in today’s high schools. They note that most
college students engaged in the same courses have laboratory periods that
are 2 to 3 hours long. The panels commend the College Board for advocat-
ing longer laboratory periods (CEEB, 2001a, 2001¢, 2001d), but are skeptical
about the frequency with which schools are able to implement this sugges-
tion because of other scheduling constraints. The science panels note that a
reduction in the breadth of science curricula could allow more time for
collaboration and inquiry.

The panels note approvingly that the internal assessment criteria for IB
experimental science courses require teachers to structure the classroom and
laboratory environments so that students have opportunities to acquire and
develop skills in working with a team. It is likely that both the AP and IB
programs could make more deliberate use of interactions in promoting stu-
dents’ understanding of science and mathematics through such strategies as
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group case studies, project-based science activities, and use of technology that
facilitates discourse (Ryder, Leach, and Driver, 1999). Finally, it may be noted
that although class time is limited, collaboration can be encouraged outside of
class on homework and other assignments, at the discretion of the teacher.

LEARNING IN CONTEXT

The situative perspective recognizes that learning occurs best in the
context of performing problem-oriented tasks analogous to those encoun-
tered in real work environments. Active, inquiry-based learning should there-
fore be a major component of the learning environment.

There are many instructional techniques teachers can use to situate learn-
ing, such as case-based or problem-based instruction and simulations. How-
ever, as mentioned in Chapter 6, care must be taken with all of these ap-
proaches to provide multiple opportunities for students to engage in activi-
ties in which the same concept is at work; otherwise learning could become
overly contextualized, and students might not be able to discern its useful-
ness in solving different types of problems. The IB program recognizes this:
“Students need to be exposed repeatedly to the application of basic con-
cepts to new situations. This can be done through examples used in the
classroom, by homework assignments which provide a variety of appropri-
ate situations requiring skills beyond recall of information, and by tests and
examinations which use questions similar to those used in the 1B examina-
tion” (IBO, 1999a, p. 401). There are two primary reasons, however, why
multicontext learning is unlikely to occur in AP and IB classrooms: there is a
great deal of material to cover in preparation for the examinations, and the
AP and IB assessments do not measure students’ understanding of underly-
ing principles in unfamiliar contexts frequently enough.

In the real world, problems are not organized neatly into discipline-
specific packages. Thus from the situative perspective, advanced study teachers
should provide opportunities for students to explore the interdisciplinary
connections relevant to complex tasks. Doing so not only makes learning
more interesting and motivating, but also develops students’ capacity to
generalize their learning. In this regard, the mathematics panel concludes:

The AP program does not make a sufficient attempt to connect calculus
with other fields in a realistic way. There is a tendency to use applications
of rather ritualistic and formulaic kinds, and of limited difficulty. The test
concentrates on a few prescribed applications (e.g., determination of vol-
umes) or gives applications that consist largely of interpretation of symbols
or computations in a new context. Its problems have a “whift” of applica-
tion, but they are often jarringly unreal at a deeper level.!”

See the panel’s report at www.nap.edu/catalog/10129.html.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/10129.html

AnaLysis oF THE AP anp IB Programs

While the IB external assessment lacks realistic connections to other
disciplines, the IB portfolio, which was added to the mathematics program
in 2000, includes a modeling exercise that emphasizes interdisciplinary con-
nections with science. The committee and the mathematics panel applaud
this new emphasis and encourage the IBO to expand this emphasis to the
external assessment. The IB science courses include interdisciplinary topics
in some of the topic options and in the required Group 4 interdisciplinary
project (see Chapter 4, this volume, for more information about the IB Group
4 Project). In addition, the selection of curricular options in IB experimental
science courses is based on resources that are available locally. For ex-
ample, an IB chemistry curriculum in a school with access to a university’s
analytical laboratory might include higher physical organic chemistry or
modern analytical chemistry. Similarly, a curriculum in a school located in
an area where there are chemical manufacturing plants could include the
Chemical Industries option. Thus students develop knowledge that is situ-
ated in the relationships, practices, and tools of a community. The AP sci-
ence curricula do not encourage links to other science disciplines, probably
as a result of the independent development of each AP course.

The laboratory components of AP and IB science courses can provide
excellent opportunities for teachers to situate learning in activities that re-
flect the kinds of thinking and problem solving in which scientists engage.
The physics panel notes that experimental work in advanced courses should
provide experience with the ways scientists use experiments, both for gath-
ering data to build theoretical models and for exploring the applicability of
these models to new situations. Although both the AP and IB programs
emphasize the central role laboratory experiences should play in students’
learning, the science panels note that the potential for helping students learn
how science is conducted is not realized to an optimal extent in either pro-
gram. For example, the biology panel notes that the AP required biology
laboratories tend to be more “cookbook” (i.e., a set of prescribed proce-
dures) than inquiry-based and consequently do not replicate the ways scien-
tists work. The physics panel is similarly concerned about the “cookbook”
nature of many physics laboratories commonly used in schools. In these
laboratories, students do not have adequate opportunities to make the kinds
of decisions scientists make from the conception of an experiment to the
critical review of its results.

Another aspect of situated cognition as related to laboratory work is the
ability to use instrumentation. The science panels note that skilled use of
instrumentation is an important aspect of the context in which scientific
discovery occurs. Through the use of authentic activities, including labora-
tory work and the skilled use of appropriate instrumentation, the situated
nature of learning is respected. Students are less likely to memorize words
or phrases that hold no meaning except for helping them obtain high exam
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scores or grades. Instead, learning can be embedded in more authentic con-
texts and realistic activities, using tools appropriate to the subject. The biol-
ogy panel notes that the AP biology laboratory exercises do not require
much instrumentation. The physics panel indicates that neither AP nor IB
curricula reflect the growing use of computer modeling for the study of
physics.

IB science and mathematics assessments, as a function of the internal
assessment'® and portfolio!® components, respect the situated nature of learn-
ing better than do AP assessments.?’ This is because the AP examinations
rely exclusively on a single assessment that uses only multiple-choice and
free-response questions to measure student achievement. The chemistry panel
contends that paper-and-pencil assessments, such as the AP examinations,
are not sufficient to measure students’ understanding of laboratory methods
or interpretation of laboratory data. The biology and physics panels concur.
The mathematics panel, while appreciative of the portfolio component of
the IB mathematics courses, does not believe the portfolio alone eliminates
the need to include on the final examinations questions that require students
to use their knowledge and skills to solve real and unfamiliar problems.

CONCLUDING REMARKS

This chapter has presented an analysis of programs for advanced study
through the lens of research on learning, as summarized in Chapter 6. The
focus has been on the themes of conceptual learning, prior knowledge,
differences among learners, motivation, learning communities, and the con-
text of learning. In general, although the programs have important strengths,
they do not yet effectively utilize what is known about how people learn. In
many instances, they insufficiently emphasize conceptual learning that uses
inquiry-based methods, nor do they adequately take into account the impor-
tance of prior knowledge (including student preparation in earlier courses).
Some of the courses are too broad to allow mastery. Most could do more to
help students gain the ability to apply their learning in unfamiliar situations.

18The internal assessments in the experimental sciences are focused on the candidates’
skills in laboratory investigation, which include planning, data collection and processing, evalu-
ation of procedures and results, and manipulative skills and personal skills, which include
working with a team (IBO, 2001a, 2001b, 2001c, pp. 20-22).

“The purpose of the mathematics portfolio is to “provide candidates with opportunities to
be rewarded for mathematics carried out under ordinary conditions, that is, without the time
limitations and stress associated with written examinations” (IBO, 1998b, p. 47).

20As discussed in Chapter 4, the IB internal assessment allows teachers to evaluate stu-
dents as they use their knowledge and skills to solve real problems in settings other than
testing.
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Although the analysis here has included examples from the four disci-
plines on which this study is focused, the discussion has been fairly general.
Readers who are interested in one of the disciplines in particular will find an
in-depth assessment in the corresponding panel report. Readers are encour-
aged to peruse these reports individually or to examine the summary of their
findings presented in Appendix A.

Chapter 9 examines the AP and IB programs from a different but related
point of view: the four elements of educational programs—curriculum, in-
structional methods, ongoing and end-of-course assessments, and opportu-
nities for teacher preparation and professional development. The discussion
in that chapter considers the extent to which these elements of the AP and
IB programs nurture deep conceptual understanding among students—the
committee’s view of the primary goal for advanced study.
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Analysis of AP and IB Curriculum,
Instruction, Assessment, and
Professional Development

This chapter reviews the AP and IB curricula and associated instruc-
tional strategies, assessments, and professional development opportunities
to identify those features that are consistent with the design principles set
forth in Chapter 7. Also examined are the ways in which the four program
elements interact to support or undermine students’ attainment of the deep
conceptual understanding that is the goal of advanced study. In presenting
this analysis, the committee acknowledges that there are many teachers in
the United States who, by virtue of their experience and pedagogical skills,
are able to overcome many of the program deficiencies discussed. We also
recognize, however, that an improved program would only serve to en-
hance the capabilities of these teachers. Additionally, for the many teachers
who are not as skilled or experienced, it is important that the curricula and
related assessments and teacher preparation for these courses be aligned
more completely with what is known about learning to ensure high stan-
dards and quality instruction for all AP and IB students.

CURRICULUM
Depth Versus Breadth

The committee’s analysis of the AP and IB programs reveals some fun-
damental characteristics that are incompatible with a curriculum designed to
foster deep conceptual understanding. The first major discrepancy, which
applies equally to AP and IB, relates to the “less is more” concept in curricu-
lum design. The idea is simple: only if a curriculum is not overly broad in
terms of the number of topics to be studied is it possible to study topics in
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sufficient depth to develop deep conceptual understanding. This idea is
consistent with national standards in mathematics and science for grades K-
12 (American Association for the Advancement of Science [AAAS], 1993;
National Council of Teachers of Mathematics [NCTM], 2000; National Re-
search Council [NRC], 1996). While the written materials produced by the
College Board and the International Baccalaureate Organisation (IBO) ac-
knowledge the importance of depth and focus, the daunting scope of the
curriculum guides and the associated assessments in some subject areas
sends a very different message. One notable exception is the revised AP
calculus syllabus, which reflects an appropriate balance between breadth
and depth.

Curriculum Development

AP course outlines (and assessments) are designed to mirror the content
of typical college-level introductory courses (see Chapter 3, this volume). AP
courses are intended to be an acceptable substitute for the introductory
courses offered at more than 2,000 colleges and universities. Because AP
courses cannot duplicate all of these college offerings, AP development com-
mittees try to make the courses maximally similar to as many of their college
counterparts as possible. If one makes the commonsense assumption that
college-level courses vary substantially in quality, such an approach will
limit the development of high-quality AP courses. Average and excellent are
incompatible. By focusing on average rather than exemplary programs, the
development process results in an almost certain regression to the mean. A
far better goal for the development of AP courses would be to design them
in accordance with the principles articulated in this report. Further, sug-
gested instructional strategies should reflect the range of best practices in
both high school and college courses instead of emulating college courses
across a range of quality and content. Throughout the development process,
the goal of fostering learning with deep conceptual understanding must
always be pursued.

AP course content is determined using data supplied by college and
university department officials who respond to a survey distributed by the
College Board. According to College Board officials, the response rate to
these surveys is rather low—approximately 40 percent. Thus the responses
of a small number of college and university departments may have an undue
influence on what is taught in advanced courses across the nation. Design-
ing AP courses to reflect a typical college course also means that until cur-
ricular changes become common in introductory college courses, these
changes will not be included in AP. On the other hand, because IB courses
are developed differently (see Chapter 4, this volume), they can be more
responsive than AP courses to changes in the disciplines.
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The committee notes that in the 1990s, the College Board began experi-
menting with other development strategies. In 1994, 23 nationally recog-
nized experts in the area of calculus reform were brought together to work
with the development committee in redesigning the AP calculus curriculum.
The give and take and varying perspectives of these experts helped create a
course that did not simply replicate a typical college course, but reflected
current consensus on best practices in mathematics teaching and curriculum
design.! The collaborative model used to develop AP calculus offers insight
into how course development procedures could be modified to improve
programs. The best possible outcome is that a focus on quality will result in
university and AP courses having reciprocal effects on one another.

Variability

As noted earlier in this volume (see Chapters 3, 4, and 8), AP and IB
courses in the same discipline vary from school to school and even from
classroom to classroom. Individual teachers are given substantial leeway in
implementing AP or IB courses in their classrooms. While flexibility in cur-
ricula is an attractive feature for many experienced teachers, allowing them
to be creative in their instructional approaches, the result is that college and
university faculty face the same problems as AP and IB teachers in being
unable to determine what incoming students know and are able to do.

Research on the nature and effectiveness of various practices in AP and
IB classrooms is scant. Little is known, except anecdotally, about how AP
and IB classrooms are organized, how the courses are implemented, and
how they relate to existing school and district curricular offerings. School
differences also affect how a course is implemented. The length of class
periods, available facilities, and existing state standards, for example, all
help shape the courses differently in each locality. Research is needed to
understand these differences and their effects on student learning and achieve-
ment.

INSTRUCTION

Both the AP and IB programs depart significantly from the committee’s
framework for designing effective programs for advanced study by failing to
address the element of instruction adequately. Neither the College Board
nor the IBO gives sufficient attention to identifying and modeling aspects of

For a complete history of the reform of AP calculus, see http://apcentral.collegeboard.com/
article/0,1281,150-155-0-8019,00.html (February 2, 2001).
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instruction that foster learning with understanding. Further, neither program
presents explicit models of the nature and range of excellent teaching in AP
or IB classrooms. Sample syllabi, Internet discussion groups, professional
development activities, and other resources provided by the College Board
and the IBO are of varying quality, represent limited perspectives on excel-
lent instruction, and do not adequately take into account variability among
students and schools.

Because both AP and IB courses are designed to prepare students for
external, standardized final examinations, instruction in AP and IB class-
rooms is typically directed toward that goal. Unfortunately, the broad scope
of the AP and IB curricula, the significant number of examination questions
that appear to require only rote learning, and the predictability of the ques-
tions included on some examinations may lead teachers to focus their atten-
tion on presenting information and teaching problem types, rather than fa-
cilitating active student involvement in learning.

Worthwhile Tasks

One of the primary responsibilities and challenges facing teachers of AP
and IB courses is the selection and development of worthwhile problems,
exercises, tasks, projects, and investigations that can simultaneously develop
conceptual understanding, prepare students for successful performance on
the examination, and address the varying abilities and preferences of stu-
dents in the classroom. Currently, AP and IB materials provide little assis-
tance for meeting this challenge.

Promotion of High-Quality Instruction

High-quality instruction in AP and IB science and mathematics courses
depends on the availability of qualified teachers. The committee found that
neither the College Board nor the IBO has clearly defined the preparation
and qualifications of AP or IB teachers; doing so could contribute signifi-
cantly to the quality of instruction in the programs.

Schools and districts also have an important role to play in promoting
high-quality instruction in AP and IB classrooms; the College Board and the
IBO cannot do it alone. High-quality instruction depends on many things,
such as adequate instructional resources and laboratory facilities; a structure
that allows enough time for instruction; ongoing availability of high-quality
professional development opportunities; and support from administrators,
parents, and educational policymakers.

Most important, schools and districts must recognize that effective teaching
in AP and IB classrooms requires time. Advanced study teachers, like other
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effective teachers, need time to remain abreast of changes in their subject
areas and in the pedagogy related to their disciplines. AP and IB teachers
need time to prepare their classes, carefully grade and comment on student
work, and engage in collaboration and lesson planning with other teachers
(see Chapter 2, this volume). For example, Ma (1999) indicates that teachers
in China spend more time preparing lessons than teaching them. Time for
collaborative planning is an important part of teachers’ school hours in China.
In the United States, teachers average approximately 13 minutes of planning
time for every instructional hour (Darling-Hammond, 1999b; National Com-
mission on Teaching and America’s Future, 1990).

ASSESSMENT

AP and IB courses are designed to prepare students for standardized
final examinations. Teachers select curriculum materials and gear instruction
to prepare their students for success on these examinations, and students
focus their learning on the concepts and content they believe they will en-
counter on the assessments. It is important, therefore, to better understand
whether these assessments are aligned or in conflict with the principles of
learning with understanding and the design principles of assessment.

Examination Design and Development

As noted earlier (see Chapter 3, this volume), AP examinations are de-
signed by development committees for each of the disciplines in consulta-
tion with statisticians and psychometricians to create examinations that meet
accepted standards for technical quality (American Educational research
Association [AERA]/American Psychological Association [APA]/National Council
on Measurement in Education [NCME], 1999).2 Thus, the development pro-
cess incorporates the judgments of both disciplinary and psychometric ex-
perts. IB examinations are designed differently, in a manner similar to that
which might be used by teachers who have a sophisticated understanding of
their discipline (see Chapter 4, this volume). Thus, the development of IBO
assessments depends heavily on the expertise and professional judgment of
master teachers and less on psychometric calibrations. These differences
between the two programs’ assessments should be considered in light of the
ways students’ examination scores will be used and the kinds of inferences
users expect to support with the scores.

"Readers who are interested in a more detailed discussion of test construction are referred
to other sources (see, for example, AERA/APA/NCME, 1999; Millman and Greene, 1989).
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Support for Inferences Drawn from Assessment Results

As noted in Chapter 6, validity research is a vital component of any
high-quality assessment program. Validity involves what an examination mea-
sures and the meaning that can be drawn from the scores and the actions
that follow (AERA/APA/NCME, 1999; Cronbach, 1971). For each purpose for
which the scores are used, there must be evidence to support the inferences
drawn. In the case of AP, for example, the College Board wants users to
draw the inference that students’ performance on AP examinations is indica-
tive of their mastery of material taught in a typical college course in the
subject. The IBO wants users to draw the inference that students who earn
an IB Diploma through their performance on six IB examinations’ are ad-
equately prepared for postsecondary work in many countries.

“The process of validation involves accumulating evidence to provide a
sound scientific basis for the proposed score interpretations” (AERA/APA/
NCME, 1999, p. 9). The AP Technical Manual describes two common inter-
pretations of AP scores: (1) a good AP grade indicates that the student would
benefit from entering a course more advanced than the usual first-year course,
and (2) an AP grade indicates that the student should receive credit for a
college course that he or she has not taken.* The IBO does not describe the
appropriate interpretations of IB grades other than to say that they reflect
students’ mastery of course content that is designed to prepare them for
postsecondary learning.

Given these desired interpretations, validation studies for the AP and IB
assessments should include systematic evaluation of such factors as whether
the right skills and knowledge are being measured and in the right balance;
whether the cognitive processes required by the test are representative of
the ways knowledge is used in the discipline; the extent to which the test
measures students’ knowledge of the broader construct that is the target of
instruction, as opposed to their knowledge of specific test items; whether
the scoring guidelines focus on student understanding; and whether the test
scores accurately represent different levels and kinds of understanding.

The committee’s analyses of the test items and the course syllabi on
which the tests are based yielded information about content coverage. How-
ever, no data were available for evaluating whether the tests measure impor-
tant cognitive skills. This is because neither program has systematically gath-
ered data to document that test items on its examinations measure the skills
they purport to measure. In making determinations about the validity of

3There are additional requirements for an IB Diploma (see Chapter 4, this volume).
iSee www.collegeboard.org/ap/techman/chap5/ (November 28, 2001).
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inferences, it is necessary to know, for example, that test items intended to
measure problem solving do in fact tap those skills and do not just elicit
memorized solutions or procedures. There are a number of ways to collect
such data. For example, cognitive laboratories might be conducted during
which examinees would “think aloud” as they responded to test questions.
Information from such laboratories gives test developers insight into the
thought processes used by students to derive answers to test questions.

Validity evaluation should consist of more than a haphazard set of re-
search studies. A sound validity evaluation should integrate “various strands
of evidence into a coherent account of the degree to which existing evi-
dence and theory support the intended interpretations of test scores for
specific uses” (AERA/APA/NCME, 1999, p. 17). Yet the committee’s analysis
indicates a surprising lack of information about what the AP and IB assess-
ments actually measure. To date, neither program has implemented a strong
program of validity research. The committee found only a few validity stud-
ies conducted with AP or IB data. For example, Morgan and Ramist (1998)
examine college course-taking patterns for AP students; Morgan and
Maneckshana (2000) compare performance in advanced-level courses for
AP and non-AP students; and Eugene Carson reports on a small study at
Virginia Polytechnic Institute and State University that compared the overall
grade point averages of IB students with those of AP students and students
who participated in neither program.> While these studies may be useful,
they do not represent pieces of an integrated research program (see Chapter
10, this volume, for a discussion of these studies).

Consequential Validity of AP and IB Assessments

Very little evidence is available for evaluating the consequential validity®
of the AP and IB assessments. With regard to this aspect of validity, relevant
questions might include whether typical examinees become more or less
interested in the domain as a result of their experience and whether they are
more or less likely to pursue further study than those who do not sit for the
examination. In the context of this report, one might ask how students who
participate in AP and IB fare in college relative to other students and what
the effect is on colleges of the ever-increasing numbers of students entering
postsecondary institutions with college credit earned on AP or IB examina-
tions. Equity concerns should also be considered, that is, whether the as-
sessment unintentionally produces inequities of achievement or attitude in
either the short or long term. While Morgan and Ramist (1998) begin to

5Available at http://www.rvcschools.org [August 2000]..
%Consequential validity refers to the consequences or uses of assessment results.
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address some of these questions, additional studies are needed. Information
about the consequential effects of AP and IB assessments are especially
important as these programs expand and become a more significant compo-
nent of U.S. education.

PROFESSIONAL DEVELOPMENT

A common theme of the four panel reports that also emerged through-
out the committee’s deliberations is the crucial importance of professional
development for enhancing teachers’ content knowledge in their subject
areas. As noted in Chapter 7, this volume, a strong grounding in subject
matter knowledge is fundamental to good teaching and should be a primary
goal of professional development activities. It is unrealistic to ask teachers to
cultivate a deep, principle-based understanding among their students unless
they themselves have such understanding. However, the ideal role of pro-
fessional development for advanced study goes far beyond ensuring that
teachers know their subject areas well. Effective professional development
also enhances teachers’ subject-specific pedagogical knowledge and pro-
vides them with multiple perspectives on students as learners. It is grounded
in situations of practice; takes place in professional communities; actively
involves teachers; and is an ongoing, long-term component of their profes-
sional lives. The committee believes that without well-designed and ongo-
ing professional development, it is difficult for teachers to provide high-
quality instruction that is aligned with curriculum and assessment to support
the goal of learning with understanding. The committee notes that neither
AP nor IB professional development opportunities are sustained and that
teacher participation in both programs is voluntary.

The mathematics and science panels note that the summer programs
offered by AP are highly variable in focus and organization, as well as in
quality. The mathematics panel expresses concern that many AP and IB
mathematics teachers have insufficient professional development opportu-
nities to derive both mathematical content and pedagogical knowledge or to
receive help in implementing modifications to the programs. Having reviewed
a significant sampling of AP summer institute materials (1998-2000), the
panel finds that many of the workshops did not adequately address substan-
tive issues relevant to teaching calculus. The science panels note that few of
the AP workshops, even those that emphasized laboratory experiences,
focused on inquiry.” The panels commend the IBO for its professional
development activities related to internal assessments that focus on inquiry.

Inquiry includes laboratory investigation, but also a broad array of information gathering,
appraisal, and testing of ideas toward the goal of understanding science deeply.
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The College Board and the IBO are just beginning to fully develop
vehicles for establishing professional communities of learners among geo-
graphically separated teachers. The primary means being used are discus-
sion groups and databases that can be accessed on the Internet. However,
the committee notes that both the College Board and the IBO have regional
organizations for teachers. Some are more active than others, and each pro-
vides different types of activities. For example, the IBO has a vibrant group
in Florida that runs its own conferences, and the College Board, through its
regional offices (notably in the southwest), provides opportunities for teach-
ers in the regions to work with colleagues in professional development
activities throughout the school year. Nonetheless, there are too few oppor-
tunities for teachers to interact with colleagues on issues important to teach-
ing. This is especially true in high schools where AP or IB teachers in a
particular discipline may be the only members of their departments who
teach these courses.

The National Commission on Mathematics and Science Teaching for the
21st Century (2000, pp. 27-28) provides some suggestions that could be-
come part of AP and IB Web-based efforts. These include the creation of (1)
an online professional journal that would encourage teachers of advanced
mathematics and science to engage in publishable research and to share
new teaching strategies with colleagues, both nationally and internationally;
(2) a dedicated database of teaching ideas, plans, and other resources; (3) an
interactive online resource for conversations, meetings, and idea sharing;
and (4) interactive videos for observing good teachers and critiquing teach-
ers’ own efforts, for mentoring, and for online instruction. Research is needed
to determine the effectiveness of such Web-based mechanisms for teacher
professional development.

CONCLUSION

The committee has advocated the use of a model that can help sponsors
of advanced study programs make decisions on how their programs can
best improve in the years ahead. This model includes both principles of
learning and design principles for curriculum, instruction, assessment, and
professional development. The committee believes that if programs of ad-
vanced study, such as AP and IB, were to place principles of learning at the
center of their own implicit models, the programs would improve in quality
and effectiveness with regard to fostering deep understanding. Program quality
would also be enhanced if the programs were to recognize the systemic and
mutually interactive nature of curriculum, instruction, assessment, and pro-
fessional development. With care, persistence, and a strong guiding model,
advanced study programs could become worthy beacons for all of American
education.
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Consequences of AP and IB

This chapter examines a number of ways in which the Advanced Place-
ment (AP) and International Baccalaureate (IB) programs and their assess-
ment results are used. Some of these uses are appropriate and intended by
the program sponsors; others are not. Unintended uses are making these
programs high stakes in terms of their consequences for students, for teach-
ing and learning, and for schools.

HIGH STAKES

In 1998, Newsweek published a list (Mathews, 1998a) entitled “The 100
Best High Schools in America.”! This list, which ranks public high schools
according to the number of AP and IB tests taken, divided by the number of
graduating seniors, was drawn from the book Class Struggle: What’s Wrong
(and Right) with America’s Best Public High Schools (Mathews, 1998b). The
ostensible purpose of the list, now published annually for Washington area
schools in the Washington Post, is to quantify the level of challenge high
schools provide to their students. The author of the list acknowledges that
such rankings have their limitations, but believes it is better to have such a
tool, even one that may be misleading, than to have no means of comparing
schools and motivating parents and students to demand more from their
schools (Mathews, 1998b).

The practice of ranking schools by the number of AP or IB tests admin-
istered, as Newsweek does, or using students’ scores on AP or IB exams for
evaluating teachers or comparing the quality of teachers and schools, as
some parents, school administrators, or policymakers may do, is making
these programs high stakes in ways the program developers never intended.

The list does not include public schools that admit more than half of their student body
through a competitive process that includes examinations or other academic criteria.
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Such misuses of AP and IB assessments are both educationally inappropriate
and counter to the Standards for Educational and Psychological Testing (Ameri-
can Educational Research Association [AERA]/American Psychological Asso-
ciation [APA]/National Council on Measurement in Education [NCME], 1999).
Moreover, neither the College Board nor the International Baccalaureate
Organisation (IBO) has to date provided sufficient guidance to counter many
of these misuses. This section considers some of the unintended conse-
quences of these practices.

Effects on Students

Making decisions about the effectiveness of teachers or the quality of
their teaching primarily on the basis of AP or IB test scores may have unin-
tended consequences for students. For example, if teachers are evaluated on
the basis of AP or IB test results, they may discourage certain students from
taking AP or IB courses because they believe those students will not per-
form well, or they may counsel students for whom they anticipate a low
grade to skip the final examination. Such practices can deny students the
opportunity to try an AP or IB course or to validate what they have learned
in comparison with nationally or internationally established standards.

Effects on Teaching and Learning

Teachers who are evaluated on the basis of student test results are more
likely to teach to the test than to teach what they deem important (see, for
example, Koretz, 1988, 1996; Koretz, Linn, Dunbar, and Shepard, 1991; Linn,
Graue, and Sanders, 1990; Shepard, 1990; Shepard and Cutts-Dougherty,
1991). The committee acknowledges that the nature of the AP and IB pro-
grams makes teaching to the test the norm; the test specifications are the
curriculum (see Chapter 3, this volume). However, the committee does not
believe the AP and IB tests reviewed for this study sampled broadly and
deeply enough across the full range of content knowledge, conceptual un-
derstanding, processes, and skills valued in the respective disciplines to make
teaching to the test an appropriate strategy for developing the level of con-
ceptual understanding that should be the goal of advanced study.

Therefore, the panels and the committee view teaching to AP and IB
tests as potentially interfering with teaching what is truly important for en-
hancing student learning. For example, the mathematics panel notes that the
AP and IB examinations have overemphasized procedure and under-
emphasized application and conceptual understanding. The chemistry panel
also identifies a lack of contextual problems in the AP examinations. The
biology and physics panels find that both the AP and IB assessments cover
too much content, and the chemistry panel decries the lack of attention to
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important interdisciplinary connections. The biology and chemistry panels
note a lack of test items that measure laboratory skills on the AP examina-
tions, and the physics panel indicates that neither AP nor IB assessments
require students to apply what they learn in cl