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The NISE issues papers to facilitate the exchange of ideas among the research and
development community in science, mathematics, engineering, and technology (SMET)
education and leading reformers of SMET education as found in schools, universities,
and professional organizations across the country. The NISE Occasional Papers
provide comment and analysis on current issues in SMET education including SMET
innovations and practices. The papers in the NISE Research Monograph series report
findings of original research. The NISE Conference and Workshop Reports result from
conferences, forums, and workshops sponsored by the NISE. In addition to these three
publication series, the NISE publishes Briefs on a variety of SMET issues.

The research reported in this paper was supported by a cooperative agreement between the
National Science Foundation and the University of WisconsinMadison (Cooperative Agreement
No. RED-9452971). At UWMadison, the National Institute for Science Education is housed in
the Wisconsin Center for Education Research and is a collaborative effort of the College of
Agricultural and Life Sciences, the School of Education, the College of Engineering, and the
College of Letters and Science. The collaborative effort is also joined by the National Center for
Improving Science Education, Washington, DC. Any opinions, findings, or conclusions are those
of the author and do not necessarily reflect the view of the supporting agencies.
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Executive Summary

A part of the National Institute for Science Education (NISE), the College Level One (CL-1)
Team was established to examine first-year postsecondary courses in science, mathematics,
engineering, and technology (SMET). These courses represent curriculum "pressure points" in
that they greatly influence student career trajectories and attitudes, and they have a strong effect
on the courses that follow them. CL-1 will work with the Institute's partners, the National
Science Foundation (NSF) and the National Center for Improving Science Education (NCISE),
to characterize these courses and suggest strategies that will add value to them.

As a first step in this process, CL-1 hosted a workshop entitled "Articulation, Equity, and
Literacy Issues" to obtain diverse perspectives on these courses from representatives of various
stakeholder groups. Outcomes sought were feedback on an initial set of objectives for year one
efforts; acquisition of baseline information on relevant literature, statistics, and "best practices";
and an expanded network of participants.

After introductions, the workshop centered around four disciplinary breakout groups
(mathematics, physics/engineering/technology, chemistry/biology, and alternate/integrated
SMET courses) and, subsequently, three cross-disciplinary breakout groups (literacy, equity,
articulation).

Within disciplines, discussions centered on what knowledge and skills students should learn as a
result of being in SMET courses and how to assess mastery. Although a few disciplines have
attempted to address these issues, most have not. There is a general recognition that the clientele
of these courses should be better identified and their needs more specifically addressed.
Standards currently being developed for the precollege curriculum must be considered in
designing SMET courses. A number of innovative effective approaches to both content and
pedagogy have been implemented in college level one SMET courses, and these best practices
are worth examining in more detail for characteristics that permit transportability.

Cross-disciplinary discussions on literacy identified various audiencesSMET majors,
non-SMET majors, and future teachers, for examplewho need to be served by these courses and
the importance of finding engaging approaches that convey a sense of the method and content of
science and its application to the real world. Equity discussions considered the effect of present
instructional practices and new technologies on various population groups and their effect on the
recruitment and retention of underrepresented groups in SMET-related courses; socioeconomic
factors and the sensitization of faculty were other issues that were considered. Articulation
discussions highlighted the need to raise awareness of the difficulties associated with transferring
knowledge, skills, and credits within and between institutions. New technologies like the Internet
and World Wide Web offer the potential to facilitate these transitions for students and teachers
and may become especially important as new approaches to teaching SMET courses are
implemented.

iii
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The workshop substantially sharpened the focus of the College Level One Team. The Team has
now identified three areas for the first-year research effort:

iv

> Pathway Studies
We will identify the pathways through first-year college SMET courses that were
taken by individuals who subsequently entered four career areas: social
leadership, business, teaching, and SMET-related fields. Toward this goal, we
will conduct analyses of large-scale databases of individuals as a function of their
initial careers to see whether they had enrolled in distinctive course sequences.
Examples of appropriate resources are "High School and Beyond" and "National
Longitudinal Study." Results of this study may be of particular help to NSF's
programs in teacher preparation, such as the Collaboratives for Excellence in
Teacher Preparation.

> "Best Practice" Programs
We will identify outstanding, effective SMET programs being used in the
first-year courses in two-year and four-year institutions. These may exemplify
new instructional methods, new technologies, and/or new curricula. We will
choose a small number of these programs for detailed case studies, including site
visits, in year two. In making our selections, we will look at the impact of these
programs on students and faculty, as well as the institutional structures and
cultures that promote or inhibit reform. We will look at dissemination efforts and
attempt to identify those factors that facilitate propagation of successful programs.
Potential case studies may include projects supported by NSF under programs
such as Course and Curriculum Development, Instrumentation and Laboratory
Improvement, and Advanced Technological Education.

Equity Issues
Current practices and innovative reform efforts in SMET education may have a
differential impact on women and individuals of color. For example, poor
instructional practices may disproportionately contribute to loss of these
underrepresented groups from SMET-based career paths. Similarly, introduction
of new technologies may be less readily embraced by underrepresented groups
who have not had prior exposure to these tools. A literature survey and statistical
analysis will be conducted to address these issues, which may markedly affect
retention of underrepresented groups. These results may be of interest to a variety
of NSF efforts related to equity.

7



Introduction

Driven by many factors, the reform movement in undergraduate mathematics and science
education in the United States is now at a critical stage. Changes in precollege education have altered
the knowledge and expectations of entering students. College level SMET courses are expected to meet
the multifold goals of enabling individuals to be scientifically literate in a technological society, training
scientists to be analytical researchers and skilled technicians, and preparing teachers to be scientifically
knowledgeable and pedagogically skilled. Finally, science education must be made more accessible and
meaningful to all segments of our society.

The National Science Foundation, in pursuing its mission to initiate and support education
programs, has funded many innovative college SMET programs at the local level. The time has come
for broader-scale implementation. Challenges to change are complex, crossing disciplinary boundaries,
involving both scientists and educators, and requiring adaptations at departmental and institutional
levels. The NISE has been established with NSF funding to act as guide and partner to confront
inadequacies in science/math education at all educational levels. The College Level One Team (CL-1)
of the NISE is charged with identifying the important issues in undergraduate SMET education and
determining the best strategies for dealing with them. Critical among these is how to progress toward
systemic implementation and change.

CL-1 was designated as one of the projects within the NISE because of the conviction that
college entry level courses represent a curriculum "pressure point," strongly influencing courses that
succeed them and often determining student career paths. During the past few months the group has
worked to define its field of investigation. The Articulation, Equity, and Literacy Issues Workshop, an
outgrowth of those discussions, was organized to tap the knowledge and ideas of SMET education
stakeholders, who represent a spectrum of disciplines and institutions.

In addition to examining curriculum content and delivery practices within disciplines, workshop
discussions were channeled to the cross-cutting themes of articulation, equity, and literacy. Participants
were asked to reflect on several questions: How effective are articulation mechanisms, i.e., transfer of
knowledge and credits, both within and between institutions? Are all groups within our population
being well-served by SMET courses? How can science literacy be taught and how can it be woven into
courses that serve science majors, nonmajors, and future teachers?

1
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As an outcome of the workshop, CL-1 requested advice on the following:

> What are the most strategically valuable research questions?
> What are the most appropriate research methodologies?
> What is the optimal mix of research expertise?
> What other considerations might there be?

Participants were reminded in closing that the NISE as a whole, and the College Level One
project specifically, seek the broadest possible involvement from the science and education
communities. The entire initiative is viewed as multidisciplinary, inclusive, and comprehensive.
Workshop attendees, their colleagues, and their expanded network of contacts were invited to be
involved in the effort.

Disciplinary Group Discussions

Mathematics

Participants: Cliff Adelman, Steve Bauman, Sharon Derry, Janice Downer, Robert Lopez,
Walter Secada, Larry Suter, Sheila Tobias, Alan Tucker

The mathematics group discussion was wide-ranging, covering many themes and topics. As a
basis for thinking about math education, the group emphasized the unique nature of mathematics
because of its use in all other scientific disciplines. As a service subject, it needs to reflect the needs of
those areas. Although "mathematics" is a plural word, it is a single discipline, hence easier to organize
and reform. NISE efforts have the advantage of building on an eight-year history of reform founded on
a comprehensive study of misconceptions and student reasoning in mathematics. The National Council
of Teachers of Mathematics (NCTM) Curriculum and Evaluation Standards (1989) focused on
precollege mathematics; college level activities have emphasized calculus reform and led to the creation
of new texts and new uses of technology. Workshop participants directed their attention to the
following issues: definition, content, and outcomes of college level one mathematics; curriculum
pathways; and the current status of other reform efforts.

College level one mathematics: Definition, content, and outcomes. Workshop participants
acknowledged that mathematics education is an integral part of postsecondary education options, many
of them outside of the college context (for example, trade schools, union apprenticeships, and military
service). However, given its background and resources, the NISE would be best directed to studies of
college mathematics. The definition of college here includes technical, community, and four-year
liberal arts colleges and universities.

2



The group was split on the issue of defining content for college level one mathematics, i.e.,
whether it should encompass everything taught during the first year of postsecondary education or
whether it should include only nonremedial information. On the one hand, to exclude all remedial
content is to omit an ever-increasing area of college mathematics teaching. (Note, however, that data
from the "High School and Beyond" study suggest that the increase results not so much from continual
entry of new students into remediation but from repeating students who never successfully complete the
courses.) On the other hand, participants argued, content for remedial college courses is already defined
by the NCTM Standards, which specify what students should know prior to postsecondary education.
Thus, the important issues are related to implementation rather than desirable content, teaching practice,
and assessment. The Institute should focus its attention on conceptual work, that is, on nonremedial
content.

Outcomes for first-year courses are two-fold: mathematical literacy for applications in real life
and appropriate knowledge for pursuit of higher level courses in mathematics or other disciplinary areas.

Curriculum pathways. Any reform measure at college level one must take into account the
pathways into and out of mathematics at this stage. The classical pattern goes from precalculus to
calculus to advanced calculus. The effect on transitions to other courses such as finite mathematics,
statistics, and more general quantitative reasoning courses must be considered. In addition, the reliance
on first-year mathematics as a prerequisite for other disciplinary studies will drive the need for change in
other course offerings.

Mathematics reform: Current status. Efforts such as the NCTM Standards and the calculus
reform movement have significantly altered the view of mathematics education at the secondary and
postsecondary levels. Moreover, many individual colleges have taken great strides in implementing
their own reform efforts. There is not, however, universal consensus that these initiatives are channeling
mathematics education in the proper direction. What is more, the vast majority of students have not
been taught in a manner consistent with the proposed changes.

Workshop participants expressed concern about the increased use of technology (computers,
graphing calculators, etc.) as a tool in the mathematics curriculum. Although they agreed that
computational facility should receive less emphasis than in the past, they stressed that
teaching/understanding concepts and principles could not be compromised. At present it is unclear
whether students who rely on technological tools are properly learning underlying concepts. Graphing
calculators, for instance, can support the development of deep misconceptions about graphs and their
translations. Moreover, access to technology is in danger of becoming a social class issue. Individuals
who, for economic or other reasons, are unable to access technological tools, will find their ability to
pursue mathematics impaired.

3



The group's overall recommendations were straightforward. Without question, the NISE should
build on prior reform efforts and not reinvent the wheel. Furthermore, close ties should be built with the
Mathematical Association of America and its reform initiatives. Specifically, the NISE should assess
the spread and impact of calculus reform. An important measure of success will be students' ability to
apply calculus concepts in subsequent courses, e.g., economics, engineering, physical chemistry. In
addition, the Institute needs to examine factors that promote change at the departmental and college
levels identifying institutional characteristics as well as faculty beliefs and behaviors that stimulate or
impede mathematics reform.

Physics, Engineering, and Technology

Participants: Wilmer Anderson, Soren Bisgaard, Lia Brillhart, Carole Goodson, Peter Hewson,
Wilfred Kenney, Jose Mestre, Michael Neuschatz

The discussion centered on issues related to introductory courses in physics, engineering, and
technology. Discussion was organized according to discipline and focused specifically on how to
improve curriculum. A number of relevant programs and resource materials were identified and are
noted below.

Physics. At least three levels of introductory physics courses, differentiated by the degree of
prerequisite mathematics, are offered: calculus-based physics for physics and engineering majors,
algebra-based physics for other science majors and students in technical programs, and descriptive
(conceptual) physics designed for nontechnical majors. Irrespective of the mathematical framework,
there are content areas and learning objectives that should be common to all entry level courses. For
example, students should be able to articulate the concepts and principles of physics and to apply the
scientific method as a problem-solving procedure.

Some participants advocated a process to identify, review, and evaluate existing materials in
physics. Others, however, believed that it was more important to encourage the development of new
teaching methods rather than the recycling of traditional approaches, because they did not view specific
content as the primary concern. Attention was subsequently directed to course construction and design
considerations, resulting in the following suggestions.

4

1. The process of scientific discovery should be addressed, keeping in mind that principles
obvious to scientists are not necessarily obvious to college level one students.

2. Students' interest and imagination should be captured through the use of innovative
teaching technology, including multimedia, computer software, cooperative learning, real
world applications, and demonstrations.

3. Bridges must be built between understanding that results from physical observation and
the mathematical principles that are used to represent this understanding.

4. Laboratory experiences are essential.
5. Writing assignments should be an integral part of the curriculum so that students learn to

communicate their understanding of concepts and of the problem-solving process.

1 1



The group emphasized that, although introductory courses should reflect the need to train career
physicists, the primary "consumers" of these courses are not physics or engineering majors, and
curricula must be developed to address the needs of nonphysics majors. Such efforts may actually draw
more students to scientific disciplines. Continued attention should be given to attracting more women
and minorities. Furthermore, the needs of preservice teachers must be given special and separate
consideration. (The group noted that a change in the valuation and rewards for teaching vs. research by
major funding agencies such as NSF would help to drive corresponding changes in institutional
priorities.)

Engineering. Limited time was available for the engineering and technology discussions.
However, many of the physics themes were reiterated, e.g., the need to emphasize problem solving and
to show relevance to real world issues. An example of programming that creatively relates
engineering/technology to humankind's development is the radio program "Engines of Our Ingenuity,"
developed by John Linehart, University of Houston.

Technology. Technology-oriented programs continue to emerge and to attract growing numbers
of students, in part because of Tech Prep initiatives nationwide. (The Neglected Majority by Dale
Parnell, which served as an impetus for this movement, was recommended as a reference.) These
programs should be investigated for content and long-term impact. In addition, the National Science
Foundation's Advanced Technology Education program includes applied technology projects for
development of curriculum and learning delivery systems that will impact students in introductory
college courses.

In addition to the points listed above, participants identified as priorities the need to determine
what makes good programs portable so that they can be disseminated and the need to determine criteria
for proper evaluation of goal attainment.

Additional Resources, Physics
* American Association of Physics Teachers (workshops and programs held at annual
meeting)
* American Institute of Physics

Introductory University Physics Project (course models that differ from classical
courses)
Michael Neuschatz (statistics on women, minorities in physics)

* Berkeley Physics Course series
* Mestre, Jose (references on problem-solving in physics)
* Physics Academic Software (North Carolina)
* Workshop Physics (Priscilla Laws, Dickinson College, Pennsylvania)

Additional Resources, General SMET
* "High School and Beyond" studies (statistical data)
* Seymour, Elaine (references on college students switching into or out of science

majors)
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Chemistry and Biology

Participants: Ann Burgess, Arthur Ellis, Don Emmeluth, Jo Handelsman, Jann Joseph,
Eileen Lob Lewis, Michael Patrick, Senta Raizen, Hal Richtol, Ray Turner

The chemistry/biology disciplinary group discussion focused on (1) the knowledge and skills that
should be acquired in first-year college level biology and chemistry courses and (2) appropriate ways to
assess mastery of these goals. Although there is a body of background work on some aspects of these
topics, participants also noted the absence of appropriate information in other areas and highlighted
those for the group's consideration as noted below. With regard to the biological sciences, several
initiatives and coalitions (e.g., Biological Sciences Curriculum Study, Science as a Way of Knowing,
Coalition of Education in the Life Sciences) have already invested considerable effort in identifying
content areas, ways of thinking, and goals for biology education. In contrast, the same level of analysis
has not been done, to the group's knowledge, for first-year college chemistry courses. Exceptions are
the American Chemical Society's Task Force on the General Chemistry Curriculum and the Society's
project to define educational guidelines for students preparing to become chemical technicians
(Foundations for Excellence in the Chemical Process Industries).

In identifying learning objectives for first-year college biology and chemistry courses, national
standards for precollege science courses being developed through Project 2061 (American Association
for the Advancement of Science) and through the National Science Education Standards (National
Research Council), as well as existing frameworks at the state level, must be taken into account and
should be treated as a foundation on which college courses should build. However, these standards
provide a only a frame of reference, and the group noted that they are an ideal that is seldom reached
even at the first-year college level at the present time. Important objectives for these courses include
relating subject matter to "real world" problems or situations, motivating students to develop a lifelong
interest in science, and enabling students to understand the scientific method, viz., the ability to pose
questions, design experiments, assess data, and draw conclusions.

In defining content/outcomes for college level one courses, considerations of the student
audience and the teaching format should be addressed. Key audience-related questions include: Should
majors and nonmajors take the same courses? How are teachers best trained? What differences are
required in the science training of primary and secondary teachers? Each of these student audiences will
apply the knowledge gained from their biology and chemistry courses in different ways. Pedagogical
style is an important factor in achieving successful outcomes. Alternatives to the traditional, exclusively
lecture-based format may be more effective. In addition, topic-oriented approaches that introduce
concepts and facts on a need-to-know basis are currently being implemented and should be examined.
These strategies could potentially make courses more stimulating and engaging for a wider spectrum of
students.

Workshop participants agreed that the issue of assessment is extremely important and complex
and will require careful attention. Testing of general concepts, albeit important, is difficult.
Furthermore, appropriate measures of acquired knowledge and skills will vary depending on the content
of these courses.

Alternative/Integrated SMET Courses

6
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Participants: Richard Brualdi, Denice Denton, Michael Finn, Eli Fromm, Dave Jenness,
Gretchen Kalonji, Holly Walter Kerby, Susan Millar, Terry Russell, Norm Webb

This group discussed a wide variety of models and implementation schemes for alternative
SMET education (e.g., knowledge, skills assessment, relevant literature and statistics innovation,
clientele, collection of information). The group acknowledged the major differences in constraints
associated with community colleges, vocational technical schools, liberal arts institutions, and research
universities. However, it identified a number of innovative pedagogical approaches that can be
implemented in all these arenas.

The group's findings are summarized in two categories: "models for integration" and "research
questions." The research questions will help guide the planning for the College Level One Team.

Models for Integration

1. Faculty and curriculum are fully integrated: Focus is professional and career interest area (e.g.,
Drexel's E4)

2. Integration around a single course
A. "Big Idea" integration
B. Interdisciplinary subject

3. Topic-oriented approach
4. Institutional or departmental integration

Research Questions

1. Assessment of student learning in integrated approach vs. traditional.
Which approach is more successful?

2. Skills/knowledge. What is the appropriate mix?
3. Identify successful modelsdefine success. What defines best practice in the different arenas?
4. Longitudinal issues: retention, demographics, employer satisfaction
5. What is the most feasible and economical way to implement longitudinal studies?

Cross-Disciplinary Group Discussions

SMET: Literacy and Careers

Participants: Wilmer Anderson, Steve Bauman, Soren Bisgaard, Ann Burgess, Peter Hewson,
David Jenness, Eileen Lob Lewis, Susan Millar, Terry Millar, Michael Neuschatz, Senta Raizen,
Terry Russell, Sheila Tobias, Alan Tucker, Paul Williams

College level one SMET courses often determine a student's future career path and life-long
attitude toward science. How can we create scientifically literate citizens, realizing that many students
will not take additional science courses after their first year in college, and at the same time meet the
needs of SMET preprofessionals? It is vital to keep all types of students engaged with science at this

7
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level, because many have not yet decided on their future careers. The SMET Literacy-Careers group
identified four key points:

College level one SMET courses reach a complex audience. The needs of at least four different
groups of students must be met by entry level science and math courses: (1) science majors who plan to
become science professionals (including future secondary school science teachers, who may eventually
be teaching multiple disciplines); (2) science majors or nonmajors who will find science an integral
component but not the major focus of their careers (e.g., policymakers, journalists, business people); (3)
future elementary school teachers; and (4) all others, who will require an understanding of science to
make informed decisions in their daily lives. Thus, course content and design must serve a number of
different functions. For example, skills required for career success may be different from information
taught as part of specific major. Employers may be more concerned with a person's ability to think
quantitatively than whether she/he majored in math, physics, or engineering. Workshop participants
particularly noted the need for educating people to be effective communicators about science. They also
stressed the importance of developing an understanding and enthusiasm for science among future
leaders and policymakers. In thinking about science literacy, relevant issues are the level (e.g., "high
level" for leadership positions and "low level" for citizenship); and how much exposure is optimum.

Although most science courses are restricted to a specific audience, there are notable exceptions
that are more flexible in design and appeal. An introductory chemistry course for nonscience majors at
the University of California-San Diego offers special sections with increased emphasis on chemistry,
followed by a "bridge course" to organic chemistry for students who decide to pursue a more rigorous
chemistry curriculum. Tufts offers an engineering design course in which beginning engineering
students and elementary education students collaborate. NISE should identify additional examples of
these types of programs.

In-depth experience with the process of science is more important than broad but superficial
knowledge. Workshop participants concluded that acquiring science literacy revolves around
understanding how scientists view the world, how they frame questions, and how they address problems,
i.e., "science as a way of knowing." Science literacy is also characterized by attitude: curiosity,
enthusiasm, and a willingness to become engaged with science. The group felt that these characteristics
were best developed through process-oriented immersion in science and that all students should have
direct experience with scientific experimentation. Individuals should learn by addressing problems and
determining what they must learn in order to solve them. These experiences will teach students to
identify and use resources, think critically, and evaluate information, providing them not only with a
knowledge of the scientific reasoning process but also with skills for life-long learning. This training is
particularly critical for preservice teachers, because the factual content of what they teach will probably
change radically over time. The group made the analogy that performing in a Shakespeare play in high
school has the potential to keep one attuned to the theater for life. Performing one entire play is more
valuable than learning 15 lines from each of 20 different plays.

Workshop members recognized that focusing on in-depth experience fails to provide students
with an overall framework for the different science disciplines and an understanding of how paradigms
have changed over time. This information is also necessary, but carries a lower priority than the
experiential component described above.

8
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"Connections" are essential: Connections between curriculum content and real world
applications as well as connections between disciplines. Most science and math courses are
ineffective in relating the science learned in class to real-life applications. In addition, most scientists
confine themselves to their own specific field, failing to make connections with other sciences, let alone
humanities or social sciences. Even where integrated science curricula have been successfully
implemented, sustaining these initiatives has been difficult because of the inertia of the status quo and
the discipline-oriented training that the teachers themselves have had. Several ideas for integrated
curricula were promoted. Some group members felt that mathematics could serve as the "glue" to hold
many disciplines together. Others suggested focusing on the relationship between science and world
issues to stimulate student interest. NISE should review examples of successful integrated courses and
determine what themes are important in initiating and sustaining them.

Mechanisms for promoting change must be identified. Although it is important to identify
successful innovative programs in two- and four-year colleges, the NISE should also find "levers" for
implementing change. The group discussed a number of entities that have the potential to promote
reform: accrediting and licensing boards (such as those for nursing, medical technology, and the broad
range of other professions), national disciplinary coalitions (e.g., the NSF engineering coalition),
professional societies (the American Chemical Society has developed Chemistry in Context; the
American Statistical Association has played a major role in the way statistics is taught), federal
agencies, etc. Publishing houses are an important link in the dissemination process, and the impact of
new textbooks in promoting reform should be examined. Additional contacts and avenues for
implementation should be developed and promoted.

Equity: Access, Retention, Diversity, and Remediation
Participants: Cliff Adelman, Denice Denton, Janice Downer, Don Emmeluth, Michael Finn,
Jo Handelsman, Wilfred Kenney, Jose Mestre, Hal Richtol, Larry Suter, Ray Turner

The role of the NISE, in the context of equity, is to address issues of access, retention, diversity,
and remediation as they relate to college level one SMET courses. The field of interest includes two-
year technical and community colleges, four-year liberal arts institutions, and four-year institutions with
professional degree programs. Group members turned their attention to retention of students already in
the SMET pipeline rather than to recruitment. Ways to measure the retention rates of women and
students of color in these programs should be identified and mechanisms to enhance success developed.
Recruitment of preservice teachers into SMET pipeline courses is a related matter and has been targeted
as a high priority for the National Science Foundation.

A variety of supportive measures were discussed as being important for the retention of
potentially at-risk students:

Skills assessment/remediation. Workshop participants recommended that the NISE research
the fundamental question of whether a relationship exists between academic readiness at the beginning
of college level one and successful completion of a degree. Discussion also focused on appropriate
corrective measures when precollege training is inadequate. Many students, particularly those
representing minority groups, are unprepared for entry-level SMET courses. The key to successful
remediation practices will be, first, to use assessment techniques that accurately determine incoming
students' math/science knowledge and skills, then to deal effectively with academic deficiencies. The
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group specifically identified computer literacy as requiring attention, because lack of skill in this area
leads to significant feelings of frustration, isolation, and failure. Collaboration between two- and four-
year institutions was suggested as a potential avenue for addressing remediation needs. Community
colleges may be more successful at remediating students and preparing them for the four-year college.
Under such an arrangement, ease of credit transfer was cited as a critical factor.

Formal/informal support structures. All students require some kind of support structure for
success. Recent studies (see, in particular, Elaine Seymour and Nancy Hewitt's report "Talking about
Leaving: Factors Contributing to High Attrition Rates among Science, Mathematics & Engineering
Undergraduate Majors") have concluded that the main difference between students who complete SMET
majors and those who leave is not the difficulties that they encounter but rather the existence of
mechanisms that enable them to surmount these challenges. Various types of support can be effective
and their relative importance differs, depending on personal and institutional circumstances.

Formal advising and personal interactions with faculty/staff can be crucial, particularly in large
institutions or those with large commuting student populations, where students may not have the
opportunity to interact with their peers. Ideally, individuals who assume advisory duties should be
properly trained, have the support of their institution, and view their role as an important mission.
Effective institutional support is also dependent on student perception of attitudes. If faculty/staff
demonstrate hostility, indifference, or reduced expectations toward women or students of color, feelings
of isolation or failure are reinforced, increasing the probability of attrition. Academic practices need to
be reviewed to eliminate these types of behaviors, which are often subtle and unintentional.

Minorities and women students must have access to experiences, both in the classroom and
outside, that enable them to gain ownership of their studies, to link with other students, and to see
relevance of academic content to their lives. Working as part of a research group, for example, helps
students make connections and feel that they are contributing members of a team. Formation of peer
support systems that allow good information exchange and academic support can often take the place of
a strong institutional advisory system. (An example of successful peer support is the Treisman model
initially used with African American students in calculus at Berkeley.)

Support systems may need to extend beyond academics. In certain cases, socioeconomic
concerns are the major reason for students leaving SMET programs. Although the education community
can not solve these problems directly, ways of integrating academics with social support systems should
be actively sought. For example, programs have been adopted that provide child care coupons to
students. Offering lectures at more convenient times, providing videotapes for review, and
implementing experimental/alternative classrooms are all potential mechanisms for alleviating
socioeconomic stress factors.

Workshop participants emphasized the need to support students who make a conscious effort to
succeed in SMET disciplines. Existing databases that include high school and college transcript
information should be used to research the factors (academic preparedness, internal motivation, external
support, mentoring, advising, etc.) that determine whether students pursue or abandon programs.
Quantitative, statistical studies should be supplemented by descriptive analyses designed to reveal more
qualitative factors governing student attrition. NISE should also scrutinize the approximately 20 percent
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of successful students to identify the practices that distinguish programs that succeed from those that do
not.

Articulation: Transfer of Knowledge and Credits

Participants: Lia Brillhart, Sharon Deny, Art Ellis, Carole Goodson, Holly Walter Kerby, Robert
Lopez, Norm Webb

Three major topics were discussed as part of this workshop session: articulation of SMET
courses between institutions, articulation between SMET-related departments within an institution, and
articulation with teacher education departments. Articulation was broadly defined to include courses,
the scope of their content, and the pedagogical strategies.

Discussion regarding arrangements between institutions was subdivided according to type of
school. Articulation between high schools and colleges, usually community colleges, has been
mandated by Tech Prep initiatives in high schools. This format is currently being extended by the
development of 2+2+2 programs (two years in high school followed by two years at e community
college and then by two years at a four-year institution). Implementation of this type of plan varies
considerably from state to state.

Articulation between colleges, either two- or four-year institutions, was the major topic of
discussion. Theoretically, a student who starts at one institution and transfers during the first two years
without a change in major should be able to complete a baccalaureate degree in a total of four years.
This four-year completion time is, however, an ideal, since many college students who change neither
institution nor major require more than four years to graduate. Although many states already have
articulation agreements, they are highly variable with respect to detail. Some are limited to public
institutions; others are for all community colleges, colleges, and universities. Some states operate on a
course-by-course basis, while others include programmatic issues to determine transferability. Most
transfer students remain within their state. However, for those who choose to move elsewhere, the
absence of any type of interstate agreements, except in rare instances between individual institutions,
causes major difficulties.

Workshop participants identified a number of emerging issues that will affect articulation.
Radical changes in curricular content and style as a result of current education reform efforts will cause
major difficulties in transcript evaluation. The rapid evolution of program content in science and
technology programs presents a continual challenge, particularly for part-time students who may begin
under one set of program guidelines and later find that requirements and/or courses have changed.
Transfer standards should be flexible and based on the criterion of actual student preparedness for a
particular course or program, rather than simple topical relationship with previous classwork. Because
almost one-quarter of all community college students who complete over 12 credit hours do transfer,
these issues affect a large number of students. Also to be determined is whether those students transfer
into SMET programs or pursue SMET-based careers.

Transfer of credits within an institution also raises challenges for students. Individuals who shift
into math or science from another discipline often find that entry level SMET courses for nonmajors are
not accepted as part of the major, resulting in loss of course credit and/or time. New initiatives to attract
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nontraditional students into education majors are encountering problems with prerequisites for the
education curriculum. Some schools require that students complete a major prior to admission to a
college of education, while others integrate education courses during the first two years. Successful
transfer between programs is dependent on adequate knowledge of program requirements.

Several specific recommendations were made for further study and for alleviation of current
problems. Group members placed strong emphasis on the need for information gathering and
dissemination. A comprehensive database of current articulation practices nationwideto include
community college systems, and vocational and technical schoolsshould be established. The favored
mechanism for such a resource is an electronic bulletin board on the Internet or World Wide Web. The
information would be invaluable not only to individuals researching articulation issues but to students,
for personal program planning and college selection, and to SMET educators, for facilitating exchange
of ideas about "best practices" and innovative curricula around the country. The group also
recommended the preparation of a set of case studies, or "pathways," that highlight examples of
successful transfer students. These histories would serve as a model for other students to follow and for
institutions in developing policy.

Closing Discussion

The closing discussion dealt primarily with how innovative, effective college level one SMET
programs develop and are disseminated and evaluated. A traditional role for the National Science
Foundation has been to provide seed funding for new initiatives in SMET education. Mechanisms for
nurturing the growth of reform programs will need to be identified and developed. As a partner of the
NSF, the NISE is in a position to help evaluate the impact and growth of programs funded by the
Foundation. In some cases this evaluation will involve working with groups that have already begun
evaluations of existing programs, such as those supported by the Foundation's Division of
Undergraduate Education (DUE).

A key contribution of the NISE to college SMET courses might be to develop working
definitions of programs that are successful with respect to both general SMET literacy and preparation
for SMET-related careers. A number of measures of success were discussed, including the number of
institutions that adopt a program; long-term effects on student careers, attitudes, and critical thinking
skills; and employer satisfaction with student performance.

Learning why students enter and leave SMET courses is a critical element in understanding why
programs are and are not successful and underscores the importance of articulation and equity issues.
Analysis should allow for identification of both practices in SMET education that have a differential
impact on women and individuals of color and pathways through SMET courses that have proven
effective in training key groups such as future teachers, social and business leaders, and individuals who
pursue careers in SMET-related fields.

Identification of so-called best practices will require assessing the impact of programs and the
departmental and institutional factors that help or hinder transportability. Studies of failed innovations
may prove useful, too. Examples of factors that can affect development and use of new instructional
materials and approaches are class size and resources. The outstanding success of small liberal arts
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colleges in training scientists was given as an example of an outcome that may have been facilitated by
small class size.

A concern was raised that many institutions lack resources to implement innovative practices.
Some institutions lack computers and the capability for communication via electronic mail, for example.
Opportunities for obtaining release time to further professional development need to be made available.
The NSF programs that have provided research experiences for teachers at eligible postsecondary
institutions were cited as having broadened the perspectives of many SMET faculty members. The
NISE may be able to assist with identifying mechanisms for encouraging sustained professional
development.

The session concluded with a discussion of the name Grade 13 Reform Group. There was
sentiment that "grade 13" had a pejorative connotation, being viewed as an extension of K-12 rather than
as an important transition year in a student's life. College Level One
(CL-1) was felt by most workshop participants to be a better label for the group's focus, while
continuing to embrace the full spectrum of institutions that are to be studied. Henceforth, we will use
this designation.
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Appendix A
Agenda

Grade 13: Articulation, Equity, and Literacy Issues

All meeting sessions will be held on the 13th floor, Educational Sciences Bldg.

Friday, June 23

8:00-8:30 Continental breakfast
8:30-9:00 Introductions

Charles Read, Dean Designate of the School of Education, UW-Madison
Denice Denton and Andrew Porter, Co-Directors of the National Institute

for Science Education (NISE)
Larry Suter, NSF, EHR Directorate, Division of Research, Evaluation

and Dissemination
Hal Richtol, NSF, EHR Directorate, Division of Undergraduate Education
Art Ellis, NISE Grade 13 Reform project

9:00-10:00 Five-minute presentations by participants
Please tell the group in five minutes about the grade 13 activities in which you have been involved or have a
specific interest and mention any ideas you would like to share with us as we begin the workshop.
10:15-10:30 Break
10:30-12:00 Five-minute presentations continued
12:00-1:30 Discussion continues over lunch
1:30-3:00 Disciplinary breakout groups
Participants will be organized into discipline-based working groups to discuss what skills and knowledge
students should possess at the end of grade 13 courses in these areas; and how to assess whether the skills
and knowledge have been obtained.

Group A. Mathematics
Group B. Physics/Engineering/Technology
Group C. Chemistry/Biology
Group D. Alternative/Integrated Grade 13 SMET courses

3:00-3:15 Break
3:15-3:30 Group reports written
3:30-4:30 Group reports presented and discussed
4:30-5:00 Wrap-up
6:00-7:00 Reception (cash bar), Madison Civic Center, Spotlight Room
7:00 Dinner at the Madison Civic Center
8:00 Banquet speech, Denice Denton, UW-Madison
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Saturday, June 24

8:00-8:30
8:30-10:30

10:30-10:45
10:45-11:00
11:00 -12:00
12:00-1:30
1:30-3:00

3:00-3:15
3:15-5:00

16

Continental breakfast
Cross-disciplinary breakout groups

A. SMET: literacy vs. careers
B. Equity: access, retention, diversity, remediation
C. Articulation: transfer of knowledge and credits

Break
Group reports written
Group reports presented and discussed
Discussion continues over lunch
Defining the Priorities for the Grade 13 SMET Research Agenda

What are the most strategically valuable research questions to ask? What mix of
research methodologies would best help us move this agenda forward? What
mix of participants would be optimal? What other considerations might there
be?

Break
Continued discussion, report writing, and wrap-up
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Appendix B

Directory of Participants

Dr. Clifford Adelman
US Department of Education/OERI
555 New Jersey Avenue, NW, #617A
Washington, DC 20208
(202) 219-2251
(201) 219-2030 FAX
cadelman @inet.ed.gov

Dr. L. Wilmer Anderson, Professor
Physics Department
Room 3328 Sterling Hall
1150 University Ave.
University of Wisconsin-Madison
Madison, WI 53706
(608) 262-8962
(608) 262-2334 FAX
lwanderson @uwnuc0.physics.wisc.edu

Dr. Steven F. Bauman, Professor
Department of Mathematics
207 Van Vleck Hall
480 Lincoln Dr.
Madison, WI 53706
(608) 262-0077
(608) 262-8891 FAX
bauman@math.wisc.edu

Dr. Soren Bisgaard, Associate Professor
Department of Industrial Engineering
Room 587 WARF Office Bldg.
610 Walnut St.
University of Wisconsin-Madison
Madison, WI 53706
(608) 263-2654/2520
(608) 263-1425 FAX
bisgaard@engr.wisc.edu
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Lia Brillhart (NISE, Fellow)
Triton College
River Grove, IL 60171
831 North East Avenue
Oak Park, IL 60302
(708) 383-2081 (a.m. best)

Dr. Richard A. Brualdi, Professor
Department of Mathematics
219 Van Vleck Hall
480 Lincoln Dr.
Madison, WI 53706
(608) 263-3051
brualdi@math.wisc.edu

Ann B. Burgess, Senior Lecturer
Biology Core Curriculum
Room 361 Noland Hall
250 N. Mills St.
University of Wisconsin-Madison
Madison, WI 53706
(608) 263-1594/262-5979
aburgess @facstaff.wisc.edu

Jane Harris Cramer
Biotechnology Consulting
6602 Normandy Lane
Madison, WI 53719
(608) 829-1450
(608) 829-1448 FAX

Dr. Denice D. Denton, Professor
Dept. of Electrical and Computer Engineering
Rm. 262 Engineering Hall
1415 Johnson Dr.
Madison, WI 53706
(608) 263-2354
(608) 265-2614 FAX
denton@engr.wisc.edu
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Dr. Sharon J. Derry, Professor
Department of Educational Psychology
1025 W. Johnson St., Rm. 665
Madison, WI 53706
(608) 263-3676
(608) 263-6448 FAX
sderry@macc.wisc.edu

Dr. Janice Downer, Assistant Professor
Department of Nuclear Engineering and
Engineering Physics
Room 537 Engineering Research Building
1500 Engineering Drive
University of Wisconsin-Madison
Madison, WI 53706
(608) 262-4848
(608) 262-6707 FAX
downer@engr.wisc.edu

Dr. Arthur B. Ellis, Professor
Department of Chemistry
1101 University Ave., Rm. 7351
Madison, WI 53706
(608) 262-0421
(608) 262-6143 FAX
ellis@fozzie.chem.wisc.edu

Dr. Donald Emmeluth
Fulton-Montgomery Community College
2805 State Highway 67
Johnstown, NY 12095-3790
(518) 762-4651 x 341
(518) 762-4334 FAX

Dr. Michael G. Finn, Senior Economist
Oak Ridge Associated Universities
Science Engineering Education Division
1009 Commerce Park Drive
Building 4, Suite 300
Oak Ridge, TN 37830
(615) 576-4804
(615) 241-2727 FAX
finnm@orau.gov
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Dr. Eli Fromm
Vice Provost for Research and Graduate Studies
Drexel University
32nd and Chestnut Streets, 1-102
Philadelphia, PA 19104
(215) 895-2201
(215) 895-0156 FAX
fromme@duvm.ocs.drexel.edu

Gateway Coalition, Director
32nd and Chestnut Streets, 1-102
Philadelphia, PA 19104

Dr. Carole Goodson
Department of Technology
University of Houston
Houston, TX 77204-4083
(713) 743-4046
(713) 743-4032 FAX
cgoodson@uh.edu

Dr. Jo Handelsman, Professor
Department of Plant Pathology
Rm. 683A Russell Laboratories
1630 Linden Dr.
Madison, WI 53706
(608) 263-8783
(608) 262-8643 FAX
joh@plantpath.wisc.edu

Dr. Peter W. Hewson, Professor
Department of Curriculum and Instruction
1025 W. Johnson St., Rm. 753A
Madison, WI 53706
(608) 263-9250
(608) 263-6448 FAX
pwhewson @facstaff.wisc.edu
(216) 991-8624 Ohio

Dr. David Jenness
Valley Research
P.O. Box 3750 - Pojoaque
Santa Fe, NM 87501
(505) 455-7107
schljenness@technet.nm.org
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Mrs. Jann L. Joseph
LEAD Center
1402 University Ave., Rm. 413
Madison, WI 53706
(608) 265-5924
(608) 265-5923 FAX
j8j@engr.wisc.edu

Dr. Gretchen Kalonji, Professor
and Kyocera Chair

Dept. of Materials Science and Engineering,
FB10
University of Washington
Seattle, WA 98195
(206) 543-1115
(206) 543-3100
kalonji@u.washington.edu

Wilfred A. Kenney, Program Manager
Xerox Corporation
800 Phillips Rd., Building 214-07S
Webster, NY 14580
(716) 422-7611
(716) 422-6401 FAX

Holly Walter Kerby
Madison Area Technical College
3550 Anderson St.
Madison, WI 53704
(608) 246-6630
(608) 246-6880 FAX
hwk6805@madison.tec.wi.us
rlkerby@facsfaff.wisc.edu (summer)
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Dr. Eileen Lob Lewis, Visiting Professor
Graduate School of Education
University of California-Berkeley
4533 Tolman Hall
Berkeley, CA 94720
(510) 643-9122
eileen@garnet.berkeley.edu
Professor of Chemistry
Canada College
4200 Farm Hill Blvd.
Redwood City, CA 94061
(415) 306-3255

Dr. Robert J. Lopez, Professor
Department of Mathematics
5500 Wabash Avenue
Rose-Hulman Institute of Technology
Terre Haute, IN 47803-3999
(812) 877-8396
(812) 877-3198 FAX
r.lopez@rose-hulman.edu

Dr. Jose Mestre, Professor
Department of Physics and Astronomy
Hasbrouck Lab
University of Massachusetts at Amherst
Amherst, MA 01003
(413) 545-2040
mestre@phast.umass.edu

Dr. Susan B. Millar
LEAD Center
1402 University Ave., Rm. 434
Madison, WI 53706
(608) 265-5943
(608) 265-5923 FAX
smillar@engr.wisc.edu
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Dr. Terrence S. Millar, Assoc. Dean for
Physical Sciences
Administration
Rm. 321 Bascom Hall
500 Lincoln Drive
University of Wisconsin-Madison
Madison, WI 53706
(608) 262-6310
(608) 262-5134 FAX
millar@math.wisc.edu

Dr. Michael Neuschantz, Senior Research
Associate
American Institute of Physics
Educational and Employment Statistics
One Physics Ellipse
College Park, MD 20740-3843
(301) 209-3077
(301) 209-0843 FAX
mneuscha@aip.acp.org

Mr. Michael Patrick, Outreach Program
Manager III
Genetic Clinic Program
Rm. 104 Genetics Building
445 Henry Mall
Madison, WI 53706
(608) 265-4564
(608) 262-2976 FAX
mpatrick@facstaff.wisc.edu

Dr. Andrew C. Porter, Director
Wisconsin Center for Education Research
1025 W. Johnson St., Rm. 785C
Madison, WI 53706
(608) 263-4200
(608) 263-6448 FAX
acporter@macc.wisc.edu
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Senta A. Raizen, Director
The National Center for Improving Science
Education
The NETWORK, Inc.
2000 L Street, NW
Suite 603
Washington, DC 20036
(202) 467-0652
(202) 467-0659 FAX
raizen@ncise.org

Dr. Charles Read, Dean Designate
School of Education
Rm. 3338 Bascom Hall
500 Lincoln Dr.
University of Wisconsin-Madison
Madison, WI 53706
(608) 262-1044
cread@macc.wisc.edu

Dr. Hal Richtol, Program Director
Division of Undergraduate Education
National Science Foundation
4201 Wilson Boulevard, Room 835
Arlington, VA 22230
(703) 306-1665 x 5880
(703) 306-0445 FAX
hrichtol@nsf.gov

Dr. Terry Russell, Executive Director
Association for Institutional Research
314 Stone Building
Florida State University
Tallahassee, FL 32306-3038
(904) 644-4470
(904) 644-8824 FAX
trussell@mailer.fsu.edu

Dr. Walter Secada, Professor
Department of Curriculum and Instruction
Room 575G Educational Sciences Bldg.
1025 W. Johnson St.
Madison, WI 53706
(608) 263-4544
(608) 263-6448 FAX
secada@macc.wisc.edu
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