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Source: Eagan et al., 2014 (Fig 7)

• Why do many of the students who
enter higher education with an interest
in pursuing study in STEM lose that
interest before degree completion?
• How can the quality of the educational
experience of undergraduate STEM
students be improved?
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Major Topics (Chapters)
• Multiple STEM Pathways
• Why students enter, stay, or leave – the
culture of undergraduate STEM education
• Instructional practices, departmental
leadership, and co-curricular supports
• Why students stay or leave – institutional,
state, and national policies
• Leading and sustaining change
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Conclusions and
Recommendations
• Today’s STEM Students
CONCLUSIONS 1-3; RECOMMENDATIONS 1-2

• Institutional Support for Students
CONCLUSION 4; RECOMMENDATIONS 3-7

• Systemic and Sustainable Change in STEM Education
CONCLUSIONS 5-6; RECOMMENDATIONS 8-9
BOARD ON SCIENCE EDUCATION

Today’s STEM Students
CONCLUSION 1 — There is an opportunity to expand and
diversify the nation’s STEM workforce and STEM-skilled workers
in all fields if there is a commitment to appropriately support
students through degree completion and provide more
opportunities to engage in high-quality STEM learning and
experiences.
CONCLUSION 2 — STEM aspirants increasingly navigate the
undergraduate education system in new and complex ways. It
takes students longer for completion of degrees, there are
many patterns of student mobility within and across
institutions, and the accommodation and management of
student enrollment patterns can affect how quickly and even
whether a student earns a STEM degree.
BOARD ON SCIENCE EDUCATION

Today’s STEM Students
CONCLUSION 3 — National, state, and institutional
undergraduate data systems often are not structured to
gather information needed to understand how well the
undergraduate education system and institutions of higher
education are serving students.

BOARD ON SCIENCE EDUCATION

Today’s STEM Students
RECOMMENDATION 1 — Data collection systems should be
adjusted to collect information to help departments and
institutions better understand the nature of the student
populations they serve and the pathways these students
take to complete STEM degrees.
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Today’s STEM Students
RECOMMENDATION 2 — Federal agencies, foundations,
and other entities that fund research in undergraduate
STEM education should prioritize research to assess
whether enrollment mobility in STEM is a response to
financial, institutional, individual, or other factors, both
individually and collectively, and to improve
understanding of how student progress in STEM, in
comparison with other disciplines, is affected by
enrollment mobility.
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Institutional Support for Students
CONCLUSION 4 - Better alignment of STEM programs,
instructional practices, and student supports is needed in
institutions to meet the needs of the populations they
serve. Programming and policies that address the climate
of STEM departments and classrooms, the availability of
instructional supports and authentic STEM experiences,
and the implementation of effective teaching practices
together can help students overcome key barriers to
earning a STEM degree, including the time to degree and
the price of a STEM degree.
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Institutional Support for Students
RECOMMENDATION 3 — Federal agencies, foundations,
and other entities that support research in undergraduate
STEM education should support studies with multiple
methodologies and approaches to better understand the
effectiveness of various co-curricular programs.
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Institutional Support for Students
RECOMMENDATION 4 — Institutions, states, and federal
policy makers should better align educational policies
with the range of education goals of students enrolled in
2- and 4-year institutions. Policies should account for the
fact that many students take more than 6 years to
graduate and should reward 2- and 4-year institutions for
their contributions to the educational success of students
they serve, which includes not only those who graduate.
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Institutional Support for Students
RECOMMENDATION 5 — Institutions of higher education,
disciplinary societies, foundations, and federal agencies
that fund undergraduate education should focus their
efforts in a coordinated manner on critical issues to
support STEM strategies, programs, and policies that can
improve STEM instruction.
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Institutional Support for Students
RECOMMENDATION 6—Accrediting agencies, states, and
institutions should take steps to support increased
alignment of policies that can improve the transfer
process for students.
RECOMMENDATION 7—State and federal agencies and
accrediting bodies together should explore the efficacy
and tradeoffs of different articulation agreements and
transfer policies.
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Systemic and Sustainable Change in
STEM Education
CONCLUSION 5 — There is no single approach that will
improve the educational outcomes of all STEM aspirants.
The nature of U.S. undergraduate STEM education will
require a series of interconnected and evidence-based
approaches to create systemic organizational change for
student success.
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Systemic and Sustainable Change in
STEM Education
CONCLUSION 6 — Improving undergraduate STEM
education for all students will require a more systemic
approach to change that includes use of evidence to
support institutional decisions, learning communities and
faculty development networks, and partnerships across
the education system.
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Systemic and Sustainable Change in
STEM Education
RECOMMENDATION 8 — Institutions should consider how
expanded and improved co-curricular supports for STEM
students can be informed by and integrated into work on
more systemic reforms in undergraduate STEM education
to more equitably serve their student populations.
RECOMMENDATION 9 — Disciplinary departments,
institutions, university associations, disciplinary societies,
federal agencies, and accrediting bodies should work
together to support systemic and long-lasting changes to
undergraduate STEM education.
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How faculty can engage in evidencebased efforts in creating systemic
change for student success
As a teacher and mentor –
•
•
•
•

Implement inclusive pedagogy
Improve the climate of our classrooms
Provide authentic STEM experiences
Evidence-based/scholarly approach to teaching

Dynamics of Multicultural Teaching and Learning
Know oneself

How we teach

• Multiple and interacting
social identities and
identity status
• Unexamined
assumptions
• Stereotyped beliefs

• Broaden repertoire of
teaching methods;
address multiple
learning styles
• Classroom norms that
emphasize respect,
fairness, and equity

What we teach
• Use a curriculum of
inclusion
• Represent diverse
perspectives
• Draw examples and
illustrations from
diverse life experiences

Faculty

Course
Content

Teaching
Method

Know one’s students

Students

• Monocultural multicultural socialization
• Cognitive development
• Unexamined
assumptions and
stereotyped beliefs

Adapted from: Adams & Love 2009

A Paradigm for Multicultural Course Change
Component

Exclusive

Inclusive

Transformed

Contents

Give traditional mainstream
experiences and perspectives;
add authors from different
backgrounds who confirm
traditional perspectives or
support stereotypes.

Add Alternative perspectives
through materials, readings,
speakers; analyze historical
exclusion of alternative
perspectives

Re-conceptualize the content through
a shift in paradigm or standard;
present content through non-dominant
perspective.

Instructional
Strategies
and Activities

Mainly lecture and other
didactic methods; questionand-answer discussions;
instructor as purveyor of
knowledge.

Instructor as purveyor of
knowledge but uses a variety
of methods to relate new
knowledge to previous
experience
- engage students in
constructing knowledge
- encourage peer learning.

Change in power structure so that
students and instructor learn from
each other; methods center on student
experience/knowledge such as
- analyzing concepts against personal
experience
- issues-oriented approaches
- critical pedagogy

Assessment of
Student
Knowledge

Primarily examinations and
papers.

Multiple methods and
alternatives to standard exams
and papers; student choice.

Alternatives that focus on student
growth: action-oriented projects; selfassessment, reflection on the course.

Classroom
Dynamics

Focus exclusively on content;
avoidance of social issues in
classroom; no attempt to
monitor student participation.

Acknowledgement and
processing of social issues in
classroom; monitoring and
ensuring equity in student
participation.

Challenging of biased views and
sharing of diverse perspectives while
respecting rules established for group
process; equity in participation.
Morey & Kitano 1997

Authentic STEM Experiences
• Undergraduate research experiences (URE) are
especially effective in increasing retention and
academic achievements, especially for underrepresented minority students
• Scaling up URE with course-based undergraduate
research experiences (CURE; e.g., Genomics
Education Partnership, FYI at UT Austin)
• Deep reading and investigation of primary
literature (e.g., CREATE)
• Course-based authentic scientific inquiries

Authentic Ecological Inquiry using BearCam

Criteria

3

2

1

0

Objective

The objective (1) is clear, (2) is reasonably specific, and (3) explains the purpose
of the study.

Met 2
of 3

Met 1
of 3

Met
none

Hypothesis

The hypothesis is (1) logical, (2) testable, and (3) nontrivial.

Met 2
of 3

Met 1
of 3

Met
none

Sampling

The number of samples is (1) reported and (2) sufficient, and (3) with sufficient
description for sample selection.

Met 2
of 3

Met 1
of 3

Met
none

Data Collection

(1) The variables collected are appropriate for testing the hypothesis and (2)
there are sufficient description for data collection and (3) and data analysis.

Met 2
of 3

Met 1
of 3

Met
none

Data Display

The data display (1) is in an appropriate form, (2) represents appropriate
variables, and (3) addresses the hypothesis.

Met 2
of 3

Met 1
of 3

Met
none

Results

Results (1) are presented in the text, (2) are specific, and (3) correspond to the
variables specified in the methods section.

Met 2
of 3

Met 1
of 3

Met
none

Conclusions

Conclusions (1) are based solely on results, (2) are sufficiently developed based
on the results, and (3) correspond to the hypothesis.

Met 2
of 3

Met 1
of 3

Met
none

Discussions

Discussions include (1) interpretations of the results, (2) limitations of the study,
and (3) suggested future studies/new questions.

Met 2
of 3

Met 1
of 3

Met
none

Organization

The (1) Introduction, (2) Methods, and (3) Results & Discussion sections,
respectively, are free of other contents.

Met 2
of 3

Met 1
of 3

Met
none

Report

The report is (1) written in grammatically correct sentences, (2) written in a
succinct, technical style, and (3) free of unnecessary repetition.

Met 2
of 3

Met 1
of 3

Met
none

Virtual Ecological Inquiry (VEI)

How faculty can engage in evidencebased efforts in creating systemic
change for student success
As a member of the institution and profession
• Inform and work with colleagues
• Engage in curricular/co-curricular reform
efforts of department and institution
• Engage in disciplinary faculty networks and
reform efforts (QUBES, CURE, ScienceCaseNet,
PULSE, etc.)

