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Women in Science and Engineering: A Framework for an Honors
Undergraduate Curriculum (Work in Progress)

Introduction

Recent reform efforts have focused on the disproportionate representation of women in
engineering and the physical sciences, since retention rates of women have lagged behind those
of male students [1]. This has been attributed to several factors, including poor academic self-
efficacy [2], inadequate pre-college preparation [3], [4], and lack of sense of belonging in the
field [5]. Gender inequality in science and engineering is a persistent issue and warrants close
examination of potential innovations to improve representation [6, 7]. The Women in Science
and Engineering (WISE) Honors program at Stony Brook University has been in existence since
1993, when it was funded by the National Science Foundation to increase the participation of
women in science, technology, engineering, and mathematics (STEM). When initial external
funding ceased, the University institutionalized the WISE program. WISE Honors is currently
housed within the College of Engineering and Applied Sciences (CEAS) and remains a flagship
program to promote diversity in STEM at the University [8].

WISE Honors fits the definition of an academic program as defined by Lattuca and Stark: “a
planned group of courses and experiences designated for a specific group of students” [9, p.
127]. The Program has both planned courses and a set of experiences for high achieving women
students pursuing degrees in STEM. No other institution of higher education offers such a
program, with its strong
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year undergraduate studies.
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major, as illustrated in Figure 1. migyre 1. Distribution of WISE freshmen by major, 2017 (N = 100).

Theoretical Foundations

The WISE Honors curriculum was aligned with two psychosocial theories that support inclusive
practices in undergraduate STEM education. The theory of planned behavior suggests that career
goal attainment is often strengthened by perceived behavioral control [10]. By providing an
honors curriculum that develops academic and professional competence, students may be more
likely to persist in their efforts to succeed in engineering and science majors. Secondly, situated
learning in communities of practice provides a context for socially constructed learning that



occurs through sustained collaboration [11]. Young women participating in a network of
likeminded individuals have been shown to strengthen agency and STEM identity as they
become socialized in their undergraduate majors [12]. CEAS and the WISE Honors Program
leveraged these two theories to create a rigorous curriculum for women to achieve excellence in
STEM while experiencing a supportive, collaborative learning environment. Additional research
has suggested that women’s persistence in STEM has been improved by participation in a
nurturing community of STEM students, a formal STEM student organization, and
undergraduate research [13].

Curriculum Description, Structure and Sequence

WISE Honors began as a primarily co-curricular program, offering research opportunities,
academic advising, mentoring, and professional development activities for undergraduate
women. Students in the program followed the requirements of their majors as well as general
education requirements of the University. The students reside in a cohabitant learning
community during their first year. In addition to participating in enrichment activities, WISE
students followed a regular academic plan, plus some additional classes, pertaining to research
and gender issues. In 2017, WISE Honors developed a new academic plan—a full 20 credit
curriculum—giving the program a new academic focus. All WISE Honors classes were designed
to satisfy many of the University’s general education courses. Therefore, WISE Honors courses
do not burden students with requirements that would not otherwise count for major or general
education requirements. The four-year common academic sequence is described below.

First year. The first cohort to enroll in the new curriculum, implemented in Fall 2017, consisted
of 100 students (Figure 1). Freshman year focuses on academics. In fall, students take an
introductory freshman seminar geared specifically for WISE Honors students to get acclimated
to the rigors of college academic work. In spring of the first year, students take a seminar course,
Opportunities in STEM and Beyond, which includes guest lecturers to introduce students to the
breadth of STEM research and discovery. Learning objectives include understanding the
collaborative, interdisciplinary nature of STEM and its worldwide relevance.

Second year. The sophomore year expands on career and research and also emphasizes
academics. Society and Gender in STEM explores how gender impacts STEM and uncovers
stereotypes and sources of underrepresentation in in the field. Research and Discovery in STEM
fosters student capacity to develop a research plan, ethics of research, and communicating
findings and implications.

Third year. Junior year brings a focus to service when students enroll in Service-Learning in
STEM. The learning objectives of the course include identifying a STEM-related community
need and working collaboratively in teams to develop a solution. Year three is when students
begin their practical training in STEM, taking four credits selected from two of the following
four areas: teaching, mentorship/leadership, research, and internship. These practicum courses
develop students’ career and research skills.

Fourth year. Senior year promotes leadership. Women’s Leadership in STEM focuses on
understanding leadership theory, identifying challenges of women in leadership roles, exploring



pathways to STEM leadership, and developing a personal plan for professional growth. The
fourth year also culminates with the honors project or thesis, taken over two semesters. Students
develop their own research plans, engineering design projects, or theses, and present their work
at the end-of-year symposium. They develop an in-depth understanding of identifying and
solving STEM problems and effectively communicating their work to the general public. The
WISE curriculum and associated timeline are summarized in Table 1.

Table 1
WISE Curricular Sequence for Undergraduate STEM Majors

FALL SPRING ANY SEMESTER FOCUS
First Year Introduction to University Opportunities in Academics
Seminar STEM and Beyond
(1 credit) (1 credit)
Second Society and Gender in Research and Academics
Year STEM (3 credits) Discovery in STEM
(3 credits)
Third Year Service-Learning in STEM WISE Practicum Service
(1 credit) (4 credits total in
Fourth Women’s Leadership in WISE Honors teaching, Leadership
Year STEM (1 credit) Project/Thesis 11 mentoring/leadership,
WISE Honors (3 credits) research, internship) Thesis or Design
Project/Thesis I (3 credits) Project

Challenges

In incorporating the new curriculum, there were some potential logistical challenges, particularly
related to the recruitment of faculty to teach the courses. WISE Honors does not have
instructional staff, rather, it relies on affiliated faculty members in other departments who are
interested in the WISE mission of promoting women in STEM. Arrangements must be made
with STEM department chairs to work out the logistics of teaching loads. Challenges in teaching
the WISE Honors curriculum are most pronounced in the research course, in which unique
research experiences must be identified for 100 students in laboratories across campus.
Furthermore, the arrangement of internships depends upon strengthening and expanding the
network of regional industries, companies, and health services organizations. This requires
considerable work, however, our extensive faculty network and alumni have been supportive in
providing resources and opportunities for current WISE students.

Preliminary Findings

To measure the effectiveness of the new WISE curriculum in meeting its goals, incoming
freshmen (N = 58) were surveyed at the end of the fall semester in 2017. Baseline data were
collected to explore the following research question: How does participation in the WISE
curriculum impact students’ self-efficacy, career intentions, and socialization in the major?
Perceived behavioral control was measured as it related to academic persistence. Survey
questions were adapted from the Engineering Student Survey and Students Persisting in
Engineering Survey [14].



Findings indicated a strong sense of academic and social integration among the freshmen
women. The majority (94%) spent time outside of school with others interested in engineering,
science, or mathematics. Most of the women (76%) had a clear sense of their career plans after
graduation, with some reporting an interest in graduate school in their fields (47%), working in
industry (14%), graduate school in other fields (10%), working in a government laboratory or
agency (3%) and starting a business (2%). This indicated their academic behaviors were oriented
towards meeting specific academic goals. In terms of their sense of belonging, the young women
reported fairly strong feelings of camaraderie in extracurricular activities, work outside of class,
and friendships with others in their disciplines (percentage responses indicated in Table 2). These
responses also suggested participation in a community of practice contributed to their social and
academic well-being.

Table 2
Freshmen Women'’s Sense of Belonging
ITEM A AS | DS D | NA
1. When I participate in science, social science, or engineering professional 55 | 36 9 0 0
societies or extracurricular activities, I feel welcome.
2. 1 enjoy working with other students on group work outside of class. 41 47 7 5 0
3. I have many friends who are studying my discipline. 50 | 33 12 3 2
Response codes: A = agree, AS = agree somewhat, D = disagree somewhat, D = disagree, NA = not applicable
The freshmen women also reported strong feelings of self-efficacy in several domains,
displaying overwhelming confidence in completing degrees in their major (Table 3).
Table 3
Freshmen Women'’s Self-Efficacy
ITEM Not at all Not Fairly Very
confident | confident | confident | confident
1. Iam confident I will be enrolled in any major in CEAS or 3 2 28 67
the College of Arts and Sciences in the next academic
year.
2. Iam confident I will complete any science, social science, 2 2 33 63
or engineering-related degree.
3. Tam confident I will complete any degree at this 0 2 29 69
institution.

WISE first-year students’ self-efficacy was further explored in questions related to perceived
future success in specific curricula, intended careers, work-life balance, and social integration.
On most measures, responses indicated high levels of self-efficacy, however, some participants
seemed to have issues associated with balancing work and social life (Table 4). This finding will
inform future initiatives to offer workshops in managing the challenges and tensions associated

with work-life balance.




Table 4
Self-Efficacy Measures Related to Academics, Work-Life Balance, Social Integration

ITEM SD D sD N | sA|A [SA
1. I can succeed in my major curriculum. 2 2 2 9 11 | 42 | 33
2. Someone like me can succeed in a career related to my major. 0 0 2 5 9 |28 |49
3. I can succeed in my major while not having to give up 9 5 2 4 | 21 |26 |29

participation in my outside interests.
4. 1 can make friends with people from different backgrounds 0 2 0 2 12 (70 | 7
and/or values.
SD = strongly disagree, D = disagree, sD = slightly disagree, N = neutral, sA = slightly agree, A = agree, SA = strongly agree

Conclusions

The WISE Honors curriculum was designed and implemented to improve the experiences of
undergraduate women in STEM, with a particular focus on improving retention and their
academic and social satisfaction. WISE Honors addressed learning on two levels, cognitive
(knowledge, practices) and affective (sense of belonging, self-efficacy). By providing students
with honors level academic coursework, coupled with real world skills development, such as
research and design projects, and practical leadership experiences, WISE Honors will position
students to become effective agents in science and engineering communities. Future research
will explore longitudinal impacts of program participation, and how students might be better
prepared to balance the demands of their personal and professional lives.
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