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Statewide Coalition: Supporting Underrepresented Populations
in Precalculus through Organizational Redesign Toward
Engineering Diversity (SC:SUPPORTED) Results from Year
One

Abstract

National data indicate that initial mathematics course placement in college is a strong predictor of
persistence to degree in engineering[1, 2, 3, 4], with students placed in calculus persisting at
nearly twice the rate of those placed below calculus [3]. Within the state of South Carolina,
approximately 95% of engineering-intending students who initially place below calculus are from
in-state. The “Statewide Coalition: Supporting Underrepresented Populations in Precalculus
through Organizational Redesign Toward Engineering Diversity (SC:SUPPORTED),” a Design
and Development Launch Pilot funded under the National Science Foundation INCLUDES
program, is a coalition of secondary districts and post-secondary institutions throughout South
Carolina, joining together to address the systemic issue of mathematical preparation for
engineering-intending students.

First year results include an analysis of system-wide data to identify prevalent educational
pathways within the state, and the mathematical milestones along those pathways taken by
engineering-intending students. Using individual data for all 21,656 first-year students in
engineering-related fields enrolled in a public post-secondary institution in the state, we identified
specific pathways with high rates of placement in or above calculus, pathways with balanced rates
of placement in/below calculus, pathways with high rates of placement below calculus, and
‘missing’ pathways, defined as those which produce disproportionately few engineering-intending
students [5]. For example, rates of placement in or above calculus among engineering majors
ranged from below 17% in eight counties of origin to nearly 100% in four counties of

origin.

First-year results also included analysis of qualitative data from focus groups conducted at key
points along each pathway category to identify factors that do not readily appear in institutional
data (e.g., impact of guidance counselor recommendations in selection of last high school math
course taken). Broad themes emerging from the focus groups provided additional insight into
potential interventions at multiple points along educational pathways. Focus group data are
contributing to the development of a survey to be administered in Year 2 to all post-secondary
engineering majors statewide, with the goal of creating structural equation models of the factors
leading to placement at or below the calculus level upon entry into an engineering major. These
models will then allow us to design targeted interventions at points of maximal potential
impact.



Introduction

In keeping with the guidelines for the NSF INCLUDES program, we report our Year 1 results in
terms of Vision, Partnerships, Goals and Metrics, Leadership and Communication, and
Sustainability.

Vision

The vision of SC:SUPPORTED is to improve persistence among engineering-intending students
by addressing initial mathematics course placement and initial mathematics course outcomes,
particularly among students from minoritized populations, low SES backgrounds, and rural areas.
The launch pilot focuses on elucidating the pathways that lead students into college math courses
below calculus and on testing interventions at points of maximal theoretical impact. Although the
data we collect is specific to South Carolina, the framework for the study (Figure 1) is grounded
in engineering identity theory and draws on national research on engineering identity and
engineering pathways [1, 2, 3,4,6,7, 8,9, 10, 11, 12, 13, 14]. Each critical decision point is
affected by a range of inputs that are not unique to South Carolina; collecting representative data
to understand the relative impact of those input variables within the nearly closed system in South
Carolina will provide insight that translates to the larger national context.
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Figure 1 Theoretical framework for factors for retention in engineering based on previous published
work. We anticipate unknown, state-specific factors as indicated.

The focus of the project in Year One was to identify precollegiate factors affecting initial
mathematics placement. Year Two activities will include deeper dialogues regarding alignment of
post-secondary efforts to support students placed below calculus.



Partnerships

Recent studies suggest most students take complex, indirect paths to an engineering degree by
earning credits from and moving between a diverse set of institutions. In fact, only a small
percentage of students follow the traditional path of graduating from a four-year engineering
program within four years after high school [15].

Accordingly, the SC:SUPPORTED Launch Pilot includes a clearly-defined, diverse set of
institutions:

1. All state-supported, four-year post-secondary institutions with ABET-accredited
engineering programs in the state;

2. All state-supported technical (two-year) colleges in the state;

3. The 118 high schools in 43 districts statewide with 70% or higher poverty rate [16]. These
43 districts are located in proximity to the I-95 corridor with a high percentage of
underrepresented minorities and historically low rates of post-secondary degree completion.

Goals and Metrics

The project is proceeding in six phases, with Phases 1 — 3 occurring in Year One and Phases 4, 5,
and 6 occurring in Year Two. At the time of submission, we have completed Phases 1 and 2, with
Phase 3 underway.

Phase 1 (Pathways Analysis): analyze existing enrollment and placement data for
statewide trends; identify strategic locations for focus groups.

Phase 2 (Focus Groups): Collect focus group data to identify underlying causes of
anomalies in statewide enrollment and placement patterns.

Phase 3 (Survey Development): Use focus group data to add state-specific question
blocks to existing validated survey instruments.

Phase 4 (Survey Deployment): Deploy survey to all students in engineering-related
fields statewide with a target 30% response rate.

Phase 5 (Structural Equation Models): Combine survey data and existing geospatial
markers for urbanization, diversity, and socio-economic levels to create a series
of structural equation models (SEM) quantifying the relative significance of
factors influencing initial college math course placement.

Phase 6 (Interventions): Use SEM results to create targeted interventions at points of
maximum efficiency, with greatest potential of impact tied to sustainable cost.

Summary of results to date Using individual data for all 21,656 first-year students in
engineering-related fields enrolled in a public post-secondary institution in the state, we identified
specific pathways with high rates of placement in or above calculus, pathways with balanced rates
of placement in/below calculus, and pathways with high rates of placement below calculus.
Similarly, we identified pathways resulting in high rates of selection of engineering as a major
from among the engineering-related fields in our population of interest, mid-range rates of



engineering selection, and low rates of engineering selection. Details on the data collection,
analysis, and results are explored in greater detail elsewhere [5].

There is a wide discrepancy in county-level mathematics placement and major selection among
the population of interest. For example, rates of placement in or above calculus among
engineering majors ranged from below 17% in eight counties of origin to nearly 100% in four
counties of origin. Among students entering engineering-related fields, the rates of those choosing
engineering specifically were as high as 75% in some counties and as low as 10% in others.

These striking differences allowed us to identify locations to conduct a series of focus groups to
explore factors contributing to mathematics placement, major selection, and preparation for
college. The focus group data are allowing us to identify factors that do not readily appear in
institutional data (e.g., impact of guidance counselor recommendations and community leaders on
selection of last high school math course taken). The broad themes that are emerging from the
focus groups are driving the development of additional items to be added to previously validated
survey items [17] for distribution to all post-secondary students in engineering-related fields
statewide. They are also providing insight into potential interventions at multiple points along
educational pathways.

Leadership and Communication

Project leadership includes a multi-institutional leadership team with representatives from each of
the four-year campuses, the technical college system, and the coordinator of mathematics and
science outreach to the public schools. The external advisory board includes engineering
education experts from Purdue, Virginia Tech, and Research Triangle Park Educational Research.
Each campus has a local technical lead to coordinate project activities, and each phase of the
project includes a multi-institutional implementation team.

Sustainability and Scale

During Year One of the project, we are taking careful steps to ensure reliability and validity of the
data in order to set the stage for sustainability of project interventions, as well as for scaling those
interventions. We mention here some of the steps taken; this is not an exhaustive list but is
intended to give the reader a sense of the care being taken with data collection and handling.

Process reliability. In order to ensure equivalence of existing quantitative data, we have used
variables and formats required by state reporting guidelines where possible, and existing course
articulation agreements for alignment of math placement information. Qualitative data from focus
groups have been collected by the same two researchers in each setting, with a core set of
consistent prompts.

Descriptive validity. We have recorded each focus group session with two independent audio
recording devices, then had the audio files transcribed verbatim through a secure third party



service. Each audio file was verified against the recordings prior to analysis. Written artifacts
generated in the focus group were labeled and photographed before analysis.

Evaluative validity. Each member of the qualitative analysis team submitted written responses
and reflections to bracketing prompts to identify and mitigate researcher bias prior to analysis.
Researchers are maintaining memos and log trails during the analysis process to identify any
passages eliciting a strong emotional reaction that might indicate researcher bias.

Interpretive validity. Each focus group transcript was coded independently by at least three
members of the qualitative research team, then initial codes were compared and discrepancies
discussed until the team reached consensus. Passages on which agreement could not be reached
were marked for further review and potential member-checking.
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