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Poverty and Guidance: Challenges and Opportunities
in Mathematics Preparation for Engineering

Abstract

The Statewide Coalition Supporting Underrepresented Populations in Precalculus through
Organizational Redesign Towards 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 postsecondary institutions throughout South Carolina that
have joined together to address the systemic issue of mathematics preparation and placement for
students pursuing or intending to pursue engineering degrees.

In Year One of the project, we used individual data for all 21,656 first-year STEM-intending
students enrolled in a public two- or four-year postsecondary institution with ABET-accredited
engineering programs in the state to identify 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: ones that produced
disproportionately few engineering-intending students. From the pathways analysis we identified
target locations for focus groups to identify factors that do not readily appear in institutional data,
such as the impact of guidance counselor recommendations in a student’s selection of their 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. These themes
also contributed to both the development of a survey for statewide administration and a follow-up
study to develop profiles of school district decision-making with direct and indirect effects on
mathematics preparation and major selection of students from that district.

As we conclude Year Two of our launch pilot, in this paper we integrate a subset of results from
different aspects of the project to address both quantitative impact and qualitative context of the
roles that poverty and guidance play in gaining access to engineering in South Carolina.

Introduction

The SC:SUPPORTED project is based on wide recognition that initial college mathematics
placement is a strong predictor for completion of an engineering degree [2, 5, 7, 9, 12]. Many
factors associated with mathematical preparation have been previously identified in the literature.
Our goal with SC:SUPPORTED was to quantify, qualify, and contextualize both known and



previously unidentified factors within our state in order to provide a framework for testing
interventions to broaden participation in engineering and engineering-related fields.

We began by pooling data from all 21,656 first-year students enrolled in engineering and
engineering-related fields at the twenty coalition campuses. This provided us with the
Post-Secondary Student Census Data. Analysis of that data yielded six locations at which Student
Focus Groups (Figure 1) were conducted to uncover previously unidentified relevant factors
[6].

For students within the Post-Secondary Student Census Data who attended high school in South
Carolina, we then created a Combined Student Data File that included individual demographic
and post-secondary placement information concatenated with high school institutional
information drawn from the SC Report Card Data published by the SC Department of Education
(Figure 1) [11]. Analysis of the Combined Student Data File allowed us to create models of
association between district-level poverty, mathematics placement, and major selection for
students from South Carolina in engineering and engineering-related fields [4].

Thematic analysis of the qualitative data from the Student Focus Groups led to development of a
Statewide Survey (Figure 1) to quantify the impact of themes identified in the focus groups.
Those themes, paired with the models emerging from analysis of the Combined Student Data
File, also informed a District Profiles study (Figure 1) in which we are investigating district- and
school-level policies and priorities yielding results that depart sharply the predictive models for
mathematics placement and major selection.

In this paper, we integrate selected key results from the Student Focus Groups, the Statewide
Survey, and the Math Placement Model (highlighted in Figure 1) to describe both barriers to
engineering access imposed by poverty and opportunities to support students in overcoming those
barriers through timely intervention and guidance. Some of the results integrated here have
appeared elsewhere as portions of separate analysis stages, or are currently under review.
However, the integration of these specific results from different project stages has not previously
been reported elsewhere.

Association between Poverty Index and Math Placement

Throughout the country and world, low socioeconomic status (SES) has profound negative
associations with educational opportunities and attainment [1, 10]. It is no surprise that the same
holds in South Carolina. In particular, there is a strong association between district-level poverty
index and preparation for calculus, as shown in Table 1 [one citation removed for blind review].
Students entering engineering or engineering-related fields from the lowest-poverty schools have
an estimated 80% chance of placing into Calculus I or higher. In contrast, students from the
highest-poverty schools have an estimated 6% chance of placing into Calculus I or higher. Taken
another way, a student entering an engineering program from a high-poverty school in South
Carolina has an estimated 94% chance of needing one or more additional semesters to complete
the calculus sequence required for an engineering. These rates of mathematics placement are
among students who are entering engineering- and engineering-related fields only, and can be
presumed to be higher if we were to include all students from all fields.
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Figure 1 NSF INCLUDES Project Overview. A diagram outlining the stages of the research
project. Selected results from highlighted elements of the diagram are discussed in this
paper.

Table 1 raises ethical concerns. To improve six-year graduation rates and retention to degree, the
calculated option is to focus recruiting efforts on students from low-poverty high schools and
minimize enrollment by students from high-poverty high schools. This would cause harm to the
populations we are most interested in helping in this study and we stress that these results should
not be used to support such a decision. Rather, these results should be used to to help stakeholders
understand the impact of systemic inequities on individuals so that those inequities can be
mitigated.

It is also worth noting that our analysis revealed a few high schools whose actual placement rates
were strong outliers for the model. That is, there are high schools in South Carolina with
significantly higher percentages of students placing into Calculus I or higher than predicted by the
district poverty index. These schools are the subject of a follow-up District Profiles study
(Figure 1) exploring administrative decision-making and programmatic implementation that yield
outlier results. The data from that study are currently under analysis.



Table 1: Predicted proportion of students placing into Calculus I at different district-level poverty
indices.

District Poverty
Index

Estimated Calculus I+
Placement

5% 0.80
15% 0.72
25% 0.62
35% 0.51
45% 0.40
55% 0.30
65% 0.21
75% 0.15
85% 0.10
95% 0.06

Exploring the Student Perspective

Concurrent with analysis of the Combined Student Data File, we conducted Student Focus
Groups (Figure 1) to identify factors that students perceived as highly influential in their
mathematics preparation, major selection, and choice of two- or four-year post-secondary
institution. The students were chosen from “outlier” clusters, or locations with much higher or
lower rates of calculus placement or engineering major selection than the general trend [6]. Six
major themes emerged from the focus groups: familial and fictive kin relationships, family
responsibilities, selective attention from high school guidance counselors, peer influence, reliance
on technological aids, and curricular mismatching [3, 8]. These themes, together with results
from the Major Selection Model, the Math Placement Model, and archival literature, resulted in a
statewide survey for distribution at all coalition campuses in Fall 2019.

Significant issues with deployment of the survey resulted in response rate that was below our
acceptable threshold for inferential statistical analysis, both for overall number of complete
responses (n = 542) and for distribution of responses along demographic characteristics such as
institutional affiliation, major, and racial/ethnic identity. Descriptive analysis of relevant variables
from the survey supports that the themes identified in the focus groups are all reflected in the
survey responses. The survey will be re-administered in Fall 2020 with new distribution
guidelines to obtain the desired response rate.

Although we cannot quantify the extent to which the focus themes are reflected within the full
student population, much less within key subpopulations, the focus group themes nonetheless
yield useful insights into understanding the mechanisms by which district-level poverty index
affects mathematics placement at the post-secondary level. We focus here specifically on the role
of high school guidance counselors. These results are reported in greater detail as part of a larger
analysis elsewhere, but without the integration with the quantitative results in Table 1 [4].

The focus groups revealed strong emotion, both positive and negative, surrounding the role of



guidance counselors in educational attainment and opportunities for students in South Carolina.
State law mandates a ratio of 300 students to one guidance counselor and schools with small
enrollments may share guidance counselors across multiple schools in the same district. Schools
with lower poverty indices have the option of allocating resources to lower the
student-to-counselor ratio. These schools also have a higher percentage of families with
college-educated parents who provide additional guidance from their own experience navigating
college admissions and enrollment.

Students in the focus groups who had entered college from a school with a high poverty index
identified several ways in which their interactions with guidance counselors negatively affected
their mathematics placement in college. Some of these were directly related to a lack of available
resources at the school; others were related to a lack of clear information related to college
expectations for admissions and for success in STEM-related fields. These themes formed the
basis for several questions on the Statewide Survey.

A 2005 state law mandates that each student in South Carolina discuss an Individual Graduation
Plan with a guidance counselor at least once per year starting in eighth grade and continuing
through graduation. Within the focus groups it became apparent that this was not occurring in
practice in an effective manner. This theme was echoed in responses on the Statewide Survey,
with 39.8% of respondents indicated they met with a guidance counselor either never (22.6%) or
less than once per year (17.2%) (Figure 2). Nearly a quarter of students (24.4%) met with
guidance counselors at the minimum legal rate of once per year.

Figure 2 Frequency of meetings with guidance counselors as reported by students completing the
Statewide Survey in Fall 2019 (n = 332). Categories reported are as they appeared on the
survey.

Meetings with guidance counselors, however, often failed to provide the information students
desired. In particular, students in the focus groups expressed frustration over learning too late
about college admissions requirements or expectations for mathematics preparation for STEM
degrees. In particular, high school graduation requires Algebra I, Geometry, and two additional
units of mathematics. College-ready standards require Algebra I, Geometry, Algebra II, and a
math course with Algebra II as a prerequisite (typically precalculus). A common theme among



focus group participants at two-year colleges was that they were advised not to take math courses
beyond Geometry, even when they indicated an interest in STEM fields.

These perceptions of the value of guidance were reflected in the Statewide Survey, with 33.1% of
students responding that their meetings with guidance counselor were helpful either never
(15.2%) or less than half the time (17.9%) (Figure 3). Moreover, 51.8% did not learn about
expectations for mathematics courses beyond Geometry until 11th grade or later, too late to make
curricular adjustments and enter college calculus-ready.

Figure 3 Relative frequency of helpfulness of meetings with guidance counselors as reported by
students completing the Statewide Survey in Fall 2019 (n = 257). Categories reported are
as they appeared on the survey. This prompt was not presented to the 75 respondents who
indicated they had never met with a guidance counselor.

We also asked students who reported that they had met with a guidance counselor at least once to
indicate what topics had been discussed with a guidance counselor. The choices were drawn from
the focus groups and students could select as many as they wanted. Students who indicated that
meetings with guidance counselor were helpful never or less than half the time (the ‘dissatisfied
group’) identified an average of 2.75 topics that had been discussed. In contrast, students who
indicated that meetings with guidance counselors were helpful more than half the time or always
(the ‘satisfied group’) identified an average of 4.99 topics topics that had been discussed in the
meetings. The pattern of topics discussed is also revealing (Figure 4).

Among students who were generally dissatisfied with their meetings with guidance counselors,
only 11% indicated that they had discussed college applications, as compared with 74% of
students who were generally satisfied with their meetings with guidance counselors. We note that
the students completing the Statewide Survey were enrolled in a two- or four-year college, so
college applications would have been a relevant topic in all cases. Similarly, 9% of generally
dissatisfied students indicated that they had discussed individual graduation plans, as compared to
61% of generally satisfied students.

While we acknowledge the limitations of the data set and our choice not to carry out inferential
statistics, it appears from this limited response that discussion of college admissions and
individual graduation plans is central to students feeling satisfied with the support they are



Figure 4 Topics discussed with guidance counselors as reported by students completing the
Statewide Survey in Fall 2019 (n = 257). Percentages sum to more than 100% as students
could select all that applied. The “Dissatisfied Group” consists of the 85 respondents who
indicated that meetings with guidance counselors were helpful never or less than half the
time. The “Neutral Group” consists of the 57 respondents who indicated that meetings with
guidance counselors were helpful about half the time. The “Satisfied Group” consists of
the 115 respondents who indicated that meetings with guidance counselors were helpful
always or more than half the time. This prompt was not presented to the 75 respondents
who indicated they had never met with a guidance counselor.

receiving from guidance counselors. Students want to have more information available to them
about graduation requirements, preparation for their intended careers, and college admissions.
The role of guidance counselors in providing this information is more critical for first-generation
college students than for those with extracurricular access to trusted adults with the navigational
capital of having already accessed higher education. We hypothesize that when that information
is not provided by guidance counselors early, it plays a critical role in widening the
calculus-readiness gap for STEM-intending students along district poverty lines.

In addition to being sources of critical information for decision-making, guidance counselors also
serve as both direct and indirect gatekeepers for mathematics courses. Our focus group
participants highlighted the role that guidance counselors played in either encouraging students to
take more advanced mathematics courses, or in discouraging them from doing so. These themes,
again, are reflected in the survey responses we received. Of the students who had access to a
precalculus course in high but chose not to take it, 44.1% indicated that a significant reason for
not taking the course was that no one recommended it; 13.1% indicated that their guidance
counselor actively recommended against taking precalculus.



District Profiles

The central role played by guidance counselors, particularly in the absence of family or fictive
family members able to support informed decision-making for STEM careers during high school,
indicates that even with limited resources, districts may be able to improve college mathematics
placement for STEM-intending students. Other aspects of the project have indicated other critical
decision points, such as policies regarding use of educational technology in mathematics
courses.

These insights form the basis for the District Profiles follow-up study (Figure 1). In the District
Profiles project, we have identified four high-poverty school districts that diverge from the math
placement or major selection model in specific ways. We have collected data from
semi-structured interviews with district administrators, guidance counselors, and mathematics
teachers to determine administrative policies, district programs, and individual approaches that
may provide templates for improvement in otherwise similar districts.

Next Steps

We are currently in a no-cost extension of our initial funding and have three specific objectives to
complete the original goals of the Launch Pilot:

1. Complete the District Profiles analysis and make recommendations for district-level
policies to improve college mathematics placement for STEM-intending students.

2. Redistribute the Statewide Survey in Fall 2020, using lessons learned in 2019 to achieve an
acceptable response rate and distribution of responses among key demographic
characteristics.

3. Conduct follow-up interviews with specific survey respondents to further understand trends
of interest within the limited response data.

Discussion

Analysis of Statewide Survey responses in a successful distribution will provide additional insight
into interventions, including development of a structural equation model governing mathematics
preparation and major selection within the statewide educational system. However, the Focus
Group themes, supported by the limited results of the first distribution of the Statewide Survey,
already indicate a clear and accessible intervention point: guidance counselors.

It is our assumption that guidance counselors actively seek the best for the students they advise.
With 300 students to advise each year, only 180 school days in which to carry out the advising,
and a host of non-academic counseling duties and administrative reporting responsibilities,
including academic advising, guidance counselors carry a heavy workload. They must choose
how to prioritize their time with each student. The District Profiles analysis will provide insight
into district-level policies and information-sharing that lead to productive practices for supporting
engineering-intended students in mathematics course selection and preparation for college. Those



practices will then be shared with other districts, while insights from the Focus Groups and
Statewide Survey will be shared directly with guidance counselors in high-poverty-index districts
through a series of professional development workshops around the state.

The results from our first two years underscore the need to identify causal factors driving
systemic inequity, particularly given the strong correlation within South Carolina between
socioeconomic status and minoritization along racial and ethnic lines. By designing effective
interventions to disrupt the association between district-level poverty index and college
mathematics placement, we have the opportunity to broaden participation in engineering, and
consequentially reduce wage and wealth gaps within the state.
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