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Inspiring Data Science Interest in Community College Students
Introduction

Demand for data science practitioners is growing rapidly, with job growth for individuals with a
bachelor's degree in a data science-related field expected to grow at a rate of 35% by 2032 [1].
Authors in journals as diverse as The Harvard Business Review and the IEEE have explored data
science career growth and recently upgraded their predictions to an even wider set of industries,
with more automated tools and models, and leveraging “low-code/no-code” approaches [2], [3],

(4], [3], [6], [7].

There is a particular need for training community college (CC) students in data science as well as
in introductory coding and environments, as these students are greater than 40% of the total
undergraduate population [8]. Data science and computer science are often taught less rigorously
than at 4-year schools, highlighting a need for enrichment in these areas [7]. Furthermore,
evidence suggests that for nontraditional students, such as those attending community college,
understanding the availability of job opportunities has an outsized effect on their persistence in a
major [9], suggesting that their choice to enter and remain in data science would increase if they
understood the rapid growth in the field.

Programs that can build knowledge and skills in computing and data science, such as the
National Science Foundation’s Research Experience for Undergraduates (REU), are impactful
[10], but both time- and cost-intensive for participants and organizers alike. NSF REU programs
provide 10 weeks of research experience to ~10 undergraduates per site, typically within a
research laboratory at an R1 university, with the goal of increasing students’ likelithood of
pursuing STEM careers [11]. However, based on a search of NSF awards with “REU” in the title
between January 1, 2020 and December 18, 2025, assuming 10 students per REU per year, the
per student cost of running REUs is high (>$12k/student) [12], and program scaling is inherently
limited by the number of faculty willing to provide 10 weeks of research mentorship. In addition,
the structure of NSF REU programs (duration, hours/day, residential requirements) creates
significant logistical challenges for community college students who may simultaneously need to
hold jobs and/or care for family members. Finally, in highly diverse cities (e.g., Houston, where
no ethnic group is a majority) it is a poor assumption that it is culturally acceptable for these
students to move hundreds of miles from home for the summer.

In contrast, we report here on a program piloting a streamlined alternative approach accessible to
community college students, a demographic challenging to recruit to NSF REUs.

This experience report describes a pilot program that educates area community college students
in data science through the lens of sustainability, using lightweight coding activities accessible to
students from any background. The program goals were to broaden students' horizons with
regard to data science and sustainability, to measure changes in student scientific identity over
time and across a series of workshops, and to strengthen relationships between Rice University
and the area community colleges. The goals were to both change student trajectories to be more
computational, scientific, or data driven and to increase the number and quality of vertical
transfer applicants from the community colleges to four-year universities.



Evidence suggests that providing STEM training in a socially meaningful context enhances
persistence. Sustainability has specifically been identified as a learning context that generally
helps retention [13]. In the Houston area in particular, sustainability in the context of climate,
energy, and environmental health is of great interest: the most recent Rice University Kinder
Area Survey found that 84% of residents believed that it is “somewhat likely, likely, or very
likely climate change will have a negative impact on their health and well-being in the next 10
years.” This survey has tracked area residents' values since 1982 and reaches more than 5,000
residents each year with an in-depth survey about local values. Since 1982, the survey has found
consistent increases in residents' concerns about climate change and its association with human
activities [14]. This is not surprising, because climate change impacts residents daily, making
roads undrivable due to flooding and making it dangerous to work outdoors in the heat.
Therefore, we posited that the sustainability context would be a programmatic pull for area
community college students.

Houston, Texas is the 4th largest city in the United States and is considered one of the most
diverse cities in the world in terms of racial and ethnic diversity, educational attainment,
socioeconomic levels, and culture [15]. As a result of the high immigrant density and broad
socioeconomic diversity of Houston, Texas, community colleges play a large role in educating
residents. In addition, in 2022, Rice University created a pathway program to help high-
achieving community college students successfully vertically transfer to Rice and complete
STEM degrees, addressing challenges and needs described by Servin et al. [7]. We leveraged this
pathway program to rapidly propose and run our pilot enrichment and outreach program.

Our program's goals were to (1) increase and diversify the number of students with knowledge of
and experience in data science and basic coding skills and enable them to identify, understand,
and eventually solve, the types of sustainability issues that they see in their communities and in
the world at large, to (2) measure any changes in in student scientific identity and to (3) pilot
partnerships with area community colleges, all of which are Hispanic Serving Institutions, to
build working relationships and better understand student populations.

Related Work

While community college students often choose a major based on highly visible careers (e.g.,
health professions), they are also motivated by causes close to home, such as a relative suffering
from a particular disease or a locally important issue. In particular, Holland Zahner found that
students were often motivated by public health and environmental issues [16]. Furthermore,
experiences during their education significantly impact students' pursuit of particular majors and
careers. For example, showing these students what they can do with a degree in math can open
opportunities for them [16]. This characteristic holds true for computing as well. Rodriguez and
Ross found that a free course on artificial intelligence at a community college increased student
interest in furthering their computing coursework and possible career options [17]. Saidi et al.
also highlight the needs and challenges of providing data science educational opportunities at the
community college level and specifically highlight the challenge of limited current offerings.
These authors also mention how engagement with data science in a non-classroom format can
motivate interest in this area [18].



Environmental health, environmental justice, climate change, and the energy transition are all
areas of strong interest in this community, and we include them under the umbrella of
“sustainability.” Data connect each of these topics. For example, literature shows that
engagement specifically with environmental health problems increases students' self-efficacy and
science identity [19], both of which are correlated with persistence in STEM [20].

The energy transition is a topic of great interest locally and brings a sense of regional opportunity
to the discussion of sustainability. Even though the oil and gas industry is a major driver of the
regional economy, residents are eager to embrace the energy transition, with more than 70% of
residents of all ages agreeing that “Houston, Texas should be a leader when it comes to
America's alternative energy future,” and “local leaders should incentivize businesses that are
focused on producing alternative energy to come to Houston.” Among residents aged 18-29 (a
major part of the community college demographic) the percentage in agreement with both these
statements was 89% [14].

Education literature also points to the effectiveness of the environmental context in teaching
STEM concepts. For example, adding environmental context to a general chemistry class
increased student motivation and self-efficacy [13], an important predictor of retention in STEM
[20]. Other studies have shown improved student performance in introductory classes when
context is added [21], with sustainability topics changing students' career aspirations [22]. In
environmental fields, outdoor fieldwork is an effective mode of experiential learning that
increases student engagement, builds professional competency, and increases retention [23].
However, these longer-duration field experiences are logistically challenging, resource-intensive,
and uniquely inaccessible to some students, including many community college students [23],
[24]. Data science approaches offer an alternative experiential learning model to educate and
train students in sustainability topics and bridge classroom learning to real-world practice.

Here we report the results of a pilot program designed to test the effectiveness of the
sustainability context in motivating students to continue in STEM educational tracks. We
specifically measured the effects of our intervention against the five metrics associated with
persistence in STEM: science identity, scientific community values, self-efficacy, and
networking [20].

Program Description

We designed this program with the needs of area community college students in mind. In
particular, the program occurred within the spring semester on Fridays, a class-free day for the
community colleges. To reduce student commute burden, the instructors traveled to the
community college main campuses (typically 25+ miles away), where participants from each
colleges' different campuses converged. We conducted the same workshops at each community
college systems' main campus.

This program was designed based on two of the authors' experiences attempting to include
community college students in traditional, R1-hosted National Science Foundation REU-style
programs in two disciplines (computer science and geosciences). While we could recruit



hundreds of community college students to NSF REU information sessions, the actual
application yield was strikingly low (e.g., 2-3 students/100 recruiting session attendees, even
when students were provided with in-session help with program applications). After focused
conversations with potential applicants and community college faculty, it became clear that
aspects of traditional REU program design made the programs unworkable for many community
college students. In particular, the length of programs (10 weeks) and the specific summer dates
chosen overlap with portions of two community college summer sessions in our city. In addition,
the requirement for a full eight hours/day of activities made it necessary for students to stop any
outside work or caregiving, which, despite available stipends, jeopardize students’ long-term
ability to pay for life necessities. Furthermore, community college student skill sets (e.g.,
programming experience) were more variable than those of their 4-year college peers, reducing
the time or complexity of projects that could be researched. This skill gap would require the
REU mentor and student to spend valuable time on skill building or less complex research
projects, hindering student integration into the cohort.

We designed our program content depth and duration to accommodate learners earlier in their
education. This program was initially conceived as a multi-tiered response to a federal funding
call to create programs to train the next generation of data scientists. The proposal had a staged
approach comprised of a large-scale introductory session, a workshop series for a slightly smaller
number of students, a summer bootcamp, and a research semester, where a reduced number of
‘graduates' from each stage progressed through later stages, allowing us to train more students
with a broader skill set. At each step, we would assess students’ scientific identity and skills.
While the program was under review, we had the opportunity to share our ideas with corporate
sponsors. While we did not receive federal funding, Google generously supported a pilot.

The topics of data science and sustainability were key to the program, as these are areas of
strength for Rice University, and areas where there are often gaps in learning opportunities at the
community college level. Furthermore, sustainability was decided upon as the domain because
issues such as sustainability are frequently compelling to community college students.

We used the funds from Google to test the impacts of our design's initial workshop series on
community college students. We received notification of the gift in November 2024, obtained
our Institutional Review Board approval in early January 2025, and held the first workshop four
weeks later. The program wrapped up at the end of April, with a poster session for all
participants, held at Rice.

This program and the related surveys were designed to answer the following research questions,
which relate to the program goals of increasing diversity and participation in (data) science and

measuring changes in scientific identity:

RQ1: Can exposure to data science in the context of sustainability promote students' persistence
within the scientific community?

RQ2: How did participants demonstrate cognitive engagement with sustainability and data
science curriculum from the workshop series?

RQ3: Did students perceive value from the workshops?



Participants

0 Students attending the workshop series were recruited from the three
large, multi-campus, public community college systems located in
9 [City], [State], a major metropolitan area in the southern United
0 States. See Figure 1 for area locations. Students came from a
spectrum of disciplines, including government, business, biology,
engineering, and computer science, with a few humanities majors.
) / Admissions were handled directly by the community colleges, and
Q we recommended focusing on students in the honors programs, as
V! L this was the first time we were running this type of program. Table 1
shows the student demographics shared with us.

Figure 1. Map of area community college campuses and Rice University. San Jacinto College
campuses are blue, Houston City College campuses are yellow, and Lone Star College locations
are red. Rice University is located at the gray pin.

Table 1. Participant demographics in percentage representation for each school.

Demographic | Details cC1 cC2 CcC3
Female 30% | 70% 42%
Male 70% | 30% 58%
Race/Ethnicity | Asian Included in Non-Hispanic | 54% | Not available
Black Included in Non-Hispanic | 25% | Not available
Hispanic 65% | 13% | Not available
Non-Hispanic 35% 8% | Not available
Majors STEM 78% | 75% 69%
Honors 48% | 100% 100%

Based on the available budget, 28 students from each community college were invited to
participate. Of those 84 students, 77 attended the first day of the program. All students who
attended the second day of the program were given a stipend, a portion of which was delivered
mid-program. Students who successfully completed the program were awarded the balance of
their stipend as well as a micro-credential in Environmental Data Science from our university's



School of Continuing Studies, with whom we partnered to deliver this program. In total, the
overall research cohort ended with 73 participants.

Workshops

The topics for these workshops were chosen both based on relevance to local sustainability
challenges and by availability and interest of faculty, postdoctoral scholars, and graduate student
instructors, who needed to be recruited and trained within the very short time between funding
delivery and program commencement. The program started with a kick-off event at each
campus, consisting of an overview of data science and sustainability, an introduction to using
data to help communities address a regional groundwater contamination-driven cancer cluster,
and a one-hour workshop on the environmental impact of the Internet (e.g., data centers and
subsea cables). These topics and speakers were intentionally selected to start the program with
experienced instructors as well as to serve as an introduction to environmental topics related to
technology, setting the stage for future workshops.

Following the kick-off, there were two, 2 hour Friday workshops focused on data science skills.
We addressed food insecurity by providing time-of-day appropriate food. During each workshop
the instructor began with an introductory lecture, and then students completed activities that
required them to review data and run Python code, including generating visualizations. All the
code was run using Jupyter Notebooks on Google Colab, requiring students to have an internet
accessible device. All students were able to bring and use either laptops or tablet computers. We
distributed files to students initially through Box folders and later through our university’s
learning management system.

The second workshop instructor was selected due to his dynamic mentoring and lecturing style.
Professor César Uribe introduced his work on food webs and used this engaging topic to guide
students through a fill-in-the-blank Jupyter Notebook, where they explored different data
representations and visualizations to help determine the consequences of applying limited
conservation funding to preserve or protect one species in a food web over another. The third
workshop focused on data visualization, using local air quality data. Again, students were
introduced to the material and worked with fill-in-the-blank notebooks using supplied data files.
The data visualization instructor was recruited because she is an experienced and popular
lecturer, and both the topic of local air quality and data visualization were impactful and
interesting.

The final workshop of the program focused on applying data science concepts and practice to a
diverse set of topics in sustainability. The final workshop, which, like the previous program
session was repeated three times for each community college cohort, was taught by three
instructors over a period of six hours and offered catered breaks and meals. We recruited and
trained graduate student and postdoctoral scholar instructors from Rice University for this final
workshop. All trainee instructors received eight hours of training from the program PIs and from
the Rice's teaching and learning center on developing clear learning outcomes and presentation
skills.



Each of three modules during this final workshop was taught through interactive, active-learning
lessons using a mix of informational lectures, data analysis demonstrations, and participatory
exercises using provided data from instructors and community science sources. Each module was
taught by a lecturer directly conducting research on the module topic and using data science in
their scholarship. These sustainability workshops explored the role of microbial wastewater
sampling to inform environmental public health, techniques to model hazards to achieve
sustainable space travel, and applications of community science data to explore biodiversity in
rainforests.

The first module centered around microbial pathogen detection in municipal wastewater samples,
with key relevance to local environmental and public health challenges including recent regional
outbreaks of coronaviruses and measles. Students were taught about major variables that impact
viral detection and practiced assessing presence of agents and calculating concentrations. The
following module in the final workshop discussed concepts of sustainability in space travel and
covered assessing and mitigating hazards to astronauts during missions. With instructor
guidance, students built modules of increasing complexity to evaluate oxygen conservation in
spacecraft and calculate thresholds for safe missions in the event of oxygen loss in emergencies.
Finally, in the last module students learned about the application of community science to
biodiversity monitoring and the interaction of species and resources in complex ecosystems. The
instructor gave examples from his PhD research on tropical seed dispersal by lemurs and then
taught students to model species interactions using publicly available ecological data from the
iNaturalist app.

Poster Session

At the end of the program each student created and presented a 24" x 36" reflection poster
describing how the program changed their views or career plans. We provided a poster template
and recommended that students keep an online journal during the program. To help those
unfamiliar with making this type of poster, we held and recorded an online session about what a
reflection poster is and how to create one. Each college printed their students' posters.

The participants from all three community colleges attended the same capstone poster session,
which was organized as a celebratory event. There were snacks and poster boards set up for
displaying multiple posters, and we assigned students from different schools to the same board to
encourage inter-school interaction. We also staggered the time when students were expected to
be at their posters to allow them time to circulate and make professional connections.

Program Assessment Methods

We administered a web-based survey at the end of each workshop, consisting of quantitative
Likert-style responses, giving students the option to opt out of participation in any survey. We
used four constructs in building the quantitative part of the survey. The bulk of the survey
contained items from the Persistence in the Sciences (PITS) instrument [20], a validated tool
(Cronbach's alpha = 0.96) widely used in STEM education research to assess psychosocial
factors linked to persistence in science. The PITS survey was originally designed within the
context of a research experience for 4-year college students, which made some items



inappropriate for our more limited program. However, we elected to use it, as one of the
ancillary goals of our program was to assess which of the gains from longer, more traditional
outreach programs could be met with shorter-term programs designed specifically for
community college students.

We selected 15 total items from four of the six PITS survey constructs: Science Identity, which
measures the level to which the participant would call themselves a scientist (five items);
Networking, which measures participant ratings pertaining to social aspects of major scientific
activities (three items); Science Community Values, which measures participants’ sense of
affinity towards scientific cultural practices (three items); and Self-Efficacy, which measures
participants’ sense of capability towards performing scientific tasks (four items). We added a
Workshop Satisfaction construct to measure the extent to which participants would say they were
satisfied with different aspects of the workshop (11 items).

We also included three qualitative short answer items at the end of each survey based on the
theme of each workshop (e.g., Society and Sustainability, Food Webs, Data Visualization).
Example survey questions are posted in Table 2. We coded the free responses to these questions
based on Bloom’s Taxonomy of Knowledge to assess participants' learning [25]. Bloom’s
taxonomy describes levels of knowledge, ranging from concrete forms, like recalling
information, to higher level abstract thinking, e.g., synthesizing knowledge.

We used SPSS for quantitative data analysis, including Cronbach's reliability scales

and Friedman's tests for possible differences across workshops. Friedman’s tests are dependent

measures, meaning each participant’s responses are compared to their own responses over time.
Thus, any significant differences reflect whether participants changed their own rankings across
surveys. We also used a post hoc Dunn’s test to determine where those changes occurred.

We tested all quantitative items with non-parametric tests because they do not require data that
fit normality assumptions [26]. Each construct was tested for internal consistency using
Cronbach's alpha, which measures the reliability of the survey instrument and the independence
of the survey questions. Items with no response or marked as “Not Applicable” were excluded
from the analysis.

For Friedman's tests, exclusion diminished overall sample sizes because they are pairwise tests.

Table 2. Example Items from Each Survey Construct [20]

Construct Example Item

PITS Science Identity I think of myself as a “scientist.”

PITS Networking I have discussed my participation in this program with people
in my community.

PITS Science Community I am a person who thinks that scientific research can solve

Values many of today's world challenges.

PITS Self-Efficacy I am confident that I can generate a research question that
data science can answer.

Sustainability Impact The sustainability focus of the Sustainability Data Science
School was a major reason for my enrollment in the program.




Workshop Evaluation My knowledge of data science increased as a result of this
workshop.

Learning Objective Identify at least two factors that could lead to an increase in
the detected viral concentration in wastewater.

Analysis and Interpretation

For two of the constructs (Table 3) — Science Identity and Workshop Evaluation — our tests
detected significant gains between the first and last surveys. Averages improved from 4.27 to
4.49 and from 4.52 to 4.74, respectively.

Table 3. Non-Parametric Tests. Participant Changes (n - Number of participants; chi squared —
Overall significance in difference between any survey; degrees of freedom — The default amount
of independent information in the dataset was always 3) Overall (Z — Specific significance level
between first and last survey; and Standard Error (SE))

Participant Changes: Friedman’s | Overall Comparison: Post-hoc
Test Dunn’s Test
Construct n | Chisq | p-val Sifeﬂz%:’) Z SE p-val A(i‘lz; lp-
Science Identity | 49 | 1145 | <0.01 0.0780 | -0.735 | 0.261 | <0.01 | <0.05
Networking 49 8.46 <0.05 0.0576 | -0.582 | 0.261 | <0.05 | 0.1540
Science
Community 47 1.55 0.6708 0.0110 | -0.234 | 0.266 | 0.3795 | 1.0000
Values
Self-Efficacy 50 | 13.10 | <0.05 0.0873 | -0.650 | 0.258 | <0.05 | 0.0709
Workshop 45 | 22.09 | <0.001 | 0.1637 | -1.067 | 0.272 | <0.001 | <0.001
Evaluation

For these two constructs, we observed a slight effect size, which we interpret as a promising
outcome given that many participants began with high baseline scores. This limited the room for
measurable growth but still suggests meaningful gains in areas central to the program’s goals.

Friedman’s tests are used to identify areas where significant changes occurred in the surveys. We
followed up with Dunn's pairwise comparisons to identify where the significant changes were
actually present: In both scientific identity and workshop evaluation.

A further test, Kendall’s (W) Effect Size, describes the magnitude of the changes. Per standard
ranges, our results indicate modest changes (see Table 3). For our two significant tests, our
highest values were 0.0780 and 0.1637, which are considered weak changes in the magnitude of
responses, indicating a modest change [27].

Survey Results

Science Identity




Scientific identity is crucial to persistence within the scientific community. During our program,
students’ perception of themselves as (data) scientists increased, as seen by a significant change
in the Science Identity construct from the survey after the first workshop to the survey after the
final workshop.

Only one item in the construct of Science Identity showed an increase over the course of the
program. “I think of myself as a ‘scientist’” had the lowest initial values in the first survey and
displayed a statistically significant mean increase by the last survey, increasing from 3.65 to 4.39
(out of 5). Other items within this construct were not significant on their own.

We believe we had more room for growth with this item because of the societal prestige and
sense of meritocracy surrounding the idea of being a scientist. It is possible that students did not
feel like they could call themselves a scientist without working in a community where they could
make conclusions about their data and have the results respected. We hypothesize that the
participation in a program run by a high-status university both increased their knowledge and
gave them confidence to identify as a member of the scientific community.

Per the Dunn's test, our data show that the improvement in this item’s ranking was positive but
gradual over the course of the workshops. This demonstrates the effectiveness of our approach in
promoting participants, even with high persistence markers in other areas, in building their sense
of scientific identity. We hypothesize that the effect size would be larger if we are able to grow
our participant pool to a larger set of students not predominantly in the Honors Colleges.

It is particularly notable that the persistence construct of ‘scientific identity' grew in our students.
In other studies, this is one of two parameters that have played the most significant role in
students' intention to stay in STEM [28].

Institutional differences

Within workshops, we also performed statistical tests (Kruskal-Wallis (KW)) to determine if
there were significant differences between participants by institutional affiliation for the PITS
and Workshop evaluation constructs. We performed tests with post-hoc pairwise comparisons, a
standard approach to determine differences between groups using non-parametric data. Like
Friedman’s tests, the KW test uses a test statistic to calculate an associated p-value for significant
difference between groups. Kruskal-Wallis (KW) post-hoc pairwise comparisons show that in
Workshops I and II participants’ responses for the Science Communication item: ‘I have
discussed my participation in this program with people in my community’, was significantly
lower for participants in CC1 compared to participants in CC2. (Workshop I: n=73, adj. p-value
< 0.05, epsilon squared = 0.366); Workshop II: n=69, adj. p-value <0.05, epsilon squared =
0.394). There was no significant difference between CC1 and CC3. These differences may be
attributable to different interpretations of the survey questions, which could be related to
demographic and geographical differences between schools. In particular, CC2 serves an area
with higher population density and a larger international population, while CC1 and CC3 are
more suburban in nature.

Subject matter engagement



Participants responded to three open-ended items at the end of each workshop survey—twelve in
total —with prompts such as “What are the key social impacts of data centers?” and “How can
we leverage data science to enable conservation in ecology?" Two researchers evaluated student
responses for demonstrated engagement (0 = No Engagement, 1 = At least Some Engagement)
and cognitive level based on Bloom’s Taxonomy. Over 90% of responses across items showed
some evidence of understanding, except for the data centers question, which received lower
ratings (77% and 88%) and more vague answers.

We calculated interclass correlation coefficients to measure the quality of interrater reliability,
which ranged from 0.604 to 1.000. One item showed excellent inter-rater reliability (1.000), and
the rest fell within the moderate to good range (0.609 to 0.886), indicating generally consistent
scoring between reviewers [29]. Most student responses were classified at the Remembering
(43%-96%) or Understanding (4%—57%) levels of Bloom’s Taxonomy, with only 0%—6%
reaching the Applying level.

Taken together, the end of survey free responses demonstrated that it was a good instrument to
elicit lower-order thinking. This finding may reflect survey fatigue, available time, question
wording, program delivery, etc. In future iterations, the team should include activities and ask
questions using keywords that encourage higher level thinking.

Workshop evaluation

We measured whether the students found the workshops to be valuable, and for all workshops,
all item ratings were consistently at mean levels above 4. We observed our highest effect size
and adjusted significance level for the workshop evaluation construct compared to all other
constructs (W=0.1680, adj. p-val<0.001).

Our evaluation indicated that we were able to improve the experience of participants as the
workshops proceeded. Further post-hoc analysis showed that our greatest improvement was
between Workshops I and II. The initial workshop included administrative tasks (e.g., paperwork
to award stipends). It is likely that the improved experience was a result of the absence of
paperwork and enhanced content in the workshops that followed.

Summary

The significant overall changes in participant responses reflect the program’s success in
achieving our intended outcomes of increasing markers of persistence and satisfaction in
program participants. The results are especially notable because most participants were honors
college students, whose markers for persistence in the sciences may have already been higher
than the typical student at their institutions. Indeed, in our initial workshop survey, students
already marked many of the markers of persistence at a rank of somewhat agree (4) or strongly
agree (5), making it harder to achieve improvement of persistence rankings [30]. That we still
achieved significant overall improvement in one of the four persistence constructs, and the
evaluation suggests that the intervention was impactful even among students who already



demonstrated strong baseline indicators of persistence—underscoring its potential effectiveness
across a broad range of student readiness levels [30].

Internal Reliability of Constructs

To ensure the validity of our findings, we first calculated Cronbach’s non-standardized or “raw”
alpha for each survey construct, then applied the non-parametric tests to evaluate changes to
students’ belonging and workshop effectiveness across the workshop series and to explore
differences across institutions within workshops.

Cronbach's alpha is a scale between 0 and 1, where values above 0.7 indicate that survey
questions are reliable [30]. All items were on 1-5 Likert scale, so using the non-standardized
value is sufficient in the case of our survey. All constructs exceeded this conventional threshold,
as shown in Table 4. The Science Identity construct is above 0.9, indicating that we should
subtract items in future surveys [30]. The high internal consistency and reliability of the survey
constructs bolster the credibility of our analysis.

Table 4. Construct Mean Value and Reliability (Cronbach’s alpha)

Construct Mean | Raw Alpha
PITS: Science Identity 4.36 0.938
PITS: Science Community Values 4.69 0.839
PITS: Networking 4.17 0.844
PITS: Self-Efficacy 4.32 0.881
Workshop Evaluation 4.64 0.895

In Table 4, we also report the mean scores for each construct, aggregated across all workshops.
Means for the items of each construct indicate that responses were generally between Somewhat
Agree and Strongly Agree.

Participants

Table 5 shows the percentage of admitted students from each community college who attended
the program's first day and completed it (in part or in full).

Table S. Program completion rates by community college. Note that numbers may not sum
correctly due to rounding.

CC1|CC2|CC3

% of admitted students who attended Workshop 1 82 93 100

% of admitted students who partially completed the program 4 21 0

% of admitted students who fully completed the program 79 64 93

Total % of admitted students who completed the program 82 86 93




Reflection and Next Steps

Our analyses of increases in students' persistence markers indicate program success despite being
planned and executed very rapidly. A key factor was early engagement by institutional
leadership (Vice Chancellors, Honors College directors) at all the area community colleges.
These administrators had the authority to commit to participation with little to no additional
approvals required. In addition, each school provided dedicated staff who ensured that key
milestones were met. In-house partners, such as the Rice University’s Glasscock School of
Continuing Studies provided learning management system access for the program participants,
were also important.

Programmatic flexibility was also an important factor in this program, allowing us to integrate
program changes in response to community college partner input and needs. In particular, one of
the community college leaders suggested adding the reflection poster component to the program.
The reflection posters required the students to consider the impact of the program on their futures
and share those thoughts in a tangible way. The poster session also gave the students the
opportunity to meet other participants and visit the Rice University campus.

Taking the program to the community colleges was crucial for this demographic because it
allowed us to provide an accessible, in-person program. Two of the designers of this program are
experienced with online education and recognize that an online program might be more
convenient. However, the in-person element was essential for building community and facilitated
real-time checking student understanding. Equally important was bringing the students to Rice at
the end of the program. For some participants, this was the first time they had set foot on a 4-
year college campus.

Shared meals occurring during lunch and snack breaks were also good opportunities for the
participants to engage more informally with the instructors. Food insecurity is common among
community college students and studies show that people learn better when they are not hungry
[32], [33], [34], [35]. In-person programming allowed us to ensure that students’ nutritional
needs were met during class days.

The four workshop dates and poster session spread across a three-month period worked well for
the students, as it was easier for everyone to work around other commitments. In addition,
containing the program within a single semester simplified logistics. Ideally, recruitment and
admissions would be handled the semester prior to the program.

The stipend component of the program was also appreciated by students. Community college
students may face different financial hardships compared to traditional students, and may have
additional demands on their time, such as caregiving. To reduce barriers to participation, we
provided a stipend delivered in two phases: once in the form of a debit card at the start of the
program and the other as a bank transfer when the program was successfully completed. The
initial debit card amount was $100 and was intended to help cover incidental expenses during the
program (e.g., parking at Rice for the poster session). We found that distributing the debit cards



at the second workshop was optimal, as a small number of students did not return after the first
workshop, allowing us to reallocate funds.

The vast majority of the students completed the program and received their stipend balance. In a
few cases, students either did not attend a significant portion of the workshops or did not submit
a reflection poster. These students saw a reduction or elimination in the balance of their stipend.
The internal mechanics of stipend disbursement were a challenge for our institution, as it was a
complex, multi-step process. Going forward, we would transfer funds at the end of the program
to foundations associated with each community college, which could then distribute the funds to
participants. This approach may also reduce or eliminate overhead costs.

Next Steps

We hope to repeat this program, adding participant prep work prior to each workshop. We also
hope to hold a follow-up, intensive coding camp for a subset of participants. This type of
program has been successful in knowledge gain in similar communities [36]. We plan to track
student success via LinkedIn, status updates from their home institutions, and, funding
permitting, via state and national clearinghouse databases.

Ideally, we would have had a knowledge assessment survey prior to the first workshop and after
the poster session. This was not possible due to the short timeframe of the program. Similarly,
we should include a final student survey to assess scientific identity, knowledge, and satisfaction
with the overall program. Future programs will include such components to measure actual
learning.

Based on the institutional differences we found in the Science Communication construct, we also
plan to find ways to build in specific cues within the curriculum during the first workshop to
address the importance of speaking about scientific activities with community members, as well
as expanding on the concept of community. Doing so would reflect the importance of the activity
in the development of persistence. We should also add the item to cognitive interviews to better
understand the way students are interpreting the question and be conscientious of what culturally
relevant communication can be in the student context. For instance, how students regard
members of their community may greatly differ, and we may need to add language so that
students better understand what potential opportunities for communication could manifest so that
they are more aware during the program and surveys.

Conclusion

We were able to rapidly design and implement a data science and sustainability STEM
persistence program tailored to community college students’ pedagogical needs. Despite the
abbreviated timeframe available for program construction, our approach was highly impactful, as
evidenced by statistically significant growth in students' scientific identity. We also saw growth
in responses to questions about the material presented, and in enthusiastic and qualitative
reflections on their end-of-program posters. Approaches such as those used in this program have
the potential to strengthen community college students' scientific interests and computational
skills at a relatively low cost in terms of time and money compared to REU style programs.



We found that integrating sustainability and data science in a workshop series can create
meaningful educational, scientific, and computational experiences for students, particularly along
dimensions of identity that foster a sense of belonging in science and promote future interest in
data science, computing, and sustainability.

We were also successful in introducing students to basic coding concepts and tools, enabling
them to alter and run code, regardless of their backgrounds.

Finally, the response from the students and institutional leadership about the program was both
statistically significant and anecdotally overwhelmingly positive. Some student quotes include:

“This experience reshaped how I think about environmental data - not as abstract numbers, but as
a foundation for real-world decision-making. I now see data science as a tool I want to keep
using in school, in research, and possibly in a career that blends sustainability with data-driven
solutions.”

“I now see technical skills not as a means to the end of analysis, but as being at the core of
creating actionable, measurable change in the messy systems we are working in.”

We statistically tested a number of aspects of both our PITS and workshop evaluation constructs,
and our results indicate that even though we worked with multiple community colleges, we were
able to deliver material to similar satisfaction levels at all three institutions. In addition, our
analyses appear to have detected modest shifts in student satisfaction associated with
administrative burdens, leading us to the unsurprising conclusion that relieving students of
administrative tasks improves their satisfaction with academic programming.

Overall, pairing sustainability with data science resulted in a different set of students than we
otherwise would have engaged. We had the opportunity to, and did, change lives.
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