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Abstract
Addressing labor shortages within nursing and allied health professions, which have 
been exacerbated by the COVID-19 pandemic, requires increasing persistence and eq-
uity among community college students pursuing these fields. In this study, we adapted 
and combined three values-based interventions (values affirmation, goal congruence, 
and utility values) into one treatment, delivered via interactive text messages, with the 
goal to support reenrollment  among pre-allied health students during the pandemic. 
Using institutional data from a statewide community college system, we randomized 
pre-allied health students who were enrolled in Fall 2019 and/or Spring 2020, and who 
had a valid mobile number on file, into treatment (n = 1,649) or control (n = 1,650) 
groups. Fully treated students received an average of 17 text messages over 8 weeks of 
Summer 2020; control students received business as usual support from the college. 
After adjusting for baseline differences in prior enrollment, the treatment significantly 
increased reenrollment by 3 percentage points (74% vs. 71%). Examination of indi-
vidual differences revealed that effects were concentrated among men (+11 percentage 
points), Black/African American students (+7 percentage points), and students who 
were not enrolled in Spring 2020 (+13 percentage points). Values-based interventions, 
therefore, can be an important tool for addressing shortages and inequities in health-
care education and the labor force, an important step toward improving public health. 
Moreover, community colleges seeking to engage students who withdrew before or 
during the COVID-19 pandemic should leverage evidence-based practices to boost 
reenrollment.
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Values-Based Interventions Increase Reenrollment and Equity 
among Community College Pre-Allied Health Students

The COVID-19 pandemic has underscored the vital importance of skilled nurses and 
allied health professionals for the wellbeing of the United States. At the same time, the 
pandemic has exacerbated workforce gaps by simultaneously increasing demand and 
reducing supply of healthcare workers (Boyle, 2021). One solution is to boost student 
persistence within community college nursing and allied health programs, which have 
historically suffered from attrition rates as high as 47% and significant equity gaps 
in terms of gender, race, and ethnicity (Donini-Lenhoff & Brotherton, 2010; Harris 
et al., 2014; Pryjmachuk et al., 2009). These inequities not only limit the talent pool 
available to fill pressing vacancies, but also restrict people of color to the lower-skilled 
and lowest-paying roles in the healthcare system (Snyder et al., 2015). In our study, 
therefore, we developed and tested a novel combination of values-based interventions 
(Canning et al., 2018; Harackiewicz et al., 2014; Jordt et al., 2017) to increase retention 
and equity among community college students on the allied health track. Efforts such 
as this are necessary for increasing economic mobility of underserved populations, 
addressing labor force needs, and preserving public health.

Literature Review

Labor Shortages in Nursing and Allied Health
Concerns about healthcare workforce gaps in the United States predate the COVID-19 
pandemic. By 2030, employment in health care occupations is expected to grow by 
16%, or about 2.6 million new jobs (Bureau of Labor Statistics, 2021), during which 
time a sizable chunk of the healthcare workforce will reach retirement age (U.S. De-
partment of Health and Human Services [DHHS], 2019). Given those trends, it has 
been estimated that several states will experience skilled workforce shortfalls of up 
to 40,000 nurses by 2030 (U.S. DHHS, 2017). Nursing homes are already stretched 
thin, as upwards of 15% reported shortages of nurses and nurse aides in May 2020, 
with average shortage rates exceeding 25% in some states (Xu et al., 2020). Schools 
also need nurses, as fewer than 40% employ a full-time nurse, and 25% have none at 
all (Willgerodt et al., 2018).

The COVID-19 pandemic, meanwhile, has increased anxiety symptoms, depressed 
mood, insomnia symptoms, and burnout among frontline healthcare professionals 
(Cai et al., 2020; Hu et al., 2020; Labrague & de los Santos, 2020; Said & El-Shafei, 
2020), careers already marked by relatively high rates of burnout (Reith, 2018). For 
example, in April 2020, 57% of New York City healthcare workers screened positively 
for acute stress, 48% for depressive symptoms, 33% for anxiety symptoms, and 72% 
for insomnia symptoms (Abdalla et al., 2021; Shechter et al., 2020). Likewise, in a 
survey of United States healthcare workers collected from May to October 2020, 30% 
reported high levels of daily stress, 38% reported depression or anxiety, and 43% rep-
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orted work overload (Prasad et al., 2021). These troubling trends deepen workforce 
gaps by driving away skilled professionals; job dissatisfaction and turnover intentions 
among nurses have increased during the pandemic, driven by stress, anxiety, and per-
ceived threat or fear of coronavirus transmission (Falatah, 2021; Labrague & de los 
Santos, 2021).

Retention in Nursing and Allied Health Programs
Addressing both current and anticipated labor shortages in healthcare requires a robust 
talent pipeline, much of which in the United States is fed by community colleges (Bu-
reau of Labor Statistics, 2019; Skillman et al., 2012). Unfortunately, the COVID-19 
pandemic has wreaked havoc on overall community college enrollments, which are 
down nearly 15% since 2019, with the greatest losses observed among Black, His-
panic, Native Hawaiian or Pacific Islander, and American Indian or Alaska Native 
students (Howell et al., 2021; National Student Clearinghouse, 2021). Although data 
suggest that interest in nursing and healthcare is high, many community colleges can-
not expand enrollments in these areas due to minimum thresholds for program entry 
(Chan et al., 2019) and/or limited resources such as faculty members and equipment 
(Weissman, 2021). To meet growing demand for nurses and allied health professionals, 
therefore, it is critical to maximize retention in these programs.

One way to increase retention is by improving equity. Although racial and ethnic di-
versity in these professions has steadily increased over the past two decades (Zangaro 
et al., 2018), people of color still tend to be concentrated within the lower-skilled and 
lowest-paying healthcare occupations (Snyder et al., 2015). Black and Latinx students 
also take longer to complete nursing and allied health programs, and are more likely 
to withdraw, than their White and Asian peers (Donini-Lenhoff & Brotherton, 2010; 
Pryjmachuk et al., 2009). Men are underrepresented, as well, constituting less than 
10% of the nursing and nursing education workforce (Hodges et al., 2017). Along with 
a lack of role models and feelings of isolation in the profession, men face gender dis-
crimination and challenges to their masculinity; reasons why they, too, take longer to 
complete programs and are more likely to withdraw compared to women (Pryjmachuk 
et al., 2009). Increasing equity in healthcare education, therefore, creates opportunities 
for men and people of color to start on and climb the healthcare occupational ladder 
and achieve better economic outcomes. Moreover, a diverse healthcare workforce holds 
the promise to reduce healthcare discrimination and foster better health among under-
represented populations (Phillips & Malone, 2014; Wilbur et al., 2020).

One way to retain a larger and more diverse pool of students in nursing and allied 
health programs is through increased and proactive student support. Insufficient sup-
port, including requiring students to self-identify a need for help and unresponsiveness 
when students do reach out, is a primary reason why nursing students withdraw (Chan 
et al., 2019). These barriers may be more impactful for men and students of color 
who are more likely to harbor doubts about whether they belong in college and/or 
healthcare, lack trusted advisors and/or role models, and experience both help-seeking
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threat and discrimination. In our study, therefore, we used an interactive text-mes-
saging platform to provide proactive and responsive support to community college 
students in pre-allied health programs.

Adapting Values-Based Interventions for Pre-Allied Health
Content for these supportive text messages was adapted from three values-based inter-
ventions previously shown to improve performance, retention, and equity in science 
pathways (Diekman et al., 2017; Harackiewicz & Priniski, 2018). Although debate 
persists as to whether medicine, nursing, and allied health belong under the STEM 
(science, technology, engineering, and mathematics) umbrella, critics of their exclu-
sion point to the array of STEM courses and skills necessary to graduate and succeed 
in these fields (Davidson, 2020; Green & John, 2020). Moreover, both STEM and 
nursing/allied health majors exhibit retention inequities based on gender, race, and eth-
nicity. We hypothesized, therefore, that values-based interventions could also benefit 
pre-allied health students.

These values-based interventions prompt students to reflect on their classroom expe-
riences and future goals in order to shape their mindsets about an academic and pro-
fessional field. First, values affirmation steels one's self-worth in the face of threatening 
environmental feedback, like a bad grade or a stereotype-driven negative experience, 
thereby preserving motivation and preventing withdrawal (Harackiewicz & Priniski, 
2018). These brief writing exercises have improved performance in introductory biology 
and physics courses, especially among underrepresented students (Harackiewicz et al., 
2015; Jordt et al., 2017; Miyake et al., 2010). Second, students opt out of science if they 
perceive their personal values as incongruent with those held by scientists (Diekman 
et al., 2017). Goal congruence interventions that combat erroneous stereotypes about 
who belongs in science have been shown to bolster students' intentions to continue 
in science (Brown et al., 2015; Diekman et al., 2011; Steinberg & Diekman, 2018). 
Finally, students are more likely to quit any program if they cannot see the practical 
relevance of the material. Utility value interventions encourage students to reflect on 
how they can leverage what they learn in class in their current, everyday lives, not just 
in some far-off career (Hulleman et al., 2017). Students who write about the relevance 
of their science courses report higher perceived value in learning science, earn better 
class grades, and exhibit stronger persistence in science pathways (Canning et al., 2018; 
Hulleman et al., 2010; Hulleman et al., 2017).

Our study expands upon earlier research in two important ways. First, we sought to 
extend the external validity of values-based interventions, which heretofore have been 
tested mostly within traditional science courses such as biology or physics (e.g., Can-
ning et al., 2018; Jordt et al., 2017; Miyake et al., 2010). There is a dearth of knowledge, 
therefore, on whether these interventions can help students pursuing other STEM 
fields. We are the first, to our knowledge, to adapt these techniques to help pre-allied 
health students connect their personal values to their pursuit of healthcare credentials, 
reframe misconceptions about who belongs in allied health, and appreciate the every-
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day, practical utility of what they learn in class. Likewise, most studies have focused on 
baccalaureate-seeking undergraduates, with researchers only recently exploring whether 
and how values-based interventions work within community colleges (Canning et al., 
2019; Tibbetts et al., 2018). Our treatment is designed specifically for community 
college students.

Second, most values-based interventions have been administered via classroom surveys 
and exercises, which require student attendance and class time. Text messaging, how-
ever, is an effective and scalable means for delivering interventions to, and modifying 
(or “nudging”) behaviors of, college students (e.g., Loughran et al., 2018; Riley et al., 
2008; Riordan et al., 2017). For example, text messages to help college-intending high 
school graduates fulfill matriculation requirements (e.g., registering for orientation, 
completing financial aid forms) increased fall enrollment rates by up to 7 percentage 
points (Castleman & Page, 2015; Page & Gehlbach, 2017). Moreover, text messages 
to help first-year community college students renew their financial aid increased per-
sistence by at least 12 percentage points (Castleman & Page, 2016). Finally, a summer 
texting intervention that leveraged behavioral science in its message design increased 
fall reenrollment among community college STEM students by 10 percentage points 
(O’Hara & Sparrow, 2019). Our study leveraged an interactive text-messaging platform 
as a novel and scalable means for delivering values-based interventions.

Study Aims and Hypotheses
We designed an evidence-based treatment, delivered during Summer 2020 to com-
munity college students in a pre-allied health program, to promote reenrollment for 
Fall 2020. This treatment was highly relevant in light of the COVID-19 pandemic, 
which had limited students' access to their college campus and their typical support 
system, including faculty and advisors, and may have induced higher stress levels 
among this particular population interested in healthcare professions (Abdalla et al., 
2021; Prasad et al., 2021; Shechter et al., 2020). We hypothesized that treated students 
would be more likely to reenroll for Fall 2020 than control students receiving business 
as usual support. Moreover, based on gender, racial, and ethnic inequities in nursing 
and allied health (Donini-Lenhoff & Brotherton, 2010; Pryjmachuk et al., 2009), as 
well as the tendency for values-based interventions to benefit those most at risk for 
withdrawal (e.g., Harackiewicz et al., 2015; Miyake et al., 2010), we hypothesized that 
both men and students of color would benefit from treatment more so than women 
and White students. Finally, we hypothesized that students who actively engaged with 
the treatment would be more likely to reenroll compared to treated students who did 
not engage (O'Hara & Sparrow, 2019).
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Methods

Setting
Our study was conducted at Delaware Technical Community College (DTCC). 
DTCC is the sole community college in Delaware, and allied health1 is its largest 
program. Allied health, however, also has the highest average attrition rate of any 
DTCC major, reflecting the retention challenges historically faced by these programs 
(Harris et al., 2014). DTCC has four campuses throughout Delaware, but due to the 
COVID-19 pandemic, these campuses were closed during the study, the majority 
of summer instruction occurred online, and student support services (e.g., academic 
advising, tutoring) were consolidated to online and telephone formats. We did not 
customize treatment, stratify randomization, or analyze data with respect to students’ 
“home” campus.

Participants
Students were eligible if they (a) attended DTCC in Fall 2019 and/or Spring 2020; 
and (b) had declared their intention to apply for the nursing or allied health program. 
These criteria produced 3,512 eligible students. We then removed 108 students (3.1%) 
who had a missing or invalid phone number (e.g., fewer than 10 digits), and used 
www.searchbug.com to identify and remove another 105 students (3.0%) whose phone 
numbers were disabled or a landline, leaving 3,299 students for randomization. We 
then randomly assigned 1,649 students to the treatment group and 1,650 students to 
the control group. As displayed in Table 1, 15% of students identified as male and 85% 
as female, and the majority identified as either White (45%), Black/African American 
(30%), or Hispanic/Latino (15%), with 53% of the population identified as students 
of color overall. Moreover, 32% of participants were identified as first-generation and 
55% as eligible for the Pell grant. With regard to enrollment, 82% of students were 
enrolled in the semester immediately prior to treatment (Spring 2020), and 43% were 
enrolled during treatment (Summer 2020).

Table 1 on next page.

Procedure 
Students in the treatment group were automatically enrolled into Persistence Plus, a 
proprietary service that delivers interactive text messages for educational purposes. 
Participants were informed about their right to opt out of receiving messages in an 
email sent before the study commenced, as well as within the first message. Students 
could opt out of messages at any time by replying with ‘STOP’ or ‘UNSUBSCRIBE.’ 

1     DTCC programs in allied health are dental hygiene, diagnostic medical sonography, 
emergency medical technician (EMT), histotechnician, nuclear medicine technology, 
occupational therapy assistant, physical therapist assistant, radiologic technology, 
respiratory care technology, surgical technology, and veterinary technology. 
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The sender of the messages was identified as ‘myDTCC Support,’ and messages were 
sent proactively on Tuesdays and Thursdays for 8 weeks of Summer 2020.

Messages were designed based on the previously described values-based interventions to 
encourage reenrollment at DTCC (see Appendix for examples). In addition, treatment 
participants received messages dependent on their enrollment status at the start of the 
study. For example, students who had yet to enroll for Fall 2020 were asked via text 
if they needed help with registration, financial aid, or career planning. A student who 
responded with ‘financial aid’ received contact information for DTCC’s Office of Fi-
nancial Aid & Scholarships, support for handling student loans, and advice regarding 
work-study options; students struggling with registration or career planning were given 
customized advice and directed to academic advising or career services, respectively. 
We collaborated with DTCC student advisors to personalize messages to the DTCC 
context, including phone numbers, websites, and appropriate vernacular. DTCC staff 
also identified student resources, such as the campus food pantry and CARES Act 
funds, that could be highlighted based on challenges students might express. This 
“local” scale up approach (Bird et al., 2021) balances personalization with cost and 
efficiency concerns, ensuring messages connect with students and avoid reactance that 
could be caused by a generalized, impersonal campaign.

Analysis
All variables were derived from official DTCC registrar data provided in June 2020 
for student demographics and in October 2020 for academic outcomes. Following 
guidelines set out by the What Works Clearinghouse (2020), we first tested baseline 
differences between the treatment and control groups measured against standardized 
effect size in enrollment (0 = not enrolled, 1 = enrolled) for both the Spring 2020 and 
Summer 2020 terms, and for each of our baseline demographics, using Cox's Index for 
dichotomous variables:

As displayed in Table 1, randomization resulted in well-balanced groups with one ex-
ception: A greater percentage of Spring 2020 enrolled students were randomized into 
the treatment group (83%) compared to the control group (81%). Enrollment in the 
prior term is likely to have some impact on enrollment in the outcome term, Fall 2020. 
As this baseline difference was measured as a medium effect size (.08), appropriate sta-
tistical adjustment satisfied baseline equivalence (What Works Clearinghouse, 2020). 
Spring 2020 enrollment, therefore, was entered as a binary variable into hierarchical 
linear models when examining the impact of the treatment on Fall 2020 enrollment. 
In addition to this statistical adjustment, subsequent analyses show that the treatment 
worked primarily for students who were not enrolled in Spring 2020; thus, the direc-
tion of this baseline difference would likely attenuate the impact of our treatment.
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The outcome of interest in this study was enrollment in Fall 2020, defined as a student 
remaining enrolled in at least one class past DTCC’s census date. To test the efficacy 
of the treatment we report linear probability or hierarchical linear models utilizing 
intent-to-treat estimates in which all students in the treatment condition were included 
in the analyses, regardless of their engagement with the text-messaging platform. For 
our primary analyses, race categories were combined into one binary race variable (0 
= White, 1 = student of color), due to the small numbers of students who identified 
as American Indian/Alaska Native, Asian2, Native Hawaiian/Pacific Islander, or Two 
or More Races. Predictors of enrollment included experimental condition, gender (0 
= female, 1 = male), binary race, Spring 2020 enrollment, Summer 2020 enrollment, 
first generation status (0 = continuing generation, 1 = first-generation), and Pell eligi-
bility (0 = ineligible, 1 = eligible). To better understand the impact of our treatment 
on equity, we also examined effects separately for Black/African American students, 
Hispanic/Latino students, and all other students of color. To examine heterogeneity of 
effects across individual characteristics, we then tested our treatment effect separately 
for student subgroups based on demographic factors for which we found a significant 
main effect. Finally, we examined heterogeneity of treatment effects based on student 
levels of engagement with the platform.

Results

Students' Engagement with Treatment
Table 2 displays the engagement of treatment students with messages. Because stu-
dents with missing, incomplete, or invalid mobile numbers were excluded from the 
population prior to randomization, almost all students in the treatment group received 
the messages (98%). The remaining 2% had mobile numbers without service for the 
duration of the study. Only 4% of students unsubscribed from text messages on the 
first day after receiving the welcome message informing them that they could stop at 
any time; the cumulative percentage of students who unsubscribed over the summer 
was 11%. Students received an average of 17 messages, with the majority in question 
form (15, on average), and an observed maximum of 31 messages. Forty-one percent of 
treatment students responded at least once, with an average of just fewer than 3 replies 
per student. The most active student on the platform sent 20 replies.

We did not observe significant engagement differences between students who were en-
rolled in Spring 2020 and those who were not. Moreover, students enrolled in Summer 
2020 concurrently with our study were equally likely to unsubscribe over the course of 
the summer as those who were not enrolled at the time (11% in each group). Students 

2     Although Asian students face prejudice and discrimination, especially during the 
COVID-19 pandemic, historically they exhibit the lowest attrition rates in allied health 
of any group (Donini-Lenhoff & Brotherton, 2010). We tested the treatment effect with 
Asian students removed from the aggregated students of color variable, and the results 
remained largely unchanged. 
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enrolled in Summer 2020, however, were significantly more likely than other students 
to respond at least once (45% vs. 38%), χ2(1) = 6.62, p < 0.05. Men were more likely 
than women to unsubscribe on the first day (7% vs. 3%), χ2(1) = 6.98, p < 0.05, but 
otherwise were equally likely to unsubscribe over the course of the summer and to 
respond at least once.

Compared to White students, students of color were less likely to unsubscribe over 
the course of the summer (8% vs. 15%), χ2(1) = 18.88, p < 0.001, and more likely to 
respond at least once (49% vs. 34%), χ2(1) = 18.52, p < 0.001. Disaggregating these data 
revealed that Black/African American students were especially engaged, as they were 
most likely to respond at least once (51%) compared to White students (34%), χ2(1) 
= 28.93, p < 0.001, Hispanic/Latino students (39%), χ2(1) = 9.15, p < 0.01, and other 
students of color (41%), χ2(1) = 3.50, p = 0.06. Black/African American students were 
also less likely to unsubscribe both on the first day (2% vs. 5%), χ2(1) = 4.15, p < 0.05, 
and over the course of the summer (7% vs. 15%), χ2(1) = 17.10, p < 0.001, compared 
to White students. Hispanic/Latino students showed no other engagement differences 
compared to all other student groups. Other students of color were less likely than 
White students to unsubscribe over the course of the summer (7% vs. 15%), χ2(1) = 
5.95, p < 0.05, and trended toward a higher likelihood of responding at least once (41% 
vs. 34%), but this was not significant. 

Table 2 on next page.

Treatment Effects
Linear probability models are presented in Table 3. We first examined the treatment 
effect (with significance and standard errors corrected in a hierarchical linear model 
with Spring 2020 enrollment entered as a random effect) and found that receiving mes-
sages improved Fall 2020 reenrollment by 3 percentage points compared to the control 
group rate of 71%. We also observed higher reenrollment among White students as 
compared to students of color (75% vs. 72%), women as compared to men (73% vs. 
68%), and students enrolled in both the term prior to the study (Spring 2020; 76% 
vs. 61%), as well as the term concurrent to the study (Summer 2020; 88% vs. 62%). 
We next examined moderation by binary race, gender, spring enrollment, and summer 
enrollment. First-generation status and Pell eligibility were not significant predictors 
of Fall 2020 reenrollment for either the overall population or among any demographic 
subgroups, and were thus excluded from subsequent models.

In disaggregating the students of color variable, we found the same difference in Fall 
2020 reenrollment of approximately 3 percentage points between White students and 
Black/African American students, Hispanic/Latino students, and other students of 
color, but these differences were not statistically significant due to the smaller sample 
sizes. Intergroup comparisons between Black/African American students, Hispanic/
Latino students, and other students of color revealed no significant main effects pre-
dicting reenrollment. Because of the suggestive mean differences when comparing 
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Black/African American, Hispanic/Latino, and other students of color with White 
students, and the academic inequities historically found based on race and ethnicity 
(Donini-Lenhoff & Brotherton, 2010; Pryjmachuk et al., 2009), we also examined 
moderation of the treatment effect separately for Black/African American students, 
Hispanic/Latino students, and all other students of color (each remaining racial cate-
gory was too small to examine alone).

Table 3: Main Effects of Treatment and Individual Factors on Fall 2020 
Reenrollment

(1)
Variable Linear Probability

Intervention (N = 3,299)
Treatment Effect .034* (.079)
Control Mean .713

Race Binary (N = 3,233)
Students of Color -.032* (.016)
White Students .748

Black/White (N = 2,469)
Black -.034 (.018)
White .748

Hispanic/Black (N = 1,489)
Hispanic .001 (.025)
Black .713

Hispanic/White (N = 1,972)
Hispanic -.032 (.023)
White .748

Other Race/White (N = 1,744)
Other Race .028 (.011)
White .748

Other Race/Black (N = 1,261)
Other Race .006 (.031)
Black .713

Table 3 continued on next page.
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Other Race/Hispanic (N = 764)
Other Race .004 (.034)
Hispanic .716

Gender (N = 3,289)
Male -.055* (.023)
Female .738

First Generation (N = 3,299)
First Generation .011 (.016)
Continuing Generation .727

Pell Eligible (N = 3,299)
Eligible -.001 (.016)
Not Eligible .731

Spring 2020 Enrollment (N = 3,299)
Enrolled .142*** (.022)
Not Enrolled .614

Summer 2020 Enrollment (N = 3,299)
Enrolled .259*** (.014)
Not Enrolled .619

Note. Robust standard errors in parentheses, for all but intervention (HLM, standard errors). *p<.05; 
**p<.01; ***p<.001. Students who were not enrolled in Spring 2020 were enrolled in Fall 2019, but do 
not comprise the entirety of the Fall 2019 enrolled in our population (as students could be enrolled in 
both terms).

Heterogeneity of Treatment Effects: Individual Differences
We next examined simple effects separately for each of the demographic variables for 
which we found significant (or nearly significant) impact on Fall 2020 reenrollment: 
gender, binary race, Black/African American students, Hispanic/Latino students, all 
other students of color, Spring 2020 enrollment, and Summer 2020 enrollment (see 
Table 4). As illustrated in Figure 1A, we found a significant effect for men, such that 
those who received treatment reenrolled at a rate 11 percentage points higher than the 
control group rate of 63%. Treatment did not have a significant impact for women, 
who reenrolled at a base rate of 73%. Our treatment, therefore, eliminated the ex-
pected gap in enrollment between men and women in this pre-allied health population 
(Pryjmachuk et al., 2009).
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Table 4: Treatment Effects on Fall 2020 Reenrollment among Student 
Subgroups

(1)
Variable Linear Probability

Gender
Male (N = 487)

Treatment Effect .110* (.042)
Control Mean .627

Female (N = 2,802)
Treatment Effect -.023 (.017)
Control Mean .727

Race
All Students of Color (N = 1,757)

Treatment Effect .052* (.022)
Control Mean .689

Black/African-American (N = 993)
Treatment Effect .071* (.029)
Control Mean .678

Hispanic/Latino (N = 496)
Treatment Effect .018 (.041)
Control Mean .707

Other Students of Color (N = 268)
Treatment Effect .043 (.055)
Control Mean .698

White Students (N = 1,476)
Treatment Effect .015 (.023)
Control Mean .741

Table 4 continued on next page.
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Spring Enrollment
Spring Enrolled (N = 2,709)

Treatment Effect .009 (.017)
Control Mean .751

Not Spring Enrolled (N = 590)
Treatment Effect .132*** (.040)
Control Mean .551

Summer Enrollment
Summer Enrolled (N = 1,422)

Treatment Effect .023 (.017)
Control Mean .866

Not Summer Enrolled (N = 1,877)
Treatment Effect .038 (.022)
Control Mean .600

Note. Robust standard errors in parentheses. *p<.05; **p<.01; ***p<.001. Students who were not en-
rolled in Spring 2020 were enrolled in Fall 2019, but do not comprise the entirety of the Fall 2019 
enrolled in our population (as students could be enrolled in both terms).

The treatment also disproportionately benefited all students of color when examined 
together, who reenrolled at a rate 5 percentage points higher than the control group 
rate of 68%. Disaggregating students of color, however, we found that the treatment 
primarily benefited Black/African American students who reenrolled at a rate 7 per-
centage points higher than the control group rate of 68% (see Figure 1B). Similar to 
the treatment effect for men, we eliminated the gap in Fall 2020 reenrollment between 
White and Black/African American students observed in the control condition, which 
reflected inequities in persistence seen historically (Donini-Lenhoff & Brotherton, 
2010; Pryjmachuk et al., 2009). Other students of color in the treatment group reen-
rolled at a rate 4 percentage points higher than the control group rate of 70%, although 
this result was marginally significant owing to the smaller sample. White students and 
Hispanic/Latino students, however, showed no gains in reenrollment from treatment.

Finally, among students who were not enrolled in Spring 2020—but who had been 
enrolled in Fall 2019—those who experienced the treatment returned for Fall 2020 at 
a rate 13 percentage points higher than the control group rate of 55% (see Figure 1C). 
Although we observed a difference of nearly 4 percentage points in the hypothesized 
direction between treatment and control groups among students who were enrolled in 
Summer 2020, this difference failed to reach statistical significance.

Figure 1 on next page.
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Figure 1: Interactions between Experimental Condition and (A) Gender, (B) 
Race, and (C) Spring 2020 Enrollment on Fall 2020 Term Reenrollment

A

B

Figure 1 continued on next page.
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C

Note. Students who were not enrolled in Spring 2020 were enrolled in Fall 2019, but do not comprise 
the entirety of the Fall 2019 enrolled in our population (as students could be enrolled in both terms).

Heterogeneity of Treatment Effects: Student Engagement
To explore heterogeneity of effects based on student engagement, we divided treat-
ment students into three groups based on the dose of treatment received (O’Hara & 
Sparrow, 2019): students who received no treatment (i.e., unsubscribed on the first 
day; n = 60), those who received partial treatment (i.e., students who received some 
messages but unsubscribed at some point during the study; n = 117), and those who 
received full treatment (i.e., students who remained subscribed for the duration of the 
study; n = 1,443). We further subdivided the full treatment group into those who never 
responded to a message (n = 809) and those students who responded at least once (n = 
634). Because only 30 students unsubscribed after responding at least once, we did not 
subdivide those students in a similar fashion.

Students who received no treatment reenrolled for Fall 2020 at a rate 8 percentage 
points lower than the control group mean of 71%, although this finding lacked power 
to reach statistical significance. Reenrollment among students who received partial 
treatment (70%), as well those who received full treatment but did not respond (73%), 
did not significantly differ from the control group. Students who received the full 
treatment and responded at least once, however, enrolled at a rate 7 percentage points 
higher than the control group, t(2283) = 3.32, p < .001. These results dovetail with 
our findings on racial equity, in which Black/African American students were the 
most engaged with the platform and accrued the largest benefits in terms of Fall 2020 
reenrollment.
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Discussion and Implications
Our study adapted and combined three values-based interventions—values affirma-
tion, goal congruence, and utility values—to support reenrollment among community 
college pre-allied health students, a key population for addressing growing workforce 
shortages in nursing and other skilled health professions (U.S. DHHS, 2017, 2019). We 
targeted students across Delaware’s statewide community college system, and delivered 
our treatment via an interactive text-messaging platform, Persistence Plus. Overall, 
treated students reenrolled at higher rate than the control group, with those who had 
not been enrolled at DTCC in Spring 2020 more likely to return. Perhaps even more 
important, the treatment produced gains among men and Black/African American 
students, groups who face myriad barriers to entry, take longer to complete nursing and 
allied health programs, and are more likely to withdraw (Donini-Lenhoff & Brother-
ton, 2010; Hodges et al., 2017; Pryjmachuk et al., 2009).

Models of community college retention may provide a framework for understanding 
why these values-based interventions motivated students to persist. “Socio-academic 
integrative moments,” for instance, have been identified as key to community college 
retention (Deil-Amen, 2011). These moments, which can occur between students and 
faculty, staff, or peers, and either in or out of the classroom, boost students’ perceptions 
of warmth, supportiveness, and approachability attributed to their college; enhance 
their sense of belonging, identity, and competence; and improve their strategies around 
goal attainment. Although conceptualized as moments that occur interpersonally, our 
treatment may have reproduced elements of socio-academic integration digitally, which 
may be especially useful in the context of online learning. The proactive nature of the 
treatment, as well, may have increased impact by reducing the burden on students to 
self-identify a need for help and providing immediate response (Chan et al., 2019).

Finally, the impact of such interventions may be especially great for underrepresented 
students who perceive them as providing “validation” (Rendón, 1994). Retention of 
underrepresented students often requires validating interpersonal experiences that 
quell their self-doubt; again, these exercises may have reproduced elements of valida-
tion digitally during a period of physical disconnect from faculty, advisors, and peers. 
Although the absence of effects for Hispanic/Latino and other students of color could 
be attributed to insufficient power, the different engagement patterns and outcomes 
amongst these groups raise questions about whether values-based interventions must 
be culturally appropriate. Future research should explore the impact of tailoring these 
kinds of interventions to student groups beyond blanket categories such as students of 
color or first-generation.

Using Values-based Interventions to Address Healthcare Labor Shortages
Community colleges have a pivotal role to play in public health by addressing growing 
shortages of nursing and other healthcare professionals (Falatah, 2021; Willgerodt et 
al., 2018; Xu et al., 2020). Moreover, colleges’ retention practices impact equity within
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the healthcare field. Increasing skills and opportunities for people of color not only 
provides a path out of the lowest-paying healthcare professions (Snyder et al., 2015), 
but may also benefit communities of color by reducing healthcare discrimination and 
improving public health (Phillips & Malone, 2014; Wilbur et al., 2020). Moreover, 
better support for men, who face numerous barriers to entry into nursing and allied 
health professions (Hodges et al., 2017), will help to further reduce workforce gaps. 
Community college leaders should, therefore, consider values-based interventions in 
their enrollment, retention, and equity strategies. Although the utility of these exercises 
as in-class or online assignments is clear (e.g., Harackiewicz et al., 2014; Miyake et 
al., 2010), our research suggests digital media, such as texting, may be a more scalable 
and engaging way to deliver these interventions (O’Hara & Sparrow, 2019). Moreover, 
digital media provide more flexibility to customize messages based on student data and 
responses.

Our results also indicate that values-based interventions benefit students who have 
stopped out of college, not just those currently enrolled. Although most prior studies 
of text message interventions have targeted college-intending high school seniors or 
currently enrolled college students (e.g., Castleman & Page, 2015, 2016; O’Hara & 
Sparrow, 2019; Page & Gehlbach, 2017; see Ortagus et al., 2021, for an exception), 
we found that our treatment increased reenrollment by 13 percentage points when 
students had stopped out prior, as opposed to only 4 percentage points when they 
had been recently enrolled. As community college enrollments have fallen almost 15% 
since the onset of the COVID-19 pandemic (National Student Clearinghouse, 2021), 
severely undercutting tuition revenue and keeping colleges understaffed, boosting 
enrollments back to pre-pandemic levels may be key to ensuring continued student 
success. Moreover, reenrolling students with prior credits (“comebackers”; Sheffer et al., 
2020) is perhaps the most efficient way to improve individuals’ economic prospects and 
fill vacant healthcare positions.

Contributions to Research on Values-based Interventions
Values-based interventions have increased college students’ interest in science, inten-
tions to major in science and enter into a science career, and persistence in science 
pathways (e.g., Diekman et al., 2017; Harackiewicz et al., 2015; Hulleman et al., 2017; 
Miyake et al., 2010). However, evidence is limited whether these brief interventions 
work with students outside of traditional laboratory courses (i.e., biology and physics) 
and in community colleges. Previously, both a values affirmation and utility value in-
tervention delivered to community college students produced mixed results (Canning 
et al., 2019; Tibbetts et al., 2018), suggesting that students may not face the same 
barriers at community colleges that they do at four-year institutions, such as stereotype 
threat and cultural mismatch (Steele, 1997; Stephens et al., 2012). Our results reaffirm 
evidence that these types of interventions can boost community college reenrollment 
(O’Hara & Sparrow, 2019). Future research should consider these kinds of psychoso-
cial interventions within existing frameworks of community college retention, such as 
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socio-academic integrative moments and validation theory (Deil-Amen, 2011; Rendón, 
1994). Better synthesis of these literatures would provide numerous opportunities for 
learning, such as understanding when, why, and for whom values-based interventions 
improve outcomes, and designing new ways to foster validation and integration, even 
during challenging times such as a pandemic.

Our study also suggests a framework for scaling behavioral science interventions that 
does not sacrifice the personalization characteristic of successful, small-scale “nudging” 
(e.g., Castleman & Page, 2015, 2016; Page & Gehlbach, 2017). Recent attempts to 
scale nudge interventions nationwide have not significantly impacted student behavior 
(Avery et al., 2021; Bird et al., 2021). Several explanations have been offered as to why 
these efforts have not worked, including a reliance on one-way messaging (when hiring 
staff to reply to students is cost-prohibitive), a lack of personalized information, a lack 
of trust between the student and the sender, increased noise due to the proliferation of 
text-based campaigns and supports, and improved student services provided by high 
schools, colleges, and non-profit organizations that have closed the information and 
support gaps that these interventions once helped to fill (Castleman, 2021).

We contend that our “local” approach to scaling (Bird et al., 2021) addresses several 
of these challenges. First, partnering with an integrated, statewide community college 
system reduced heterogeneity in campus attributes and allied health program design, 
thereby allowing personalization of messages to both local context and student char-
acteristics (e.g., program or major, enrollment status) without excessive burden placed 
on intervention designers or college staff. This approach also meant messages came 
from a trusted source, DTCC. Second, technology that parses student responses using 
natural language processing and appropriately replies reduces need for additional staff 
to manage a texting campaign, and can reduce burden on existing staff by automating 
the answering of students’ basic informational questions. Finally, there is no changing 
the fact that students receive more text messages than ever before. We believe, however, 
that interactive, supportive, and evidence-based messages are welcomed by students in 
need of extra encouragement, especially during the COVID-19 pandemic, given the 
positive feedback that several students texted to us at the end of the study. To share one 
such sentiment, “thank you so much!! the del tech support is always available, prompt 
with responses, very helpful, and alleviates the anxieties i have if i need a question 
answered immediately. thank you guys for all that you do!”.

Limitations and Future Research
Several limitations to this research are worth noting. First, we only measured reenroll-
ment past the DTCC census date for Fall 2020, mere weeks after the end of treatment. 
Although values affirmation and utility value interventions have produced significant 
impacts months to years later (Hecht et al., 2019; Layous et al., 2017; Tibbetts et 
al., 2016), we do not yet know whether text-based interventions produce similarly 
long-lasting effects, nor whether effects last among our community college and allied 
health populations. Second, we were unable to confirm whether reenrolled participants
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continued on the allied health track. Although increasing reenrollment is a win for both 
students and DTCC, keeping students motivated to enter into healthcare professions is 
necessary for addressing the aforementioned labor and equity gaps. Third, our control 
group received business as usual support from DTCC. A more stringent test would 
compare our treatment to a placebo-like text message program, perhaps comprised of 
one-way informational messages. Likewise, our treatment combined three different val-
ues-based interventions with messages about registration and student resources. Given 
our omnibus approach, we cannot determine whether these components had additive 
effects, synergistic effects, or whether some had no effect at all. Future experiments 
could isolate the various components to determine the efficacy of translating these 
values-based interventions to text messages, as well as measure theoretically mean-
ingful mediators, such as college belonging, identity, and competence (Deil-Amen, 
2011). Finally, our experiment conceptually replicated an earlier STEM intervention 
(O’Hara & Sparrow, 2019), but with a few key differences in results: a larger impact of 
the intervention on students who had stopped out, as opposed to concurrently enrolled 
students, and impact only for students who responded to the messages, as opposed to all 
treated students. Given that applying values-based interventions to community college 
populations is in its nascent stages, other researchers should test these strategies with 
other student groups to understand the relevant boundary conditions for when, where, 
and for whom these interventions improve academic persistence and performance.

Conclusion
New approaches to enrollment and retention within nursing and allied health pro-
grams are needed to address significant and growing workforce shortages, as well as eq-
uity gaps. Values-based interventions delivered via interactive text messages improved 
persistence among community college pre-allied health students. Effects were strongest 
amongst underrepresented students (men and Black/African American students) and 
when students had not been enrolled the semester prior to treatment. These behavioral 
science strategies should be employed by community college practitioners to improve 
persistence among their nursing and allied health students, remedy healthcare work-
force needs, and increase educational and professional equity within these fields.
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Appendix: Sample Messages by Values-Based Intervention

Values Affirmation
Reaffirming important values can reduce stress during hard times. Which of these is 
most important to you? Text: Kindness, Curiosity, Ambition, Friendship
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[RESPONSE: Kindness] How does being kind relate to studying health at 
DTCC? Write a few sentences about how kindness defines your education & 
future goals.

Goal Congruence
Which of these would most excite you about working in a health career? Text: Helping 
people, working in community, being part of team, contributing to society

[RESPONSE: Helping people] We need skilled & passionate health care 
workers now more than ever. If you hit a rough patch just remember how 
many lives you'll better in your career.

Utility value
Studying health has benefits right away, not just in your future career. [STUDENT_
FIRSTNAME], what's 1 thing you've learned at DTCC that's been helpful this 
summer?

[RESPONSE: Open-ended] College can focus a lot on career readiness but the 
lessons you learn can be useful today. Reflect on these opportunities to help 
you stay focused in school.


