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Introduction 

 Developmental education, in which college students deemed unprepared for college-level 

coursework enroll in non-credit bearing courses to improve their academic skills, is widespread 

in American higher education. Among students in the US who began postsecondary education in 

2011-12, 65% of those starting at public 2-year colleges and 31% of those beginning at public 4-

year colleges enrolled in at least one developmental education course over the next six years 

(Chen, Caves, Pretlow, Capterton, Bryan, Cooney, & Richards, 2020). Yet the majority of 

students assigned to developmental education never complete the required sequence of 

developmental courses (Bailey, Jeong, & Cho, 2010), and less than a quarter of community 

college students who take developmental courses earn a degree from any institution within six 

years (Ganga, Mazzariello, & Edgecombe, 2018). Although some research suggests that the 

outcomes of developmental education students are no different from community college students 

who do not enroll in developmental education once other student characteristics are controlled 

for (Bahr, 2008), reviews of the developmental education literature suggest placement into 

developmental education may have a significant negative effect on students’ probability of 

passing the college-level course in the developmental subject, college credits earned, and 

attainment (Valentine, Konstantopoulos, & Goldrick-Rab, 2017).  

Due to the prevalence of developmental education and the sub-optimal outcomes of 

students assigned to remediation (developmental education and remediation are used 

interchangeably throughout), researchers and reformers have developed a number of strategies to 

improve developmental students’ performance, persistence, and attainment (Bettinger, Boatman, 

& Long, 2013). Reforms such as integrating developmental content into other academic and 

technical courses (Wachen, Jenkins, Belfield, & Van Noy, 2012), providing greater academic 



and financial supports to developmental education students (Scrivener, Weiss, Ratledge, Rudd, 

Sommo, & Fresques, 2015), and creating learning communities for academically underprepared 

students (Sommo, Mayer, Rudd, & Cullinan, 2012; Visher, Weiss, Weissman, Rudd, & 

Wathington, 2012) can improve student performance in developmental courses and increase 

persistence and attainment rates. However, many of these reforms are also quite expensive, 

raising questions about their efficiency and sustainability (Bettinger, Boatman, & Long, 2013).  

Bossier Parish Community College (BPCC), a mid-sized community college near 

Shreveport, Louisiana, developed a resource called Open Campus™ that contains free and fully 

online modules of developmental education content. Open Campus was primarily designed to 

help students brush up on core academic topics before taking developmental education 

placement exams, but the progenitors of Open Campus soon realized that faculty were using the 

resource in their instruction to allow students to review and practice concepts covered in class 

with which they had struggled. However, BPCC administrators also learned that accessing Open 

Campus was an issue for many students, particularly those from low socioeconomic households, 

who did not have a computer and/or internet access at home.  

In 2015, BPCC received a grant from the US Department of Education through the First 

in the World (FITW) program. To further increase access to Open Campus content, BPCC 

proposed in its FITW application to convert Open Campus into a mobile application for three of 

its most common developmental courses: Math 98 (Beginning Algebra I), Math 99 (Beginning 

Algebra II), and English 99 (Fundamentals of Composition). BPCC also proposed to evaluate the 

effect of access to these mobile applications on student outcomes through a randomized block 

design (RBD). Developmental education faculty served as blocks, and their course sections were 

randomly assigned to receive access to the mobile apps (the treatment condition) or not (the 



control condition). Two pilots were administered, one in Spring 2017 and the second in Fall 

2017, with roughly 2,000 students participating in the pilots. The purpose of this study is 

describe the impact of access to the mobile applications on students’ performance in 

developmental education and subsequent courses, retention at BPCC, and attainment of 

credentials through Spring 2019.   

Literature Review 

 Given the scope of student participation in developmental education courses nationally 

and the discouraging success rates of students assigned to developmental education, a broad 

range of strategies have been developed to improve developmental education student outcomes. 

These reforms can be placed into one of three broad categories: changing how and whether 

students are assigned to developmental education, pedagogical and curricular reforms, and 

supplemental services and supports. Although a number of thorough reviews now exist 

cataloging these reforms (Edgecombe, Cormier, Bickerstaff, & Barragan, 2013) and assessing 

the evidence base on these strategies (Bailey, Bashford, Boatman, Squires, & Weiss, 2017; 

Bettinger, Boatman, & Long, 2013; Zachry & Schneider, 2011), they are briefly reviewed here to 

contextualize the current reform.  

Developmental Education Placement Reforms 

 Some studies have shown as many as one-third of students are severely misplaced when 

comparing their scores on developmental education placement exams to their performance in 

subsequent college courses (Scott-Clayton, 2012). Concerns about misplacement, and the over-

reliance on standardized assessments to place students into developmental education (Hughes & 

Scott-Clayton, 2011; Sedlacek, 2004), has led to growing support for the use of multiple 

measures to make developmental education placement decisions. While the evidence base is thin 



on the effect of implementing multiple measures, such as high school GPA, completion of 

specific high school courses, and non-cognitive assessments (Bailey, Bashford, Boatman, 

Squires, & Weiss, 2017), preliminary evidence from recent studies suggests the use of multiple 

measures may significantly increase the rates that students are placed directly into college-level 

courses and pass those courses (Barnett et al., 2018).  

  Another approach to reducing the number of students enrolling in developmental 

education is to improve students’ readiness for college-level coursework before they graduate 

high school (Fay, Barnett, & Chavarín, 2017). A number of states have experimented with 

testing students in grade 11 to determine their college readiness and, in the cases of Florida, 

Tennessee, and West Virginia, assigning them to college readiness courses in grade 12 if they 

scored below the threshold set for college readiness. Research from California (Kurlaender, 

Jackson, Grodsky, & Howell, 2016), Florida (Mokher, Leeds, & Harris, 2018), Maine (Hurwitz, 

Smith, Niu, and Howell, 2015), Tennessee (Kane et al., 2018), and West Virginia (Pheatt, 

Trimble, and Barnett, 2016) has found mixed but somewhat positive results of these types of 

policies on improving college-going rates and reducing developmental education enrollments, 

though limited research exists on the long-term effects of these policies.   

Curricular and Pedagogical Reforms 

 Although the reforms discussed above may result in more accurate placements into 

developmental education, some students may still be unprepared for college-level coursework 

even if placements are more accurate. Curricular and pedagogical reforms are therefore being 

devised and tested to determine if they improve developmental education student outcomes. The 

most notable examples of this strategy are acceleration, contextualization, and co-requisite 

approaches.  



 As community colleges often require students to complete developmental education 

courses before enrolling in credit-bearing courses, acceleration strategies attempt to reduce the 

time it takes for students to complete the developmental sequence (Edgecombe, Cormier, 

Bickerstaff, & Barragan, 2013; Nodine, Dadgar, Venezia, and Bracco, 2013; Venezia & Hughes, 

2013). This is often done by compressing courses into half-semester or shorter periods, allowing 

students to potentially complete multiple developmental education courses in a single semester. 

Experimental research on the efficacy of this strategy is limited (Venezia & Hughes, 2013), but 

correlational and quasi-experimental studies provide suggestive evidence that accelerating 

developmental education courses may promote students’ entry into college-level coursework 

(Jaggars, Hodara, & Xu, 2015; Bailey & Jaggars, 2016; Hodara & Jaggars, 2014; Fay, 2017).  

 Contextualized models integrate developmental education content into what are 

traditionally non-developmental education courses. One of the first examples of this approach 

was the integrated basic education and skills (I-BEST) model developed in Washington state 

(Wachen, Jenkins, & Van Noy, 2012; Zeidenberg, Cho, & Jenkins, 2010). Though targeted 

primarily to adult workers in career-oriented fields, the idea behind I-BEST was to enroll 

students directly into career-focused courses but integrate developmental education content into 

those courses. A critical ingredient in the I-BEST model was the courses were co-taught by a 

basic skills instructor and an occupational instructor (Zeidenberg, Cho, & Jenkins, 2010). Quasi-

experimental evidence suggests the program significantly improved students’ likelihood of 

completing credentials (Wachen, Jenkins, & Van Noy, 2012).  

 The contextualized approach led to a related strategy of co-requisite remediation (also 

known as mainstreaming), in which students who would have traditionally been required to 

complete developmental education before enrolling in credit-bearing courses are allowed to 



enroll directly in credit-bearing courses. However, the key innovation is students are required to 

enroll in developmental education courses or complete supplemental developmental education 

content (through labs or “boot camps”) simultaneously. The expansion of co-requisite 

remediation has been promoted by organizations such as Complete College America, and today 

approximately twenty states allow or mandate co-requisite approaches to remediation (Education 

Commission of the State, 2019). Although rigorous empirical evidence on this strategy is just 

emerging, at least one experimental study has found that being assigned to a co-requisite math 

course significantly improves long-term persistence and attainment when compared to traditional 

algebra remediation (Logue, Douglas, & Watanabe-Rose, 2019).  

Supplemental Services and Supports   

 Some have argued that even greater reforms are needed in developmental education to 

truly move the needle on students’ long-term persistence and attainment outcomes in a scalable 

and sustainable way (Kane, Boatman, Kozakowski, Bennett, Hitch, & Weisenfeld, 2018). 

Community colleges have begun to experiment with substantive reforms aimed at providing a 

suite of wraparound supports to students in developmental education courses. The most widely 

known of these strategies is the City University of New York’s (CUNY) Accelerated Study in 

Associate Programs (ASAP) model. Although not targeted to developmental education students 

initially, the program’s eligibility criteria expanded to include developmental education students 

a few years after its inception.  

 The ASAP model comprises a host of integrated reforms aimed at increasing students’ 

academic momentum and sense of belonging at the college (Boykin & Prince, 2015). These 

reforms include the requirement for students to be enrolled full-time each semester, a cohort 

model where students take classes with students in the same major, financial incentives (such as 



tuition waivers, textbook assistance, and MetroCards), dedicated advisors and mandatory 

advisement, and mandatory tutoring specifically for students placed into developmental 

education courses. CUNY partnered with MDRC to evaluate the efficacy of the program using a 

randomized controlled trial design, and the results show that the ASAP treatment group’s three-

year graduation rate was almost double that of the control group (40% vs. 22%) (Scrivener, 

Weiss, Ratledge, Rudd, Sommo, & Fresques, 2015). An evaluation of a replication of the ASAP 

model in other Ohio has found similarly pronounced effects (Sommo, Cullinan, & Manno, 

2018), with future evaluations of other replications forthcoming.  

Conceptual Framework – Learning Science Principles, Mobile Learning, and  

Developmental Education 

The research discussed above has found that the persistence and attainment rates of 

students who begin in developmental education can be substantially improved. However, in an 

era of declining appropriations for higher education in many states, the sustainability and 

scalability of reforms that often require significant recurring investment of resources, such as co-

taught courses (Belfied, Jenkins, & Lahr, 2016) and wraparound services and supports (Scrivener 

et al., 2015), is a concern. For example, despite ASAP’s substantial effect on college graduation, 

the New York City mayor’s office announced a $20 million cut to CUNY ASAP and its 

suspension in 2020-21 (St. Amour, 2020), and Ohio’s replication of ASAP was not sustained in 

two of the three colleges that participated in the evaluation (Miller, Headlam, Manno, & 

Cullinan, 2020). Particularly in the harsh financial realities emerging due to the COVID-19 

pandemic and the economic recession it is causing, many institutions are searching for lower cost 

alternatives to move the needle on developmental education student outcomes.  



One such alternative is mobile-enabled learning or “m-learning,” which is on the rise in 

both informal and formal contexts in U.S. higher education (Alrasheedi, Capretz, & Raza, 2015; 

Chen & Denoyelles, 2013; Crompton & Burke, 2018; Kaliisa & Picard, 2017; Pimmer, 

Mateescu, & Grohbiel, 2016). There are four primary reasons m-learning has been theorized to 

be an effective strategy for promoting achievement and attainment in higher education. First, m-

learning is one of many strategies and technologies that can be used to promote college students’ 

self-regulated learning, an important consideration for students placed into developmental 

education (Bailey et al., 2016; Young & Ley, 2003). Specifically, students enrolling in college 

for the first time may not have a clear sense of their preparedness for college-level coursework or 

the specific gaps in their knowledge that may hinder their understanding of more complex topics. 

M-learning can include diagnostic exams that provide students a clearer sense of the content 

areas in which they should prioritize their learning and personalized learning paths based on the 

gaps in their knowledge, a mobile-enabled example of the technique historically referred to as 

“programmed instruction” (Kulik, Cohen, & Ebeling, 1980; Skinner, 1954; Thorndike, 1912). 

Traditionally, few colleges use a self-placement model, where students use the results of 

assessments to choose their own learning path (Hodara, Jaggars, & Karp, 2012). M-learning also 

facilitates the use of practice quizzes that students can take and re-take, a strategy known as 

“retrieval practice” that has shown to be strongly related to long-term retention (Roediger & 

Butler, 2011).  

Second, m-learning can enable hybrid, blended, or “flipped” classroom environments, in 

which students use technological resources to learn some of the content outside of the class and 

then apply those concepts to examples in-class, alongside their peers and under the guidance of 

an in-person instructor (Bersin, 2004; Garrison & Kanuka, 2004; Graham, Woodfield, & 



Harrison, 2013; Thorne, 2003). This approach is referred to as “flipped learning” as it inverts the 

traditional pedagogical approach of the instructor lecturing in class and students completing 

assignments on their own outside of class.  

Third, technological resources also allow for the “gamification” of learning, which has 

been shown to increase student engagement and academic performance (Kapp, 2012). 

Gamification comprises three key components. First, content is broken down into constituent 

elements, known as “modularization.” For example, students are able to maintain engagement 

more easily when viewing a series of three-minute videos on specific topics rather than an entire 

forty-five minute lecture covering a range of topics. Second, students receive immediate 

feedback and recognition for their accomplishments through points, badges, or “leveling up.” 

This allows students to recognize the progress they are making, which motivates persistence and 

engagement. Third, gamified learning experiences are student-centered, where the learner has the 

autonomy to choose the path and pace that is best for them. Classroom environments are often 

teacher-centered and structured around a specific syllabus common to all students. 

Fourth, quite simply, mobile devices are nearly ubiquitous. Roughly 95% of the global 

population lives in an area with cellular coverage, and 84% have access to mobile-broadband 

networks (3G or above) (ITU, 2016). In the United States, young adults aged 18-29 are the 

demographic with the highest ownership rate of mobile devices and young adults, low-income 

adults, people of color, and adults with lower levels of education are more likely to be 

“smartphone dependent”—those who access the internet from a mobile device but do not own a 

laptop or desktop computer (Pew Research Center, 2019). While the benefits of m-learning 

discussed above may also be realized by other technologies, such as desktop or laptop 

computers, m-learning may be a particularly important strategy for community colleges that tend 



to serve high proportions of students from populations with greater access to mobile devices than 

computers.  

Despite the promise of m-learning, many studies have concluded that high-need students 

struggle in purely online environments, but are motivated to persist when the technology is a 

function of how they engage outside the formal classroom (Xu & Jaggars, 2013). An important 

ingredient in student engagement is whether the student perceives a connection of any kind to the 

campus, knows an instructor or student’s name, or feels someone knows theirs (Center for 

Community College Student Engagement, 2013). The question for colleges is therefore how to 

realize the benefits of incorporating m-learning into instruction without using it to replace the 

bonds and relationships more easily cultivated by in-person environments.  

A number of reviews now exist summarizing the evidence base on m-learning in higher 

education (Alrasheedi, Capretz, & Raza, 2015; Chen & Denoyelles, 2013; Crompton & Burke, 

2018; Kaliisa & Picard, 2017; Pimmer, Mateescu, & Grohbiel, 2016). However, the most recent 

review estimates that only six empirical studies used an experimental design to estimate the 

effect of m-learning on student outcomes (Crompton & Burke, 2018). To the authors’ 

knowledge, no studies have used an experimental design to examine the efficacy of this strategy 

on students placed into developmental education courses specifically, making the present study 

the first such evaluation.  

Open Campus™ Mobile App Intervention 

While the Open CampusTM mobile apps are currently available to download through the 

Apple App Store and Google Play (screenshots of the mobile apps are included in Figure 1 in the 

Appendix), a beta version of the apps was evaluated in the present study. This version of the 

intervention would be more accurately described as a mobile responsive website that students 



were instructed to save as an icon on the home screen of their mobile phone. After doing so, the 

resource functioned very similarly to a native mobile app, and we refer to the intervention as a 

mobile app throughout for simplicity. However, the implementation evaluation found that this 

format of the “apps” was confusing to both students and instructors, potentially hindering 

students’ use of the apps. We will return to these points in our discussion.   

Once students download the app and create an account, they are presented with various 

courses that they may choose from. For the present evaluation, students could enroll in  English 

99 (Developmental Writing), Math 98 (Beginning Algebra I), or Math 99 (Beginning Algebra 

II). After enrolling in any of the above courses, students take a pre-assessment within the apps 

with roughly 50 items that further diagnoses the specific areas in which they need the greatest 

assistance. After completing the quiz, students are shown the percentage of questions that they 

got right and are instructed to focus their attention on the modules that are aligned with the topics 

with which they struggled the most. For example, the Math 98 course is divided into 22 separate 

modules or topics, and those with which the student struggled would become highlighted with a 

gold star based upon the pre-assessment results.   

After the pre-assessment, students can select whatever module they prefer among those 

modules starred for their completion. Each module contains a separate 10-item quiz with 

additional questions related to that specific topic area. For the module quizzes, students are 

shown whether they got each question correct or incorrect. For each incorrect answer, they are 

told the specific module they should review to learn more about that topic. For example, in Math 

98’s Module 5 on “Solving One Step Equations with Addition or Multiplication,” the student 

may be instructed to “please go back and watch the video for Module 5.1 on equation vocabulary 

for addition and multiplication” if they made an incorrect choice on the quiz item aligned with 



that topic. An important element of within-module quizzes is that they are designed for mastery 

learning rather than evaluation—students are able to attempt the quizzes as many times as they 

would like, and only their highest grade is kept in their profile.  

Each module also contains a series of video lectures where BPCC instructors explain the 

concepts. Although the desktop version of Open Campus™ was widely used, BPCC 

administrators noticed through analytics tracking that many users would discontinue watching 

the Open Campus videos after 3-5 minutes, despite the videos being 20-30 minutes long on 

average. During the conversion of Open Campus™ from desktop to mobile, the videos were 

further modularized so that each video is now only 3-6 minutes long.  

In addition to the core pedagogical features of quizzes and videos included in each 

course, the mobile apps contain supplemental features meant to increase engagement. First, 

students can earn digital badges based on their progress within the modules that also confer 

elements of attire for a digital avatar (“My Cavalier”). This avatar was designed by computer 

science students at BPCC and is based on BPCC’s mascot. Second, students can also challenge 

each other, which lets them go head-to-head in taking a quiz. The apps contain a leaderboard 

showing the users with the most wins, both overall and for specific courses. Third, the app sends 

email nudges to students if they have been inactive in the app for a prolonged period of time or if 

they have earned badges signifying major milestones in the app (e.g. 50% of the module has 

been completed). As mentioned above, the email notifications are an opt-in feature, and students 

can unsubscribe from the notification in-app or through email.  

Methods 

Research Questions 

The study address three research questions: 



1) What is the effect of access to mobile applications on the postsecondary outcomes of 

developmental education students?  

2) To what extent does this effect vary across courses (Engl 99, Math, 98, and Math 99)? 

3) What is the effect of use of the mobile applications on the postsecondary outcomes of 

developmental education students?  

The first and second research questions call for an intent-to-treat (ITT) analysis (Gupta, 

2011), where the outcomes for the entire sample of students assigned to the treatment are 

compared to the outcomes of the entire sample of students assigned to the control group. When a 

randomized controlled trial is used for this type of analysis, as is the case in the present study, it 

can be referred to as an effectiveness trial. These analyses produce estimates of the effect of the 

treatment in routine conditions. However, there is also theoretical and policy interest in the effect 

of the intervention for students who are likely use the mobile apps, also known as the effect of 

the treatment-on-the-treated (TOT) or the complier average causal effect (CACE). For example, 

if technological barriers or other issues prevented the entire treatment group from using the 

mobile apps and those barriers could be removed in future implementations, the TOT estimates 

allow us to project what the effects may be with increased take-up of the intervention. The 

sections below describe our research design and statistical approach that allows us to produce 

both ITT and TOT estimates.   

Research Design 

Students were randomly assigned to either the treatment or the control group using a 

design known as a randomized block design or stratified cluster randomized controlled trial 

(Bloom, Bos, & Lee, 1999; Hedges & Hedberg, 2007; Murray, 1998; Murray, Varnell, & 

Blitstein, 2004). We elected to use a group random assignment rather than individual assignment 



given the threat of “contamination,” namely students who would be given access to the mobile 

apps sharing access with control students enrolled in the same developmental course sections. 

Additionally, faculty members expressed a strong preference for cluster randomization to 

eliminate the need to assist students in the same classrooms using different materials and 

technologies.  

The four strata used in the randomization are college (BPCC or NSU), semester (Spring 

2017 or Fall 2017), developmental education course (Math 98, Math 99, and English 99), and 

instructors. A block was created for every instructor who taught more than one course section of 

the same course in the same semester at the same college, and that instructor’s specific course 

sections were randomly assigned to the two groups. For example, there were four instructors who 

each taught two course sections of Engl 99 during the Spring 2017 semester, and each of those 

instructors had one section randomly assigned to the treatment group and one assigned to the 

control group. An additional block was created for each college, semester, and course 

combination for all remaining instructors who taught one course section. For example, two 

instructors taught only one section of Engl 99 during the Spring 2017 semesters. Those two 

instructors were placed into the same block, and one of their course sections was placed in the 

treatment group while the other was placed in the control group. The result was 17 blocks during 

the Spring 2017 intervention and 14 blocks during the Fall 2017 intervention for a total of 31 

blocks, each of which contained treatment and control sections. These blocks, the number of 

students assigned to the treatment and control groups within each block and overall, and whether 

the randomization occurred within instructor (i.e. for an instructor teaching multiple sections of 

the same course) are reflected in Table 1.  

[Table 1] 



Sample 

The sample is drawn from BPCC, a community college located in the Shreveport 

metropolitan area in northwest Louisiana. Roughly 35% of students in the analytic sample were 

first time BPCC students at the time of the intervention, while the remaining 65% had attempted 

at least one course at BPCC prior to the intervention. For the latter group of returning students, 

the median number of credits attempted prior to the intervention was 24. The analytic sample 

was 64% female and 36% male. Approximately 65% of the sample received a Pell grant, with a 

mean Pell award of $2,442 in the semester of the intervention for students who received a Pell 

grant. The mean age of the sample was 25. Although the race/ethnicity data provided for the 

study did not appear to be reliable (more than half of students had “other” indicated for their 

race/ethnicity), the BPCC population as a whole is roughly 46% white non-Hispanic, 40% Black, 

and 6% Hispanic/Latinx, with all other racial/ethnic groups comprising the remaining 8%.  

BPCC piloted the intervention in two semesters, Spring 2017 (Cohort 1) and Fall 2017 

(Cohort 2). For the Spring 2017 cohort, the total number of students who were enrolled in one of 

the targeted courses at the time of randomization included 866 unique students comprising 980 

total course enrollments. Of the 866 unique students, 760 only enrolled in one of the three 

courses, 98 enrolled in two courses, and 8 enrolled in all three courses. For the Fall 2017 cohort, 

the total number of students who were enrolled in one of the targeted courses at the time of 

randomization included 1,051 unique students comprising 1,142 total course enrollments. Of the 

1,051 unique students, 960 only enrolled in one of the three courses and 91 enrolled in two 

courses. No student enrolled in all three courses in Fall 2017.  

Although randomization occurred after the last date for course changes for the Spring 

2017 intervention, randomization took place slightly earlier in the Fall 2017 semester in order to 



give instructors more time to prepare for using the apps in their courses. While only five of the 

980 student course records did not have credit or grade information for their assigned 

developmental education course at the end of the semester during Spring 2017 (attrition rate = 

0.5%), for the Fall 2017 semester 112 of the 1,142 course records did not have a grade (attrition 

rate = 9.8%). The attrition rate for the control group was 10.9% and the rate for the treatment 

group was 8.7%, for a differential attrition of 2.2%. Neither the overall or differential attrition 

rate poses a threat to the validity of the study under the What Works Clearinghouse’s 

conservative attrition standard. Course records without a grade will be considered censored and 

excluded from the grade analyses (Puma, Olsen, Bell, & Price, 2009). However, for the analysis 

of whether students passed the course, we consider students who withdrew or otherwise did not 

receive a grade as having not passed the course, and these records are kept in the analytic 

sample.  

The analytic sample used in each model depends upon the research question being 

addressed. For models of outcomes that are specific to the individual developmental education 

courses, the entire sample was used given the limited threat of contamination. For example, it is 

unlikely that a student getting access to the mobile app for Math 98 would substantively affect 

her performance in English 99, even if she was assigned to a control group section in English. 

However, for outcomes related to overall course performance and longer-term outcomes, an 

additional inclusion criterion is applied requiring students to have only enrolled in one of the 

three targeted course sections in that semester to ensure students are not part of both the 

treatment and control group. Note that the eligibility criterion (that the student enrolled in only 

one course) for inclusion in this sample is based on a student behavior that occurred prior to 

randomization, maintaining the integrity of the random assignment. The delimited sample 



includes 869 (50.5%) control students and 851 (49.5%) treatment students for a combined 

sample of 1,720 students.   

Variables 

The outcome variables investigated in the study include 1) whether students passed the 

developmental education course in which they enrolled, 2) the grade they received in that course 

(on a 0.00-4.00 grade points scale), 3) whether students persisted to the next semester, 4) the 

number of semester credit hours they earned in the next semester, and 5) whether they earned a 

credential by Spring 2019. For the attainment outcome, one model investigated whether students 

earned any credential, and separate models investigated whether students earned associate’s 

degrees or certificates specifically. It should be mentioned that the timeframe for investigating 

attainment was rather limited. Students in Cohort 1 were enrolled in developmental education 

courses in Spring 2017, and students in Cohort 2 were enrolled in developmental education 

courses in Fall 2017. This means the sample had two academic years at most to earn a credential. 

However, because the majority of students in the sample were not first time in college students 

and roughly 13% of the sample earned a credential by Spring 2019, we include this outcome in 

the analysis.   

The primary independent variable is a dichotomous indicator variable of whether students 

were enrolled in a course section assigned to the treatment group, regardless of their use of the 

mobile apps. This phase of evaluation can therefore be described as an “intent-to-treat” analysis 

(Gupta, 2011). While this approach may provide a conservative estimate of the effect of using 

the mobile apps on student outcomes it is necessary to avoid the threat of selection bias, namely 

the likelihood that students who elected to use the apps differ systematically from students who 

chosen not to. In addition, including all assigned students in the treatment group provides a more 



naturalistic estimate of the effectiveness of the treatment, given that non-use of a supplemental 

instructional resource such as the mobile apps is likely in real-world contexts.  

The statistical models include student-level covariates (race/ethnicity, gender, Pell 

receipt, age, credits attempted prior to the semester of the intervention, and credits earned prior 

to the semester of the intervention) as well as a level-2 random intercept to account for variation 

in the effects of classrooms/instructors on student outcomes. Although most BPCC students had 

some score on a standardized assessment that was used to place them into developmental 

education, no more than 40% of the sample took the same assessment, and roughly 10% of the 

sample did not have a score for any standardized assessment. For this reason credits attempted 

and earned prior to the intervention semester were used to explain variation in the outcomes and 

improve statistical power. Fixed effects for the 31 college by course number by instructor blocks 

were added to the model to account for the stratified cluster randomized design. Due to the 

randomized design, controlling for covariates does not substantively alter the point estimates of 

the treatment effect, but it does increase the power to detect statistically significant effects of the 

intervention. 

Statistical Models – Intent-to-Treat Analysis 

As the use of a cluster randomized design has the potential to result in biased estimates of 

the standard error of the treatment effect stemming from the introduction of level-2 clustering 

(Hedges & Hedberg, 2007), multilevel modeling techniques were used to account for this 

clustering (Raudenbush & Bryk, 2002) with students nested in course sections. Multilevel linear 

regression models were used for both continuous and dichotomous outcomes. For dichotomous 

outcomes, linear regression was used rather than logistic regression both to facilitate 

interpretation and because the outcomes under study have moderate probability ranges (20-80%) 



that make linear regression an appropriate choice (Hellevik, 2009). The use of logistic regression 

did not change the substantive findings of the analyses, and the results from logistic regression 

models are available upon request to the corresponding author.  

Two statistical models were used. The first included fixed block effects and a fixed 

treatment effect to estimate the average treatment effect across course sections. The statistical 

equation for the model may be described as: 

Level-1:  Student Level 

𝑌𝑖𝑗 = 𝛽0𝑗 + ∑ 𝛽1.𝑚𝑋𝑚𝑖𝑗 + 𝜀𝑖𝑗

𝑀

𝑚=1

 

Level-2:  Cluster (Course Section) Level  

𝛽0𝑗 = 𝛾00 + 𝛾01(𝑇𝑗) + ∑ 𝛾02.𝑝𝐵𝑙𝑜𝑐𝑘𝑝𝑗

𝑃−1

𝑝=1

+ 𝜇0𝑗 

𝛽1.𝑚𝑗 = 𝛾1.𝑚0 

Where,  

𝑌𝑖𝑗   = the outcome for the ith student in the jth course section. 

𝛽0𝑗 = the intercept for course section j. 

𝛽1.𝑚𝑗  = the effects of student covariates in course section j. 

𝑋𝑚𝑖𝑗  = the mth of  additional covariates for student i in course section j. 

𝜀𝑖𝑗 = a residual error term for student i in course section j. 

𝛾00 = the mean intercept. 

𝛾01 = the treatment effect. 

𝑇𝑗  = 1 if course section j is assigned to treatment, and = 0 if course section j is 

assigned to control.  

𝐵𝑙𝑜𝑐𝑘𝑝𝑗  = the block number the student was enrolled in. 

𝛾02.𝑝 = the effect of block p. 

𝜇0𝑗 = random intercept term – deviation of course section j’s mean from the grand 

mean, conditional on covariates; assumed to be normally distributed with mean 0 

and variance 𝜏00
2 . 

𝛾1.𝑚0 = mean effect of student covariate m. 

 

The second model estimated the extent to which the effect of treatment varies across 

course numbers by adding block by treatment interaction terms. The equation for this model is 

found below, with definitions of all terms not defined by the previous model:  

Model 2 



Level-1:  Student Level 

𝑌𝑖𝑗 = 𝛽0𝑗 + ∑ 𝛽2.𝑚𝑋𝑚𝑖𝑗 + 𝜀𝑖𝑗

𝑀

𝑚=1

 

Level-2:  Cluster (Course Section) Level  

           𝛽0𝑗 = 𝛾00 + 𝛾01(𝑇𝑗) +  𝛾02(𝐶𝑗) + ∑ 𝛾03.𝑝𝐵𝑙𝑜𝑐𝑘𝑝𝑗

𝑃−1

𝑝=1

+ ∑ 𝛾04.𝑝(𝑇𝑗 ∗ 𝐶𝑗)

𝑃−1

𝑝

+ 𝜇0𝑗 

𝛽2.𝑚 = 𝛾2.𝑚0 
 

Where,  

𝐵𝑙𝑜𝑐𝑘𝑝𝑗 = 1 if the course section j was assigned to the treatment or comparison condition 

within the (randomization or matching) block p, and = 0 otherwise. 

𝛾02.𝑝 = the mean difference for students in course 𝐶𝑗 compared to the reference group 

 𝐶𝑗 = dummy variables representing the developmental education course number 

(Math 98, Math 99, or Engl 99) 

𝛾03.𝑝 = the effect of block p 

𝛾04.𝑝 = the difference in the treatment effect for course 𝐶𝑗 and the treatment effect for 

the reference course, or the interaction effect of treatment with course. 

 

Statistical Models – Treatment-on-the-Treated (TOT) Analysis 

 To recover the treatment effect for compliers, we use an instrumental variables (IV) 

approach in which we instrument for app usage based on whether a student was randomly 

assigned to the treatment group (Angrist, Imbens, & Rubin, 1996; Angrist & Pischke, 2009). In 

the case of the IV approach, the treatment group includes students who were induced to use the 

apps after receiving login information as a result of being selected for the treatment group, while 

the counterfactual is based on similar developmental students who did not have access to the 

apps. Assuming the necessary conditions are satisfied, the IV approach yields an estimate of the 

treatment on the treated (TOT), also known as the local average treatment effect (LATE) or 

complier average causal effect (CACE).  



 We use a two-stage least squares (2SLS) approach for this analysis. In the first stage, 

mobile app usage is regressed on the binary treatment indicator. In the second stage, the 

treatment indicator in the original ITT analysis is substituted with the predicted value of mobile 

app usage produced by the first stage. All other covariates included in the ITT analysis are also 

included in the second stage of the IV model. The equations for the model may be stated as: 

(1) (𝐴𝑝�̂�𝑖𝑗) =  𝛽0𝑗 +  𝛾01(𝑇𝑗) 

 

(2) (𝑌𝑖𝑗) =  𝛽0𝑗 +  𝛽1𝐴𝑝�̂�𝑖𝑗 + ∑ 𝛽2.𝑚𝑋𝑚𝑖𝑗 + 𝜀𝑖𝑗
𝑀
𝑚=1  

 

A critical condition for a valid IV analysis is that the exclusion restriction must hold for 

the instrument. In the present study, this means that the only way being assigned to the treatment 

group could affect students’ college outcomes is through students actually using the mobile apps. 

This assumption could be violated in instances where a students’ outcomes are improved because 

their peers were given access to the apps and peer effects influence outcomes. However, because 

the randomization occurred at the course section level, meaning students within the same class 

all received access to the apps (or not), and also because only students in the treatment condition 

used the mobile apps, we believe this risk is minimized. Nevertheless, we consider these 

analyses to be more exploratory in nature compared to the confirmatory ITT analyses discussed 

above.  

Effect Sizes 

 We also report the estimates as effect sizes in the tables of results. Specifically, Hedges’ 

g is used to compute effect sizes for continuous variables and the Cox index is used to calculate 

effect sizes for dichotomous variables (What Works Clearinghouse, 2017). Details on effect size 

calculations are included in the online Appendix.  

Implementation Evaluation 



 The evaluation of BPCC’s FITW grant also included an implementation evaluation which 

was categorized into two parts: an implementation fidelity evaluation and an implementation 

context evaluation. The implementation fidelity evaluation focused on whether BPCC had 

implemented the strategies outlined in its grant proposal with fidelity, while the implementation 

context evaluation focused more broadly on the factors at BPCC that influenced the degree of 

implementation.  

The primary methods used in the implementation evaluation were annual site visits, focus 

groups, interviews, surveys, and regular phone calls with project staff at BPCC. The site visits 

occurred in both of the semesters in which the mobile apps were piloted (Spring 2017 and Fall 

2017), as well as the first year of the grant before the intervention had begun and the final year of 

the grant when there was no active intervention (but student outcomes were still being tracked).  

Approximately 40 administrators, developmental education instructors, and staff (e.g. college 

advisors) participated in interviews or focus groups, many of whom participated in multiple 

interviews or focus groups throughout the four-year grant. Approximately 15 students 

participated in focus groups or interviews, but it was challenging to obtain student participation 

in the research. In the final year of the grant, $20 gift cards were offered to students to participate 

in in-person interviews if they had used the mobile apps in their developmental education 

courses. However, only two students participated in these interviews that year. The response rate 

to the student and instructor surveys was also unacceptably low to warrant drawing conclusions 

from the survey data. The implementation evaluation therefore relied primarily on the interviews 

and focus groups to gauge the factors that influenced implementation.  

 Finally, data from the mobile apps themselves was used to gauge implementation of the 

resource. This data included elements such as whether students given access to the mobile apps 



actually logged into the resource, the percentage of quizzes they had taken, their grades on those 

quizzes, and the number of videos they had watched. For brevity, the full results of the 

implementation evaluation will not be included, but relevant findings will be discussed below. 

The full results from the impact and implementation evaluation may be found in the final BPCC 

FITW evaluation report, which may be requested from the corresponding author.  

Results 

Intent-to-Treat Analyses 

The full results of the statistical models are included in Tables A1-A14 in the online 

Appendix. For brevity, the results of the ITT analyses that estimate the ATE for the full sample 

are summarized in Table 2, while the models that examine the treatment-by-course interactions 

are included in Table 3. Both tables present the point estimates, standard errors, control group 

means, percent change in the outcome, effect sizes, and sample sizes for each of the seven 

models.  

[Table 2] 

[Table 3] 

The largest effects are found for the outcomes specific to the developmental education 

courses students enrolled in. The effect size for passing the developmental education course was 

0.131, with treatment students estimated to be 5.5% more likely to pass their developmental 

education course compared to students in the control group (p = 0.009). This effect varied across 

courses. Students in Math 99 were estimated to be 12.2% more likely to pass their developmental 

education course (p = 0.001) while the estimates for English 99 and Math 98 were 1.9% and 

2.8%, respectively (see Table 3).  



Interestingly, while the effect size for the grade students received in their developmental 

education courses was 0.092 and the estimated effect was statistically significant (p = 0.032), the 

raw difference in average grades between the treatment and control groups was not as practically 

significant. The average treatment effect on developmental education grades expressed as grade 

points was 0.136, meaning students in the treatment group earned a grade about 1.4 points higher 

than their control group peers on average.  

The effects are more modest for the next semester outcomes. The effect sizes for the next 

semester outcomes of persistence (0.093) and credits earned (0.085) are roughly of the same 

magnitude as the effect on the grade students received in their developmental education course. 

The point estimate for the effect on next semester credits earned of 0.458 was marginally 

significant (p = 0.072) and corresponds to an 8.9% increase in credits earned given the control 

group mean of 5.2 credits earned the following semester. However, the estimated effect on next 

semester persistence of 2.5% was not significant (p = 0.247). The results provide suggestive 

evidence that being given access to the mobile apps may provide benefit to students in the 

following semester in college.  

None of the estimates of the effects of the mobile apps on attainment approximated 

statistical significance and all of the effect size estimates were less than 0.05. The apps were 

estimated to increase the attainment of any credential and associate’s degrees specifically both 

by 0.8%, while the estimate for certificate attainment was only 0.3%. Once again, given the 

relatively short window for the evaluation, it is unknown whether larger effects would appear in 

the future. For example, while the estimated effect on associate’s degree attainment is only 0.8%, 

only 7.8% of the sample earned an associate’s degree by Spring 2019. This means that the 

percentage change in associate’s degree attainment was 10.7%, which is nearly identical to the 



10.8% increase in passing the developmental education course caused by assignment to using the 

apps. Nevertheless, the mobile apps had no discernible effect on attainment within the roughly 

two-year window of the evaluation.  

Treatment-on-the-Treated Analysis 

 The previous analyses estimated the ATE by comparing the outcomes of the full sample 

of randomized students, regardless of if students in the treatment group actually used the apps. 

The following analysis use the IV approach to estimate the effect of using the mobile apps for 

students who are likely to use them, known as the TOT estimate or CACE. The results of the IV 

models for all seven outcomes are included in Table 4.  

[Table 4] 

 The IV analysis results in larger point estimates for every outcome analyzed, but the 

overall picture of the effect of the mobile apps on students’ college outcomes is not significantly 

altered by the analysis given the lack of statistical significance for the longer term outcomes. 

Specifically, the CACE for students’ likelihood of passing the developmental education course 

was 25.7 percentage points and the estimate for students’ grade in the developmental education 

course was roughly six grade points, both statistically significant differences. The IV analysis 

also results in estimates on persistence and attainment that are all between 2.6-3.0 percentage 

points. However, none of the estimates on next semester or attainment outcomes are significant. 

These analyses therefore suggest that students expected to comply with the intervention by 

actually using the mobile apps are likely to receive significant benefits in terms of their 

performance in the specific developmental education course in which they are enrolled, but the 

effects of using the apps on longer term outcomes remains unclear.  

Implementation Evaluation Results 



Three findings emerged from the implementation evaluation that provide important 

context to the quantitative results. First, only about 20-25% of students in both intervention 

cohorts actually used the mobile apps. One cause of low engagement among students was low 

engagement among instructors. In interviews with instructors, a substantial proportion indicated 

that they had not encouraged students to use the apps in their classroom, with the biggest 

obstacle being the fact that they had to use different technologies and pedagogical approaches in 

their different classes due to the randomized research design. In addition, a number of instructors 

mentioned that they did not have the time or capacity to learn a new technology, particularly 

given that instructors at the college were required to advise students on top of their standard 

teaching load.  

As discussed in the methods section, data on prior academic achievement was not 

consistently and uniformly collected on the sample, preventing a quantitative analysis of the 

relationship between students’ prior achievement and their engagement with the mobile apps. 

However, qualitative findings suggested that there were two groups of students unlikely to use 

the mobile apps: high achieving students, and low achieving or disengaged students. In contrast, 

students who were engaged with the course, struggling with the content, but felt capable and 

motivated to learn the material were more likely to use the resource. The IV analyses discussed 

above suggest that the apps may be quite effective for the population of students who are likely 

to use them.  

Second, although we have generally described the intervention as a mobile app 

throughout, the format of the intervention evaluated in the present study would be more 

appropriately described as a mobile-responsive website that students were instructed to save as 

an icon on their mobile device. Although the resource functioned like a native mobile app once it 



was installed in this manner, both students and instructors mentioned that the format of the 

intervention was confusing. Additionally, instructors reported a few technical glitches in the 

mobile apps that could have discouraged student use, such as quizzes not submitting properly 

and some of the answer choices in quizzes being repeated. While this may be common in the 

rollout of any new technology, it nevertheless served as an obstacle to implementation.  

Third, despite the relatively modest implementation overall and the technical issues that 

hindered implementation, students who used the mobile apps did appear to be using them in 

ways aligned with their intention and the science behind the intervention. The conversation 

below between a student and one of the authors exemplified how students approached the apps: 

Author: How have you used the apps so far? 

Student: I go on there, I look at the video and I'm like, “Oh, okay. That makes 

sense.” And then some of the questions I was like, “I don't understand 

this.” 

Author: For the quizzes you're saying? 

Student: Yeah. 

Author: You like the videos, but the quiz is still…you weren't totally sure? 

Student: Yeah, it took me forever to finally get a good grade. Retry, retry, retry. 

Author: Did that process help you figure out which ones were wrong or not? Like 

taking the quizzes multiple times? 

Student: Yeah. 

Author: Do you feel like that helped you retain the information or were you just 

like, “I'm going to just keep pressing options until I get the grade,” but 

you're not really retaining the information? 

Student: I was working it out. I would look at the problem like, “Which one did I 

miss.” Sometimes they wouldn't even show up on the same quiz. I was 

like, “Okay, I see how I do this.” 

As highlighted in this conversation, at least some students who used the mobile apps 

were watching the videos, learning the content, testing their knowledge in the practice quizzes, 

returning to the videos to determine why they had gotten incorrect answers, then retaking the 

quizzes multiple times until they received the grade they had hoped for. They also believed this 



process was helping them learn and retain the information. This engagement with the mobile 

apps was despite the fact that the actual grade students received in the quiz did not factor into 

their final grade. Although the scope of students’ use of these practices is difficult to determine 

given the low responses to the student survey, data from the mobile apps suggests that students 

were often watching multiple videos and taking (and retaking) quizzes in a manner aligned with 

the principles underlying the intervention.  

Discussion 

The literature is clear that students required to complete non-credit-bearing 

developmental education coursework are extremely unlikely to persist through college and attain 

a degree, particularly if they fail to complete their developmental education courses. Only 26% 

of community college students who enroll in developmental education courses and pass all of the 

courses they attempt earn an associate’s degree or certificate within six years, and their 

completion rate drops to 12% if they do not pass their developmental education courses (Chen & 

Simone, 2016). At BPCC, only 14% of students enrolled in a developmental education course 

during Fall 2012 earned a credential by Spring 2016 (Author, 2016).  

Given the discouraging outcomes of students who begin in developmental education, a 

number of reforms have been devised to improve student outcomes. Reforms such as co-requisite 

remediation (Logue, Douglas, & Watanabe-Rose, 2019) and supplemental services and supports 

(Scrivener, Weiss, Ratledge, Rudd, Sommo, & Fresques, 2015) have been found to make 

substantial improvements in the academic performance, persistence, and attainment of 

community college students. Yet these reforms often require significant investments from 

colleges, raising questions about their sustainability and scalability (Bettinger, Boatman, & 

Long, 2013).  



The use of mobile learning or “m-learning” in higher education is growing (Alrasheedi, 

Capretz, & Raza, 2015; Chen & Denoyelles, 2013; Crompton & Burke, 2018; Kaliisa & Picard, 

2017; Pimmer, Mateescu, & Grohbiel, 2016). In addition to being a relatively sustainable and 

scalable strategy, m-learning can enable greater use of sound principles from the learning 

sciences in the design and delivery of content. These features include providing students’ with 

immediate and diagnostic feedback on their level of preparation, facilitating retrieval practice 

through ungraded quizzes, and enabling the “gamification” of learning through modularization, 

performance goals, and measures of progress such as “leveling up.” And while online learning 

generally can confer these benefits, m-learning may be a particularly important strategy given the 

near ubiquity of mobile device ownership and the fact that students from groups historically 

underrepresented in higher education are more likely to own smartphones than desktop or laptop 

computers. Yet limited rigorous evidence exists on the impact of this strategy on students’ 

college outcomes (Crompton & Burke, 2018). To the authors’ knowledge, no studies have 

investigated the use of m-learning in developmental education courses using a randomized 

controlled trial design.  

This study therefore provides the first causal evidence of the effect of providing 

developmental education students access to mobile apps on their academic performance, 

persistence, and attainment. Using a randomized controlled trial design to estimate their 

effectiveness, the evaluation found that students in course sections who received access to the 

mobile apps were significantly more likely to pass their developmental education courses and 

received significantly better grades compared to students who were not given access to the apps. 

The 5.5 percentage point increase in developmental education passing corresponds to a 10.8% 



increase in the proportion of students who pass the course compared to the baseline passing rate 

found in the control group.  

In terms of effect sizes, the treatment effect was 0.131 for passing the developmental 

education course and 0.092 for developmental education grades received. The size of these 

effects are promising, particularly for a relatively low-cost, scalable intervention (Kraft, 2020). 

The majority of educational interventions evaluated through a randomized controlled trial design 

find smaller, and often null, effects (Boulay et al., 2018; Lortie-Forgues & Inglis, 2019). 

Although reforms such as co-requisite remediation and the CUNY ASAP model have been found 

to improve students’ persistence and attainment by a far greater extent, they are also often quite 

costly (Belfied, Jenkins, & Lahr, 2016; Scrivener et al., 2015). For example, the cost of the 

ASAP program was estimated to be $16,284 per program group member over the three years of 

the ASAP evaluation period, or $5,428 per year (Scrivener et al., 2015), although costs have 

since been reduced to roughly $3,300 per student per year. In contrast, BPCC estimates recurring 

costs of roughly $75,000 per year for maintaining the mobile apps, which now host a much 

larger array of content. If 2,500 students use the apps per year, the cost is roughly $30 per 

student.  

The effect sizes of 0.093 and 0.083 for next semester persistence and credits earned the 

following semester also fall in the moderate range (Kraft, 2020), although these estimates were 

either marginally or non-significant. The estimates of assignment to mobile apps on attainment 

were all less than 1.0% in terms of raw point estimates and less than 0.05 in terms of effect sizes. 

Although these effects could grow in magnitude and become statistically significant as the 

sample progresses through postsecondary education, the results provide no compelling evidence 



on the effects of the mobile apps on postsecondary attainment in the roughly two year analytic 

window used in the study.  

Importantly, while overall use of the mobile apps was low, qualitative findings suggest 

that students who did use the apps were using them in ways congruent with self-regulated 

learning theory and the principles underlying the intervention. Specifically, students appeared to 

be engaging in the apps in ways to truly promote their learning and retention of the information 

and were motivated to do so despite the grades they received on the mobile quizzes not factoring 

into their final grades. The results of the IV analysis align with this qualitative finding. Students 

likely to comply with the intervention by actually using the apps were estimated to be 25.7 

percentage points more likely to pass and received grades roughly six points higher in their 

developmental education courses, both statistically and practically significant differences.  

Yet it is equally important to note that this intervention is not a panacea. Students in 

developmental education courses, and community colleges more generally, face a range of 

academic, financial, social, and psychological challenges that may hinder their academic 

performance and progress. It is imperative that community colleges and policymakers continue 

to address the structural, social, and financial challenges that affect student performance. 

Nevertheless, the use of well designed m-learning interventions may be a sustainable and 

scalable strategy that community colleges can use to support the academic performance of their 

developmental education students.  
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Tables and Figures 

Table 1:  

Student Enrollment by Randomization Block for Both Cohorts 

Block 

ID 
Cohort 

BPCC/ 

NSU 
Course Instructor Control Treatment Total Within 

1 Spring 2017 BPCC Engl 99 Engl 99 A 18 23 41 Yes 

2 Spring 2017 BPCC Engl 99 Engl 99 B 30 29 59 Yes 

3 Spring 2017 BPCC Engl 99 Engl 99 C 18 27 45 Yes 

4 Spring 2017 BPCC Engl 99 Engl 99 D 22 24 46 Yes 

5 Spring 2017 BPCC Engl 99 Engl 99 E 28 26 54 No 

6 Spring 2017 NSU Engl 99 Engl 99 F 14 19 33 No 

7 Spring 2017 BPCC Math 98 Math 98 A 29 24 53 Yes 

8 Spring 2017 BPCC Math 98 Math 98 B 37 32 69 Yes 

9 Spring 2017 BPCC Math 98 Math 98 C 29 27 56 Yes 

10 Spring 2017 BPCC Math 98 Math 98 D 24 29 53 Yes 

11 Spring 2017 BPCC Math 98 Math 98 E 23 32 55 Yes 

12 Spring 2017 BPCC Math 98 Math 98 F 56 30 86 No 

13 Spring 2017 NSU Math 98 Math 98 G 13 16 29 No 

14 Spring 2017 BPCC Math 99 Math 99 A 34 28 62 Yes 

15 Spring 2017 BPCC Math 99 Math 99 B 33 33 66 Yes 

16 Spring 2017 BPCC Math 99 Math 99 C 87 56 143 No 

17 Spring 2017 NSU Math 99 Math 99 D 22 8 30 No 

18 Fall 2017 BPCC Engl 99 Engl 99 G 31 31 62 Yes 

19 Fall 2017 BPCC Engl 99 Engl 99 H 31 31 62 Yes 

20 Fall 2017 BPCC Engl 99 Engl 99 I 31 32 63 Yes 

21 Fall 2017 BPCC Engl 99 Engl 99 J 31 20 51 Yes 

22 Fall 2017 BPCC Engl 99 Engl 99 K 30 62 92 No 

23 Fall 2017 BPCC Math 98 Math 98 H 35 35 70 Yes 

24 Fall 2017 BPCC Math 98 Math 98 I 35 35 70 Yes 

25 Fall 2017 BPCC Math 98 Math 98 J 31 30 61 Yes 

26 Fall 2017 BPCC Math 98 Math 98 K 34 11 45 Yes 

27 Fall 2017 BPCC Math 98 Math 98 L 35 22 57 No 

28 Fall 2017 BPCC Math 98 Math 98 M 57 67 124 Yes 

29 Fall 2017 BPCC Math 99 Math 99 E 72 35 107 Yes 

30 Fall 2017 BPCC Math 99 Math 99 F 35 35 70 Yes 

31 Fall 2017 BPCC Math 99 Math 99 G 79 129 208 No 

Total     1084 1038 2122  
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Table 2 

Intent-to-Treat Analyses of the Effect of Mobile App Assignment on College Outcomes of Developmental Education Students 

 

 

Dev Ed 

Grade 

Dev Ed 

Passing 

Next Sem 

Persist 

Credit 

Earned 

Next Sem 

Any 

Credential 
Associate’s Certificate 

Treatment 0.136* 0.0555** 0.0253 0.458+ 0.0082 0.0084 0.0033 

 (0.0632) (0.0212) (0.0219) (0.254) (0.0164) (0.0126) (0.0159) 

Control Mean 1.668 0.513 .670 5.153 0.150 0.078 0.136 

Percent Change 8.1% 10.8% 3.7% 8.9% 5.5% 10.7% 2.4% 

Effect Size 0.092 0.131 0.093 0.085 0.026 0.042 0.003 

n 2,005 2,116 1,714 1,714 1,714 1,714 1,714 

Notes: + p < .10, * p < .05, ** p < .01, *** p < .001. All models control for full range of covariates and blocks. Full models are 

included in the Appendix.  
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Table 3 

Intent-to-Treat Analyses of the Effect of Mobile App Assignment on College Outcomes of Developmental Education Students, Course 

Interaction 

 

 

Dev Ed 

Grade 

Dev Ed 

Passing 

Next Sem 

Persist 

Credit 

Earned 

Next Sem 

Any 

Credential 
Associate’s Certificate 

Treatment (Math 99) 0.206+ 0.122** -0.0223 0.539 0.0214 0.0137 0.0130 

 (0.111) (0.0373) (0.0347) (0.408) (0.0251) (0.0190) (0.0240) 

Engl 98 0.758** 0.215* -0.195* -1.783+ 0.0138 -0.0317 -0.00964 

 (0.258) (0.0873) (0.0813) (0.955) (0.0587) (0.0445) (0.0563) 

Math 98 0.213 0.0641 -0.0958+ -1.189+ -0.0733+ -0.0696* -0.0580 

 (0.190) (0.0614) (0.0571) (0.671) (0.0413) (0.0313) (0.0396) 

Treatment by Engl 98 -0.189 -0.103+ 0.0477 -0.634 -0.0195 -0.0247 0.00704 

 (0.162) (0.0540) (0.0503) (0.591) (0.0363) (0.0275) (0.0348) 

Treatment by Math 98 -0.0401 -0.0944+ 0.0362 -0.181 -0.0240 -0.00178 -0.0233 

 (0.152) (0.0504) (0.0469) (0.551) (0.0339) (0.0257) (0.0325) 

n 2,005 2,116 1,714 1,714 1,714 1,714 1,714 

Notes: + p < .10, * p < .05, ** p < .01, *** p < .001. All models control for full range of covariates and blocks. Full models are 

included in the Appendix.  
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Table 4 

Instrumental Variables/Treatment on the Treated Analyses of the Effect of Mobile App Assignment on College Outcomes of 

Developmental Education Students 

 

 

Dev Ed 

Grade 

Dev Ed 

Passing 

Next Sem 

Persist 

Credit 

Earned 

Next Sem 

Any 

Credential 
Associate’s Certificate 

Mobile App Use  0.596* 0.257** 0.0261 1.315 0.0295 0.0268 0.0277 

(Instrumented) (0.279) (0.0981) (0.0905) (1.067) (0.0654) (0.0496) (0.0627) 

n 2,005 2,116 1,714 1,714 1,714 1,714 1,714 

Notes: + p < .10, * p < .05, ** p < .01, *** p < .001. All models control for full range of covariates and blocks. Full models are 

included in the Appendix.  
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Appendix 

 

Figure 1: Screenshots of BPCC Open Campus Mobile Apps 
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Effect Size Calculations 

We convert our point estimates into effect sizes to facilitate comparing the estimated 

effects with other educational interventions. We use Hedges’ g to compute effect sizes for 

continuous variables and the Cox index to calculate effect sizes for dichotomous variables (What 

Works Clearinghouse, 2017). The formula for Hedges’ g is: 

𝑔 =  
𝜔(𝑦𝑡 − 𝑦𝑐)

√
(𝑛𝑡 − 1)𝑠𝑡

2 + (𝑛𝑐 − 1)𝑠𝑐
2

𝑛𝑡 + 𝑛𝑐 − 2

 

The numerator takes the mean difference in the outcomes between the treatment group (𝑦𝑡) and 

the control group (𝑦𝑐) and applies a small sample size correction (𝜔), which is equal to 1-(3/4N-

9). As the sample size grows larger, 𝜔 approaches one—a sample size of 1,000 produces a 𝜔 of 

0.999. The mean difference is then divided by the pooled within group standard deviation of the 

outcome measure.  

 The formula for the Cox index is: 

𝑑𝐶𝑜𝑥 =  𝜔 [ln (
𝑝𝑡

1 − 𝑝𝑡
) − ln (

𝑝𝑐

1 − 𝑝𝑐
)] /1.65 

In this equation, 𝑝𝑡 and 𝑝𝑐 are the proportion of the treatment and control group, respectively, 

that experienced the outcome. The formula finds the difference in the natural log odds of the 

outcome for both groups, applies the same small sample size correction as above, then divides 

the mean difference in the log odds by 1.65. The Cox index produces effect sizes that are similar 

in scale to Hedges’ g, despite using dichotomous outcomes.  
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Table A1:  

 

Treatment Model of Developmental Education Course Pass Rates for Combined Cohorts, no 

Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.055 0.021 0.009 0.014 0.097 

Credits Attempted Pre-

Intervention -0.014 0.001 0.000 -0.017 -0.011 

Credits Earned Pre-Intervention 0.017 0.002 0.000 0.013 0.021 

Race/Ethnicity (White)      
Black -0.102 0.031 0.001 -0.163 -0.041 

Other -0.060 0.024 0.014 -0.108 -0.012 

Female (Male) 0.102 0.022 0.000 0.059 0.146 

Pell Received 0.000 0.000 0.000 0.000 0.000 

Age Category (<18)      
18-21.99 -0.079 0.058 0.174 -0.193 0.035 

22-24.99 -0.049 0.066 0.460 -0.179 0.081 

25-29.99 0.039 0.065 0.546 -0.088 0.166 

30-39.99 0.030 0.064 0.643 -0.096 0.156 

40-49.99 -0.082 0.071 0.250 -0.221 0.057 

50+ -0.109 0.093 0.238 -0.291 0.072 

Block ID (Block 1)      
2 -0.001 0.097 0.993 -0.191 0.189 

3 0.055 0.103 0.593 -0.147 0.257 

4 -0.073 0.102 0.473 -0.274 0.127 

5 -0.217 0.099 0.028 -0.410 -0.023 

6 0.062 0.111 0.581 -0.157 0.280 

7 -0.009 0.099 0.925 -0.204 0.185 

8 -0.074 0.094 0.433 -0.258 0.111 

9 -0.131 0.099 0.184 -0.324 0.062 

10 -0.053 0.099 0.593 -0.247 0.141 

11 -0.183 0.099 0.066 -0.377 0.012 

12 -0.089 0.091 0.328 -0.268 0.089 

13 0.009 0.116 0.938 -0.218 0.236 

14 -0.037 0.097 0.700 -0.227 0.152 

15 -0.062 0.095 0.513 -0.250 0.125 

16 0.024 0.086 0.783 -0.144 0.192 

17 0.141 0.114 0.218 -0.083 0.365 

18 0.002 0.096 0.984 -0.186 0.190 

19 -0.024 0.096 0.806 -0.212 0.165 

20 -0.126 0.096 0.192 -0.314 0.063 

21 -0.154 0.100 0.124 -0.351 0.042 

22 -0.167 0.090 0.063 -0.343 0.009 
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23 -0.076 0.094 0.417 -0.261 0.108 

24 -0.098 0.094 0.297 -0.283 0.086 

25 -0.194 0.096 0.045 -0.383 -0.005 

26 -0.293 0.103 0.005 -0.496 -0.090 

27 -0.190 0.098 0.052 -0.382 0.002 

28 -0.145 0.086 0.093 -0.313 0.024 

29 -0.194 0.088 0.028 -0.367 -0.021 

30 -0.046 0.095 0.626 -0.231 0.139 

31 -0.153 0.082 0.062 -0.314 0.008 

Intercept 0.723 0.097 0.000 0.532 0.914 

var(Int) 0.000 0.001  0.000 112612.500 

Notes: Observations = 2,116, Course Sections = 80 
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Table A2:  

 

Treatment Model of Developmental Education Course Pass Rates for Combined Cohorts, 

Treatment by Course Number Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group (Math 99) 0.122 0.037 0.001 0.049 0.195 

Course (Math 99)      

Engl 99 0.215 0.087 0.014 0.044 0.386 

Math 98 0.064 0.061 0.296 -0.056 0.184 

Treatment by Course      

Engl 99 -0.103 0.054 0.055 -0.209 0.002 

Math 98 -0.094 0.050 0.061 -0.193 0.004 

Credits Attempted Pre-Intervention -0.014 0.001 0.000 -0.017 -0.011 

Credits Earned Pre-Intervention 0.017 0.002 0.000 0.013 0.021 

Race/Ethnicity (White)      
Black -0.099 0.031 0.002 -0.161 -0.038 

Other -0.058 0.024 0.017 -0.106 -0.010 

Female (Male) 0.103 0.022 0.000 0.059 0.146 

Pell Received 0.000 0.000 0.000 0.000 0.000 

Age Category (<18)      
18-21.99 -0.078 0.058 0.179 -0.192 0.036 

22-24.99 -0.046 0.066 0.491 -0.175 0.084 

25-29.99 0.044 0.065 0.498 -0.083 0.171 

30-39.99 0.035 0.064 0.583 -0.091 0.161 

40-49.99 -0.077 0.071 0.276 -0.216 0.062 

50+ -0.101 0.093 0.276 -0.282 0.081 

Block ID (Block 1)      
2 -0.003 0.096 0.977 -0.192 0.186 

3 0.056 0.102 0.581 -0.144 0.257 

4 -0.076 0.102 0.457 -0.275 0.124 

5 -0.219 0.098 0.025 -0.412 -0.027 

6 0.062 0.111 0.574 -0.155 0.279 

7 0.133 0.078 0.087 -0.019 0.286 

8 0.070 0.071 0.328 -0.070 0.209 

9 0.012 0.077 0.873 -0.138 0.163 

10 0.091 0.078 0.240 -0.061 0.244 

11 -0.038 0.078 0.624 -0.190 0.114 

12 0.050 0.067 0.454 -0.081 0.182 

13 0.154 0.098 0.116 -0.038 0.346 

14 0.127 0.069 0.066 -0.009 0.262 

15 0.099 0.068 0.143 -0.034 0.232 

16 0.191 0.053 0.000 0.087 0.295 
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17 0.318 0.094 0.001 0.134 0.502 

18 0.000 0.095 1.000 -0.187 0.187 

19 -0.025 0.095 0.791 -0.212 0.162 

20 -0.127 0.095 0.183 -0.314 0.060 

21 -0.160 0.100 0.109 -0.355 0.035 

22 -0.164 0.089 0.067 -0.339 0.011 

23 0.068 0.071 0.340 -0.071 0.206 

24 0.046 0.071 0.522 -0.094 0.185 

25 -0.050 0.074 0.500 -0.195 0.095 

26 -0.157 0.083 0.059 -0.320 0.006 

27 -0.050 0.076 0.513 -0.199 0.099 

28 0.000 (omitted)    

29 -0.022 0.057 0.708 -0.134 0.091 

30 0.115 0.066 0.079 -0.013 0.244 

31 0.000 (omitted)    

Intercept 0.526 0.071 0.000 0.387 0.665 

Var(Int) 0.000 0.000  0.000 0.000 

Notes: Observations = 2,116, Course Sections = 80 
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Table A3:  

 

Treatment Model of Developmental Education Course Grades for Combined Cohorts, no 

Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.136 0.063 0.032 0.012 0.260 

Credits Attempted Pre-

Intervention -0.045 0.005 0.000 -0.054 -0.036 

Credits Earned Pre-Intervention 0.049 0.006 0.000 0.037 0.061 

Race/Ethnicity (White)      
Black -0.330 0.093 0.000 -0.513 -0.147 

Other -0.143 0.073 0.049 -0.286 0.000 

Female (Male) 0.329 0.067 0.000 0.198 0.461 

Pell Received 0.000 0.000 0.000 0.000 0.000 

Age Category (<18)      
18-21.99 -0.311 0.176 0.077 -0.655 0.033 

22-24.99 -0.174 0.199 0.382 -0.564 0.216 

25-29.99 0.128 0.195 0.510 -0.254 0.511 

30-39.99 0.227 0.193 0.241 -0.152 0.606 

40-49.99 -0.209 0.215 0.331 -0.631 0.213 

50+ -0.183 0.283 0.516 -0.737 0.370 

Block ID (Block 1)      
2 -0.353 0.282 0.211 -0.906 0.200 

3 -0.163 0.300 0.587 -0.750 0.424 

4 -0.403 0.298 0.176 -0.987 0.181 

5 -1.028 0.288 0.000 -1.591 -0.464 

6 -0.273 0.325 0.400 -0.910 0.364 

7 -0.197 0.289 0.495 -0.764 0.369 

8 -0.668 0.274 0.015 -1.206 -0.131 

9 -0.793 0.287 0.006 -1.356 -0.231 

10 -0.428 0.289 0.139 -0.994 0.138 

11 -0.967 0.289 0.001 -1.533 -0.402 

12 -0.557 0.265 0.035 -1.077 -0.038 

13 -0.205 0.338 0.545 -0.866 0.457 

14 -0.401 0.281 0.154 -0.953 0.150 

15 -0.436 0.278 0.116 -0.980 0.108 

16 -0.250 0.250 0.317 -0.739 0.239 

17 0.442 0.334 0.185 -0.212 1.096 

18 0.062 0.285 0.828 -0.497 0.621 

19 -0.044 0.283 0.876 -0.598 0.510 

20 -0.404 0.290 0.164 -0.972 0.165 

21 -0.682 0.296 0.021 -1.262 -0.101 

22 -0.645 0.266 0.015 -1.167 -0.123 
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23 -0.155 0.284 0.585 -0.711 0.401 

24 -0.458 0.274 0.095 -0.996 0.080 

25 -0.644 0.287 0.025 -1.206 -0.082 

26 -1.205 0.313 0.000 -1.819 -0.591 

27 -0.685 0.297 0.021 -1.267 -0.103 

28 -0.461 0.255 0.071 -0.960 0.039 

29 -0.824 0.260 0.002 -1.334 -0.314 

30 -0.356 0.278 0.200 -0.902 0.189 

31 -0.647 0.240 0.007 -1.117 -0.177 

Intercept 2.663 0.287 0.000 2.100 3.227 

var(Int) 0.000 0.000  0.000 . 

Notes: Observations = 2,005, Course Sections = 80 
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Table A4:  

 

Treatment Model of Developmental Education Course Grades for Combined Cohorts, Treatment 

by Course Number Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group (Math 99) 0.206 0.111 0.064 -0.012 0.425 

Course (Math 99)      

Engl 99 0.758 0.258 0.003 0.252 1.264 

Math 98 0.213 0.190 0.261 -0.158 0.585 

Treatment by Course (Math 99)      

Engl 99 -0.189 0.162 0.242 -0.507 0.128 

Math 98 -0.040 0.152 0.791 -0.337 0.257 

Credits Attempted Pre-Intervention -0.045 0.005 0.000 -0.054 -0.036 

Credits Earned Pre-Intervention 0.049 0.006 0.000 0.037 0.061 

Race/Ethnicity (White)      

Black -0.331 0.093 0.000 -0.514 -0.148 

Other -0.139 0.073 0.057 -0.281 0.004 

Female (Male) 0.329 0.067 0.000 0.198 0.460 

Pell Received 0.000 0.000 0.000 0.000 0.000 

Age Category (<18)      

18-21.99 -0.302 0.176 0.086 -0.646 0.043 

22-24.99 -0.161 0.199 0.417 -0.552 0.229 

25-29.99 0.140 0.195 0.472 -0.242 0.523 

30-39.99 0.239 0.194 0.217 -0.141 0.618 

40-49.99 -0.197 0.215 0.361 -0.619 0.225 

50+ -0.171 0.283 0.545 -0.725 0.383 

Block ID (Block 1)      

2 -0.361 0.282 0.201 -0.914 0.193 

3 -0.158 0.299 0.597 -0.745 0.429 

4 -0.408 0.298 0.171 -0.992 0.176 

5 -1.038 0.288 0.000 -1.601 -0.474 

6 -0.272 0.325 0.402 -0.908 0.364 

7 0.267 0.233 0.252 -0.190 0.724 

8 -0.204 0.214 0.341 -0.624 0.216 

9 -0.329 0.230 0.152 -0.781 0.122 

10 0.032 0.233 0.889 -0.424 0.489 

11 -0.508 0.232 0.029 -0.963 -0.053 

12 -0.090 0.203 0.658 -0.487 0.308 

13 0.255 0.291 0.381 -0.316 0.826 

14 0.259 0.204 0.204 -0.141 0.659 

15 0.221 0.200 0.268 -0.171 0.614 

16 0.415 0.158 0.008 0.106 0.724 
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17 1.114 0.276 0.000 0.573 1.655 

18 0.054 0.285 0.850 -0.505 0.613 

19 -0.049 0.283 0.861 -0.603 0.504 

20 -0.410 0.290 0.158 -0.979 0.159 

21 -0.705 0.297 0.017 -1.286 -0.124 

22 -0.637 0.266 0.017 -1.159 -0.115 

23 0.307 0.226 0.174 -0.136 0.750 

24 0.004 0.215 0.985 -0.418 0.426 

25 -0.182 0.230 0.428 -0.633 0.268 

26 -0.736 0.263 0.005 -1.252 -0.220 

27 -0.218 0.244 0.373 -0.696 0.261 

28 0.000 (omitted)    

29 -0.157 0.176 0.371 -0.501 0.187 

30 0.302 0.199 0.129 -0.088 0.691 

31 0.000 (omitted)    

Intercept 1.962 0.216 0.000 1.539 2.384 

Var(Int) 0.000 0.000  0.000 . 

Notes: Observations = 2,005, Course Sections = 80 
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Table A5:  

 

Treatment Model of Next Semester Persistence for Combined Cohorts, no Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.025 0.022 0.247 -0.018 0.068 

Credits Attempted Pre-

Intervention -0.013 0.002 0.000 -0.015 -0.010 

Credits Earned Pre-Intervention 0.017 0.002 0.000 0.013 0.021 

Race/Ethnicity (White)      
Black -0.024 0.033 0.472 -0.089 0.041 

Other -0.010 0.025 0.679 -0.060 0.039 

Female (Male) 0.030 0.023 0.192 -0.015 0.076 

Pell Received 0.000 0.000 0.000 0.000 0.000 

Age Category (<18)      
18-21.99 -0.050 0.064 0.437 -0.176 0.076 

22-24.99 -0.061 0.073 0.401 -0.203 0.081 

25-29.99 -0.014 0.071 0.838 -0.153 0.124 

30-39.99 0.034 0.070 0.630 -0.103 0.171 

40-49.99 0.003 0.077 0.974 -0.149 0.154 

50+ 0.025 0.095 0.795 -0.161 0.210 

Block ID (Block 1)      
2 0.061 0.107 0.571 -0.149 0.270 

3 0.135 0.112 0.228 -0.084 0.354 

4 0.095 0.116 0.412 -0.132 0.322 

5 0.043 0.105 0.680 -0.162 0.249 

6 -0.099 0.176 0.573 -0.445 0.246 

7 0.137 0.103 0.185 -0.066 0.340 

8 0.079 0.099 0.425 -0.115 0.273 

9 0.199 0.103 0.052 -0.002 0.400 

10 0.197 0.102 0.054 -0.003 0.398 

11 0.165 0.101 0.103 -0.034 0.364 

12 0.180 0.095 0.058 -0.006 0.365 

13 -0.121 0.186 0.516 -0.486 0.244 

14 -0.052 0.100 0.602 -0.247 0.143 

15 0.187 0.098 0.056 -0.005 0.379 

16 0.156 0.089 0.078 -0.018 0.330 

17 -0.058 0.155 0.707 -0.363 0.246 

18 0.273 0.104 0.009 0.069 0.478 

19 0.233 0.105 0.027 0.026 0.440 

20 0.156 0.101 0.120 -0.041 0.354 

21 0.125 0.108 0.247 -0.087 0.337 

22 0.125 0.095 0.187 -0.061 0.310 

23 0.221 0.098 0.024 0.029 0.414 
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24 0.276 0.099 0.006 0.081 0.471 

25 0.203 0.103 0.048 0.002 0.405 

26 0.059 0.105 0.573 -0.147 0.265 

27 0.107 0.100 0.288 -0.090 0.303 

28 0.138 0.090 0.125 -0.038 0.314 

29 0.188 0.090 0.037 0.011 0.365 

30 0.174 0.096 0.071 -0.015 0.362 

31 0.219 0.085 0.010 0.052 0.386 

Intercept 0.479 0.104 0.000 0.275 0.683 

var(Int) 3.24e-21 1.89e-20  3.40e-26 3.08e-16 

Notes: Observations = 1,714, Course Sections = 80 
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Table A6:  

 

Treatment Model of Next Semester Persistence for Combined Cohorts, Treatment by Course 

Number Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group (Math 99) 0.090 0.044 0.041 0.004 0.177 

Course (Math 99)      

Engl 99 0.167 0.094 0.078 -0.018 0.352 

Math 98 0.282 0.091 0.002 0.105 0.460 

Treatment by Course (Math 99)      

Engl 99 -0.058 0.056 0.303 -0.169 0.052 

Math 98 -0.116 0.057 0.044 -0.228 -0.003 

Credits Attempted Pre-Intervention -0.012 0.002 0.000 -0.015 -0.010 

Credits Earned Pre-Intervention 0.017 0.002 0.000 0.013 0.021 

Race/Ethnicity (White)      
Black -0.025 0.033 0.442 -0.090 0.039 

Other -0.013 0.025 0.606 -0.062 0.036 

Female (Male) 0.029 0.023 0.214 -0.017 0.074 

Pell Received 0.000 0.000 0.000 0.000 0.000 

Age Category (<18)      
18-21.99 -0.053 0.064 0.409 -0.179 0.073 

22-24.99 -0.066 0.073 0.360 -0.208 0.076 

25-29.99 -0.021 0.071 0.764 -0.160 0.117 

30-39.99 0.027 0.070 0.696 -0.110 0.165 

40-49.99 -0.005 0.077 0.953 -0.156 0.147 

50+ 0.017 0.095 0.855 -0.168 0.203 

Block ID (Block 1)      
2 0.061 0.107 0.568 -0.148 0.271 

3 0.126 0.112 0.262 -0.094 0.345 

4 0.092 0.116 0.425 -0.135 0.319 

5 0.042 0.105 0.686 -0.163 0.248 

6 -0.090 0.176 0.608 -0.436 0.255 

7 -0.001 0.080 0.994 -0.157 0.156 

8 -0.059 0.074 0.428 -0.203 0.086 

9 0.062 0.079 0.431 -0.092 0.216 

10 0.060 0.078 0.442 -0.093 0.214 

11 0.028 0.077 0.714 -0.123 0.179 

12 0.043 0.068 0.524 -0.090 0.177 

13 -0.258 0.174 0.137 -0.599 0.083 

14 -0.278 0.068 0.000 -0.412 -0.144 

15 -0.036 0.066 0.583 -0.166 0.094 

16 -0.073 0.051 0.156 -0.173 0.028 

17 -0.282 0.138 0.041 -0.551 -0.012 
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18 0.272 0.104 0.009 0.068 0.476 

19 0.233 0.105 0.027 0.027 0.440 

20 0.155 0.101 0.123 -0.042 0.352 

21 0.132 0.108 0.220 -0.079 0.344 

22 0.115 0.095 0.224 -0.070 0.301 

23 0.083 0.073 0.254 -0.060 0.226 

24 0.138 0.075 0.064 -0.008 0.285 

25 0.066 0.079 0.401 -0.089 0.221 

26 -0.076 0.082 0.357 -0.237 0.086 

27 -0.029 0.076 0.698 -0.178 0.119 

28 0.000 (omitted)    

29 -0.045 0.055 0.409 -0.153 0.062 

30 -0.051 0.063 0.418 -0.175 0.073 

31 0.000 (omitted)    

Intercept 0.451 0.105 0.000 0.246 0.657 

Var(Int) 9.53E-25 4.36E-24  1.22E-28 7.43E-21 

Notes: Observations = 1,714, Course Sections = 80 
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Table A7:  

 

Treatment Model of Next Semester Credits Earned for Combined Cohorts, no Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.458 0.254 0.072 -0.040 0.956 

Credits Attempted Pre-

Intervention -0.167 0.018 0.000 -0.202 -0.132 

Credits Earned Pre-Intervention 0.231 0.024 0.000 0.184 0.278 

Race/Ethnicity (White)      
Black -0.793 0.385 0.039 -1.547 -0.039 

Other -0.300 0.292 0.303 -0.872 0.271 

Female (Male) 0.355 0.270 0.190 -0.175 0.885 

Pell Received 0.000 0.000 0.055 0.000 0.000 

Age Category (<18)      
18-21.99 -0.936 0.748 0.210 -2.402 0.529 

22-24.99 -1.194 0.843 0.157 -2.847 0.458 

25-29.99 -0.978 0.821 0.234 -2.587 0.632 

30-39.99 -0.560 0.814 0.491 -2.155 1.034 

40-49.99 -0.602 0.899 0.503 -2.363 1.160 

50+ -0.918 1.099 0.403 -3.073 1.236 

Block ID (Block 1)      
2 -0.253 1.244 0.839 -2.692 2.186 

3 0.567 1.300 0.663 -1.982 3.115 

4 0.241 1.347 0.858 -2.400 2.882 

5 -0.220 1.219 0.857 -2.609 2.169 

6 -1.403 2.050 0.494 -5.420 2.614 

7 0.970 1.202 0.420 -1.386 3.325 

8 1.232 1.151 0.285 -1.024 3.487 

9 2.700 1.192 0.023 0.364 5.036 

10 2.506 1.190 0.035 0.174 4.837 

11 0.197 1.178 0.867 -2.112 2.506 

12 1.893 1.101 0.086 -0.265 4.051 

13 0.166 2.165 0.939 -4.078 4.410 

14 0.962 1.157 0.406 -1.305 3.229 

15 2.566 1.138 0.024 0.336 4.796 

16 1.502 1.030 0.145 -0.516 3.521 

17 -0.899 1.805 0.619 -4.437 2.640 

18 0.744 1.212 0.539 -1.631 3.119 

19 1.111 1.226 0.365 -1.292 3.514 

20 -0.761 1.170 0.516 -3.054 1.533 

21 0.693 1.255 0.581 -1.767 3.153 

22 0.912 1.100 0.407 -1.244 3.069 

23 2.313 1.142 0.043 0.075 4.550 
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24 2.416 1.156 0.037 0.150 4.681 

25 2.173 1.196 0.069 -0.171 4.517 

26 0.386 1.222 0.752 -2.009 2.780 

27 0.365 1.165 0.754 -1.918 2.647 

28 0.995 1.043 0.340 -1.050 3.041 

29 2.546 1.049 0.015 0.490 4.601 

30 2.011 1.117 0.072 -0.179 4.201 

31 2.635 0.992 0.008 0.692 4.579 

Intercept 4.324 1.207 0.000 1.958 6.690 

var(Int) 1.98E-13 9.34E-13  1.87E-17 2.08E-09 

Notes: Observations = 1,714, Course Sections = 80 
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Table A8:  

 

Treatment Model of Next Semester Credits Earned for Combined Cohorts, Treatment by Course 

Number Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.547 0.422 0.195 -0.280 1.374 

Course (Math 99)      

Engl 99 -2.496 1.056 0.018 -4.565 -0.428 

Math 98 -1.599 0.713 0.025 -2.996 -0.202 

Treatment by Course      

Engl 99 -0.259 0.667 0.698 -1.567 1.049 

Math 98 -0.067 0.588 0.910 -1.219 1.086 

Credits Attempted Pre-Intervention -0.167 0.018 0.000 -0.202 -0.132 

Credits Earned Pre-Intervention 0.231 0.024 0.000 0.184 0.278 

Race/Ethnicity (White)      
Black -0.791 0.385 0.040 -1.546 -0.036 

Other -0.294 0.292 0.313 -0.867 0.278 

Female (Male) 0.358 0.271 0.186 -0.173 0.888 

Pell Received 0.000 0.000 0.058 0.000 0.000 

Age Category (<18)      
18-21.99 -0.927 0.748 0.215 -2.394 0.540 

22-24.99 -1.181 0.844 0.162 -2.835 0.474 

25-29.99 -0.961 0.822 0.242 -2.572 0.650 

30-39.99 -0.547 0.814 0.502 -2.143 1.049 

40-49.99 -0.585 0.900 0.516 -2.348 1.179 

50+ -0.905 1.100 0.411 -3.062 1.251 

Block ID (Block 1)      
2 -0.255 1.244 0.838 -2.693 2.184 

3 0.591 1.302 0.650 -1.961 3.143 

4 0.249 1.348 0.853 -2.392 2.890 

5 -0.218 1.219 0.858 -2.607 2.170 

6 -1.426 2.050 0.487 -5.445 2.593 

7 -0.023 0.929 0.981 -1.842 1.797 

8 0.239 0.860 0.781 -1.447 1.925 

9 1.706 0.914 0.062 -0.085 3.497 

10 1.509 0.913 0.098 -0.280 3.298 

11 -0.801 0.897 0.372 -2.559 0.957 

12 0.902 0.794 0.256 -0.654 2.458 

13 -0.825 2.024 0.684 -4.793 3.143 

14 -1.661 0.795 0.037 -3.220 -0.102 

15 -0.061 0.772 0.937 -1.573 1.451 

16 -1.116 0.595 0.061 -2.282 0.051 

17 -3.527 1.602 0.028 -6.668 -0.387 
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18 0.748 1.212 0.537 -1.627 3.123 

19 1.110 1.226 0.365 -1.293 3.512 

20 -0.758 1.170 0.517 -3.051 1.536 

21 0.673 1.256 0.592 -1.789 3.135 

22 0.938 1.102 0.395 -1.222 3.098 

23 1.319 0.848 0.120 -0.344 2.982 

24 1.422 0.871 0.103 -0.285 3.129 

25 1.179 0.919 0.200 -0.622 2.980 

26 -0.604 0.958 0.528 -2.481 1.273 

27 -0.627 0.884 0.478 -2.360 1.106 

28 0.000 (omitted)    

29 -0.066 0.638 0.918 -1.317 1.185 

30 -0.614 0.736 0.404 -2.056 0.827 

31 0.000 (omitted)    

Intercept 6.893 0.869 0.000 5.190 8.596 

Var(Int) 3.64E-12 5.36E-09  0 . 

Notes: Observations = 1,714, Course Sections = 80 
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Table A9:  

Treatment Model of Any Credential Attainment for Combined Cohorts, no Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.008 0.016 0.618 -0.024 0.040 

Credits Attempted Pre-

Intervention 
-0.008 0.001 0.000 -0.011 -0.006 

Credits Earned Pre-Intervention 0.017 0.002 0.000 0.014 0.020 

Race/Ethnicity (White)      

Black -0.030 0.025 0.221 -0.079 0.018 

Other -0.043 0.019 0.024 -0.080 -0.006 

Female (Male) -0.004 0.017 0.830 -0.038 0.031 

Pell Received 0.000 0.000 0.710 0.000 0.000 

Age Category (<18)      

18-21.99 0.026 0.048 0.591 -0.069 0.121 

22-24.99 -0.018 0.055 0.746 -0.125 0.089 

25-29.99 0.009 0.053 0.866 -0.095 0.113 

30-39.99 0.011 0.053 0.828 -0.092 0.115 

40-49.99 0.068 0.058 0.242 -0.046 0.182 

50+ -0.096 0.071 0.179 -0.235 0.044 

Block ID (Block 1)      

2 -0.092 0.080 0.253 -0.250 0.066 

3 -0.066 0.084 0.429 -0.231 0.098 

4 -0.146 0.087 0.093 -0.317 0.025 

5 -0.053 0.079 0.504 -0.207 0.102 

6 -0.180 0.133 0.175 -0.439 0.080 

7 -0.019 0.078 0.812 -0.171 0.134 

8 -0.055 0.074 0.456 -0.201 0.090 

9 0.015 0.077 0.848 -0.136 0.166 

10 -0.044 0.077 0.567 -0.195 0.107 

11 -0.161 0.076 0.034 -0.311 -0.012 

12 -0.080 0.071 0.262 -0.219 0.060 

13 -0.021 0.140 0.881 -0.295 0.253 

14 -0.051 0.075 0.494 -0.198 0.095 

15 -0.049 0.074 0.506 -0.193 0.095 

16 -0.027 0.067 0.681 -0.158 0.103 

17 -0.240 0.117 0.040 -0.469 -0.011 

18 -0.136 0.078 0.084 -0.289 0.018 

19 -0.130 0.079 0.102 -0.285 0.026 

20 -0.115 0.076 0.129 -0.263 0.033 

21 -0.110 0.081 0.173 -0.270 0.049 

22 -0.102 0.071 0.153 -0.241 0.038 

23 -0.098 0.074 0.185 -0.243 0.047 

24 -0.029 0.075 0.696 -0.176 0.117 
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25 -0.088 0.077 0.254 -0.240 0.063 

26 -0.112 0.079 0.158 -0.266 0.043 

27 -0.093 0.075 0.218 -0.240 0.055 

28 -0.124 0.067 0.065 -0.257 0.008 

29 -0.076 0.068 0.263 -0.209 0.057 

30 -0.123 0.072 0.088 -0.265 0.018 

31 -0.042 0.064 0.516 -0.167 0.084 

Intercept 0.160 0.078 0.041 0.007 0.313 

var(Int) 3.00E-25 1.42E-24  2.74E-29 3.29E-21 

Notes: Observations = 1,714, Course Sections = 80 
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Table A10:  

Treatment Model of Any Credential Attainment for Combined Cohorts, Treatment by Course 

Number Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.017 0.033 0.611 -0.048 0.082 

Course (Math 99)      

Engl 99 -0.111 0.071 0.118 -0.250 0.028 

Math 98 -0.044 0.068 0.517 -0.178 0.090 

Treatment by Course      

Engl 99 -0.025 0.042 0.556 -0.108 0.058 

Math 98 0.003 0.043 0.949 -0.082 0.087 

Credits Attempted Pre-Intervention -0.008 0.001 0.000 -0.011 -0.006 

Credits Earned Pre-Intervention 0.017 0.002 0.000 0.014 0.020 

Race/Ethnicity (White)      

Black -0.043 0.019 0.024 -0.080 -0.006 

Other -0.030 0.025 0.233 -0.079 0.019 

Female (Male) -0.004 0.017 0.836 -0.038 0.031 

Pell Received 0.000 0.000 0.732 0.000 0.000 

Age Category (<18)      

18-21.99 0.025 0.048 0.606 -0.070 0.120 

22-24.99 -0.018 0.055 0.739 -0.125 0.089 

25-29.99 0.009 0.053 0.872 -0.096 0.113 

30-39.99 0.012 0.053 0.819 -0.091 0.115 

40-49.99 0.068 0.058 0.245 -0.046 0.182 

50+ -0.094 0.071 0.186 -0.233 0.045 

Block ID (Block 1)      

2 -0.092 0.080 0.255 -0.249 0.066 

3 -0.068 0.084 0.422 -0.233 0.097 

4 -0.147 0.087 0.092 -0.318 0.024 

5 -0.053 0.079 0.504 -0.207 0.102 

6 -0.179 0.133 0.177 -0.439 0.081 

7 0.105 0.060 0.081 -0.013 0.222 

8 0.068 0.056 0.222 -0.041 0.177 

9 0.138 0.059 0.019 0.022 0.254 

10 0.080 0.059 0.173 -0.035 0.196 

11 -0.037 0.058 0.526 -0.150 0.077 

12 0.041 0.051 0.420 -0.059 0.142 

13 0.101 0.131 0.438 -0.155 0.358 

14 -0.008 0.051 0.872 -0.109 0.092 

15 -0.007 0.050 0.896 -0.104 0.091 

16 0.016 0.038 0.675 -0.059 0.092 

17 -0.198 0.104 0.057 -0.401 0.005 

18 -0.136 0.078 0.084 -0.289 0.018 
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19 -0.129 0.079 0.103 -0.285 0.026 

20 -0.115 0.076 0.129 -0.263 0.034 

21 -0.109 0.081 0.179 -0.268 0.050 

22 -0.103 0.071 0.149 -0.243 0.037 

23 0.026 0.055 0.635 -0.081 0.133 

24 0.094 0.056 0.095 -0.016 0.204 

25 0.035 0.059 0.554 -0.081 0.152 

26 0.008 0.062 0.900 -0.114 0.129 

27 0.029 0.057 0.618 -0.084 0.141 

28 0.000 (omitted)    

29 -0.031 0.041 0.452 -0.112 0.050 

30 -0.081 0.048 0.090 -0.174 0.013 

31 0.000 (omitted)    

Intercept 0.156 0.079 0.049 0.001 0.311 

Var(Int) 0.000 0.000  0.000 0.000 

Notes: Observations = 1,714, Course Sections = 80 

  



MOBILIZING DEVELOPMENTAL EDUCATION 66 

 

 

Table A11:  

Treatment Model of Associate’s Degree Attainment for Combined Cohorts, no Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.008 0.013 0.506 -0.016 0.033 

Credits Attempted Pre-

Intervention 
-0.008 0.001 0.000 -0.010 -0.006 

Credits Earned Pre-Intervention 0.013 0.001 0.000 0.011 0.016 

Race/Ethnicity (White)      

Black -0.039 0.014 0.007 -0.067 -0.011 

Other -0.002 0.019 0.917 -0.039 0.035 

Female (Male) -0.005 0.013 0.704 -0.031 0.021 

Pell Received 0.000 0.000 0.648 0.000 0.000 

Age Category (<18)      

18-21.99 0.038 0.037 0.309 -0.035 0.110 

22-24.99 0.028 0.042 0.502 -0.054 0.110 

25-29.99 0.042 0.041 0.297 -0.037 0.122 

30-39.99 0.058 0.040 0.147 -0.021 0.137 

40-49.99 0.049 0.044 0.271 -0.038 0.136 

50+ -0.001 0.054 0.986 -0.107 0.106 

Block ID (Block 1)      

2 -0.041 0.062 0.507 -0.161 0.080 

3 -0.049 0.064 0.448 -0.175 0.077 

4 -0.024 0.067 0.721 -0.154 0.107 

5 -0.030 0.060 0.624 -0.148 0.089 

6 -0.061 0.101 0.545 -0.260 0.137 

7 0.032 0.059 0.595 -0.085 0.148 

8 0.052 0.057 0.363 -0.060 0.163 

9 -0.001 0.059 0.984 -0.117 0.114 

10 0.003 0.059 0.954 -0.112 0.119 

11 -0.033 0.058 0.568 -0.147 0.081 

12 -0.010 0.054 0.855 -0.117 0.097 

13 -0.030 0.107 0.780 -0.240 0.180 

14 0.050 0.057 0.385 -0.062 0.162 

15 0.040 0.056 0.481 -0.071 0.150 

16 0.058 0.051 0.253 -0.042 0.158 

17 -0.089 0.089 0.318 -0.264 0.086 

18 -0.043 0.060 0.474 -0.160 0.075 

19 -0.034 0.061 0.571 -0.153 0.084 

20 -0.037 0.058 0.521 -0.151 0.076 

21 -0.011 0.062 0.860 -0.133 0.111 

22 -0.027 0.054 0.614 -0.134 0.079 

23 -0.038 0.056 0.496 -0.149 0.072 

24 -0.042 0.057 0.458 -0.154 0.070 
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25 -0.027 0.059 0.643 -0.143 0.088 

26 -0.012 0.060 0.847 -0.130 0.107 

27 -0.039 0.058 0.493 -0.152 0.073 

28 -0.040 0.052 0.443 -0.141 0.062 

29 0.007 0.052 0.896 -0.095 0.108 

30 -0.028 0.055 0.613 -0.136 0.080 

31 0.037 0.049 0.451 -0.059 0.133 

Intercept 0.032 0.060 0.590 -0.085 0.149 

var(Int) 2.44E-26 1.11E-25  3.22E-30 1.84E-22 

Notes: Observations = 1,714, Course Sections = 80 
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Table A12:  

Treatment Model of Associate’s Degree Attainment for Combined Cohorts, Treatment by Course 

Number Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.016 0.021 0.438 -0.025 0.057 

Course (Math 99)      

Engl 99 -0.025 0.052 0.634 -0.127 0.077 

Math 98 -0.073 0.035 0.039 -0.142 -0.004 

Treatment by Course      

Engl 99 -0.023 0.033 0.493 -0.087 0.042 

Math 98 -0.006 0.029 0.838 -0.063 0.051 

Credits Attempted Pre-

Intervention 
-0.008 0.001 0.000 -0.010 -0.006 

Credits Earned Pre-Intervention 0.013 0.001 0.000 0.011 0.016 

Race/Ethnicity (White)      

Black -0.039 0.014 0.008 -0.067 -0.010 

Other -0.002 0.019 0.924 -0.039 0.036 

Female (Male) -0.005 0.013 0.718 -0.031 0.021 

Pell Received 0.000 0.000 0.625 0.000 0.000 

Age Category (<18)      

18-21.99 0.038 0.037 0.299 -0.034 0.111 

22-24.99 0.029 0.042 0.484 -0.053 0.111 

25-29.99 0.044 0.041 0.281 -0.036 0.124 

30-39.99 0.059 0.040 0.140 -0.019 0.138 

40-49.99 0.050 0.044 0.257 -0.037 0.138 

50+ 0.000 0.054 0.997 -0.106 0.107 

Block ID (Block 1)      

2 -0.041 0.062 0.505 -0.162 0.080 

3 -0.047 0.064 0.468 -0.173 0.080 

4 -0.023 0.067 0.729 -0.154 0.108 

5 -0.029 0.060 0.625 -0.148 0.089 

6 -0.063 0.101 0.532 -0.262 0.135 

7 0.071 0.046 0.120 -0.019 0.161 

8 0.092 0.043 0.031 0.008 0.175 

9 0.039 0.045 0.394 -0.050 0.127 

10 0.043 0.045 0.343 -0.046 0.131 

11 0.006 0.044 0.891 -0.081 0.093 

12 0.030 0.039 0.445 -0.047 0.107 

13 0.010 0.100 0.921 -0.186 0.206 

14 0.014 0.039 0.726 -0.063 0.091 

15 0.003 0.038 0.928 -0.071 0.078 

16 0.023 0.029 0.440 -0.035 0.080 

17 -0.125 0.079 0.113 -0.281 0.030 
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18 -0.043 0.060 0.478 -0.160 0.075 

19 -0.034 0.061 0.570 -0.153 0.084 

20 -0.037 0.058 0.524 -0.150 0.076 

21 -0.013 0.062 0.838 -0.134 0.109 

22 -0.025 0.055 0.644 -0.132 0.082 

23 0.001 0.042 0.975 -0.081 0.084 

24 -0.003 0.043 0.951 -0.087 0.082 

25 0.012 0.045 0.787 -0.077 0.101 

26 0.028 0.047 0.549 -0.064 0.121 

27 0.000 0.044 0.992 -0.085 0.086 

28 0.000 (omitted)    

29 -0.028 0.032 0.374 -0.090 0.034 

30 -0.064 0.036 0.079 -0.135 0.007 

31 0.000 (omitted)    

Intercept 0.063 0.043 0.141 -0.021 0.148 

Var(Int) 1.37E-17 8.08E-17  1.30E-22 1.44E-12 

Notes: Observations = 1,714, Course Sections = 80 
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Table A13:  

Treatment Model of Certificate Attainment for Combined Cohorts, no Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.003 0.016 0.837 -0.028 0.034 

Credits Attempted Pre-Intervention -0.007 0.001 0.000 -0.009 -0.005 

Credits Earned Pre-Intervention 0.014 0.002 0.000 0.011 0.017 

Race/Ethnicity (White)      

Black -0.039 0.024 0.107 -0.086 0.008 

Other -0.040 0.018 0.029 -0.075 -0.004 

Female (Male) -0.006 0.017 0.739 -0.039 0.028 

Pell Received 0.000 0.000 0.578 0.000 0.000 

Age Category (<18)      

18-21.99 0.023 0.047 0.615 -0.068 0.115 

22-24.99 -0.029 0.053 0.584 -0.132 0.075 

25-29.99 -0.034 0.051 0.507 -0.135 0.067 

30-39.99 0.004 0.051 0.932 -0.095 0.104 

40-49.99 0.058 0.056 0.305 -0.053 0.168 

50+ -0.069 0.069 0.318 -0.203 0.066 

Block ID (Block 1)      

2 -0.058 0.078 0.456 -0.211 0.094 

3 -0.037 0.081 0.649 -0.196 0.122 

4 -0.116 0.084 0.169 -0.281 0.049 

5 -0.027 0.076 0.721 -0.177 0.122 

6 -0.148 0.128 0.248 -0.399 0.103 

7 0.020 0.075 0.790 -0.127 0.167 

8 -0.024 0.072 0.740 -0.165 0.117 

9 0.033 0.075 0.656 -0.113 0.179 

10 -0.047 0.074 0.528 -0.193 0.099 

11 -0.139 0.074 0.060 -0.283 0.006 

12 -0.094 0.069 0.171 -0.229 0.041 

13 0.000 0.135 1.000 -0.265 0.265 

14 -0.043 0.072 0.552 -0.185 0.099 

15 -0.032 0.071 0.655 -0.171 0.108 

16 -0.010 0.064 0.871 -0.137 0.116 

17 -0.208 0.113 0.065 -0.430 0.013 

18 -0.114 0.076 0.133 -0.262 0.035 

19 -0.105 0.077 0.170 -0.256 0.045 

20 -0.089 0.073 0.224 -0.232 0.054 

21 -0.082 0.078 0.295 -0.236 0.072 

22 -0.086 0.069 0.213 -0.221 0.049 

23 -0.068 0.071 0.342 -0.208 0.072 

24 -0.017 0.072 0.817 -0.158 0.125 
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25 -0.093 0.075 0.216 -0.239 0.054 

26 -0.100 0.076 0.189 -0.250 0.049 

27 -0.058 0.073 0.423 -0.201 0.084 

28 -0.091 0.065 0.162 -0.219 0.037 

29 -0.051 0.066 0.440 -0.179 0.078 

30 -0.113 0.070 0.106 -0.250 0.024 

31 -0.026 0.062 0.678 -0.147 0.096 

Intercept 0.143 0.075 0.057 -0.004 0.291 

var(Int) 1.85E-18 4.85E-15  * * 

Notes: Observations = 1,714, Course Sections = 80 
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Table A14:  

Treatment Model of Certificate Attainment for Combined Cohorts, Treatment by Course Number 

Interaction 

 β SE p-value 95% Conf. Int. 

Treatment Group 0.030 0.032 0.350 -0.033 0.093 

Course (Math 99)      

Engl 99 -0.065 0.069 0.347 -0.199 0.070 

Math 98 -0.017 0.066 0.796 -0.146 0.112 

Treatment by Course      

Engl 99 -0.051 0.041 0.214 -0.131 0.029 

Math 98 -0.019 0.042 0.649 -0.101 0.063 

Credits Attempted Pre-Intervention -0.007 0.001 0.000 -0.009 -0.005 

Credits Earned Pre-Intervention 0.014 0.002 0.000 0.011 0.017 

Race/Ethnicity (White)      

Black -0.038 0.024 0.115 -0.085 0.009 

Other -0.040 0.018 0.027 -0.076 -0.005 

Female (Male) -0.006 0.017 0.734 -0.039 0.027 

Pell Received 0.000 0.000 0.589 0.000 0.000 

Age Category (<18)      

18-21.99 0.021 0.047 0.648 -0.070 0.113 

22-24.99 -0.031 0.053 0.559 -0.134 0.073 

25-29.99 -0.036 0.051 0.483 -0.137 0.065 

30-39.99 0.004 0.051 0.938 -0.096 0.104 

40-49.99 0.056 0.056 0.323 -0.055 0.166 

50+ -0.068 0.069 0.325 -0.203 0.067 

Block ID (Block 1)      

2 -0.057 0.078 0.460 -0.210 0.095 

3 -0.041 0.081 0.618 -0.200 0.119 

4 -0.118 0.084 0.163 -0.283 0.047 

5 -0.027 0.076 0.721 -0.176 0.122 

6 -0.145 0.128 0.258 -0.396 0.106 

7 0.109 0.058 0.059 -0.004 0.223 

8 0.066 0.054 0.221 -0.040 0.171 

9 0.123 0.057 0.031 0.011 0.235 

10 0.045 0.057 0.432 -0.067 0.157 

11 -0.046 0.056 0.408 -0.156 0.063 

12 -0.007 0.050 0.881 -0.105 0.090 

13 0.088 0.127 0.485 -0.160 0.336 

14 -0.017 0.050 0.739 -0.114 0.081 

15 -0.006 0.048 0.906 -0.100 0.089 

16 0.016 0.037 0.660 -0.057 0.089 

17 -0.182 0.100 0.069 -0.378 0.014 

18 -0.114 0.076 0.132 -0.262 0.034 
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19 -0.105 0.077 0.172 -0.255 0.046 

20 -0.089 0.073 0.225 -0.232 0.055 

21 -0.079 0.079 0.316 -0.233 0.075 

22 -0.090 0.069 0.192 -0.225 0.045 

23 0.023 0.053 0.666 -0.081 0.127 

24 0.073 0.054 0.180 -0.034 0.180 

25 -0.003 0.057 0.965 -0.115 0.110 

26 -0.016 0.060 0.784 -0.134 0.101 

27 0.028 0.055 0.607 -0.080 0.137 

28 0.000 (omitted)    

29 -0.023 0.040 0.570 -0.101 0.056 

30 -0.087 0.046 0.059 -0.177 0.003 

31 0.000 (omitted)    

Intercept 0.132 0.076 0.085 -0.018 0.281 

Var(Int) 4.80E-22 2.19E-21 
 

6.25E-26 3.69E-18 

Notes: Observations = 1,714, Course Sections = 80 


