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Abstract
Objective: In community colleges, achieving competence in math is critical to 
students’ timely progression through coursework and eventual educational success; 
yet, it remains unclear when the optimal timing to complete required math courses 
is in order to maximize the chance of completing a credential on time. This study 
examines the timing of college-level math requirement fulfillment in relation to the 
longer term success of community college students. Method: Utilizing survey data and 
transcript records of 320 students from an urban community college, we performed 
a survival analysis to investigate how the precise academic terms in which students 
complete math requirements, taking into account other student behaviors, are related 
to credential completion. Results: Findings reveal that completing math requirements 
at earlier (e.g., first semester) or later (e.g., fourth or fifth semester) stages of college is 
related to a higher rate of credential completion. Students who engage in active learning, 
find academics challenging, and feel academically supported have a higher probability of 
completing a credential, whereas student-faculty interactions are negatively related to 
credential completion. Contributions: Our findings reveal that fulfilling college-level 
math requirements early on promises higher odds of credential completion. However, 
this momentum can be achieved by completing math requirements in Term 1, or it can 
also be delayed until Terms 4 or 5. It is thus imperative to find ways to more accurately 
assist community colleges and their students in planning the educational pathways, 
programs, and services that prevent students from stumbling over necessary math 
requirements and maximize overall success.
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From its inception, the community college core curriculum has consisted of courses in 
the liberal arts and sciences, including mathematics (Bragg, 2011; Cohen, Brawer, & 
Kisker, 2014).1 Furthermore, it is widely acknowledged that competence in math is 
critical to students’ successful educational progress in a community college context 
(Bragg, 2011); yet, the success rates of completing math courses both at and beyond 
the developmental level are abysmal (Adelman, 2004; Bailey, Jeong, & Cho, 2010; 
Roksa, Jenkins, Jaggars, Zeidenberg, & Cho, 2009). Among aspiring community col-
lege students who are referred to developmental math, only 31% completed the 
required sequence (Bailey, 2009). The completion rates are even lower, dropping to 
22%, for students who start their developmental math sequence three levels below the 
college level (Bailey, 2009). While slightly higher, the completion rates for college-
level math (45.59%) are equally troublesome (Bahr, 2008). Research has indicated 
that, as students pass the necessary introductory courses, including those in math, the 
probability of their credential completion increases considerably (Adelman, 2006; 
Calcagno, Crosta, Bailey, & Jenkins, 2007). It follows then, if college-level math 
requirements are fulfilled in a timely fashion, students are on a promising trajectory 
toward timely completion of their educational programs at 2-year colleges.

Many community college students struggle to complete required math courses, 
let alone a full set of degree requirements. Research has suggested that a lack of infor-
mation regarding various institutional and program policies, one being the require-
ments or sequencing of courses (Jenkins & Cho, 2012; Rosenbaum, Deil-Amen, & 
Person, 2006), is usually to blame. Although there typically exist recommended 
sequences for taking program-specific courses during specific academic terms, it is 
much less clear as to when to take general education courses, including math require-
ments, within a certain time frame. Students may choose not to enroll in math courses 
early on because of insufficient advising, conflict with other commitments (Cullinane 
& Treisman, 2010), or a lack of self-efficacy in learning math (Lent, Lopez, & 
Bieschke, 1993; Waller, 2006). A large proportion of community college students are 
not following the appropriate course sequence in math (Cullinane & Treisman, 2010), 
which may eventually lead to low success rates. As a result, it is critical to look beyond 
the binary question of whether or not students are completing their required math and 
examine when exactly students fulfill their math requirements and how this timing 
relates to their college completion. In this study, we ask the following research 
question:

Research Question: What is the relationship between the timing of math require-
ment fulfillment and community college students’ college graduation?
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When exploring this linkage, we also give a full account of students’ educational expe-
riences by combining community college student engagement data with administra-
tive records and transcript data. By focusing on the timing of math requirement 
fulfillment, we offer new empirical insight into math completion and its connection 
with student progression and completion at community colleges.

Relevant Literature

Of all course subjects at the college level, math is arguably one of the most critical, given 
its foundational role in shaping future academic success. As indicated by numerous 
empirical studies, completion of college-level math is positively related to students’ col-
lege persistence and completion (Adelman, 2005; Calcagno et al., 2007; Crisp, Nora, & 
Taggart, 2009; Leinbach & Jenkins, 2008; Roksa & Calcagno, 2010). As such, college-
level math classes are often referred to as gatekeeper courses (Calcagno et al., 2007; 
Roksa et al., 2009). As suggested by Leinbach and Jenkins (2008), who studied patterns 
of community college students’ progress and achievement through analyzing milestones 
and momentum points, completing a college-level math sequence was substantially 
related to earning a community college credential or transferring to a baccalaureate insti-
tution. Similarly, Adelman’s (2005) analysis of data from the National Educational 
Longitudinal Study of 1988 (NELS:88/2000) revealed that earning college-level math 
credits increased the probability of degree completion among community college stu-
dents. These results align with other studies (Calcagno et al., 2007; Roksa & Calcagno, 
2010), which collectively establish math requirement fulfillment as a pivotal foundation 
underlying subsequent progress and success among community college students.

Despite the compelling and consistent evidence highlighting the importance of com-
pleting required math courses at community colleges, the picture is less clear with 
regard to the specific timing of fulfilling math requirements and its relationship to stu-
dent success. Intuitively, earlier fulfillment of such requirements should be desirable; in 
reality, many community college students follow chaotic course-taking patterns and 
sequences (Crosta, 2014; Maxwell et al., 2003; Zeidenberg & Scott, 2011). For exam-
ple, focusing on degree- and transfer-seeking students at five community colleges in a 
single state, Crosta (2014) identified thousands of distinct enrollment patterns followed 
by students. Therefore, empirically analyzing when math requirement fulfillment 
occurs and how the different timing of such fulfillment relates to student outcomes 
represent a pressing issue of concern for researchers and practitioners.

Although there exist studies that deal with the issue of timing broadly, such research 
tends to focus on a liberal definition of the time window, such as completing a college-
level math course within 2 years of initial enrollment (Leinbach & Jenkins, 2008; 
Offenstein, Moore, & Shulock, 2010), and subsequent terms are often not accounted 
for in their analyses (Crisp et al., 2009). Also, research concerning college-level math 
tends to concentrate solely on fulfilling the first college-level math course, as opposed 
to including the entire required sequence, and examines by credit accumulation as 
opposed to timing (Adelman, 2005; Calcagno et al., 2007). Given the transient and 
less-structured nature of community college attendance as compared with a 4-year 
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college attendance model, these previous studies, despite their great value, do not nec-
essarily offer a nuanced understanding of the specific time points of math requirement 
fulfillment, such as a term-by-term examination, that could truly inform curricular and 
program design, policy, and interventions.

Finally, current research using course-taking patterns barely considers other student 
behaviors, especially how students engage in educationally meaningful activities, that 
could serve as extraneous factors. The positive role of college engagement in promot-
ing student learning, persistence, and success is widely noted (Pascarella & Terenzini, 
2005), particularly at the 4-year college level (Kuh, 2001, 2003; Kuh, Cruce, Shoup, 
Kinzie, & Gonyea, 2008), and recently, in the community college setting (Kuh, 2009; 
Marti, 2009). In particular, research remains scarce that investigates student engage-
ment as an added contextual layer to better understand the relationship between math 
course-taking and community college student success. Attending to such understudied 
nuances as the specific timing of math requirement fulfillment and student engage-
ment behaviors, we explore community college students’ term-by-term math require-
ment fulfillment in conjunction with their college engagement behaviors to understand 
its influence on students’ college success.

Method

Conceptual Grounding

This study is grounded in the concept of academic momentum, a term used to capture 
the choices and behaviors that are positively related to student progression toward 
degree completion (Adelman, 1999, 2006). First put forward by Adelman (1999) to 
study 4-year college students’ baccalaureate degree completion, the concept of aca-
demic momentum has also been adopted to study community college student success 
(Adelman, 2005; Doyle, 2009, 2010; Leinbach & Jenkins, 2008; Wang, 2015). 
Completion of college-level math courses is one of the measurable educational 
achievements (also referred to as milestones) that indicates students’ momentum 
toward educational attainment (Adelman, 2005; Calcagno et al., 2007; Crisp et al., 
2009; Leinbach & Jenkins, 2008; Roksa & Calcagno, 2010). To obtain more accurate 
estimates, we also accounted for other individual and institutional factors, such as 
student background information, college engagement behaviors, and postsecondary 
contextual factors, as suggested by prior literature (e.g., Adelman, 1999, 2006; 
Cabrera, Burkum, & La Nasa, 2005; Cabrera, Burkum, La Nasa, & Bibo, 2012; 
Calcagno et al., 2007; Crisp & Nora, 2010; Crisp et al., 2009; Deil-Amen, 2011; Kuh, 
2001, 2003, 2009; Marti, 2009; Pascarella & Terenzini, 2005; Porchea, Allen, Robbins, 
& Phelps, 2010; Roksa & Calcagno, 2010; Wang, 2015).

Data and Sample

Data from this study come from a comprehensive 2-year college located in an urban 
area in the Midwest. In spring 2012, students enrolled at the college participated in the 
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Community College Survey of Student Engagement (CCSSE). Based on the survey 
administration protocol developed by CCSSE, a random sample of all credit courses 
was selected, where students received an informed consent sheet and a pencil-and-
paper survey questionnaire. Students who chose to participate in the survey completed 
the paper questionnaires and, if they wished, provided student IDs that could be linked 
with academic records. At the college, a total of 2,358 students were invited to take the 
survey and 1,466 participated in the study by returning a completed survey question-
naire, for a response rate of 62.2%. Out of those who completed the survey, 1,041 
students (70%) provided a valid student ID. For the purpose of our study, we further 
retained participants who were new students in an academic program during the school 
year of 2011-2012 and had math course requirement(s) to graduate from their pro-
grams, resulting in an analytical sample of 326 students. Because of other statistical 
considerations, the final analytical sample size was 320. For the current study, we fol-
lowed these students’ enrollment records upto spring 2014.

Given the sample restrictions and that the data were collected from a single institu-
tion, the study sample is not necessarily representative of community college students’ 
characteristics nationally. For example, 68.7% of the participants in our study were 
full-time students, whereas, nationally, less than 40% of community college students 
in fall 2013 were enrolled full-time (American Association of Community Colleges 
[AACC], 2015a). However, our sample does reflect the racial composition among 
community college students nationally (AACC, 2015b); in fall 2013, 50% of commu-
nity college students nationally were White, 21% were Hispanic, and 14% were Black. 
Whereas our sample included a higher proportion of Black students (21.3%) and a 
lower portion of Hispanic students (12.3%), compared with the national averages, the 
percentage of White (51.5%) students is nearly identical to the national statistic.

Measures and Data Analysis

To answer our research question, we proceeded with data preparation and analysis in the 
following steps. First, we performed a careful examination of students’ college-level 
math requirements in alignment with the programs and tracks in which they first enrolled. 
This process involved a labor-intensive, detailed review of published math requirements 
across all programs and tracks at the college. Following this step, we coded students’ 
fulfillment of all their math requirements based on the transcript data and operational-
ized this definition term by term. Note that the effect of math fulfillment within each of 
these specific terms was compared against the scenario in which a student did not fulfill 
all required math during the specific term (i.e., the reference group of math fulfillment 
status of each term). In the survival analysis, our main analytical approach described 
below, this math completion variable was entered as a set of dummy variables.

For our dependent variable, we measured college success as whether students com-
pleted a community college credential as of spring 2014. We further controlled for a 
number of important covariates that may be relevant to college success. In particular, 
we accounted for students’ college engagement behaviors using the five benchmark 
scores collected by the CCSSE survey: active and collaborative learning, student 
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effort, academic challenge, student–faculty interaction, and college support for learn-
ers. According to CCSSE’s Student Engagement and Student Outcomes: Key Findings 
From CCSSE Validation Research report (McClenney, Marti, & Adkins, 2006), active 
and collaborative learning measures the extent to which students participate in class, 
interact with peers, and learn outside of the classroom. Student effort measures time 
on task, preparation, and use of campus services. Academic challenge reflects the 
extent to which students engage in challenging mental activities (e.g., evaluation and 
synthesis), and quantity and rigor of academic work. Student–faculty interaction items 
are used to measure the extent to which students and faculty communicate about aca-
demic performance, career plans, and course content and assignments. With regard to 
support for learners, the items measure students’ perceptions of their college and eval-
uate their use of advising and counseling services. We also controlled for students’ 
prior math preparedness, their program of study, their full-time enrollment status, as 
well as demographic background. Table 1 offers a detailed description of these vari-
ables. Approximately, 1.8% of the cases in our study had missing values, or 0.09% of 
the data points were missing, which were primarily found in the CCSSE benchmark 
variables. Given the small portion of the missing data points, listwise deletion was 
applied as it would have a limited impact on the analyses (Graham, 2009).

We estimated a Cox regression model, a type of survival analysis, to answer the 
research question. Survival analysis has been noted as an appropriate technique to 
address time-sensitive student behaviors and outcomes, such as enrollment patterns 
over time and graduation (Bahr, 2009), and has gained traction in recent research 
(Calcagno et al., 2007). Survival analysis models whether and when an event occurs 
(Singer & Willett, 2003). In the context of our study, a Cox regression model describes 
a log transformation of the hazard ratio (i.e., the risk of graduation in a specific term 
relative to the first term) as a linear function of predictors. Specifically, the metric of 
the hazard function of our model is estimated as follows, with β denoting the coeffi-
cient, X the completion of students’ math requirements in a specific term, and C the 
covariates: log(h(tij) / h0(tj)) = β1X1ij + β2X2ij + . . . +β6X6ij+ β7C1i . . . + βpC(p − 6)i, where 
hazard, conventionally denoted as h(tij), is expressed as the risk that individual i will 
complete a credential in Term j, given that he or she did not graduate in any of the 
proceeding terms. Xkij identifies the completion of math requirements in the kth term, 
which is a time-varying variable, being 0 when j < k and 1 when j ≥ k. As for the 
results, the parameters are interpreted in terms of a covariate’s effect on the hazard 
ratio, and the effects are assumed to be constant over time. Moreover, for ease of inter-
pretation, the antilog of each coefficient, e(coefficient), is used to describe the effect of a 
1-unit change in the particular covariate on the hazard ratio. Finally, based on the 
estimated Cox regression model, we calculated the predicted survival rate (i.e., non-
graduation rate) and performed a nonparametric bootstrapping with 1,000 iterations to 
compare the predicted graduation probability by spring 2014 (i.e., the final term in our 
analysis) of students who completed their math requirements in different terms.
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Table 1. Variables in the Study and Descriptive Statistics.

Variable name % M SD Definition

Dependent variable
 Credential 

completion
31.6 Whether students completed a 

community college credential starting 
in summer 2011 by spring 2014

Independent variable
 Timing of math requirement fulfillment
  No completion 54.6 The term when students fulfilled 100% of 

their college-level math requirements, 
with no 100% completion of any 
required math as the reference 
category

  Summer/fall 2011 6.1  
  Spring 2012 12.9  
  Summer/fall 2012 9.5  
  Spring 2013 6.1  
  Summer/fall 2013 3.1  
  Spring 2014 4.6  
 Postsecondary experience
  Program of study 23.0 Whether students are enrolled in 

manufacturing and engineering 
programs as compared with other 
programs

  Full-time 
enrollment status

68.7 Whether students were enrolled full-
time (coded 1) or part-time (coded 0)

  Program type: 
less-than-1-year 
technical diploma 
program

5.5 Whether students are enrolled in a less-
than-1-year technical diploma program 
in AY12

  Program type: 
1-year technical 
diploma program

13.5 Whether students are enrolled in a 
1-year technical diploma program in 
AY12

  Program type: 
2-year technical 
diploma program

0.9 Whether students are enrolled in a 
2-year technical diploma program in 
AY12

  Program type: 
associate degree 
program

80.1 Whether students are enrolled in an 
associate degree program in AY12 
(was the omitted reference category in 
the survival analysis)

 Student college 
engagement 
behavior

CCSSE’s five engagement benchmark 
scores

  Active and 
collaborative 
learning

0.40 0.17  

  Student effort 0.47 0.16  
  Academic 

challenge
0.60 0.17  

(continued)
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Discussion of Results

The Cox regression analysis revealed that, across all academic terms, there was a sig-
nificant and positive relationship between completion of math requirements and gradu-
ation by spring 2014 (see Table 2). Among specific milestones, students had a relatively 
higher chance to graduate by spring 2014 if they completed all their required math 
courses during the first, fourth, or fifth terms (see Table 3). In essence, the students who 
fulfilled all required math by the first, fourth, or fifth semesters tended to be 4, 6, and 9 
times more likely to graduate than those who did not achieve such milestones. The 
predicted survival probability further revealed that the nongraduation probability as of 
the sixth term for the students who completed all required math courses in the first 
(31.2%), fourth (27.9%), and fifth terms (27.7%) is somewhat smaller than those who 
completed their math courses in any of the other terms (see Table 3). In particular, the 
students who completed all required math courses in summer/fall 2011 (i.e., the first 
term) were estimated to have a better graduation rate by spring 2014 than those who did 
so in summer/fall 2012 (i.e., the third term; one-tail bootstrapped p = .08).

Among the CCSSE indicators, student engagement in active and collaborative learn-
ing was positively related to credential completion, whereas engaging in student-faculty 
interaction was negatively related to credential completion. Furthermore, the students 

Variable name % M SD Definition

  Student-faculty 
interaction

0.41 0.18  

  Support for 
learners

0.47 0.22  

 Demographic background controls
  Female 31.0 Respondent’s gender; dummy variable 

(coded 1 for females and 0 for males)
  Age 27.52 10.54 Respondent’s age
  Black 27.3 Dummy variable (coded 1 for African 

Americans)
  Hispanic 12.3 Dummy variable (coded 1 for Hispanics)
  Other race/

ethnicity
8.9 Dummy variable (coded 1 for Asians, 

Indian Americans, and Unknowns 
combined)

  White 51.5 Dummy variable (coded 1 for White and 
was the omitted reference category in 
the survival analysis)

  Math ready 34.4 Whether students passed the arithmetic 
placement test upon enrolling in 
college

Note. For CCSSE items and details of student engagement benchmarks, please refer to http://www.ccsse.
org. AY = academic year; CCSSE = Community College Survey of Student Engagement.

Table 1. (continued)

http://www.ccsse.org
http://www.ccsse.org
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who found the academics challenging and those who felt academically supported tended 
to have a higher graduation rate. The students in the shorter term and 2-year technical 
diploma programs had a higher rate of graduation than the students in the associate 
degree programs. Finally, female, older, and White students (as compared with Black 
and other race/ethnicity) tended to have a higher probability of degree completion.

Our findings demonstrate a general positive link between math completion and 
credential completion. This empirical finding is well substantiated by the rich existing 
literature documenting math’s strong predictive power for later achievement (Adelman, 
1999, 2005, 2006; Cabrera et al., 2005; Cabrera et al., 2012; Calcagno et al., 2007; 

Table 2. Summary of Survival Analysis.

Independent variable B SE Hazard ratio

Timing of math requirement fulfillment
 Summer/fall 2011 1.40*** 0.17 4.06
 Spring 2012 1.17*** 0.16 3.21
 Summer/fall 2012 0.94*** 0.20 2.56
 Spring 2013 1.85*** 0.22 6.38
 Summer/fall 2013 2.18*** 0.34 8.89
 Spring 2014 2.42*** 0.37 11.26
Postsecondary experience
 Program of study 0.52*** 0.14 1.69
 Full-time enrollment status 0.54*** 0.13 1.72
 Program: shorter than 1-year TD 0.67** 0.21 1.95
 Program: 1-year TD 0.15 0.16  
 Program: 2-year TD 0.74* 0.37 2.10
Student college engagement behavior
 Active and collaborative learning 1.73*** 0.39 5.66
 Student effort 0.26 0.39  
 Academic challenge 0.71† 0.42 2.04
 Student-faculty interaction −1.49*** 0.37 0.23
 Support for learners 0.54† 0.30 1.72
Demographic background controls
 Female 0.50*** 0.11 1.64
 Age 0.02*** 0.00 1.02
 Black −0.39** 0.13 0.68
 Hispanic −0.17 0.16  
 Other race/ethnicity −0.48* 0.21 0.62
 Math ready −0.01 0.11  

Note. Only statistically significant predictors’ hazard ratios are reported. Also note that coefficients 
of Cox regression represent the change in the expected log of the hazard ratio relative to a one unit 
change in a given independent variable holding all other predictors constant, and is not to be confused 
with log odds as in logistic regression.  
TD = technical diploma.
†p < .10. *p < .05. **p < .01. ***p < .001.
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Roksa & Calcagno, 2008). In addition to this expected general finding, more intrigu-
ing and detailed findings surface from our analysis that tell a more nuanced picture of 
when the optimal timing is to complete required math. Although aligning with conven-
tional wisdom suggesting that the earlier students fulfill their math requirements the 
better (Leinbach & Jenkins, 2008; Offenstein et al., 2010), the Cox regression model 
and bootstrapped survival probability revealed that not only the first but also the fourth 
and fifth terms represent optimal timings for completing required math.

The fourth or fifth terms being optimal timing to fulfill math represents a divergent but 
beneficial pathway toward building momentum. Students can still develop appropriate 
momentum for subsequent success without feeling rushed, especially for those uncertain 
of an academic major upon initial enrollment in college. Students have the opportunity to 
explore various subjects before committing to a particular field of study. In other words, 
to stay in college and persist to completion, students do not have to complete math require-
ments as early as the very first semester of enrollment. Students may explore and get to 
know a disciplinary context before taking relevant required math courses. By doing so, 
they may contextualize their math learning in their field of interest.

In the community college context, some students making the transition to college 
may not be immediately ready to take on a college-level math course (Cohen et al., 
2014), regardless of whether or not they enroll in college directly after high school. 
For these students, taking other courses first, especially field-specific introductory 
courses, to have a sense of the expectations and requirements can be a practical and 
viable approach. These insights gained through taking introductory courses can be 
used as a foundation for self-evaluation and consequently provide a better understand-
ing of how to prepare for their field of interest. Students may then become more inten-
tional in planning their educational trajectory, see the applicability of coursework to 
their future career, and ultimately be more motivated and determined to learn.

Apart from exploring fields of study and cultivating academic readiness, other stu-
dents may have more pressing program requirements that take priority over math. 
Most important, given the abstract nature of math (i.e., lacking concrete or real-world 

Table 3. Predicted Survival Probability.

Math completion 
term

Graduation term

Summer/fall 
2011 (%)

Spring 
2012 (%)

Summer/fall 
2012 (%)

Spring 
2013 (%)

Summer/fall 
2013 (%)

Spring 
2014 (%)

Summer/fall 2011 72.5 55.7 44.4 37.9 33.7 31.2
Spring 2012 NA 77.5 62.9 52.6 46.4 42.3
Summer/fall 2012 NA NA 81.6 69.1 59.9 54.2
Spring 2013 NA NA NA 60.3 39.8 27.9
Summer/fall 2013 NA NA NA NA 49.4 27.7
Spring 2014 NA NA NA NA NA 41.0

Note. Cell entries are estimated survival probability (i.e., probability of nongraduation). NA indicates that 
students are not eligible to graduate, in that they have to complete all the required math courses.
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application) and students’ underpreparedness in math (Grubb, 2010; Grubb et al., 
1999), fulfilling necessary math courses may require a substantial amount of time and 
effort, particularly if there are other course components involved (e.g., lab). Many 
community college students may not have adequate time and effort to devote to math, 
especially if they have outside responsibilities such as work and family (Bryant, 2001; 
Cohen et al., 2014; Deil-Amen, 2011). To persist toward credential completion, stu-
dents must complete college math requirements in a timely way. However, we argue 
that the definition of timely, in light of earning a credential as an outcome, should be 
more liberal than what policymakers and administrators may currently have in mind 
(e.g., the very first term), given our finding illuminating that the later terms also rep-
resent beneficial timing.

To some extent, these findings resonate with previous studies that contend the posi-
tive impact of milestone attainment, such as passing college-level gatekeeper courses, 
on degree completion (Adelman, 2006; Calcagno et al., 2007; Leinbach & Jenkins, 
2008). Similarly, recent initiatives aiming to accelerate community college students’ 
progress through developmental math, such as Statway®, also show the promise of 
early completion of developmental math in positively influencing the accumulation of 
college-level credits (Yamada & Bryk, 2016). Diverging from previous studies 
(Leinbach & Jenkins, 2008; Offenstein et al., 2010), our findings suggest that students 
can enjoy a similar probability of graduation by completing their math requirements 
later, in Terms 4 or 5, as those who completed their required math courses in the first 
semester after enrollment. In a sense, students who are not able to complete their math 
requirements early on in their academic career should not be discouraged as long as 
they fulfill those requirements by Terms 4 or 5. Moreover, our results unveil some of 
the nuances underneath the muddy realities of math course-taking at community col-
leges (Hagedorn, Maxwell, Cypers, Moon, & Lester, 2007) and suggest that these 
institutions should utilize the first three academic terms as a viable window for instruc-
tion, advising, and other educational practices aimed at helping students move forward 
and complete math requirements by the fourth or fifth terms to improve credential 
completion at community colleges.

Several other findings are also worth discussing. Students’ active and collaborative 
learning was positively related to degree completion. This is a reasonable finding, 
especially when considering that, as a student becomes more engaged individually and 
with others in learning, they should reap larger benefits in areas such as academic suc-
cess and completion. What does this look like in the community college setting? At 
these institutions, the majority of engagement or any other integrative or involvement 
practices happen in the classroom (Deil-Amen, 2011). Classrooms may serve as small 
learning communities that prompt students to become involved and engaged (Tinto, 
1997), which can subsequently foster positive academic performance and lead to a 
higher likelihood of completion.

Academic challenge and support for learners are the other two student college engage-
ment behavior measures that appeared to have a significantly positive relationship with 
credential completion. Indicators of academic challenge, such as higher order thinking 
and rigor of academic work, have been shown to be related to academic outcomes 
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(McClenney et al., 2006). Students who reported a higher score on academic challenge 
items were more likely to graduate. In terms of support for learners, it is possible that 
students benefited from advising and counseling services, which in turn increased their 
likelihood of graduation. Advising and counseling services help students map out their 
program trajectory or progress and point them in the direction of additional supports if 
needed. This would apply to many individuals who seek assistance with fulfilling their 
program requirements, including math, and successfully completing a credential.

Another intriguing finding is that interaction with faculty was negatively related to 
credential completion. It could be possible that students reporting higher scores on the 
student–faculty interaction scale happened to be those who were more academically 
disadvantaged. Thus, they may interact with instructors more frequently because they 
have particular learning or support needs or poor academic performance (Marti, 2009). 
Another perspective that warrants consideration is the value of interaction with faculty 
in and of itself. There is emerging empirical evidence indicating that, if faculty’s 
approaches to teaching inadvertently result in an invalidating environment, students 
may experience stereotype threat, tempered aspirations, and lowered academic self-
confidence and self-efficacy, which then translate into negative academic outcomes 
(Acevedo-Gil, Santos, Alonso, & Solorzano, 2015). Nonetheless, these results warrant 
further exploration in future inquiry.

In addition, aligning with previous research (e.g., Adelman, 1999; Calcagno 
et al., 2007), full-time enrollment was found to have a significant, positive relation-
ship with credential completion. In terms of enrollment in manufacturing and engi-
neering programs, there was a positive correlation with credential completion. 
Although some of these programs require algebra-level math, many do not have any 
formal math skill requirements to gain admission. Students may have greater access 
to these programs. At the same time, it is possible that these programs, regardless of 
their basic or no math requirements for entry, contain students who have a predispo-
sition to having a higher level of academic performance and more advanced math 
course training coming into college (Chen & Weko, 2009), which would carry into 
positive college performance and completion. One other possible explanation is that 
manufacturing and engineering programs—with their strong technical and voca-
tional components—present more frequent venues for a more contextualized appli-
cation of math concepts, which is positively linked to students’ understanding of 
math, academic performance, and completion of a credential (Jenkins, Zeidenberg, 
& Kienzl, 2009). Another finding to note, students enrolled in 2-year and less-than-
1-year terminal degree programs were more likely to obtain a credential compared 
with students in associate degree program. It is likely that students enroll in these 
programs for the purpose of gaining certain skills for job advancement with clear 
vocational goals and are more likely to progress and graduate. This finding also 
aligns with prior research suggesting that more degrees are awarded annually in 
vocational fields than in liberal arts (e.g., Townsend, 2001).

Last, students who were female, older, or White (as compared with Black and other 
race/ethnicity) were more likely to complete a credential compared with their counter-
parts. These findings are consistent with prior research (Bailey, Jenkins, & Leinbach, 
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2005; Calcagno et al., 2007). Older students, including the many females concentrated 
at community colleges, have external responsibilities, such as work or family (Bryant, 
2001; Cohen et al., 2014; Deil-Amen, 2011; St. Rose & Hill, 2013). These obligations 
may put pressure on them to persist and graduate for the purpose of job advancement 
or bringing home higher earnings. As for the differences in the likelihood of comple-
tion across race/ethnicity, this finding illuminates a persistent gap in community col-
lege student outcomes as evidenced in previous scholarly work (Bailey et al., 2005; 
Greene, Marti, & McClenney, 2008), warranting further empirical attention.

Limitations

There are a few limitations that should be carefully considered when interpreting the 
results of this study. First, there is the inherent issue of self-selection in relation to 
students who participated in the survey and further provided consent allowing us to 
track their student records. Second, this study does not cover more intermediate mile-
stones, such as term-by-term course completion, which may help more accurately 
track students’ progress and understand how different intermediary points may be 
related to academic performance and completion. Third, although the findings show 
which terms were associated with a higher probability of credential completion, there 
is no definitive answer as to why certain terms resulted in more or less beneficial out-
comes, given the correlational nature of our analyses.

Finally, our study constrained the timing of completion within 3 years from the start 
of students’ program of study. We operationalized this outcome measure within the 
confines of the study’s scope and available data. Still, we acknowledge that 3 years may 
not represent a sufficient and appropriate time frame to measure the educational success 
of all sampled students. Community colleges serve a large share of students of color 
and low-income students, who tend to take a longer time to complete their credential 
(Ma & Baum, 2016). In addition, many community college students enroll part-time 
(Cohen et al., 2014) or switch their enrollment often (Crosta, 2014). The time and other 
constraints often facing these students make the measurement of their success a much 
more complex matter. With these limitations in mind, our research sets a foundation 
that would be complemented by qualitative research to extend these results and provide 
additional context and understanding that could not be provided in our study.

Implications for Policy, Practice, and Research

This study has several implications for policy, practice, and research. First, by focusing on 
specific points at which community college students fulfill math requirements and their 
relationships with long-term college success, this research provides empirical evidence that 
informs course and program sequences and academic advising at both the research site and 
other similar community colleges. As our findings indicate, completing college-level math 
early on, especially in the first term, or later, in the fourth or fifth terms of enrollment, greatly 
contributed to students’ credential completion. Nevertheless, realizing the chaotic and var-
ied enrollment patterns and educational pathways students choose during their academic 
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career (Crosta, 2014), community colleges should purposefully design course sequences 
along with advising services that communicate clearly articulated course pathways and 
guide students toward a more efficient path to earning a credential. This is by no means 
advisors’ responsibility only. As faculty also interact with students frequently and closely, 
they can also serve as valuable institutional agents who advocate for and support early or 
later college-level math course-taking behavior. Acknowledging the role of college-level 
math, instructors, especially those who teach introductory college-level math courses, 
should consider adopting high-impact practices, such as contextualization (Perin, 2011; 
Wang, Sun, & Wickersham, forthcoming), active learning (Michael & Modell, 2003; Prince, 
2004; Wang, Sun, Lee, & Wagner, 2015), and cooperative learning (Nasr, Pennington, & 
Andres, 2004) that could help students successfully complete these courses. As an incentive 
for community colleges to reinforce practices that encourage early college-level math 
course-taking behavior, policymakers could also consider including such criteria when 
designing metrics for evaluating college performance.

Second, findings from this study illuminate active and collaborative learning as a 
promising approach that could contribute to credential completion for community col-
lege students. A rich body of research has linked active learning to numerous desired 
academic outcomes, such as critical thinking and problem-solving skills, transfer 
intent, grade point average (GPA), persistence, and degree completion (Braxton, 
Milem, & Sullivan, 2000; Freeman et al., 2014; Hake, 1998; Kim, Sharma, Land, & 
Furlong, 2013; Wang et al., 2015). In light of this empirical evidence, community col-
leges should consider implementing pedagogies that actively engage students in the 
learning process. To invite and support faculty members in adopting innovative teach-
ing approaches, professional development of community college instructors repre-
sents a particularly viable and essential approach.

Third, this study invites researchers and community college practitioners to consider 
the use of curriculum review and transcript analysis to better understand student academic 
behaviors and pathways. As sources of data that already exist, program curricula and 
students’ transcripts do not require new resources for data collection, thus offering robust, 
cost-efficient extant sources of information. Unlike other studies focusing on student 
enrollment behavior that solely rely on transcript data, this study also integrates curricular 
and transcript records with survey data that account for students’ college engagement. 
This approach helps create a more nuanced and contextualized understanding of the topic 
under study by considering a more holistic set of student behaviors. Colleges interested in 
seeking reasons behind student choices could also supplement curriculum review and 
transcript analysis with individual or focus group interviews with students to explain the 
observed behaviors. Community colleges should carefully consider these behaviors so 
that they may design policies, interventions, and services that best serve their students and 
facilitate math requirement fulfillment and future academic success.

Conclusion

Going beyond whether community college students complete math requirements, this 
study examined the timing of students’ math course completion and the relationship to 
their credential completion. In doing so, we present a more contextual and nuanced 
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understanding of community college math offerings and related student behaviors in 
connection with student progression and completion. Our findings reveal that fulfilling 
college-level math requirements early on promises higher odds of credential comple-
tion. However, this momentum can be achieved by completing math requirements in 
Term 1, or it can also be delayed until Terms 4 or 5. Nevertheless, our findings reinforce 
the critical nature of math in general in setting students on a successful educational 
trajectory. Adding the component of student background and engagement behavior, we 
are able to lend more complex insight into math requirement fulfillment at the student 
level within the community college context. As a result, we can begin to find ways to 
more accurately assist community colleges and their students in planning the educa-
tional pathways, programs, and services that prevent students from stumbling over nec-
essary math requirements, move beyond them, and maximize overall success.
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