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Abstract
Objective: Despite the fairly substantial body of literature devoted to understanding 
whether dual enrollment programs are related to academic success in college, less is 
known regarding how dual enrollment transmits its potentially positive influence, especially 
among two-year college students. In this study, we fill this gap by delving into the process 
of how dual enrollment is related to academic success among students attending two-year 
technical colleges. Specifically, we examine academic momentum as a potential mediator 
of the relationship between dual enrollment and educational outcomes. 
Methods: We draw on a sample of more than 15,000 first-time postsecondary students 
who entered Wisconsin’s two-year technical colleges in 2009 to 2010 after graduating 
from high school between 2007 and 2009. Using a path analysis, we investigate student 
transcript records, along with data from the National Student Clearinghouse. 
Results: Participation in dual enrollment is found to be related to more attempted 
credits, higher likelihood of college entry without delay, summer enrollment, as well as 
stronger academic performance. These early academic momentum indicators are then 
positively related to students’ college completion or retention, fully accounting for 
the positive relationship between dual enrollment participation and college outcomes. 
Contributions: Our study provides a finer look into two-year college students’ 
academic progress and success and how dual enrollment may fuel this process by 
promoting students’ academic momentum early during their college careers.
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America’s two-year community and technical colleges are known for open admis-
sions, low tuition costs, accessibility, and contributing to democratization of higher 
education (Alfonso, 2006; Bailey & Averianova, 1998; Bryant, 2001; Cohen & Brawer, 
2008; Hagedorn & DuBray, 2010; Leigh & Gill, 2003; Rouse, 1995). Many have 
looked to these institutions to provide a wide range of academic and career opportuni-
ties to allow a greater and more diverse population the prospect of obtaining qualifica-
tions leading to further educational and professional success (Cohen, Brawer, & 
Kisker, 2014; Zamani-Gallaher, Lester, Bragg, & Hagedorn, 2014). Between 2000 and 
2010, enrollment in public two-year colleges increased from 5.7 to 7.2 million adults, 
and currently, these institutions serve 52.6% of all public higher education students in 
the United States (National Center for Education Statistics, 2012). Yet, despite these 
soaring numbers, students who begin at two-year colleges often report low persistence 
and completion rates (Schneider & Yin, 2012). As raising college completion rates 
becomes a national priority for postsecondary education (Lee, Edwards, Menson, & 
Rawls, 2011; Lumina Foundation, 2013; White House Press Office, 2009), it is pivotal 
to expand the knowledge base on factors improving student success, which is integral 
to the college completion agenda at two-year colleges.

One particularly promising practice that seems to promote two-year college student 
success is dual enrollment programs that allow high school students to enroll in col-
lege courses and potentially earn college credit (Bragg, Kim, & Barnett, 2006). 
Nationally, there has been a rapidly expanding interest in dual enrollment courses and 
experiences among high school students (Thomas, Marken, Gray, & Lewis, 2013). In 
addition, the spectrum of dual enrollment options has broadened to include college 
courses for students seeking to enter the workplace or postsecondary technical educa-
tion programs. High school students are increasingly looking for college courses and 
experiences that are aligned with pathways other than the conventional four-year 
degree, such as associate degrees, technical diplomas, and industry certifications 
(Leech, 2014; Rosenbaum, Stephan, & Rosenbaum, 2010).

Compared with the substantial evidence for dual enrollment effects in four-year 
institutions (e.g., Allen & Dadgar, 2012; An, 2013a, 2013b; Howell, 2011; Puyear, 
Thor, & Mills, 2001), only a small body of dual enrollment research focuses on stu-
dents attending two-year colleges and indicates some benefits associated with dual 
enrollment, such as increased college readiness (Kim & Bragg, 2008), higher grade 
point average (GPA), and higher persistence rates (D’Amico, Morgan, Robertson, & 
Rivers, 2013; Karp, Calcagno, Hughes, Jeong, & Bailey, 2008). While some of this 
research valuably delves into specific ways in which dual enrollment may influence 
student success, such as how the location of dual enrollment classes (i.e., on a two-
year campus versus a high school campus) is related to technical college students’ 
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retention (D’Amico et al., 2013), empirical studies focusing on students enrolling in 
two-year institutions are simply limited in number, and there is a lack of a finer under-
standing of the way in which dual enrollment is related to two-year college success.

Adding to this line of inquiry, our research examines not only whether dual enroll-
ment is related to student success at two-year colleges, but also how this relationship, 
if there is one indeed, is exerted. Despite the fairly substantial body of literature 
devoted to understanding whether dual enrollment programs work in terms of promot-
ing desirable outcomes among program participants, less attention has been directed 
to how these programs transmit their potentially positive effects. As a result, empirical 
efforts in this vein tend to adopt the traditional input–output approach (Bahr, 2013); 
that is, assuming that dual enrollment directly influences educational outcomes and 
seldom delve into the complex processes—the through variables—explaining how 
dual enrollment influences educational outcomes. As indicated in their extensive 
review of the literature on how dual enrollment is related to critical academic out-
comes (e.g., program completion), Kim, Kirby, and Bragg (2006) argued that, given 
dual enrollment’s significance in improving student success in a two-year college con-
text, future research should focus on illuminating the mechanisms underlying dual 
enrollment—how the effect of dual enrollment unfolds to influence academic 
outcomes.

One such through process that may underlie the relationship between dual enroll-
ment and student success is academic momentum—the course load and progress dur-
ing the initial phase of college (Adelman, 1999, 2006; Attewell, Heil, & Reisel, 2012). 
An important dynamic of the initial academic experience at college, the concept of 
academic momentum holds strong policy implications, in that increasing academic 
momentum is possibly an inexpensive solution to improve student outcomes, as it 
requires only a change in operations rather than the addition of another resource-drain-
ing program (Adelman, 1999; Freeman, 2009). Connecting dual enrollment with aca-
demic momentum, we argue that dual enrollment serves as pre-college momentum 
that helps build early college academic momentum. In theory, participation in dual 
enrollment programs provides students with an exposure to college-level work, which 
gives them a head start in terms of the pace at which they operate in making initial 
academic progress at college. Dual enrollment program participants may attempt more 
course credits and make faster academic progress, which then in turn have a positive, 
substantial influence on their longer-term educational outcomes. Despite this highly 
plausible theoretical linkage, existing literature seldom empirically examines the 
intersection between dual enrollment and academic momentum among students 
attending two-year colleges.

In addition, even within the limited body of literature focusing on two-year college 
students, studies on dual enrollment or academic momentum do not account for their 
potentially varying effects on educational outcomes of students enrolled in different 
programs (e.g., D’Amico et al., 2013; Karp et al., 2008). Given the different curricula 
and academic requirements as well as the diverse educational goals between students 
enrolled in technical education programs such as manufacturing-related fields and 
those enrolled in other programs, it is possible that dual enrollment participation and 
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academic momentum aid students in different ways. Therefore, a more detailed inves-
tigation of the field-specific mechanism of dual enrollment participation and academic 
momentum in the two-year college context is much warranted.

Aiming to address these gaps in the literature, we focused on students who enrolled 
in Wisconsin’s technical college system shortly after high school and sought to answer 
the following questions in our study:

First, is participation in dual enrollment associated with student success as measured by 
fourth-term college retention or completion?

Second, is academic momentum exhibited by students during their first year at technical 
colleges associated with their fourth-term success?

Third, on the supposition that dual enrollment is associated with student outcomes and 
that academic momentum is also related to student outcomes, does academic momentum 
mediate the relationship between dual enrollment and student outcomes?

We also explored how the relationships modeled above may vary between students 
enrolled in different fields of study (i.e., manufacturing-related fields vs. other fields 
of study). In other words, do the relationships specified above equally pertain to stu-
dents in manufacturing-related and other fields of study, or do students in different 
fields of study show different paths from dual enrollment to college success via aca-
demic momentum?

Relevant Literature and Conceptual Grounding

Dual Enrollment and Student Outcomes

Dual enrollment1 between high school and postsecondary education has long been 
believed to have a positive impact on students’ educational success. Townsend and 
Wilson (2006) concluded that there were several educational benefits of participating 
in dual enrollment, including a smoother transition to college (Kleiner & Lewis, 2005), 
increased opportunities for access to career and technical education (CTE) programs 
(Harnish & Lynch, 2005; Karp et al., 2008; Peters & Mann, 2009), and stronger aspira-
tions to participate in postsecondary education (Bailey & Karp, 2005; Marshall & 
Andrews, 2002; Medvide & Blustein, 2010; Smith, 2007).

In general, empirical research in this domain has confirmed these beliefs and 
revealed a positive relationship between participation in dual enrollment and various 
student outcomes. To be specific, students who participated in dual enrollment pro-
grams tended to have better academic achievement (An, 2013b; Karp et al., 2008) and 
were more prepared for postsecondary education (An, 2013b). In addition, compared 
with their college-going counterparts who were not involved in dual enrollment, these 
students were more likely to be retained to the second year of college (Eimers & 
Mullen, 2003) and attain an associate or a bachelor’s degree (An, 2013a). Besides 
these educational benefits, others embraced dual enrollment because of its potential 
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financial implications for the state and individual students, such as saving the costs 
associated with offering remedial classes, because dual enrollment helped better align 
secondary and postsecondary education (Howell, 2011), and lower costs for individual 
students because of the accelerated time to graduation (Hunt & Carroll, 2006). Despite 
varying methodological approaches, results from empirical studies are consistent, in 
that dual enrollment is positively linked to student outcomes when self-selection was 
controlled for, particularly among those enrolled at four-year institutions (Allen & 
Dadgar, 2012; An, 2013a, 2013b; Eimers & Mullen, 2003; Puyear et al., 2001).

To maximize the positive effect of dual enrollment, our knowledge of how dual 
enrollment works must be further expanded. Equally important, we need to know what 
factors are most influential in generating these outcomes for the diverse array of stu-
dents enrolling in two-year technical colleges.

Academic Momentum

Earlier, we discussed academic momentum as a plausible mechanism through which 
the effect of dual enrollment could be demonstrated. Broadly defined as the rate of 
speed at which students proceed through college, academic momentum is anchored in 
several critical premises. First, upon entering postsecondary education, students oper-
ate at a particular pace, which is self-ascribed based on personal and contextual fac-
tors. Students’ initial course load and academic progress enable them to establish a 
momentum, which has a substantial influence on completion. Second, success in early 
college learning (i.e., gaining momentum in a new environment) is essential for over-
coming or supplanting potential disadvantages from high school learning experiences 
and socio-demographic influences. Third, an academic momentum framework 
includes practices and processes (such as summer coursework) that can optimize aca-
demic progress and engagement in students’ early years of college attendance.

Academic momentum has been measured in multiple ways. In his studies on college 
completion, Adelman (1999, 2006) initiated the idea of academic momentum and high-
lighted a number of “momentum” measures: high school preparation, undergraduate’s 
academic course load (quantity of effort) and GPA (quality of effort) in the first year of 
enrollment, course withdrawal/repeat/incomplete rate, summer term credit generation, 
and continuous enrollment. Adelman (2006) argued that students who have a certain 
speed to complete their college credentials are more likely to obtain their degrees than 
students who have a lower speed to proceed through college studies.

Several other studies adopted Adelman’s academic momentum measures, espe-
cially coursework during the first year as a core momentum indicator. Controlling for 
potential selection bias, Doyle (2009) found that more regular credit hours completed 
in the first term of study were associated with higher transfer rates from community 
colleges to four-year universities. Similarly, Freeman’s (2009) study on the relation-
ship between academic momentum and undergraduate degree completion at a histori-
cally Black institution considered first-year college credit hour attainment, withdrawal/
repeat/incomplete rates, and a continuous enrollment indicator to measure academic 
momentum.
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In a more recent study, Attewell et al. (2012) modified the measures of academic 
momentum. While agreeing with Adelman that academic course load was one of the 
primary indicators of academic momentum, the authors deviated from Adelman in that 
they considered attempted course load, instead of courses passed, to be a more valid 
measure of momentum, as courses completed would represent the outcome of the 
momentum rather than momentum per se. We agree with and adopt the approach by 
Attewell et al. (2012) in this article.

In aggregate, despite the sometimes divergent measures of academic momentum, 
the small body of research that intentionally built upon this construct have all sug-
gested that most, if not all, of the academic momentum measures were positively asso-
ciated with a number of educational outcomes, such as upward transfer (Doyle, 2009) 
and degree attainment (Attewell et al., 2012; Freeman, 2009).

Conceptual Grounding

As previously indicated, dual enrollment and initial postsecondary academic momen-
tum are two promising lines of research that shed great light on two-year college stu-
dent success. Yet, empirical work to date has not addressed the potentially powerful 
intersection between the two. In this study, we theorize that dual enrollment, by intro-
ducing students to college-level coursework, can be regarded as a pre-collegiate 
momentum indicator (Adelman, 2006), thus serving as a catalyst for initial postsec-
ondary academic momentum, which in turn influences student retention and comple-
tion. This hypothesis is rooted in the notion that dual enrollment programs help high 
school students establish an early process to transition into college. By completing 
postsecondary coursework in high school, students enter college with a strong start 
toward building momentum. This resulting academic momentum then influences col-
lege persistence and progress to degree. Figure 1 presents a graphic depiction of the 
study’s conceptual structure.

Research Design

Data and Sample

State context. This study was based on administrative data made available through the 
Wisconsin Technical College System (WTCS). Two-year technical colleges have long 
been, and will continue to be, regarded as the cradle of skilled workers and gateway to 
further postsecondary education, yet empirical research on how to assist these students 
make educational progress has been extremely scarce. Drawing upon data from all 16 
two-year technical colleges in the state of Wisconsin, the present research served as a 
timely investigation of the proposed questions among the under-studied two-year 
technical student population. As indicated earlier, the present research also placed a 
focus on differentiating between students in manufacturing-related engineering pro-
grams and their counterparts in other fields of study. Critical shortages of skilled 
workers and production technicians in the advanced manufacturing industry have been 
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well documented at the national level (Morrison et al., 2011), by the U.S. Department 
of Labor (2011), and in recent public media (Foroohar & Saporito, 2013). This is a 
particularly urgent question for technical colleges in Wisconsin—in 2013, 19% of the 
non-farm workforce was employed in the manufacturing industry, about twice the 
national workforce profile (Bureau of Labor Statistics, 2013; Office of Economic 
Advisors, 2013). Wisconsin also ranks in the top five states in terms of the share of the 
state’s gross domestic product attributable to manufacturing (EconPost, 2011). Given 
this state context, we explored whether the structure of relationships among dual 
enrollment participation, academic momentum, and fourth-term retention and comple-
tion differs between students in manufacturing-related programs and in other pro-
grams. A comprehensive list of manufacturing programs included in the study and 
their aligned program types and career clusters is available upon request.

To offer some additional state context with regard to dual enrollment programs, 
Wisconsin’s technical colleges provide three options by which high school students 
can earn college credit that counts toward technical college program completion: 
Transcripted Credit, Advanced Standing, and Youth Options (Wisconsin Department 
of Public Instruction, 2013; Wisconsin Technical College System Office, 2014). By 
completing Transcripted Credit (TC) and Advanced Standing (AS) courses, which are 
taught by certified high school instructors, student earn college credit on a transcript 
or AS status, which is activated when they enroll at a WTCS campus. Generally, TC 

Dual Enrollment

Attempted Credits

Delayed Entry

Summer Enrollment

First-Term GPA

Fourth-Term
Retention/
Graduation

Covariates: 
Gender
Race
Economically Disadvantaged
Academically Disadvantaged
Enrolled in general college courses
Enrollment in associate of applied science degree

Grouping Variable:
Enrollment in manufacturing prgorams

High School First-Year in Technical College
Later Academic 
Achievement

Figure 1. Conceptual model of the study.
Note. Covariates are set constant for the dual enrollment, academic momentum, and the outcome 
variable. GPA = grade point average.



172 Community College Review 43(2)

courses are college courses offered by instructors who receive articulation credit cer-
tification from the local technical college. AS instructors offer high school courses, 
which include content that is aligned with a technical college course. AS instructors 
meet state high school teacher certification requirements, and students must have a 
cumulative GPA of 3.0 or higher (on a 4-point scale) to receive AS credit. Under the 
Department of Public Instruction’s Youth Options (YO) program, high school juniors 
and seniors who are in good academic standing and receive school board approval can 
enroll in postsecondary courses at two- and four-year public and private institutions, 
and receive both high school and college credit. When YO requests for non-compara-
ble courses are approved, the school district assumes the cost of tuition, books, and 
materials. Both TC and AS courses are cost-free for students.

Sample and data source. For our analysis, we included 15,449 students who entered the 
WTCS as postsecondary students for the first time and enrolled in credential-granting 
programs in the 2009-2010 academic year after graduating from high school between 
2007 and 2009. This dataset contained a complete transcript for each student, includ-
ing all courses the student may have taken or received credit for between summer 2006 
and spring 2011, along with course outcomes and a broad range of student demograph-
ics. The focus on the 2009-2010 cohort allowed us to look both forward to examine 
patterns of student course-taking and success in the academic terms following their 
initial postsecondary enrollment, and retrospectively, to explore dual enrollment his-
tory and any course-taking or remediation that occurred prior to enrollment in their 
postsecondary program. A unique feature of the database used in this study was an 
element indicating whether the student received postsecondary credit for work com-
pleted prior to high school graduation.

Measures

Below we describe how variables used in our analysis were measured. Definitions for 
most of the variables relied on information provided by the Wisconsin Technical 
College System Office (2012a, 2012b).

Dependent variable. Student success in this study was measured by a dichotomously 
coded variable, with 1 indicating one of the following scenarios: (a) enrolled in the 
technical college where students started during the fourth term of enrollment in a post-
secondary program; (b) enrolled in a postsecondary program at another postsecondary 
institution as indicated in enrollment records provided by the National Student Clear-
inghouse, requested through the WTCS; or (c) completed a postsecondary credential 
and no longer enrolled, and 0 otherwise. Of the sample, 52.7% were retained in post-
secondary education or had graduated by the fourth term.

Independent variable. The main independent variable of the study was dual enrollment, 
a dichotomous variable indicating whether students had earned any technical college 
credits prior to high school graduation or completed advanced coursework while in 
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high school that led to receiving credit and AS in their postsecondary program upon 
enrolling as a postsecondary student at a Wisconsin technical college. This variable 
was operationalized based on a recognized credit code in the course data to identify 
students with dual enrollment experiences as described previously. Note that 7.4% of 
the students in our sample had at least one dual enrollment credit recorded on their 
transcript when enrolling in the WTCS.

Mediating variables—academic momentum. We hypothesized that academic momen-
tum mediates the effect of dual enrollment on student retention or completion, and we 
measured momentum using the following indicators:

a. Total attempted credits during the first year: the sum of all credits attempted by 
students in the first year of enrollment in a postsecondary program at a technical 
college.

b. Delayed entry: a binary variable indicating whether students delayed enrolling 
in a technical college postsecondary program after graduating from high school.

c. Summer enrollment: a binary variable measuring whether students enrolled in 
technical college courses in the summer term following their initial postsecond-
ary enrollment.

d. First-term GPA: a 0.00-4.00 scale calculated by converting the letter grades stu-
dents earned for courses attempted in their first term of enrollment in technical 
college to a numerical value, weighting these numerical values by the number 
of credits assigned to each course, and dividing the weighted sum by the total 
number of credits attempted by the student.

We should note that a temporal order existed among the independent variable (dual 
enrollment), the variables indicating academic momentum, and the dependent variable 
(fourth-term retention or completion). The independent variable stood for students’ 
academic effort in high school. Academic momentum variables captured students’ 
effort (as opposed to outcome) at the onset of college and realized students’ academic 
intent in behavior during their early postsecondary career. Thus, with regard to both 
the nature and timing of measurement, academic momentum was distinctive from 
fourth-term retention or completion as later postsecondary outcomes.

Covariates. To control for potentially confounding variables that may also influence 
dual enrollment and student retention or completion, we included a set of demographic 
and academic variables as covariates in our analysis. In particular, students’ remedial 
class enrollment history served as a proxy for prior academic preparedness and college 
readiness. Please refer to Table 1 for the complete list of covariates and their 
definitions.

Grouping variable. The grouping variable in the study was a dummy variable indicating 
whether students were enrolled in any of the 66 postsecondary manufacturing engi-
neering technologist or technician education (METTE) programs leading to an 
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Table 1. Variable Description.

Variables             Description Variable coding

Dependent variable
 Fourth-term retention or 

graduation (ReGrad)
Enrolled in WTCS or other 

postsecondary institutions in the 
fourth term or graduated before the 
fourth term

Yes = 1, No = 0

Independent variables
 Dual enrollment (DE) Dichotomous indicator of concurrent 

enrollment in high school and 
postsecondary institutions or 
advanced coursework offered by 
secondary institutions that leads to 
AS in a postsecondary institution

Yes = 1, No = 0

Mediating variables: Academic Momentum
 Attempted credits (ATT) Sum of credits attempted in the first 

year
0-36 credits, capped at the 

value of 36 to prevent 
bias resulting from 
extreme outliers

 Delayed entry (Delayed) Whether had gap years between high 
school graduation and technical 
college enrollment

Yes = 1, No = 0

 Enrolled first summer 
(Summer)

Enrolled first summer following initial 
term of postsecondary enrollment

Yes = 1, No = 0

 First-term GPA (GPA) Numeric first-year GPA on a 4.00  
scale

 

Covariates
 Gender (Female) Gender of student Female = 1, Male = 0
 Black Black or African American background Yes = 1, No = 0
 Hispanic Hispanic background Yes = 1, No = 0
 Asian Asian, Asian American, or Pacific 

Islander
Yes = 1, No = 0

 Other (Other) Native American or multiracial 
background

Yes = 1, No = 0

 Enrollment in METTE 
program (METTE)

Enrollment in METTE-related program Yes = 1, No = 0

 Economic disadvantaged 
(Econ)

Receiving need-based financial aid Yes = 1, No = 0

 Academically disadvantaged 
(Acad)

Taking any remedial class Yes = 1, No = 0

 Enrolled in general college 
courses (College)

Enrolled in one or more postsecondary 
level general college courses in 
reading, writing, mathematics, study 
skills, or natural science

Yes = 1, No = 0

 Enrollment in associate of 
applied science degree 
(AAS)

Enrolled in associate degree program Associate degree program 
= 1, Other types of 
programs = 0

Note. WTCS = Wisconsin Technical College System; GPA = grade point average; METTE = manufacturing engineering 
technologist or technician education; AS = advanced standing.
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associate of applied science degree or a technical diploma. Of those included in the 
analysis, 7.1% of the students were enrolled in a METTE program. A complete list of 
the study’s variables is presented in Table 1.

Analytical Procedures

First, using the transcript data, we constructed variables in this study based on the defi-
nitions previously presented. Missing data were scarce in that only 5.0% of the stu-
dents did not report their gender or race/ethnicity. There were no missing values on 
other variables. Given the small amount of missing values, we employed list-wise 
deletion in subsequent analyses.

Second, before testing the mediating role of academic momentum, we analyzed 
three baseline models to explore the direct relationship between dual enrollment and 
fourth-term retention or completion, without accounting for academic momentum in 
the analyses. In the first baseline model, a logistic regression model was specified 
where fourth-term retention or graduation was regressed on dual enrollment. In the 
second logistic regression baseline model, fourth-term retention or graduation was 
regressed on dual enrollment and the previously described covariates. The third base-
line analysis was based on a path model that, in addition to estimating the relationships 
in the second model, added paths from the covariates to dual enrollment. Across all 
three baseline models, dual enrollment was significantly and positively associated 
with fourth-term retention or completion, with or without controlling for the covari-
ates, lending support to our hypothesis that dual enrollment is associated with student 
success as measured by fourth-term retention or completion.

Next, we developed a full path model based on our conceptual grounding to specifi-
cally address our second and third question. Although strong causal inference cannot 
be made given the inherent limitations of administrative and transcript data, our con-
ceptual model closely corresponded to the academic momentum theory by charting the 
temporal progress across students’ secondary and postsecondary education. As men-
tioned earlier, important demographic variables were also specified as covariates, so 
that the relationships among dual enrollment, academic momentum, and student reten-
tion and completion were not confounded by demographic backgrounds.

In addition, to explore whether our proposed full path model operated the same way 
across students enrolled in different academic programs (i.e., METTE and other pro-
grams), we conducted a multiple group path analysis using Mplus 6.1 (Muthén & 
Muthén, 1998-2010). We first estimated an unconstrained model where all the paths 
were freed between METTE and non-METTE students. We then estimated a con-
strained model where all the paths were set to be equal across the two groups of stu-
dents. Both models were estimated with the weighted least squares with mean and 
variance correction (WLSMV) estimator to account for the dichotomous nature of the 
outcome variable. We used DIFFTEST to compare the difference in chi-square tests 
between the fully constrained and unconstrained models (Muthén & Muthén, 1998-
2010). The DIFFTEST result showed that the path coefficient invariance was retained 
between the two groups (χ2 = 56.88, df = 64, p = .72), suggesting that METTE and 
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non-METTE students generally followed the same academic pathway as described by 
our conceptual model. In this sense, the multiple group path model was no longer ten-
able and in the subsequent analyses, we modeled student programs (METTE vs. non-
METTE) as one of the covariates, turning our model into a multiple indicators and 
multiple causes model (MIMIC; Kaplan, 2009). The MIMIC model was also esti-
mated using WLSMV to accommodate the dichotomous outcome variable.

Results

Sample descriptive statistics are summarized in Table 2 and Table 3. As indicated in 
Table 3, the outcome variable was significantly correlated with dual enrollment and all 
the academic momentum variables.

The MIMIC model fit the data well (CFI = .99, TLI = .97, 90% CI of RMSEA = [.01, 
.02]; probability of RMSEA smaller than .05 = .99), suggesting that our proposed concep-
tual model was tenable. As indicated earlier through our analyses of the three baseline 
models without accounting for academic momentum, it was clear that among our sample, 
dual enrollment was positively associated with fourth-term retention or completion. With 
the full MIMIC model, we were able to examine the relationship between academic 
momentum and our outcome measure, and specify the extent to which academic momen-
tum mediated the link between dual enrollment and the outcome. We found that all aca-
demic momentum variables were significantly associated with fourth-term retention or 
completion. Students who attempted more credits, were enrolled in summer terms, did 
not delay postsecondary entry, or had better first-term GPAs were more likely to be 
retained in postsecondary education or have completed a postsecondary credential by the 
fourth term. Among these momentum indicators, summer enrollment emerged as the 
strongest predictor of retention and completion; students who took summer courses were 
13% more likely to be retained at the fourth term or have achieved a credential by then, 
compared to their counterparts without summer enrollment experience. In addition, stu-
dents with 1-point higher above the mean in their first-term GPA were 7% more likely to 
be retained or have completed than students with average first-term GPAs. Students who 
enrolled in two-year college immediately after high school were 1% more likely to be 
retained or have graduated by the fourth term than those who delayed postsecondary 
entry. Finally, as the number of attempted credits increased by one credit, there was a 3% 
increase in the probability of student retention or completion by the fourth term.

In light of the clear association between academic momentum and the outcome vari-
able, and that between dual enrollment and the outcome, the path model revealed a full 
picture depicting how academic momentum mediated the relationship between dual 
enrollment and the outcome. Specifically, our findings indicated that this relationship 
was fully mediated by academic momentum; that is, the total effect of dual enrollment 
participation was fully carried by the four academic momentum variables. These indi-
rect effects, respectively, from dual enrollment through cumulative credits attempted in 
the first year, summer enrollment, delayed entry, and first-term GPA to fourth-term 
retention or completion were all statistically significant. All academic momentum indi-
cators mediated the relationship between dual enrollment and fourth-term retention or 
completion. More detailed results are presented in Table 4 and in Figure 2.
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Table 2. Summary of Descriptive Statistics.

Overall
With DE history  

(7.4%)
Without DE history 

(92.6%)

Variable M (SD) % M (SD) % M (SD) %

Dependent variable
 ReGrad 52.7 60.0 52.1
Academic momentum
 ATT 18.98 (9.35) 20.41 (8.85) 18.78 (9.29)  
 Delayed 42.6 38.7 42.9
 Summer 13.1 15.7 12.9
 GPA 2.45 (1.25) 2.74 (1.12) 2.42 (1.26)  
Covariates
 Femalea 48.1 62.7 46.9
 Black 5.2 4.5 5.3
 Hispanic 4.4 3.5 4.4
 Asian 3.3 1.7 3.5
 Other 1.2 0.7 1.3
 METTE 7.1 5.6 7.2
 Econ 44.1 42.9 44.2
 Acad 23.2 20.6 23.5
 College 8.2 7.0 8.3
 AAS 76.3 76.7 76.2

Note. DE = dual enrollment; ReGrad = fourth-term retention or graduation; ATT = total attempted 
credits during the first year; Delayed = delayed entry; Summer = summer enrollment status; GPA = first-
term GPA; Female = gender; METTE = enrolled in METTE programs; Econ = economically disadvantaged; 
Acad = academically disadvantaged; College = enrolled in general college courses; AAS = enrollment in 
associate degree program; GPA = grade point average; METTE = manufacturing engineering technologist 
or technician education.
aNote that while female students account for nearly half of the entire analytical sample (48.1%), including 
students enrolled in all programs at Wisconsin’s technical colleges, female student participation in 
METTE programs is much lower (5.5%).

In addition to the findings presented above, it is worth mentioning that being 
enrolled in METTE programs was related to lower probabilities of retention and com-
pletion. This finding suggests that, although the observed relationships in our model 
operate the same way across different programs of study, compared with their counter-
parts in other programs, students in METTE programs differ in academic momentum 
indicators, which may well affect their probability of being retained or having com-
pleted by the fourth term.

Discussion

In this study, we explored the relationship between dual enrollment, academic momen-
tum, and two-year technical college student success. Our results indicated that, with-
out accounting for academic momentum or its mediating role, dual enrollment did 
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Table 4. Results of the MIMIC Model.

Dependent 
variable

   Independent  
      variable B (SE) β

Probability 
changea T-test

ReGrad DE 0.03 (.02) .02 .01 1.22
ATT 0.01 (.002) .10 .03 8.46***
Delayed −0.04 (.02) −.03 −.01 −2.21*
Summer 0.50 (.02) .40 .13 20.77***
GPA 0.27 (.01) .26 .07 23.32***
Female 0.01 (.03) .003 .002 0.26
Black −0.09 (.06) −.02 −.02 −1.45
Hispanic −0.06 (.06) −.01 −.01 −0.85
Asian 0.07 (.07) .01 .02 0.95
Other −0.47 (.12) −.04 −.11 −3.94***
METTE −0.18 (.06) −.04 −.04 −3.35**
Econ 0.13 (.03) .05 .03 5.07***
Acad −0.08 (.03) −.03 −.02 −2.54**
College 0.09 (.05) .02 .02 2.06*
AAS 0.41 (.03) .14 .10 12.83***

ATT DE 0.94 (.14) .10 6.70***
Female −2.76 (.16) −.15 −16.91***
Black −4.59 (.39) −.11 −11.82***
Hispanic −2.93 (.38) −.06 −7.70***
Asian −2.12 (.45) −.04 −4.70***
Other −2.56 (.72) −.03 −3.57***
METTE 3.21 (.28) .09 11.33***
Econ 1.13 (.16) .06 7.12***
Acad −1.36 (.19) −.06 −7.28***
College −0.07 (.32) −.002 −0.21
AAS 2.46 (.16) .11 15.13***

Delayed DE −0.06 (.02) −.06 −.01 −3.98**
Female 0.11 (.02) .05 .03 4.78***
Black 0.34 (.05) .07 .08 6.92***
Hispanic 0.14 (.05) .03 .03 2.67**
Asian 0.22 (.06) .04 .05 3.63***
Other 0.05 (.10) .01 .01 0.52
Econ 0.01 (.02) .004 .002 0.39
Acad −0.18 (.03) −.08 −.04 −6.96***
College −0.38 (.04) −.10 −.09 −9.40***

Summer DE 0.05 (.02) .05 .01 2.04*
Female 0.15 (.03) .08 .03 5.37***
Black −0.03 (.06) −.01 −.01 −0.44
Hispanic −0.02 (.07) −.003 −.003 −0.24
Asian −0.08 (.08) −.02 −.01 −1.04
Other −0.14 (.13) −.02 −.02 −1.06
METTE −0.06 (.06) −.02 −.01 −1.04
Econ −0.08 (.03) −.04 −.01 −2.94**
Acad −0.14 (.03) −.06 −.02 −4.27***
College 0.12 (.05) .03 .02 2.63**
AAS 0.10 (.03) .04 .02 3.10**

(continued)
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Dependent 
variable

   Independent  
      variable B (SE) β

Probability 
changea T-test

GPA DE 0.14 (.02) .12 7.29***
Female 0.18 (.02) .07 8.25***
Black −0.70 (.04) −.13 −16.00***
Hispanic −0.15 (.05) −.02 −2.92**
Asian 0.03 (.06) .004 0.43
Other −0.44 (.08) −.04 −5.43***
METTE 0.15 (.04) .03 3.47**
Econ 0.06 (.02) .03 2.92**
Acad −0.21 (.03) −.07 −8.38***
College −0.03 (.04) −.01 −0.71
AAS −0.18 (.02) −.06 −7.54***

DE Female 0.32 (.03) .16 .05 9.86***
Black −0.09 (.08) −.02 −.01 −1.16
Hispanic −0.12 (.08) −.02 −.02 −1.49
Asian −0.34 (.11) −.06 −.04 −3.18**
Other −0.28 (.17) −.03 −.04 −1.67†

Econ −0.01 (.03) −.01 −.002 −0.39
Acad −0.07 (.04) −.03 −.01 −1.74†

Intercept GPA 2.55 (.03)  
ATT 18.39 (.17)  

Total, direct, 
and indirect 
effect of DE 
on ReGrad

Total effect 0.11 (.03) .09 4.34***
 Direct 0.03 (.02) .03 1.22
 Total indirect 0.08 (.02) .06 5.24***

Specific 
indirect 
effect

DE→ATT→ReGrad 0.01 (.002) .01 5.33***
DE→Delayed→ReGrad 0.002 (.001) .002 1.77†

DE→Summer→ReGrad 0.03 (.01) .02 2.03*
DE→GPA→ReGrad 0.04 (.01) .03 6.99***

Correlation 
between 
Academic 
Momentum

ATT with Delayed −0.18***  
ATT with Summer 0.25***  
ATT with GPA 0.30***  
Summer with GPA 0.29***  

Note. N = 14,673. Model fit indices: χ2 = 27.73 (df = 7, p < .05). CFI = .99. TLI = .97. 90% CI of RMSEA = [.01, .02]; 
Probability of RMSEA smaller than .05 = .99. MIMIC = model into a multiple indicators and multiple causes model; 
ReGrad = fourth-term retention or graduation; DE = dual enrollment; ATT = total attempted credits during the first 
year; Delayed = delayed entry; Summer = summer enrollment status; GPA = first-term GPA; Female = gender;  
METTE = enrolled in METTE programs; Econ = economically disadvantaged; Acad = academically disadvantaged;  
College = enrolled in general courses; AAS = enrollment in associate degree program; GPA = grade point average; 
METTE = manufacturing engineering technologist or technician education; CI = confidence interval; RMSEA = root 
mean square error approximation.
aThe probability change for dichotomous dependent variables is the difference in probability between the two groups, 
whereas for continuous dependent variables, it is the difference in the probability between the mean and one point 
above the mean. ATT and GPA are continuous variables, so calculation of probability change is not applicable. When 
controlling for other variables, controlled variables are set at the mean (continuous control) or the mode (dichotomous 
control).
†p < .10. *p < .05. **p < .01. ***p < .001.

Table 4. (continued)
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have a positive, direct association with technical college students’ fourth-term reten-
tion or completion. This finding aligns with empirical evidence showing positive out-
comes of dual enrollment programs students entering four-year institutions (e.g., 
Harnish & Lynch, 2005; Karp et al., 2008; Puyear et al., 2001), and adds to the limited 
body of dual enrollment literature focusing on community and technical college stu-
dents (Speroni, 2011). By and large, compared with their four-year counterparts, these 
students are more likely to come from more disadvantaged socio-economic back-
grounds that afford them limited social and cultural capital to navigate college 
(O’Connor, 2009; Walpole, 2003). By helping these students gain exposure to college-
level work, dual enrollment options may serve as a source of college readiness that 
helps students better prepare for college.

As for our second question regarding the relationship between academic momen-
tum and student outcomes, our findings indicated that all momentum measures were 
significant predictors of fourth-term retention or completion. For example, the number 
of credit hours students attempted during the first year is positively related to retention 
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Figure 2. Selected results of MIMIC model.
Note. Path coefficients are unstandardized. Solid lines represent statistically significant paths while dotted 
lines stand for hypothesized but non-significant paths. To conserve space, correlations among academic 
momentum variables and covariates of dual enrollment and academic momentum are omitted. Please 
refer to Table 3 for the correlation coefficients. MIMIC = multiple indicators and multiple causes model; 
METTE = manufacturing engineering technologist or technician education; GPA = grade point average; 
AAS = enrollment in associate degree program.
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and completion, a result echoing previous research that examined similar relationships 
(Adelman, 2006; Attewell et al., 2012). Clearly, early attempted credits set students up 
in a positive motion toward stronger chances of retention and degree completion. A 
similar pattern was observed with regard to the positive link among summer enroll-
ment, retention, and completion. Although according to Attewell et al. (2012), the 
effects of enrolling in summer sessions were more pronounced among students’ aca-
demic momentum in four-year rather than two-year colleges, our results indicate that 
summer enrollment exhibited a positive relationship with technical college student 
retention and completion. The same positive association between summer enrollment 
and degree completion for two-year college students has also been found elsewhere 
(e.g., Richburg-Hayes, Sommo, & Welbeck, 2011). It should also be noted that two-
year college students take summer credits at a lower rate than four-year college stu-
dents (Attewell et al., 2012), which may be due to the limited course offerings provided 
by institutions, multiple responsibilities students have to juggle, or lack of financial 
aid (e.g., summer Pell Grant; Katsinas, 2012).

With the positive link of dual enrollment and academic momentum to student reten-
tion or completion established, it is possible to examine whether and how academic 
momentum mediates this relationship. Several intriguing findings from this investiga-
tion are worthy of note. First of all, dual enrollment seems to promote uninterrupted 
high school-to-postsecondary pathways by reducing the likelihood of delayed college 
entry. Also, first-term GPA and attempted credits during the first year both positively 
mediated the relationship between dual enrollment and student retention or completion. 
That is, dual enrollment students tended to report better GPAs during the first semester 
of college and attempt more credit hours during the first year, which in turn was associ-
ated with their longer-term outcomes. Finally, the positive relationship between dual 
enrollment and retention or completion was in part carried by summer enrollment, 
which in turn was positively connected to the same educational outcomes.

Taken together, these results suggest that the positive association between dual 
enrollment and student retention or completion is exerted by reducing the risk of 
delayed entry, boosting student achievement during the initial phase of college, and 
encouraging students to attempt a higher course load and enroll in the summer. 
Furthermore, the fact that the relationship between dual enrollment and student suc-
cess was attenuated by academic momentum underscores the mechanism underlying 
how dual enrollment’s positive relationship to student success is exercised—plausibly 
by prompting students to engage in persistent early college enrollment behavior.

Moreover, the fact that the direct relationship between dual enrollment and fourth-
term retention or graduation was attenuated by the academic momentum indicators 
suggests that this observed link can be fully accounted for by academic momentum. 
This finding illuminates the salience of academic momentum building at earlier stages 
of postsecondary education. In particular, two-year colleges are well positioned to 
help develop momentum among students in STEM fields of study, as revealed by 
recent research (Wang, 2014). Our result further implies that having dual enrollment 
experiences motivates students to attempt more credits, enter postsecondary education 
without delay, enroll in summer sessions, and achieve a better first-year GPA, which 
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is ultimately related to later academic success. Metaphorically, dual enrollment ignites 
the “fire” of a student’s interest in and pursuit of postsecondary education, while early 
academic momentum represents the “fuel” that sustains the forward motion to carry 
students to subsequent educational milestones.

Limitations of the Study

Our study should be interpreted with several limitations in mind. First, although we 
worked with a robust statewide administrative dataset, some variables of potential 
pertinence to our study were not available. For example, in the dataset, there are not a 
sufficient number of sound covariates at the secondary level, particularly motivational 
attributes and academic experiences and performance, which could help address the 
potential selection bias of students participating in dual enrollment programs. While 
we did control for enrollment in remedial courses as a proxy for prior academic per-
formance, this measure is not ideal. As such, what we focused on in our study were 
relationships among dual enrollment, academic momentum, and student retention or 
completion, not the causal impacts of dual enrollment or academic momentum.

Also, as a foundational piece to our future inquiries, we took a global perspective 
when looking at the overall path from dual enrollment to academic momentum and 
student outcomes. To feasibly accomplish this, we resorted to aggregated measures of 
dual enrollment and momentum. To be sure, we did not focus on the specific types and 
subject matter of dual enrolled courses (e.g., transcripted credit, advanced standing, 
etc.) or examine the attempted credit hours within individual programs or courses. We 
made these choices purposefully in the sense that, without first exploring these overall 
patterns of relationships among dual enrollment, academic momentum, and educational 
outcomes of technical college students, the directions in which to focus more nuanced 
analyses would remain unclear and would not be guided by empirical evidence. In addi-
tion, given the unique state context for the two-year technical college system and how 
dual enrollment offerings are structured in Wisconsin as we described earlier, our find-
ings may not be generalizable to other states with different organizational structures for 
two-year colleges, career and technical education, and dual enrollment experiences.

Implications for Future Research

Given our findings, we suggest that future research in this domain focus on the follow-
ing topics: First, it is important for future research to track the early success and aca-
demic momentum of later entering (post 2009-2010) cohorts. The rate of dual 
enrollment participation is likely attributed to a number of contextual factors, includ-
ing the rising college tuition costs in recent years. As a larger proportion of high school 
graduates enter two-year colleges with dual enrollment credit, examining the influence 
of those pre-college learning experiences on their academic momentum and postsec-
ondary success will help address significant public policy priorities for expanding 
postsecondary access, allocating financial aid, and investing state and private funds in 
human capital development.
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In light of the consistently positive effects of academic momentum uncovered by 
our study, the necessary next step is to study potential strategies that could build 
momentum among students. As a starting point, more nuanced curriculum data could 
help further explain the influence of early academic momentum on academic out-
comes (Bahr, 2013). More specifically, transcript and curriculum data could be ana-
lyzed to examine whether early commitment to a major (Jenkins & Cho, 2011), timing 
of gatekeeper course completion, and completion of college success courses help 
boost momentum. In addition, the optimal first semester or first-year pairing of gen-
eral education and technical courses is worth studying as an alternative measure of 
academic momentum.

Implications for Policy and Practice

Our study points to several implications for policy and practice, especially for improv-
ing two-year community and technical college student outcomes. First of all, the ben-
efits of dual enrollment participation are central to technical and vocational education. 
Exposure to CTE is increasingly limited in regular high school curriculum due to a 
growing push for college readiness with limited resources (Stone & Lewis, 2012). 
These articulated programs of study, which span high school courses and early two- or 
four-year college courses, expose students to different career choices and prepare them 
academically for programs or majors in both two- and four-year postsecondary institu-
tions. The positive linkage between dual enrollment and academic momentum which 
in turn seems to boost college completion and persistence, as uncovered by this study, 
highlights the need for continued efforts to strengthen dual enrollment partnerships 
between two-year colleges and high schools.

More specifically, in developing these offerings, the focus should be on a strong 
alignment between dual enrollment courses and other components of the curriculum at 
the level of both high school and two-year colleges. Using manufacturing, engineer-
ing, and other STEM fields as an example, dual enrollment options in these areas must 
be anchored in strong STEM curricula at the high school and associate degree level, 
which should be tightly linked with other competencies required in STEM-related 
educational and occupational outcomes. Such a strong alignment will help students 
taking dual enrollment options experience a smooth transition to postsecondary educa-
tion that not only promotes their earlier academic efforts but also accelerates their 
educational progress.

The largely positive relation of dual enrollment to early academic momentum and 
ultimately to educational success, as shown in our study, highlights the importance of 
building early academic momentum among two-year college students. Clearly, stron-
ger momentum is associated with longer-term positive outcomes of these students, but 
it is important to keep in mind that these are also the type of students who tend to deal 
with complex social and educational challenges from high school through postsecond-
ary education, and the lack of academic momentum is likely compounded with disad-
vantaged socio-demographic backgrounds (Attewell et al., 2012). In this study, the 
positive relationship between academic momentum and long-term college success 



Wang et al. 185

remained significant even after controlling for a number of highly relevant demo-
graphic background variables, such as financial aid receipt and taking remedial 
courses. Therefore, policymakers and practitioners need to design momentum-pro-
moting policies, programs, practices, and services that specifically target the needs of 
the most disadvantaged students. For example, while academic advising should place 
an intentional focus on helping build early momentum among students, financial aid 
policy and practices should be used as a promising strategy to promote the academic 
momentum and continued participation of two-year college students and account for 
the often complicated life situations and competing priorities facing students who are 
most sensitive to affordability.

Our research also has implications for the use of statewide administrative data. At 
the state level, policy initiatives are needed to expand the content and use of K-16 
student record data systems. More specifically, data system structures and elements 
should include measures aligned with robust theories for informing the personal, 
instructional, and contextual factors influencing student success in two- and four-year 
colleges and the workplace. In the longer term, having such data systems in place 
would allow us to track students’ career outcomes longitudinally and explore whether 
dual enrollment and other interventions are associated with labor market outcomes. 
One of the central missions of two-year technical colleges is to educate skilled work-
ers so that students are able to land careers where they can apply their skills and earn 
a viable income. Whether technical colleges meet this goal could be investigated if 
employment and earnings data are seamlessly integrated with other types of data noted 
above. Future research can then explore the long-lasting relationship between educa-
tional experiences, such as dual enrollment and academic momentum, and longitudi-
nal success measures of employment, job retention, and earnings.

Conclusion

Taking dual enrollment and academic momentum as a continuum showing academic 
progression among Wisconsin technical college students, this study illuminates the 
cumulative power of academic efforts from high school to postsecondary education in 
shaping two-year college students’ longer-term retention and completion. The most 
noteworthy finding of this study is that the positive link between dual enrollment and 
student outcomes, confirmed by prior literature, is fully mediated by academic momen-
tum. In essence, our results suggest that, once students are in college, the potential 
benefits associated with their dual enrollment participation seem to indeed translate 
into early academic momentum to sustain them on their postsecondary trajectory. 
Therefore, dual enrollment’s critical role in charting a seamless, uninterrupted pathway 
from high school to postsecondary education is mostly exhibited through academic 
momentum.
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Note

1. “Dual enrollment” and “dual credit” are sometimes used interchangeably in academic 
articles. Based on Andrews’s (2004) definition, “dual enrollment” describes the process 
of concurrent enrollment in high school and programs offering college credits, whereas 
“dual credit” refers to the awarded credits as the outcome of successful completion of 
dual enrollment programs. In this article, we use “dual enrollment” because, like academic 
momentum, it potentially represents the process that helps students achieve desirable edu-
cational outcomes. In the analyses, the outcome of such academic endeavor and progress 
is captured by the awarded dual credits or advanced standing.
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