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WIP: Implementing Early Momentum Metrics to Improve Retention in Engineering and 
Technology Programs 

Abstract 

This work-in-progress paper examines the use of the Early Momentum Metrics (EMM) 
Framework as a strategy to improve student retention within the College of Engineering and 
Technology (CET) at a predominantly undergraduate institution. EMM indicators including 
gateway course completion, first-term credit momentum, and term-to-term persistence have been 
shown to be strong predictors of long-term student success, particularly in STEM fields. Analysis 
of institutional data from the Fall 2021–2023 cohorts revealed a fall-to-fall retention rate of 
61.9% within the CET, substantially below the university average of 75.5%. Further examination 
identified completion of MATH 153 (Calculus 1) and enrollment in at least 15 credits during the 
first term as key predictors of persistence for Engineering Technology (ET) and Electrical and 
Computer Engineering Technology (ECET) majors. 

In response to these findings, the CET is developing a pilot retention initiative which started 
implementation in Fall 2025. The initiative integrates targeted advising, early academic 
intervention, and belonging-centered programming. Core components include proactive outreach 
to students demonstrating early academic risk (e.g., unsatisfactory early-term grades or non-
enrollment in MATH 153), peer-led community-building events, and structured advising 
practices designed to support students in achieving EMM milestones. This paper presents the 
logic model underpinning the proposed intervention and describes initial design features. Future 
phases of the project will evaluate the initiative’s effectiveness in improving retention, credit 
momentum, and degree efficiency, contributing to broader efforts to meaningfully operationalize 
the EMM Framework in engineering education. 

Introduction  

Retention in undergraduate engineering and technology programs remains a persistent national 
challenge, particularly during the first year of enrollment. Despite increasing attention to access 
and enrollment, many engineering programs continue to experience substantial attrition in the 
early stages of the curriculum, when students encounter demanding gateway courses, complex 
degree pathways, and unfamiliar academic expectations [1], [2]. These early departures have 
significant implications not only for institutional performance metrics, but also for workforce 
development, equity, and students’ long-term educational and economic outcomes. 

At predominantly undergraduate institutions, retention challenges are often compounded by 
limited resources, high advising loads, and student populations that include a large proportion of 
first-generation, transfer, and regionally rooted students [3]. Within engineering and technology 
programs, early academic delays, such as unsuccessful completion of first-year mathematics or 
insufficient credit accumulation, can quickly disrupt curricular sequencing, increase time to 
degree, and erode students’ confidence and sense of belonging. As a result, institutions are 
increasingly seeking data-informed, actionable frameworks that allow for early identification of 
risk and timely intervention. 



The Early Momentum Metrics framework has emerged as a promising approach for 
understanding and improving student persistence by focusing on measurable academic behaviors 
in the first year of college [4]. Grounded in momentum theory, EMM emphasizes indicators such 
as gateway course completion, first-term credit accumulation, and continuous enrollment as 
strong predictors of long-term student success. Unlike deficit-based models that focus primarily 
on student background characteristics, EMM highlights institutional leverage points, particularly 
advising, course placement, and early academic support, that can be intentionally designed to 
promote student progress. 

Engineering and technology programs are particularly well suited for EMM-informed 
interventions due to their structured curricula and reliance on prerequisite sequencing. However, 
while prior research has demonstrated the predictive power of early momentum indicators, fewer 
studies have documented how engineering colleges operationalize EMM within localized 
contexts or integrate these metrics into holistic, belonging-centered retention initiatives. There 
remains a need for work-in-progress research that details the design, implementation, and early 
monitoring of EMM-based interventions, especially at teaching-focused institutions. 

This work-in-progress paper examines the application of the Early Momentum Metrics 
framework within the College of Engineering and Technology at a predominantly undergraduate 
institution. Institutional data from recent cohorts revealed fall-to-fall retention rates substantially 
below the university average, with early mathematics completion and first-term credit 
momentum emerging as key predictors of persistence for several engineering technology 
programs. In response, the CET developed a pilot retention initiative beginning in Fall 2025 that 
integrates targeted advising, proactive outreach, and community-building programming aligned 
with EMM principles. 

The purpose of this paper is to present the logic model guiding the intervention, describe the 
initial implementation strategies, and share preliminary observations related to early momentum 
indicators. By documenting this early-stage work, the study aims to contribute practical insight 
into how EMM can be operationalized in engineering and technology contexts, while inviting 
feedback from the engineering education community as the project continues to evolve. 

Literature Review 

Persistence in Engineering 

Academic preparation and performance are among the strongest predictors of engineering 
persistence. Performance in early technical courses such as calculus, physics, and introductory 
engineering, significantly influences whether students continue in the major [5]. Predictive 
modeling research has demonstrated that first-term GPA, high school preparation, and 
performance in gateway STEM courses reliably predict retention outcomes [5]. 

Academic self-efficacy, or students’ confidence in their ability to succeed academically, is also 
closely tied to persistence. Students who feel capable of mastering engineering tasks are more 
likely to continue, even if their performance is not initially strong [6]. 

 



Sense of Belonging and Engineering Identity Development 

Beyond academic indicators, psychosocial variables like belonging and engineering identity, 
meaningfully influence persistence. A study by Marra et al. [7] investigated factors influencing 
students leaving engineering, and sense of belonging and support from faculty were major 
impacts. Belonging interventions that normalize academic struggle and encourage help-seeking 
have been shown to support continued enrollment in early engineering courses [8]. These 
interventions help students feel connected to their peers and faculty.  

A strong sense of belonging is a critical factor influencing students’ interest, persistence, and 
overall success in engineering. Research consistently demonstrates that involvement in 
organizations and societies designed to support Under-Represented Minority (URM) students 
contributes significantly to their sense of belonging and persistence within engineering pathways 
[9], [10], [11], [12], [13]. These affinity-based groups often provide community, validation, and 
culturally responsive support structures that help counteract the marginalization many URM 
students experience in engineering contexts. 

In addition to affinity organizations, engineering learning communities have been shown to 
positively affect student outcomes. Studies indicate that participation in these communities 
enhances retention and graduation rates [14] while also strengthening students’ sense of 
belonging, confidence, and identity development [11], [15], [16], [17]. The literature further 
highlights the role of interpersonal relationships in fostering belonging. Faculty and peer 
mentoring have been identified as influential mechanisms that support URM students’ sense of 
belonging and contribute to their engineering identity development [11], [15]. 

Engineering identity research suggests that students who see themselves as engineers, and who 
feel recognized by others as such, are more likely to persist [6], [18]. Identity development is 
especially critical for historically marginalized students in engineering, who may face isolation 
or stereotype threat. 

Identity encompasses both how individuals perceive themselves and how they are perceived by 
others. Within engineering education, an engineering identity is commonly understood to emerge 
through students’ interest in engineering, the recognition they receive from others, and their 
perceived competence or performance in the field [18], [19]. The construct of identity has 
received increasing scholarly attention in recent years, particularly due to its relevance to the 
development of the engineering profession and its intersections with key issues such as student 
retention, educational climates, and the experiences of underrepresented groups [20]. A 
substantial body of work has examined engineering persistence specifically, as highlighted by 
Choe et al. [21], Godwin and Lee [19], and Morelock [20]. Persistence is a critical area of study 
because of its implications for both educational trajectories and long-term vocational outcomes 
[18], [22], [23], [24], [25], [26], [27], [28], [29]. 

External contextual factors such as campus climate and the broader culture of engineering also 
shape students’ identity formation. Prior work demonstrates that campus culture can influence 
how students engage in engineering spaces and even how project teams function [10], [22], [23], 
[30], [31]. Tonso [23], for example, argued that the organizational and cultural structure of 
engineering programs significantly informs students’ identity experiences within project teams. 



Recent work has also highlighted the influence of engineering culture on student well-being, 
noting that the high-stress environment of engineering programs contributes to elevated levels of 
anxiety and depression among students [32]. Collectively, these findings suggest that 
engineering culture plays a central role in shaping engineering identity and, consequently, 
persistence within the discipline. 

The Role of Advising in Engineering 

Various interventions have been tested in engineering in order to support retention efforts. At the 
program level, advising models, mentoring initiatives, and inclusive pedagogies significantly 
shape the student experience. Waller [33] found that institutional structures, including advising 
availability and departmental culture, directly affect engineering persistence. These structural 
factors may interact with academic and psychosocial variables, amplifying or mitigating student 
challenges. 

Academic advising plays a critical role in engineering education, influencing student retention, 
academic success, professional identity formation, and diversity within the field. Strong advising 
contributes to students’ academic and social integration, concepts central to persistence models 
such as Tinto’s [34] theory of student departure. Retention in engineering remains a national 
concern, with many departures occurring in the first two years. Advising provides clarity around 
complex degree pathways, reduces time-to-degree, and supports student confidence- all factors 
linked to persistence [35]. Meaningful advising interactions increase student involvement and 
institutional connection, two factors associated with continued enrollment according to Astin’s 
involvement theory and Tinto’s integration framework [34]. 

In engineering, prescriptive advising often dominates because of structured prerequisite chains. 
However, research shows that prescriptive approaches alone fail to support the holistic growth 
students need. Developmental advising, which emphasizes goal-setting, personal development, 
and mentoring, creates stronger student motivation and long-term planning skills [36]. These 
developmental approaches are particularly helpful for engineering students navigating 
demanding curricula. 

Engineering identity has emerged as a significant predictor of persistence. Advisors who 
reinforce belonging, expose students to engineering experiences, and encourage career 
exploration help students develop stronger engineering identities [18]. This is especially 
important for students from underrepresented groups, who may face stereotype threat or limited 
access to informal mentoring networks [35]. Advisors play a key role in connecting students with 
undergraduate research, internships, and pathways toward licensure; factors that strengthen 
professional identity and long-term persistence [18]. 

Engineering programs use varied advising structures, including centralized professional advisors, 
faculty advisors, and first-year advising units. Evidence suggests hybrid models combining 
faculty expertise with professional advising support yield the strongest results [36]. Despite these 
benefits, common challenges persist, including high advisor-to-student ratios, inconsistent 
advisor training, and heavy reliance on students’ self-advocacy [35]. 



Together, these studies underscore the interconnectedness of community, mentorship, and 
structured support programs in cultivating a sense of belonging and identity development that is 
foundational to student persistence in engineering. 

Early Momentum Metrics  

The Early Momentum Metrics was utilized by the authors as a strategic method to improve 
engineering retention and persistence at Western Carolina University. EMM has emerged as a 
prominent framework for understanding and improving student persistence and completion in 
higher education, particularly within STEM disciplines. Rooted in momentum theory, EMM 
emphasizes the importance of students’ early academic progress, especially during the first year, 
as a strong predictor of long-term success [37], [38]. Rather than focusing solely on background 
characteristics or isolated interventions, EMM centers on actionable academic behaviors and 
milestones that institutions can influence through policy, advising, and program design. 

A core premise of the EMM framework is that early academic momentum, defined through 
measurable indicators such as credit accumulation, gateway course completion, and continuous 
enrollment, significantly increases the likelihood of degree completion [4], [37], [39], [40]. 
Adelman’s [37] seminal work demonstrated that earning at least 20 credits in the first year 
(particularly in academically rigorous coursework) was one of the strongest predictors of 
bachelor’s degree attainment, surpassing traditional demographic variables. Subsequent studies 
reinforced these findings, showing that students who maintain steady academic progress early in 
their college careers are more resilient to later academic challenges [38]. 

Within the EMM framework, gateway course completion has received particular attention, 
especially in STEM fields where early mathematics and science courses often serve as barriers to 
persistence. Research consistently shows that successful completion of first-year mathematics 
courses such as college algebra, precalculus, or calculus is strongly associated with continued 
enrollment and degree completion in engineering and related disciplines [41], [42]. Failure to 
complete these courses on time can delay progression, increase cognitive and financial burden, 
and ultimately lead to attrition. As a result, EMM analyses frequently identify early math 
performance as a critical leverage point for intervention. 

Credit momentum, often operationalized as enrollment in and completion of 15 or more credits 
per term, is another key EMM indicator. Studies have found that students who attempt and 
successfully complete higher credit loads early are more likely to graduate on time and less 
likely to stop out, even after controlling for academic preparation [4], [43]. Importantly, this 
relationship holds across institutional types and student populations, suggesting that early credit 
accumulation functions as both a structural and motivational mechanism that supports 
persistence. 

Term-to-term persistence, particularly from the first to second year, is also central to the EMM 
framework. Research indicates that students who maintain continuous enrollment without gaps 
are significantly more likely to complete their degrees [44]. Early disruptions such as course 
withdrawal, part-time enrollment, or stop-out can erode academic momentum and increase the 
likelihood of departure, especially for students in demanding STEM programs. 



In engineering education specifically, the application of EMM has gained traction as institutions 
seek data-informed strategies to address persistent retention challenges. Engineering programs 
are particularly well-suited for EMM-informed approaches due to their structured curricula, 
reliance on prerequisite sequencing, and sensitivity to early academic delays [45]. Integrating 
EMM with engineering-specific practices like cohort models, learning communities, and early 
design experiences has the potential to support both academic momentum and students’ sense of 
belonging, further reinforcing persistence. 

Overall, the literature positions Early Momentum Metrics as a powerful, actionable framework 
for improving student retention and degree completion. By focusing on early, measurable 
academic milestones, EMM provides institutions, specifically engineering, with clear leverage 
points for intervention. When paired with intentional advising, academic support, and belonging-
centered strategies, EMM offers a promising pathway for advancing both student success and 
equity in engineering education, thus our team built a tool dashboard with institutional data to 
measure the momentum metrics of our engineering students, and we began monitoring our 
interventions. 

Methodology 

The methodology for this initiative is grounded in a cohort analysis designed to evaluate the 
effectiveness of specific advising and belonging interventions. The study follows first-time, full-
time students (per IPED standards) within the College of Engineering and Technology who have 
declared majors in Engineering, Electrical Engineering, Electrical and Computer Engineering, or 
Engineering and Technology. Students are officially assigned to a retention cohort after the 
census date. Notably, Construction Management majors are excluded from the study because 
their curriculum does not require MATH 153 (Calculus 1), which the project identifies as a 
crucial gateway indicator for engineering persistence. 

To analyze the impact of interventions, the study employs a treatment matrix that categorizes 
students into four distinct groups based on their level of engagement: 

• Full Treatment: 2+ advising/support interactions AND 2+ belonging interactions. 
• Advising/Support Only: 2+ advising interactions but 0–1 belonging interactions. 
• Belonging Only: 2+ belonging interactions but 0–1 advising interactions. 
• No Treatment: 0–1 interaction of either type. 

Interventions are tracked through a comprehensive Success Measures Dictionary. This tool 
provides operational definitions for each metric, explains their significance, and establishes 
advising action timelines to ensure interventions are timely. The project identifies at-risk students 
as those with two or more unsatisfactory grades by the fifth week or those not attempting MATH 
153. The evaluation framework compares current data against baseline measures from Fall 2021–
2023 averages for second- and third-term retention. The team intends to continue tracking these 
cohorts through Fall 2030 to build a robust dataset for long-term analysis. 

Preliminary Findings 

Although we are early on in our study, some preliminary results have been found. With starting 
the interventions with the Fall 2025 cohort, there has been an increase in 2nd term progression 



from an average of 62.2% over the years of 2021-2024, to roughly 90.6% retention for Fall 2025. 
With this study, we will monitor cohorts starting in 2025 through their completed graduation, and 
the following cohorts (2026, 2027, 2028, 2029, and 2030), to assess implementation 
effectiveness of the interventions completed.  

Future Work 

Students’ access to advising has increased with the implementation of the Engineering Discovery 
program that is located in the same building as CET courses and with the addition of one 
academic advisor. The number of advising appointments increased from 343 to 542 from Fall 
2024* to Fall 2025. Although the number of appointments has increased, the at-risk students are 
more likely to attend group registration sessions rather than one-on-one and less likely to attend 
the advising intervention meetings that are optional. Future work will include identifying more 
opportunities to engage with at-risk students including proactive outreach prior to their first-term 
as well as increasing communication efforts to increase participation. 

*Please note, Fall 2024 was impacted by Hurricane Helene and the university closed for a period.  
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