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Abstract: The Clay N. Hixson Student Success Center within the College of Engineering
at Tennessee Tech University has undergone a transformative upgrade by integrating
the Define, Measure, Analyze, Improve, and Control (DMAIC) framework with select
Kaizen principles for continuous improvement to enhance student support services. Key
performance indicators (KPIs) have been employed to assess the achievement of core goals,
significantly advancing recruitment, retention, and overall student success. Implementing
the DMAIC framework has streamlined processes such as a unified degree map and a
math bridge program, resulting in a 53% increase in incoming first-year students and
broadening the College of Engineering’s outreach. These efforts have also contributed to
a 10% increase in first-to-second-year retention rates. Through the utilization of DMAIC,
the regular redistribution of advisor caseloads and cross-training has been facilitated,
ensuring timely student support without overburdening advisors. Additionally, targeted
academic support initiatives have reduced the at-risk student population from 19% to 11%.
These management techniques extend to multiple initiatives, including enhancements to
high school summer camps, advisor listening sessions, and student surveys designed to
meet evolving student needs. Creating specialized areas for academic advisors has also
supported their professional growth, contributing to better student outcomes. This paper
comprehensively analyzes these strategies and provides valuable insights for institutions
seeking to apply DMAIC and continuous improvement models to strengthen student
support systems.

Keywords: DMAIC; engineering education; engineering management; recruitment; retention;
student success

1. Introduction
The challenge of student success in engineering undergraduate education has long

been a focal point due to the field’s historically high attrition rates [1]. This issue is
increasingly critical as the U.S. Department of Labor forecasts a growth of 11% in STEM
occupations by 2031 [2], while data from the National Center for Education Statistics
reveal a concerningly high attrition rate among engineering and computing majors [3–5].
Addressing these challenges involves exploring effective strategies for enhancing student
retention, recruitment, and overall engineering and higher education support. A broad
array of research has examined the underlying factors contributing to attrition [6,7] and
analyzed specific success tools [8]. In this context, universities must tackle the essential
question: “What actions can be taken to support engineering students in persisting toward
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their degree within the unique framework of their programs?” It is crucial to recognize that
“retention is a campus-wide effort” [9].

At Tennessee Tech University, the College of Engineering (CoE) has responded to this
challenge by significantly enhancing its student support services, driven by the Student
Success Center (SSC). Established in 2015, the SSC has evolved from a modest team focused
on at-risk advising and student professional development to a robust unit with two Direc-
tors, seven academic advisors, and a comprehensive array of programs. These initiatives
are strategically aligned with its mission to advance recruitment, retention, and student
success, which supports the state’s objective to boost higher education enrollment [10] and
address the growing demand for STEM education [11]. The SSC’s mission also comple-
ments Tennessee Tech University’s strategic goals of increasing freshmen-to-sophomore
retention rates from 75% to 82% and achieving a 50% four-year graduation rate by 2025 [12].

In recent years, the SSC has experienced substantial growth, intensifying its recruit-
ment efforts, implementing evidence-based retention practices, and fostering professional
development among staff. This paper examines the transformative integration of engi-
neering management principles, specifically the Define, Measure, Analyze, Improve, and
Control (DMAIC) framework and Kaizen which incorporate Lean Six Sigma concepts, into
the SSC’s operations. DMAIC is a data-driven methodology used to optimize processes
and solve problems systematically, while Kaizen emphasizes continuous improvement
through small, incremental changes involving all stakeholders. The SSC has advanced
its core goals by employing key performance indicators (KPIs). The application of these
methodologies has streamlined processes. This paper provides a comprehensive analysis of
these initiatives, offering insights into how institutions can leverage the DMAIC framework
and continuous improvement principles to elevate their student support services.

2. Systematic Approach and Engineering Methodology in Improving
Education and Engineering Education

Adopting a systematic and engineering-based approach in engineering education is
essential for addressing complex challenges and driving continuous improvement. The
engineering-based approach to organization discussed in this paper emphasizes structured
methodologies, such as DMAIC and Kaizen, for improving recruitment and retention in
higher education. DMAIC is a structured, linear framework used to improve processes
by focusing on five key steps. First, it encourages clearly defining the problem or goal
(Define), followed by gathering and analyzing data to understand current performance
(Measure and Analyze). The framework then moves to implementing improvements based
on the data analysis (Improve), and finally, it involves monitoring the process to ensure
the improvements are sustained (Control). This evidence-based approach helps to ensure
that changes are data-driven and aligned with institutional objectives. Kaizen, on the other
hand, complements DMAIC by offering a cyclical process that emphasizes small, incremen-
tal improvements over time. In Kaizen, solutions are tested and refined through repeated
cycles, allowing for continuous adaptation and adjustment. The focus is on fostering a
culture of ongoing improvement, where problems are regularly identified and solved to
create better, more efficient processes. While DMAIC provides a structured framework for
problem-solving, Kaizen offers a methodology to maintain continuous momentum toward
improvement. Together, DMAIC and Kaizen help institutionalize systematic thinking in
education. These methodologies encourage data-driven decision-making, process optimiza-
tion, and iterative problem-solving. By using both frameworks, educational institutions can
continuously enhance their processes, ensuring that interventions are effective, sustainable,
and aligned with their broader goals.
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This approach aligns with Weber’s Bureaucratic Rationalism, relying on efficiency,
clear processes, and rational structures. However, it extends these principles by integrating
contemporary engineering tools to address dynamic challenges in educational settings.
Systematic thinking involves applying such methodologies to analyze and enhance educa-
tional processes, ensuring that interventions are effective and aligned with institutional
goals. This approach emphasizes the importance of data-driven decision-making, process
optimization, and iterative problem-solving. Weber’s foundational work on organizational
theory [13], emphasizing bureaucratic principles such as efficiency and rational structures,
and Balzer’s research on applying process improvement methodologies like Lean to higher
education [14] provide a foundational framework for this discussion. These works illustrate
how process-oriented strategies can enhance institutional performance and inform the
adoption of systematic methodologies such as DMAIC and Kaizen in addressing challenges
in higher education. Engineering thinking brings a discipline of rigorous analysis and
methodical planning to educational practices. It involves breaking down complex problems
into manageable components, identifying root causes, and applying engineering principles
to develop and implement solutions. By leveraging these methodologies, educational
institutions can systematically improve recruitment, retention, and overall student support,
ultimately fostering a more effective and responsive educational environment.

DMAIC and Kaizen have been shown to offer various benefits across sectors; in partic-
ular, engineering education stands to gain significantly from these systematic approaches,
especially when addressing specific challenges related to curricula, teaching techniques,
and educational tools. Higher education institutions, including CoEs, often operate as
loosely coupled systems [15] and exhibit resistance to rational, process-oriented frame-
works [16]. These complexities highlight the need to balance systematic approaches with
an understanding of institutional dynamics. By integrating structured engineering method-
ologies, such as DMAIC and Kaizen, within this context, institutions can achieve targeted
improvements while navigating higher education’s broader, less predictable environment.

Engineering education in the US has historically emphasized “weeding out” students
based on perceived ability, influenced by factors like family background and access to
resources [17]. This traditional approach reflects outdated practices that prioritize strict per-
formance criteria over potential. To address these issues, engineering education must adopt
a more student-centered approach, similar to modern practices focusing on development
and personalized support by creating flexible pathways, offering targeted resources, and
fostering a culture of continuous learning and adaptability. Zhang et al. [15] underscore the
variability in the Internal Rate of Return (IRR) across different college majors, revealing
that engineering and computer science fields offer the highest IRRs, exceeding 13%. This
IRR is calculated by including lifetime costs and discounting future costs and benefits to
their present value [18]. The findings highlight the importance of aligning educational
investments with market demands, echoing engineering management principles, such as
optimizing resource allocation and maximizing value.

Lifelong learning is essential for engineering educators in today’s dynamic global envi-
ronment, aligning with continuous improvement and engineering management principles.
A study by Lantad and Nunez [19] systematically identifies challenges and proposes strate-
gies to enhance the professional development of educators, emphasizing student-centered
approaches and educational innovation. These strategies support the ongoing refinement
of teaching methodologies by fostering increased faculty–student interactions and adopting
iterative improvement practices. These efforts mirror engineering management’s focus on
optimizing processes and outcomes through structured, continuous enhancement. The
findings highlight the importance of adopting a continuous improvement mindset, as found
in the DMAIC framework in educational settings, to prepare future engineers effectively.
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This approach benefits educators and students and contributes to the overall excellence
and adaptability of universities worldwide.

Continuous Quality Improvement (CQI), a core component of Lean, is also a tool that
can be used in engineering education to meet evolving job market demands and techno-
logical advancements [20]. Ihsan and O. Khalifa [20] discuss the role of CQI in enhancing
educational processes through innovation, evidence-based practices, and regular evalua-
tions. Their paper presents a model for assessing student learning outcomes and integrating
CQI with outcome-based approaches, highlighting its importance in maintaining relevance
and quality in engineering programs. Lean principles, such as CQI, facilitate knowledge
sharing and continuous improvement by visually representing problem-solving methods
and communication strategies [21].

Six Sigma, which uses DMAIC, is a methodology that can be adapted to education.
Hoerl and Snee [22] describe Six Sigma as a data-driven quality improvement methodology
that reduces process variations, enhances efficiency, and increases effectiveness. While orig-
inally developed for manufacturing, its studying and minimizing variation principles can
offer value when carefully adapted to educational contexts, such as recruitment, retention,
and student support services [23]. The successful application of Six Sigma in education
requires recognizing the unique characteristics of educational processes, including the
complexity of human interactions and the difficulty in quantifying qualitative outcomes
like learning and personal growth. Previous studies [24] emphasize the importance of
defining clear performance measures tailored to the educational context and focusing
on improvement opportunities that align with institutional goals. The application of Six
Sigma tools in research and development (R&D) settings requires a different approach
than in the manufacturing industry [25]. Nasseri et al. [26] review existing Lean models in
education, identify key elements for a new model, and propose a framework based on Lean
World-Class Manufacturing (LWCM) and Lean Six Sigma. The model aims to reduce waste
in academic settings, enhancing retention, graduation rates, and overall student success.

What applies to Lean Six Sigma in the service sector, including education and engi-
neering education institutions, also applies to other engineering management concepts like
5S and Kaizen. Successful implementation leads to improved organization, efficiency, and
a better work environment, fostering team spirit, employee morale, and job satisfaction
through continuous, low-cost improvements [27]. Kaizen in education should align with
the institution’s strategic direction for effective implementation, focusing on creating value
for students through simplicity, quality, speed, and cost efficiency. A culture of excellence
rooted in Kaizen principles can sustain continuous improvement efforts, overcoming past
failures in education with committed leadership and a focus on breaking down resistance
to change [28].

Once primarily used in industrial contexts, engineering management methodolo-
gies [28–31] can be adapted to enhance engineering higher education. A study by Platis
and Fragouli [32] examines the application of the European Foundation for Quality Man-
agement (EFQM) model, a key tool in Total Quality Management (TQM), to enhance
administrative structures in higher education. By using interviews and statistical anal-
ysis, the research identifies the key TQM elements and their impact on service quality.
The findings highlight strong positive relationships between the EFQM model’s enabler
criteria—such as human resources, processes, leadership, and cooperation—and the result
criteria of educational institutions. The study underscores the EFQM model’s potential for
achieving organizational excellence and suggests that improvements in leadership, strategy,
and other enablers will positively influence overall performance and service quality.

There is much evidence that engineering management techniques have had a positive
impact on education and education support practices in a variety of contexts, and this paper
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will focus on a methodology of how DMAIC and Kaizen can be utilized for student support
in recruitment, retention, and readiness. Sections 3–5 provide an overview of the SSC’s
goals, objectives, and activities pertaining to recruitment, retention, and academic advising,
respectively. The DMAIC and Kaizen frameworks are applied to the various activities.

3. Student Recruitment and Stakeholder Management
Recruiting skilled and diverse students is a focus for the CoE, aligning with the uni-

versity’s strategic plan to increase enrollment by 18% in 5 years. The Clay N. Hixson SSC
promotes student success via community outreach and involvement. It prioritizes stake-
holder needs and collaborates to drive its projects and to improve recruitment, retention,
and readiness while ensuring continuous improvement.

The university’s Office of Admissions sponsors several activities and events in which
the SSC participates, including the VIP Program, Preview Day, and Spring Showcase. The
VIP Program, managed by the CoE’s SSC, is an entryway for potential students and their
families to experience the university’s dynamic environment. The KPIs used to evalu-
ate these recruitment efforts include the number of potential students reached and the
number of VIP visits conducted for stakeholder identification, the number of attendees at
Preview Day for engagement and communication, the enrollment conversion rate of Spring
Showcase attendees and satisfaction survey results from event attendees for measuring
satisfaction and feedback, and the increase in transfer student enrollment rates for rela-
tionship management and process improvement. In integrating stakeholder management
principles into student recruitment, the SSC employs the strategies described below.

3.1. Identification of Stakeholders

Identifying and involving key stakeholders, such as prospective students, current
students, faculty, staff, and community partners, is not limited to one program or event
but is an ongoing practice with planning, communication, and evaluation across the
SSC’s multiple outreach efforts. For VIP visits, the admissions office coordinates with the
CoE’s SSC to create a personalized experience for each visitor. Working with academic
departments, the SSC carefully plans tours that include thorough explorations of program
facilities, introductions to notable faculty, and meaningful interactions with current students.
These tours offer more than just a view of the campus; they provide an immersive glimpse
into the academic experience, helping prospective students picture themselves as part of
Tech’s vibrant learning community. Faculty members typically lead these visits, presenting
overviews of their departmental offerings. Through efficient organization, the SSC was
able to inform over 850 potential students in 2023 alone.

3.2. Engagement and Communication

Actively engaging stakeholders in the planning and execution of events and initiatives
ensures that their needs and expectations are met. In addition to the weekly campus visit
program, the SSC leads the college-level planning, organization, and execution of Preview
Day. This event targets students who have yet to apply to Tennessee Tech University and are
exploring other universities and programs. Preview Day involves extensive collaboration
among faculty, staff, and students from various departments, with the SSC serving as
the central coordinator. This role includes identifying volunteers, developing itineraries,
and ensuring seamless communication with the Office of Admissions, highlighting the
importance of effective stakeholder management.

Preview Day showcases the CoE’s majors, concentrations, and labs through the efforts
of faculty, staff, and students. Running from 8:00 a.m. to 2:00 p.m., this event features the
following: an academic tent where all college majors are represented; a student organization
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fair with tables set up by engineering student groups such as the Baja, Formula, SAE
aero design, Steel bridge, IEEE, Tau Beta Pi, All Ladies in Civil Engineering, Women
in Cybersecurity, and National Society of Black Engineers; and departmental tours and
open houses. In 2023, 382 high school students showed interest in engineering, with over
120 engineering faculty, staff, and students contributing to this event.

3.3. Satisfaction and Feedback

Maintaining clear and open communication channels among all stakeholders facilitates
collaboration and coordination. The Spring Showcase is designed to assist admitted
students in deciding whether to enroll at Tennessee Tech University. It fosters meaningful
interactions that enhance stakeholder satisfaction by involving faculty, current students,
and staff. The high enrollment rate of event attendees and the positive feedback from
satisfaction surveys highlight the success of this stakeholder-centered approach. The Spring
Showcase, held in the spring for incoming first-year students admitted for the upcoming
academic year, is aimed at individuals still debating between numerous universities. Unlike
new student orientation, which comes after students have committed, the Spring Showcase
allows prospective students to engage with faculty members, existing students, and peers
in their desired fields.

The SSC has been essential since the Tennessee Tech University Spring Showcase’s
founding. The CoE departments start planning the event every fall. The event starts with
a welcome speech by the engineering dean, followed by a parent session with a panel of
current students, major-specific breakout sessions for admitted students, and open houses
where families and students can learn more about every major offered by the college. It
has proven highly effective in encouraging students to choose Tennessee Tech University,
with over 80% of attendees enrolling over the past two years. A follow-up satisfaction
survey from the Office of Admissions indicates that 98% of respondents were satisfied with
their experience.

3.4. Relationship Management and Process Improvement

Gathering stakeholder feedback is essential for continuously improving processes and
enhancing stakeholder satisfaction. Attracting transfer students involves close collaboration
with community colleges and the development of clear transfer guides. The SSC’s proactive
engagement with community college administrators and faculty ensures that transfer
pathways are both transparent and efficient. The CoE prioritizes the recruitment of high-
caliber students from community colleges. However, the complexities associated with
course equivalencies and transfer pathways can present significant challenges, potentially
deterring qualified applicants. The SSC implemented a two-pronged approach to facilitate
the transfer process. Firstly, it collaborated with regional community colleges to develop
comprehensive transfer guides that include detailed outlines of equivalent courses, offering
students clear academic pathways and mitigating confusion regarding credit transfer. This
enables students to progress in engineering with increased confidence and clarity. Secondly,
it established and cultivated robust relationships with community college leadership. This
open line of communication facilitated collaborative endeavors to optimize the transfer
process. Through the implementation of articulation agreements, both institutions have
worked in concert to ensure a seamless transition for engineering students, effectively
eliminating superfluous obstacles and enhancing their prospects for academic success.

3.5. Improving Recruitment Using DMAIC

Integrating DMAIC and Kaizen principles into CoE recruitment efforts has driven
a systematic and continuous improvement process. The SSC has successfully optimized
recruitment strategies to meet enrollment goals by focusing on data-driven decision-making
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and iterative refinements. The DMAIC framework is a systematic, data-driven approach
traditionally used in Six Sigma and Lean methodologies. As shown in Figure 1, this
structured approach not only addresses immediate challenges but also builds a foundation
for continuous improvement and long-term success in student retention. Figure 1 provides
explanations for each of the steps in the DMAIC framework. First, a program must be
clearly defined; second, data are collected; third, data are analyzed; fourth, the analysis
is utilized to inform improvement; and finally, monitoring is implemented to ensure
continuous improvement.
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Define—Establish Clear Recruitment Objectives: In this phase, the SSC collaborated
with the Office of Admissions and academic departments to establish clear, measurable
recruitment goals in line with the university’s strategic objective to increase first-year
student enrollment from 561 to 661 in five years. A thorough stakeholder analysis was
conducted, identifying key groups such as prospective students, parents, community
colleges, faculty, and industry partners. Specific recruitment goals were set, focusing on
increasing the enrollment of diverse, talented students across engineering, engineering
technology, and computer science programs.

Measure—Track Recruitment Metrics: This phase involved the identification and
tracking of KPIs to assess the effectiveness of recruitment strategies. Metrics such as campus
visit attendance, application rates following events (e.g., VIP visits, Preview Day), and first-
year student enrollment were consistently monitored. A significant KPI introduced was
the “First-Year Student Enrollment Growth Rate”, which quantifies the annual percentage
increase in first-year student enrollment. These metrics provided actionable data, enabling
the SSC to measure the impact of targeted recruitment efforts.

Analyze—Identify Barriers and Opportunities: The SSC comprehensively analyzed
the data collected during recruitment events. This analysis revealed areas of success, such
as a high conversion rate of VIP visit attendees to applicants, and opportunities for im-
provement, including better outreach to community colleges. Data indicated that students
who engaged directly with faculty and current students during visits were likelier to apply,
underscoring the importance of personalized, immersive experiences. Additionally, survey
feedback from prospective students and parents highlighted the need for information on
financial aid and scholarships.

Improve—Recruitment Initiatives: Kaizen principles of continuous, incremental im-
provements were applied during the Improve phase to refine recruitment strategies. A few
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key enhancements include personalized campus tours, targeted outreach to community
colleges, and enhanced communication channels.

Control—Ensure Sustained Success: In this phase, mechanisms were put in place to
ensure the sustainability of improvements. The SSC continued to monitor KPIs, adjusting
as needed to respond to evolving student and stakeholder needs. Ongoing feedback
from students, faculty, and admissions staff ensured that recruitment strategies remained
agile and effective. Additionally, a standardized process for collecting post-event surveys
allowed for the real-time evaluation of recruitment events, ensuring continuous refinement.

After applying the DMAIC and Kaizen, the CoE has seen improvements in its re-
cruitment processes. These efforts have driven a notable increase in first-year student
enrollment. Specifically, the percentage of first-time freshman (FTF) students relative to the
total undergraduate population rose from 23% in 2023 to 27% in 2024. A one-tailed hypoth-
esis test for population proportions at a 5% significance level confirmed that this increase is
statistically significant, demonstrating the efficacy of these methods. The iterative nature
of this approach guarantees that recruitment efforts will continue to evolve, positioning
the CoE to meet its long-term enrollment objectives while maintaining a student-centered
focus. Overall, not only is the SSC involved in Office of Admissions-sponsored events, such
as campus visits, but the staff have also developed programming and built relationships, in-
cluding summer camps, a math bridge program, a streamlined first-year course degree map,
and relationship-building with regional schools and community college faculty and staff.

4. Initiatives and Strategies for Enhancing First-to-Second-Year Retention
Incoming first-year students frequently encounter challenges, including inadequate

preparation in mathematics courses, rigorous academic demands, unfamiliarity with the
university environment, and new experiences. If left unaddressed, these obstacles may
precipitate disengagement and, ultimately, attrition. The CoE has instituted a comprehen-
sive support framework spearheaded by SSC professionals. This approach transcends
traditional academic assistance, offering a holistic array of services tailored to address
the diverse needs of first-year students. These extensive first-year retention initiatives are
strategically aligned with the university’s overarching objective of increasing the freshman-
to-sophomore retention rate from 75% to 82% with an incoming class of 2000 students,
increasing the four-year graduation rate from 34% to 50%, and increasing the six-year
graduation rate from 55% to 60%.

The current first-year retention rate achieved is 83.3%, exceeding the target (82%), but is
not statistically significant at α = 0.05. However, through the use of a one-tailed population
proportion hypothesis test at α = 0.05, the retention rate calculated is significantly higher
than the university target of 76%. Programming has been selected to address specific
challenges that empirical evidence has identified as unique to engineering education
and our college’s particular context. These challenges include, but are not limited to,
inadequate mathematical preparation, insufficient college readiness, and a diminished
sense of belonging within the academic community.

The KPIs for evaluating these initiatives include math placement improvement rates,
assessed through the math bridge program (RAMP); academic progression consistency,
measured via degree maps; academic support engagement, reflected in tutoring participa-
tion; faculty–student interaction, evaluated through mentoring programs; student involve-
ment levels, monitored via participation in student organizations; and career readiness
outcomes, measured by internship and co-op placements. Additionally, first-year retention
rates are tracked as a primary metric for student success, placement test results assess
the effectiveness of preparatory programs, and student surveys capture feedback on key
initiatives like the Spring Showcase and PACE program to gauge satisfaction and impact.
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4.1. Math Bridge Program

The Reinforce Advanced Math Placement (RAMP) program has been instituted to
address critical mathematical proficiency challenges encountered by incoming first-year
students in engineering, engineering technology, and computer science majors, particu-
larly those demonstrating proficiency levels at or below Calculus I. Historical data from
Tennessee Tech University indicate that approximately 50% of incoming freshmen are
initially placed in College Algebra or Pre-Calculus courses. Moreover, a comparable pro-
portion of students initially placed in Calculus I failed to complete the course. These
factors have contributed to a suboptimal first-year retention rate of 63% and an extended
time to degree completion. In response to this identified academic challenge, the CoE
initiated the RAMP first-year bridge program in 2022. This initiative aligns with established
educational research and practice, as bridge programs have been extensively utilized to
mitigate student attrition [33] and to equip students with the requisite skills for college-level
mathematics [34] and broader collegiate academic preparedness [35].

The RAMP program was developed and implemented through a collaborative effort
between the CoE and the Department of Mathematics. Structured as a one-week residen-
tial program, RAMP is designed to prepare students for mathematics and engineering
coursework, provide opportunities for retaking math placement tests, facilitate social team-
building activities, familiarize students with available academic support resources, and
offer an early introduction to college life. The outcomes of the RAMP program over its
three years of implementation are presented in Table 1 and Figure 2.

Table 1. RAMP program outcomes.

Year No. Student
Participants

No. Students Who
Took Accuplacer % Moved Down % No Change % Moved Up

2022 83 74 12% 21% 67%

2023 147 103 7% 30% 63%

2024 148 95 9% 27% 64%

Average 9.3% 26% 64.6%
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Table 1 provides RAMP program outcomes for the past three years. Once students
completed the program, they were encouraged but not required to take a placement exam
called the Accuplacer. As Table 1 indicates, each year saw two-thirds or nearly two-thirds of
the students opting to take the exam move up into a higher math course than their original
placement based on ACT or SAT scores. As stated, since 2022, two-thirds advanced in math
placement. After these students enrolled in a higher-level math course, their performances
were compared to those of students who did not participate in the RAMP program, with no
significant difference found. This is a critical gain since students with a higher initial math
placement level were directly enrolled in advanced math courses rather than the more basic
ones, had improved first-year retention rates, and were expected to graduate in less time.

Figure 2 shows the specific math placements for RAMP participants pre and post
RAMP. A two-sample t-test with equal variances was further performed on these data. This
t-test compared the students’ math placement levels before and after the RAMP program
and revealed a statistically significant improvement. The large negative t-value (t = −8.81)
indicated that the pre-test placement mean was substantially lower than the post-test mean.
The extremely small p-values (approximately 10−17) suggested that this difference was
almost certainly not due to random chance. Statistically, it can be inferred that the RAMP
program had a positive effect on students’ math placement.

4.2. Degree Maps

Degree maps offer an organized roadmap detailing the courses needed to complete
degree requirements. Before 2021, department-specific degree maps were the only available
options due to the lack of standardized degree maps within the CoE. These versions
were inflexible and could not adapt to students changing their majors after starting their
studies. These random course schedules frequently forced students to change their majors
midstream and enroll in classes out of order, prolonging their time to graduation.

However, an important change happened after all programs adopted a single, com-
prehensive degree map in 2021. A template for every major and concentration was given
to departments within the CoE, encouraging them to create a concise four-year plan. A
coherent course schedule was guaranteed by this standardized plan, particularly in the first
year of study. Accordingly, an academic setting was created in which first-year students
could seamlessly switch between majors without falling behind. Furthermore, degree
maps were also developed for 2 + 2 programs so that community college transfer students
know how their courses will transfer. Since implementation, it has been found that fewer
students have deviated from the structured degree maps and that students are making
faster progress toward graduation.

4.3. Professional Academic Advising

Tennessee Tech has implemented a bifurcated student success strategy to provide con-
sistent and targeted support for CoE students throughout their academic tenure. This model
represents a significant departure from the previous paradigm, where academic advisors
and faculty members provided academic advisement across all student cohorts. Recog-
nizing the distinct needs of first-year students, Tennessee Tech established a specialized
advisement unit dedicated exclusively to incoming first-year students, the “Launchpad”.
Upon attaining sophomore status, students transition to the CoE SSC, where academic
advisors possess specialized knowledge about engineering students’ unique needs and cur-
ricular requirements. This transition fosters more in-depth, program-specific mentorship
as students progress in their chosen disciplines. CoE SSC advisors maintain close collabora-
tion with their Launchpad counterparts throughout the students’ inaugural year to ensure
the continuity of support, facilitating a seamless transition between advisement structures.
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CoE SSC administration and advisors have engaged in extensive collaboration with
Launchpad personnel to develop a comprehensive understanding of the challenges en-
countered by first-year students and to co-create initiatives aimed at enhancing student
engagement and integration. This collaborative effort has manifested in various modali-
ties, including joint participation in orientation programs, the implementation of “Lunch
and Learn” sessions providing an open forum for dialog, the establishment of clear com-
munication channels between the freshman advisement center and college advisors, the
solicitation of feedback to elucidate the specific and unique challenges faced by engineering
first-year students, and the co-development of a transition event for students migrating to
college-level advisement.

The initial collaborative endeavor occurred during the mandatory orientation program,
which spanned two days before the commencement of the autumn semester. CoE advisors
worked with Launchpad advisors and college faculty to ensure that incoming freshmen had
the requisite information for academic success. This encompassed informational sessions on
engineering disciplines, access to degree maps for various majors, and hands-on registration
sessions facilitating course schedule modifications.

A “Lunch and Learn” initiative was established in the fall of 2023 to allow advisors
from both units to engage in open dialog regarding optimal student support strategies.
The inaugural session shared insights into first-year student challenges, best practices for
student support and transition management, and effective communication techniques.
The conference culminated in actionable items, including collaborative efforts on student
success workshops and transition events and the inclusion of first-year advisors in campus-
wide communications. This collaboration between the two units culminates in a spring
transition event designed to facilitate introductions between freshmen and their future CoE
SSC advisors. Moreover, the event fosters a sense of belonging among first-year students,
strengthening their connection to the broader engineering community. By fostering cross-
functional collaboration and knowledge sharing, the institution aims to create a more
cohesive and responsive advisement ecosystem that addresses the evolving needs of
engineering students throughout their academic careers.

4.4. Cross-Training Academic Advisors

In the past, each advisor was allocated advisees within a single major. However, it
was judged necessary to broaden the advisers’ knowledge set. The change from discipline-
specific academic advisors to a more diverse and cross-trained advising team in 2022
marked a big step forward in student support at the CoE. Before this shift, there were
constraints to relying on discipline-centric advisers, especially when enrollments and
advising loads increased. As the number of students increased, it became more difficult
to schedule timely advising meetings, particularly during critical pre-registration periods.
This resulted in some students having delays in receiving critical academic help, potentially
impeding their ability to plan their courses adequately. The transition to cross-training
academic advisors across several engineering disciplines resulted in significant beneficial
effects. The equitable distribution of advising loads ensured that students had better access
to assistance and support. This strategy provided students with rapid support, minimizing
delays in seeking counsel and allowing them to make educated judgments about their
academic paths. Students were assured of comprehensive and timely guidance through the
creation of an environment where academic advisors possessed knowledge across various
engineering disciplines, contributing significantly to their ability to navigate their academic
journey smoothly and stay on track toward their educational goals.
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4.5. Tutoring and Supplemental Instruction

To assist with student concerns related to specific courses, the university offers free
resources, such as tutoring, to help students with their academics; however, the CoE’s
Student Success Center determined that more services could be offered at the college
level. Thus, the CoE SS offered tutoring, supplemental instruction, and peer mentors. One
example of this is the tutoring program, which began in 2021 with a small number of four
undergraduate tutors located at the center’s physical location and five tutors located at
both the center and the engineering residential hall. In addition to meeting students where
they are, the tutoring program has expanded the number of engineering classes it tutors.
In the fall of 2021, appointments totaled 378, while in the academic year of 2023–2024,
there were a total of 948 appointments. This increase can be attributed both to the effort
to hire tutors for specifically identified classes and to a centralized approach to providing
information about tutoring services.

In addition to tutoring, the CoE SSC offers supplemental instruction, a program
created by the University of Missouri—Kansas City, for courses that impact students’ time
to graduation. Since 2021, the program has expanded from programming classes to Pre-
Calculus, Calculus, and Physics-1. These courses were chosen due to their traditionally
high percentage of D or F grades or withdrawal from class (DFW) rates. The program hires
undergraduate students who have previously taken the courses in question and plans and
facilitates active-learning and collaborative study sessions for students currently enrolled
in the class. These sessions help students by allowing them to ask questions about the
course content, apply what they are learning, and learn effective study skills from their
near-peers. Between 2021 and 2023, data show that students who attended SI sessions had
a 28.5% DFW rate, whereas students who did not attend sessions had a 35.3% DFW rate.
The SI program has thus been shown to be an effective retention tool by helping students
avoid failing and retaking courses.

4.6. Peer Mentors

The CoE SSC has also developed a peer mentor program. Peer mentors are upper-
classmen who work with incoming freshmen to provide them with guidance, mentorship,
and resources geared toward helping new students become acclimated to college. To
support these efforts, the SSC has written a peer mentor handbook; the peer mentors have
been assigned to specific freshmen-level engineering courses, and these peer mentors hold
regular meetings for the students in those courses. The goal of rapport building between
peer mentors and incoming freshmen is invaluable for them to help new students feel a
sense of belonging, build relationships, and develop as college students.

4.7. Professional Academic Coaching

In the CoE at Tennessee Tech University, the retention of academically at-risk students
is a concern. Between 2012 and 2020, the number of academically at-risk students, defined
as students on warning, probation, or suspension, rose from 15% to 19%, with an average of
18% among all CoE undergraduates. Due to this alarming trend, the Professional Academic
Coaching for Engineers (PACE) program has been developed. Following NACADA’S best
practices for “intrusive” and “proactive” advisement, the academic advisors reach out to
and set up individual meetings with students who are on warning, probation, or return
from suspension to thoroughly review the student’s academic, personal, professional, and
social barriers to academic success and to trouble-shoot strategies and resources to help
them overcome these challenges and improve their academic standing [36,37].

An important aspect of the PACE program is an Academic Success Form that the
student fills out with their advisor. This form allows the student and advisor to review



Trends High. Educ. 2025, 4, 7 13 of 21

various factors that may impact student success, such as a lack of preparedness for classes,
poor time management and study skills, and mental health challenges. The CoE SSC team
has identified common barriers, thus assisting in creating a more supportive environment
and targeted workshops, such as a “Registration Trouble-Shooting” workshop for students.
Figure 3 illustrates how the number of at-risk students lowered from 19% in 2020 to 11%
in 2024.
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Figure 3. Trend of decline in the percentage of students at academic risk.

The continuous decrease in at-risk students from 2020 onward follows a statistically
robust linear trend, with an Adjusted R2 value of 0.894. The intercept is statistically
significant at 19.8 (p-value = 0.0003), and the slope is −1.8 (p-value = 0.0098), indicating a
meaningful downward trend. Using this linear model, we predict the percentage of at-risk
students in 2025 and 2026 to be approximately 9% and 7.2%, respectively, assuming the
trend persists.

4.8. Listening Sessions

Several opportunities have been created to empower students to provide the CoE
administration, faculty, and staff with candid feedback about their experiences. The goal
is to build a student-centered culture where students are unafraid of speaking up and
offering their perspectives. First, the CoE has set up a “Donut Stop” initiative once per
month. Students can interact with the associate dean and an academic advisor in a relaxed
and informal atmosphere where students are encouraged to talk to the leadership and to
one another about both positive and negative aspects of their experiences in the CoE. This
initiative has helped foster a culture of openness and student engagement by showing
students that the leadership is willing to listen to their successes and concerns and to
engage in open dialog. In addition, the CoE SSC has developed a program entitled “Fuel to
Fly”, conducted once per month. This is another informal, student-centered opportunity
wherein students can stop by the physical location of the SSC and have coffee and pastries.
The program’s outcomes have been very helpful for the CoE; through the holding of the
event at the center, students interact with engineering tutors and become more aware of
the academic resources provided by the SSC. Moreover, advisors engage and assist these
students in this informal environment.

Drawing on the success of “Fuel to Fly”, advisors set up a monthly “Roaming Advisor”
advising session at the SSC with drop-in appointments. This allows students to drop by and
speak to an advisor without making a formal appointment, making the advisor more acces-
sible. The idea behind this initiative is based on the literature suggesting that advisors and
students benefit from this type of informal, relationship-building interaction [38–40]. The
program provides students with a chance to have their questions immediately addressed,
and the overall effect is one of supporting students.
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For more in-depth discussion between administration and students, the CoE SSC
has implemented focus groups for specific student populations, including students who
changed majors out of engineering and first-time freshmen. The focus groups have allowed
the leadership team to uncover important information about why students have chosen
another major and how first-time freshmen perceive the climate in the college. With the
former group, the findings showed that a key reason for students leaving engineering was
that they did not feel they belonged in that major, nor did they feel confident about seeking
assistance. Based on this information, the CoE SSC introduced activities to help build
students’ sense of belonging and create an environment where they felt more comfortable
seeking help. With the latter group, information also provided insight into students’
sense of belonging and their perception of support systems available to first-year students
in engineering.

4.9. Enhancing First-to-Second-Year Retention with DMAIC

In higher education’s dynamic and competitive landscape, improving student reten-
tion, particularly in the critical first year, is a significant challenge. Retention is vital not
only for the academic success of students but also for the financial health and reputation
of educational institutions. Through applying the DMAIC framework, Tennessee Tech
University’s CoE created a robust, data-informed strategy for improving the retention of
first-year students. As shown in Section 3.5, DMAIC follows five steps: Define, Measure,
Analyze, Improve, and Control. In the context of this paper, each of these steps is defined
according to the SSC’s goals for recruitment, retention, and readiness. Clearly outlining
the program’s goals and objectives for the Define step of the DMAIC framework, focusing
on retention rates, student preparedness, and diversity within engineering disciplines,
requires a structured approach. The main primary goals include increasing retention rates,
enhancing math preparedness, and improving diversity within the engineering student
body. Specific, measurable goals must be set, the target population and their needs identi-
fied, and success criteria clearly defined. Tables 2 and 3 summarize these goals, objectives,
specific measurable goals, target populations, and success criteria.

Table 2 outlines the specific objectives and goals that the SSC has determined for
improving students’ experiences and success rates. By clearly defining measurable goals
and success rates, the SSC staff will have the tools they need to ensure that they are
working toward improvement. For example, by specifying a retention rate of 82%, the
SSC will be able to record progress, note tools that have helped reach successful goals,
and move benchmarks or goals as needed. Table 3 highlights important aspects of the
Measure step, which involves identifying key metrics such as retention rates, performance
in core courses (e.g., math and engineering fundamentals), placement test results, and
demographic data. These metrics provide insights into areas like student engagement,
diversity, and academic challenges. By collecting comprehensive data, institutions establish
a foundation for identifying improvement areas and setting measurable goals.

Statistical analysis plays a pivotal role in interpreting collected data. Methods such as
trend analysis and correlation studies help uncover the patterns and root causes of attrition.
For instance, poor performance in foundational courses like math is often linked to higher
dropout rates, suggesting the need for targeted academic support. Similarly, analyzing
retention data across demographic groups can reveal disparities, prompting tailored inter-
ventions to address specific challenges. The Analyze step builds on these data to explore
trends and identify opportunities for intervention. For example, institutions might find
that major migration—students transferring between engineering disciplines—highlights
the need for enhanced advising and orientation programs. Understanding these patterns
allows institutions to refine strategies such as academic advising, curricular adjustments,
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or supplemental instruction to improve retention. General principles derived from the data
include the importance of identifying predictive metrics, such as performance in critical
courses, and monitoring trends over time to ensure stability. Furthermore, evaluating the
effectiveness of preparatory programs, like placement tests or bridge initiatives, is vital.
Institutions can apply DMAIC to address their unique retention challenges and enhance
student success by focusing on these foundational methods.

Table 2. Define step in the DMAIC process.

Goal Objective Measurable Goals Target Population Success Criteria

Increase Retention Improve first-year
retention rate to 82%

Year-over-year
retention increase of
7% for all
participants

Incoming freshmen
in the CoE

Retaining 82% of
participants into
their second year

Enhance
Preparedness

Increase percentage
of students
advancing in math
and coursework

70% of RAMP
participants moving
up a math level after
retesting; increase in
successful course
completion rates

Students in College
Algebra,
Pre-Calculus,
Calculus I, and other
key courses

At least 70% of
RAMP participants
improving their
math placement
level; reduced DFW
rates

Increase
Underrepresented
Minority (URM)
Students

Attract and retain a
diverse group of
students

10% annual increase
in underrepresented
minority and female
participants

Incoming first-year
students from URM
backgrounds

Achieving
year-over-year
increase in URM
metrics of
participants

Academic Support

Provide
comprehensive
tutoring and
supplemental
instruction

Reduction in DFW
rates in targeted
courses

Students enrolled in
high-DFW-rate
courses

Demonstrated
decrease in DFW
rates and improved
academic
performance

Guidance and
Advising

Ensure tailored
academic advising
and coaching
through degree maps
and First-Year
Professional
Academic Advising

High satisfaction
rates with advising;
improved academic
progress

All CoE students,
with a focus on
first-year students

Positive feedback
from student
surveys; academic
progress tracking

Advisor
Development

Enhance advisor
skills through
cross-training
academic advisors

Increased advisor
competency and
student satisfaction

Academic advisors
in the CoE

Positive feedback
from advisor
evaluations and
student satisfaction
surveys

Sense of Belonging

Foster community
through peer
mentorship, listening
sessions, and
engagement

Increased
participation in
mentorship and
social activities

First-year CoE
students

High participation
rates and positive
feedback on
mentorship
experiences

Career Readiness

Prepare students for
professional success
through Professional
Academic Coaching

Increased internship
and co-op
placements; career
readiness workshops

CoE students in their
sophomore year and
beyond

Higher rates of
internship and co-op
participation;
positive feedback on
career readiness
programs
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Table 3. Key metrics, KPIs, targets, and baselines for the Measure step in the DMAIC process for
student retention.

Metric KPI Target Current Baseline

First-Year Retention Rates
Percentage of first-year
students retained into the
second year

82% freshman-to-
sophomore retention rate 83.0% (2024)

Placement Test Results

Percentage of students
moving up a level after
participating in
preparatory programs
(e.g., RAMP)

65% improvement rate
2022: 67%
2023: 63%
2024: 64%

Student Surveys
and Feedback

Satisfaction and impact
from key initiatives (Spring
Showcase, PACE program)

Achieving high satisfaction
rates and significant
impact on student success,
maintaining or improving
current trends

Spring Showcase:
98% satisfaction (2023)

Finally, student surveys and feedback offer qualitative insights into student satisfaction
and the impact of key initiatives like the Spring Showcase and PACE program. Analyzing
trends in feedback from these programs can provide valuable information on which aspects
are working well and which areas might need further improvement. Cross-referencing this
feedback with retention and performance data can also help determine if these programs
directly influence student success and persistence.

Figure 4 reveals significant major changes within the first year, which could indicate
students not receiving adequate guidance during their initial major selection. It provides a
visual of engineering education’s first two years at Tennessee Tech. Notice that the largest
majors, mechanical engineering and computer science, remain relatively stable; however,
quite a lot of students from all majors leave the university altogether or move to other
majors within engineering. These data support the finding that when students begin their
studies, they may lack sufficient guidance about what major will be a good fit for them.

Meanwhile, Figure 5 shows a 21% increase in first-year enrollment and a 22% increase
in total undergraduate enrollment. While these trends are positive, they also necessitate
further analysis to ensure that the growth in student numbers is matched by sufficient
resources and support services, thereby maintaining or improving retention rates. By
combining these insights from the Measure and Analyze steps, the CoE can refine its
strategies to address the root causes of student attrition, ultimately leading to improved
retention rates and a more successful transition from the first to the second year for en-
gineering students. In the Improve step, specific strategies are implemented to enhance
student retention.

Once improvements are successfully implemented, the DMAIC process moves into
the Control step, where mechanisms are established to sustain these gains over the long
term. In the Control step, the CoE could establish monitoring systems to ensure that
the interventions continue to produce the desired results. This could involve the regular
tracking of retention rates, student performance in core courses, and feedback from students
on the effectiveness of the new support systems. For example, if the analysis reveals that
enhanced advising has led to a significant reduction in major changes, the college would
want to ensure that this practice becomes a permanent part of the student experience. This
might involve formalizing new advising protocols, training advisors on best practices, and
incorporating feedback mechanisms to continually assess the effectiveness of the advising
process. Similarly, if the introduction of supplemental instruction in challenging courses
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leads to improved student performance, these sessions should be made a regular part of the
curriculum, with ongoing evaluation to ensure that they continue to meet students’ needs.
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Figure 5. Increasing enrollment between 2019 and 2024.

The Control step also includes establishing clear KPIs to measure the ongoing success
of these interventions, as well as defining accountability structures to ensure that these
measures are maintained. Regular review meetings, continuous professional development
for staff involved in these initiatives, and periodic student surveys can all be part of the
control process to keep improvements on track. Ultimately, the goal of the Control step
is to institutionalize successful practices, ensuring that they become an integral part of
the college’s approach to student retention, thus securing the long-term success of the
initiatives developed through the DMAIC process.
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5. Cultivating Leadership and Continuous Improvement in
Academic Advising

The institution has implemented a bifurcated model of academic advisement, wherein
first-year students initially engage with advisors in a centralized facility, designated as the
Launchpad, before transitioning to discipline-specific advisors within the CoE SSC. The
CoE SSC employs a cadre of seven advisors, each specializing in a particular engineering
discipline while maintaining proficiency in a secondary field. This structure ensures the
continuity of advisement, with students retaining their assigned college advisor throughout
their academic tenure. While specific KPIs are being developed for the ongoing evaluation
of these advisement strategies, the aim is to track advisor effectiveness, student retention,
and progression. Future assessments will focus on measuring student satisfaction, academic
performance, and the impact of advisor specialization on student success. These metrics
will be critical in evaluating the success of this approach as it evolves.

5.1. Continuous Improvement Through Brainstorming Sessions

In alignment with its continuous improvement strategy, the CoE has instituted monthly
colloquiums for academic advisors. These forums serve as a nexus for collaborative
discourse and open communication channels. The primary objective is facilitating the
articulation of pressing student-related issues to college leadership, thereby enabling a
proactive and systematic approach to enhancing student outcomes. Since their inception in
2021, these deliberations have precipitated significant policy and curricular modifications.
These insights have catalyzed the development of novel on-ramp programs designed
to support academically challenged students. Furthermore, advisor feedback regarding
course-specific impediments within required sequences has prompted comprehensive
curriculum redesigns to facilitate fluid academic progression for students.

Through active engagement with department chairs and faculty, the associate dean
has leveraged the insights gleaned from these sessions to refine curricular offerings and
implement targeted interventions. This process aligns closely with the continuous im-
provement paradigm inherent in engineering management principles, where iterative
feedback loops and data-driven decision-making drive ongoing enhancements. This ap-
proach exemplifies the application of systems thinking to academic administration, where
the holistic consideration of student experiences informs strategic decision-making and
resource allocation.

5.2. Leadership Development Through Niche Specialization

The CoE’s initiative to foster leadership among academic advisors through niche spe-
cialization exemplifies an innovative approach to professional development and student
support. This program operationalizes the concept of distributed leadership by empow-
ering advisors to identify and cultivate expertise in areas that align with their individual
competencies, interests, and professional trajectories. Advisors allocate 5% of their weekly
workload to these specialized domains, supplemented by targeted professional develop-
ment opportunities and mentorship. In its inaugural year, the focus areas were advancing
equity and inclusion initiatives, strengthening residential learning communities, facilitat-
ing the integration of transfer students, and promoting STEM education through K-12
outreach programs.

By positioning advisors as resident experts and champions within their respective
niches, the CoE has effectively established a network of change agents. These individ-
uals are poised to drive innovation and enhance the student experience across critical
academic and personal development dimensions. This approach aligns with the principles
of distributed cognition in organizational theory, leveraging collective expertise to address
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complex challenges in higher education. This initiative represents a paradigm shift in
the conceptualization of academic advising roles, moving beyond traditional models of
generalist support to a more nuanced, expertise-driven approach. By integrating princi-
ples of engineering management with academic advising practices, the CoE has created a
synergistic model that has the potential to significantly enhance both advisor professional
development and student outcomes.

6. Conclusions
The CoE at Tennessee Tech University has effectively applied engineering manage-

ment principles to enhance its recruitment and stakeholder management strategies, with
significant contributions from the Clay N. Hixson SSC. Personalized outreach programs
and strong community college partnerships have bolstered recruitment efforts, streamlined
transfer processes, and improved retention rates. By utilizing KPIs, the SSC has ensured
a continuous cycle of improvement that aligns with the university’s strategic goals. The
DMAIC process has been instrumental in refining strategies to boost student retention. In
the Improve phase, targeted initiatives such as personalized advising, enhanced support
for core courses, and the RAMP program have been implemented and tested to confirm
their effectiveness. The Control phase then established mechanisms to maintain these
improvements, including continuous monitoring and feedback systems that help sustain
long-term retention gains within the CoE.

The commitment to fostering a supportive academic environment has led to notewor-
thy achievements. The first-to-second-year retention rate has steadily increased, exceeding
the target of 82% by 2025, with a notable 83.3% retention rate in 2023. This success is
attributed to a comprehensive approach that includes academic preparedness, robust
support services, and open communication. Initiatives like the RAMP program, stan-
dardized degree maps, and cross-trained academic advisors have been crucial in helping
students navigate their academic paths, while tutoring, supplemental instruction, and peer
mentoring programs have provided essential support and fostered a sense of community.

The CoE’s dedication to student feedback and open dialog is evident in programs
such as Donut Stop, Fuel to Fly, and roaming advisor hours, which create opportunities for
meaningful interactions and allow the leadership team to address concerns promptly.

Overall, the CoE’s multi-faceted approach to promoting student success through
engineering management principles provides a robust framework for fostering continuous
improvement in engineering education. The combined efforts of various programs have
suggested a path to increase first-year enrollment, improve retention rates, and improve
at-risk students’ academic standing.

Author Contributions: Conceptualization, K.Y. and E.P.; methodology, K.Y. and E.P.; software, K.Y.;
validation, K.Y., M.H. and E.P.; formal analysis, K.Y. and E.P.; investigation, K.Y. and M.H.; resources,
K.Y. and E.P.; data curation, K.Y. and E.P.; writing—original draft preparation, K.Y.; writing—review
and editing, K.Y., M.H. and E.P.; visualization, K.Y. and M.H.; supervision, K.Y. and E.P.; project
administration, K.Y.; funding acquisition, K.Y. and E.P. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was partially funded by the Tennessee Board of Regents under grant
number 2122G0149.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of Tennessee Tech
University (2693, 8 November 2023) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Trends High. Educ. 2025, 4, 7 20 of 21

Data Availability Statement: Data supporting reported results can be found at Tennessee Tech
University’s Office of Institutional Research, https://www.tntech.edu/iare/institutional_research/
index.php (accessed on 2 January 2025).

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Bernold, L.E.; Spurlin, J.E.; Anson, C.M. Understanding Our Students: A Longitudinal-Study of Success and Failure in Engineering

With Implications for Increased Retention. J. Eng. Educ. 2013, 96, 263–274. [CrossRef]
2. Krutsch, E.; Roderick, V. STEM Day: Explore Growing Careers. U.S. Department of Labor Blog. 2022. Available online:

https://blog.dol.gov/2022/11/04/stem-day-explore-growing-careers (accessed on 2 January 2025).
3. Chen, X.; Soldner, M. STEM Attrition: College Students’ Paths into and out of STEM Fields. [E-Book]. 2013. Available online:

https://nces.ed.gov/pubs2014/2014001rev.pdf (accessed on 4 February 2025).
4. Wilson, C. Current Status of U.S. Engineering and Computing Workforce; ASEE Department of Institutional Research & Analytics:

Washington, DC, USA, 2019. Available online: https://ira.asee.org/wp-content/uploads/2020/03/2019-workforce-report_final.
pdf (accessed on 4 February 2025).

5. ASEE. ASEE Engineering Retention and Time-to-Graduation Survey; ASEE Department of Institutional Research & Analytics:
Washington, DC, USA, 2018. Available online: https://ira.asee.org/national-benchmark-reports/ (accessed on 4 February 2025).

6. Geisiner, B.N.; Raman, D.R. Why they leave: Understanding Student Attrition from Engineering Majors. Int. J. Eng. Educ. 2013,
29, 914–925.

7. Seymour, E.; Hewitt, N.M. Talking About Leaving: Why Undergraduates Leave the Sciences; Westview: Boulder, CO, USA, 1997.
8. Kuh, G.D.; Kinzie, J.; Buckley, J.A.; Bridges, B.K.; Hayek, J.C. What Matters to Student Success: A Review of the Literature.

A Commissioned Report for the National Symposium on Postsecondary Student Success: Spearheading a Dialog on Student
Success. 2006. Available online: https://nces.ed.gov/npec/pdf/kuh_team_report.pdf (accessed on 2 January 2025).

9. Hoyt, J. Student Connections: The Critical Role of Student Affairs and Academic Support Services in Retention Efforts. J. Coll.
Stud. Retent. 2023, 25, 480–491. [CrossRef]

10. Drive to 55 Alliance. 2018. Available online: https://driveto55.org/the-alliance/ (accessed on 2 January 2025).
11. Tennessee Department of Education. Program of Study Justification for STEM. 2017. Available online: https://www.tn.gov/

content/dam/tn/education/ccte/cte/cte_posjust_STEM.pdf (accessed on 2 January 2025).
12. Tennessee Tech University. Tech Tomorrow Strategic Plan. 2023. Available online: https://www.tntech.edu/strategic (accessed

on 2 January 2025).
13. Weber, M. The Theory of Social and Economic Organization; Free Press: New York, NY, USA, 1947.
14. Balzer, W.K. Lean Higher Education: Increasing the Value and Performance of University Processes; CRC Press: Boca Raton, FL,

USA, 2010.
15. Weick, E. Educational organizations as loosely coupled systems. Adm. Sci. Q. 1976, 21, 1–19. [CrossRef]
16. Meyer, W.; Rowan, B. Institutionalized organizations: Formal structure as myth and ceremony. Am. J. Sociol. 1977, 83, 340–363.

[CrossRef]
17. Carpenter, J. Weave Students into Engineering, Don’t Weed Them Out. ASEE Prism 2022, 32, 40.
18. Zhang, L.; Liu, X.; Hu, Y. Degrees of Return: Estimating Internal Rates of Return for College Majors Using Quantile Regression.

Am. Educ. Res. J. 2024, 61, 577–609. [CrossRef]
19. Lantada, A.; Nunez, J. Strategies for Continuously Improving the Professional Development and Practice of Engineering

Educators. Int. J. Eng. Educ. 2021, 37, 287–297.
20. Ihsan, S.; Khalifa, O. Continuous Quality Improvement Strategies in Engineering Curriculum. In Proceedings of the 2nd

International Conference on Professional Ethics and Education in Engineering, Kuala Lumpur, Malaysia, 17–19 May 2011.
21. McKay, S. Quality Improvement Approaches: Lean for Education; Carnegie Foundation for the Advancement of Teaching

(Blog/Improvement in Action): Stanford, CA, USA, 2017. Available online: https://www.carnegiefoundation.org/blog/
quality-improvement-approaches-lean-for-education/ (accessed on 4 February 2025).

22. Hoerl, R.; Snee, R. Statistical Thinking: Improving Business Performance, 3rd ed.; John Wiley & Sons: Hoboken, NJ, USA, 2012.
23. Narulaa, V.; Grover, S. Application of Six Sigma DMAIC Methodology to Reduce Service Resolution Time in a Service Organization.

Accounting 2015, 1, 43–50. [CrossRef]
24. Abdolshah, M.; Ismail, M.; Yusuff, R.; Hong, T. Overcoming the challenges of implementing Six Sigma in service industries. In

Proceedings of the International Conference on Information Management and Engineering, Kuala Lumpur, Malaysia, 3–5 April
2009; pp. 191–195.

25. Kansal, J.; Singhal, S. Application and Validation of DMAIC Six Sigma Tool for Enhancing Customer Satisfaction in a Government
R&D Organization. Int. J. Qual. Res. 2017, 11, 931–944.

https://www.tntech.edu/iare/institutional_research/index.php
https://www.tntech.edu/iare/institutional_research/index.php
https://doi.org/10.1002/j.2168-9830.2007.tb00935.x
https://blog.dol.gov/2022/11/04/stem-day-explore-growing-careers
https://nces.ed.gov/pubs2014/2014001rev.pdf
https://ira.asee.org/wp-content/uploads/2020/03/2019-workforce-report_final.pdf
https://ira.asee.org/wp-content/uploads/2020/03/2019-workforce-report_final.pdf
https://ira.asee.org/national-benchmark-reports/
https://nces.ed.gov/npec/pdf/kuh_team_report.pdf
https://doi.org/10.1177/1521025121991502
https://driveto55.org/the-alliance/
https://www.tn.gov/content/dam/tn/education/ccte/cte/cte_posjust_STEM.pdf
https://www.tn.gov/content/dam/tn/education/ccte/cte/cte_posjust_STEM.pdf
https://www.tntech.edu/strategic
https://doi.org/10.2307/2391875
https://doi.org/10.1086/226550
https://doi.org/10.3102/00028312241231512
https://www.carnegiefoundation.org/blog/quality-improvement-approaches-lean-for-education/
https://www.carnegiefoundation.org/blog/quality-improvement-approaches-lean-for-education/
https://doi.org/10.5267/j.ac.2015.11.005


Trends High. Educ. 2025, 4, 7 21 of 21

26. Nasseri, S.; Jonaidi, M.; Nasajpour-Esfahani, N.; Schultz, R. Lean Practices in Academia. A Comprehensive Review and a New
Provisional Model. In Proceedings of the ASEE Annual, Minneapolis, MN, USA, 26–29 June 2022; paper ID #36712.

27. Gupta, S.; Jain, S. The 5S and Kaizen Concept for Overall Improvement of The Organization: A Case Study. Int. J. Lean Enterp.
Res. 2014, 1, 22–40. [CrossRef]

28. Wiid, P. Kaizen and Education. In Agile and Lean Concepts for Teaching and Learning; Springer: Singapore, 2018; pp. 63–92.
29. Antony, J.; Scheumann, T.; Sunder, V.; Cudney, E.; Rodgers, B.; Grigg, N. Using Six Sigma DMAIC for Lean project management

in education: A case study in a German kindergarten. Total Qual. Manag. Bus. Excell. 2021, 33, 1489–1509. [CrossRef]
30. Paramasivam, S.; Saad, N.; Thing, G.; Sharmilla, Z.; Nathan, T.; Krishnan, H. Applying the PDCA continuous improvement cycle

on STEM education among secondary students: An experimental study. AIP Conf. Proc. 2023, 2571, 060009.
31. Guo, Y.; Gao, H.; Cai, Z.; Zhang, S.; Hu, F. Continuous Improvement of Industrial Engineering Education Based on PDCA Method

and Structural Importance. In Proceedings of the IEEE International Conference on Industrial Engineering and Engineering
Management (IEEM), Bangkok, Thailand, 16–19 December 2018; Volume 2019, pp. 311–315.

32. Platis, C.; Fragouli, E. TQM in Higher Education Institutions: The case of HSJ. Int. J. High. Educ. Manag. (IJHEM) 2019, 6, 21–46.
[CrossRef]

33. Cancado, L.; Reisel, J.; Walker, C. Impacts of a Summer Bridge Program in Engineering on Student Retention and Graduation. J.
STEM Educ. 2018, 19. Available online: https://www.jstem.org/jstem/index.php/JSTEM/article/view/2221/1952 (accessed on
4 February 2025).

34. Islam, N.; Zhou, Y. Improving Engineering Students’ College Math Readiness by MSEIP Summer Bridge Program. In Proceedings
of the ASME 2018 International Mechanical Engineering Congress and Exposition, Pittsburgh, PA, USA, 9–15 November 2018;
Volume 5: Engineering Education, p. V005T07A026. [CrossRef]

35. Galbraith, A.; Massey, L.B.; Schluterman, H.A.; Crisel, B. Preparing Engineering Students for the Fall Semester through a Summer
Math Bridge Program. In Proceedings of the 2021 First-Year Engineering Experience, Virtual, 9–21 August 2021. Available online:
https://peer.asee.org/38400 (accessed on 4 February 2025).

36. Schee, B.A.V. Adding insight to intrusive advising and its effectiveness with students on probation. NACADA J. 2007, 27, 50–59.
[CrossRef]

37. Dawson, P.; van der Meer, J.; Skalicky, J.; Cowley, K. On the effectiveness of supplemental instruction: A systematic review of
supplemental instruction and peer-assisted study sessions literature between 2001 and 2010. Rev. Educ. Res. 2014, 84, 609–639.
[CrossRef]

38. Epps, S.B. The Work Life of the Professional Academic Advisor: A Qualitative Study. Ph.D. Thesis, East Tennessee State University,
Kingsport, TN, USA, 2002.

39. Hays, K.F. Working It Out: Using Exercise in Psychotherapy; American Psychological Association: Washington, DC, USA, 1999.
40. Zur, O. Beyond the Office Walls: Home Visits, Celebrations, Adventure Therapy, Incidental Encounters and Other Encounters

Outside the Office Walls. 2012. Available online: http://www.zurinstitute.com/outofofficeexperiences.html (accessed on 2
January 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1504/IJLER.2014.062280
https://doi.org/10.1080/14783363.2021.1973891
https://doi.org/10.24052/IJHEM/V06N01/ART-3
https://www.jstem.org/jstem/index.php/JSTEM/article/view/2221/1952
https://doi.org/10.1115/IMECE2018-88685
https://peer.asee.org/38400
https://doi.org/10.12930/0271-9517-27.2.50
https://doi.org/10.3102/0034654314540007
http://www.zurinstitute.com/outofofficeexperiences.html

	Introduction 
	Systematic Approach and Engineering Methodology in Improving Education and Engineering Education 
	Student Recruitment and Stakeholder Management 
	Identification of Stakeholders 
	Engagement and Communication 
	Satisfaction and Feedback 
	Relationship Management and Process Improvement 
	Improving Recruitment Using DMAIC 

	Initiatives and Strategies for Enhancing First-to-Second-Year Retention 
	Math Bridge Program 
	Degree Maps 
	Professional Academic Advising 
	Cross-Training Academic Advisors 
	Tutoring and Supplemental Instruction 
	Peer Mentors 
	Professional Academic Coaching 
	Listening Sessions 
	Enhancing First-to-Second-Year Retention with DMAIC 

	Cultivating Leadership and Continuous Improvement in Academic Advising 
	Continuous Improvement Through Brainstorming Sessions 
	Leadership Development Through Niche Specialization 

	Conclusions 
	References

