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Abstract
The growing complexity of modern mechanical systems demands a new breed of engineers
equipped not only with theoretical knowledge but also with practical troubleshooting
capabilities. However, a persistent gap remains between the competencies fostered in mechanical
engineering education and those required in real-world industrial settings. This paper critically
examines the misalignment between academic curricula and industry expectations, focusing
specifically on troubleshooting education. Through a multi-method approach involving
curriculum analysis, industry surveys, and expert interviews, the study identifies core
deficiencies in current educational models and highlights the essential troubleshooting skills
valued in the field, including root cause analysis, systems-level thinking, and adaptive problem-
solving. Findings reveal that while traditional programs emphasize analytical rigor, they often
lack experiential learning components that simulate the dynamic, unpredictable nature of
industrial troubleshooting scenarios. The paper proposes a set of actionable recommendations for
curriculum redesign, advocating for deeper industry-academia collaboration, integration of
simulation-based learning, and real-world case studies. Ultimately, this research aims to redefine
how troubleshooting is taught in mechanical engineering, ensuring graduates are better prepared
to meet the evolving demands of global industry.
Keywords: Mechanical Engineering Education, Troubleshooting Skills, Engineering Curriculum
Design, Industry-Academia Collaboration, Real-World Problem Solving, Technical Competency
Gap, Experiential  Learning, Engineering  Pedagogy, Root Cause  Analysis.
I. Introduction
In today’s rapidly evolving industrial landscape, the role of mechanical engineers extends far
beyond theoretical design and static problem sets. Modern engineers are increasingly expected to
navigate complex systems, identify root causes of failures, and implement real-time solutions
under uncertain and dynamic conditions. Central to this professional competency is the ability to
troubleshoot effectively—a skill that is as much practical and experiential as it is analytical.
Despite its critical importance, troubleshooting is often underrepresented or inadequately
addressed in traditional mechanical engineering curricula.
Troubleshooting is a nuanced process that blends technical knowledge, critical thinking, and
hands-on experimentation to diagnose and resolve mechanical issues. It requires engineers to
deal with ambiguity, leverage systems thinking, and draw on both theoretical principles and
intuitive judgment. However, numerous industry reports and employer feedback have revealed a
troubling pattern: newly graduated mechanical engineers frequently lack the confidence and
practical ability to troubleshoot real-world problems, particularly in high-pressure or
unfamiliar scenarios. This skills gap has become a growing concern among manufacturing firms,
maintenance organizations, and engineering project managers who rely on immediate problem-
solving capabilities to maintain operational efficiency and product reliability.

26



VOL: 02 NO: 01 2025

RESEARCH CORRIDOR
Journal of Engineering Science

A closer inspection of engineering education frameworks reveals the roots of this disconnect.
While most mechanical engineering programs emphasize solid foundations in mathematics,
thermodynamics, mechanics, and fluid dynamics, they often fall short in translating this
knowledge into hands-on diagnostic and corrective action. Laboratories, where
troubleshooting might be integrated, are frequently scripted and controlled, leaving little room
for authentic, unsolved challenges. Additionally, standardized assessments often favor
correctness over process, discouraging exploratory thinking or iterative failure—the very
attributes that characterize successful troubleshooting in industry.

Given these shortcomings, a critical reassessment of how troubleshooting is conceptualized and
taught in mechanical engineering programs is both timely and necessary. This paper seeks to
explore the depth of this educational gap by examining both academic and industry perspectives.
Through a mixed-methods approach combining curriculum reviews, expert interviews, and
survey-based feedback from engineers and educators, the study aims to:
(1) Identify the specific troubleshooting competencies valued by employers.
(2) Evaluate how current curricula support or fail to support the development of those
competencies; and
(3) Propose evidence-based strategies to realign educational models with industry needs.
Ultimately, this work aims to redefine troubleshooting education not as a supplementary skill
but as a core competency integral to engineering identity and success. In doing so, it calls for an
educational transformation—one that embraces interdisciplinary thinking, immersive learning,
and active partnerships with industry stakeholders—to ensure that future mechanical engineers
are not only capable thinkers but also confident, competent troubleshooters.

Il. Literature Review

The effectiveness of engineering education in preparing graduates for real-world problem-
solving, particularly in the domain of troubleshooting, has been a subject of increasing
academic scrutiny over the past two decades. Scholars and industry leaders alike have raised
concerns about the growing disconnect between the competencies taught in university programs
and those demanded in the workplace, especially as mechanical systems become more
integrated, automated, and failure-prone.

1. Current Structure of Mechanical Engineering Curricula

Traditional mechanical engineering curricula are heavily structured around foundational science
and mathematical theory. Courses in thermodynamics, fluid mechanics, mechanics of materials,
and machine design form the core of most undergraduate programs globally. However, these
subjects are often delivered through didactic methods that prioritize theoretical understanding
over practical application. While laboratory courses are incorporated to reinforce concepts,
many are prescriptive and leave little room for open-ended experimentation or failure recovery,
both essential aspects of troubleshooting (Felder & Brent, 2003).

2. Troubleshooting as a Professional Skill

Troubleshooting is inherently multidisciplinary, requiring not only domain-specific knowledge
but also skills in diagnostics, hypothesis testing, and system-level thinking. According to
research by Jonassen and Hung (2006), successful troubleshooting involves ill-structured
problem-solving, in which there is often no single correct solution. This contrasts sharply with
the well-structured problems found in most academic assessments. As such, graduates may be
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proficient in solving textbook problems but lack the adaptive reasoning needed in dynamic field
environments.

3. Industry Expectations and the Skills Gap

Several industry white papers and surveys, such as those from the National Academy of
Engineering (NAE, 2015), have highlighted a skills mismatch, particularly in areas requiring
hands-on judgment, root cause analysis, and failure diagnostics. Employers often report that even
high-performing graduates need substantial on-the-job training before they can independently
handle troubleshooting scenarios. This mismatch leads to productivity losses and longer
onboarding times, especially in manufacturing, maintenance, and systems engineering roles.

4. Previous Educational Interventions

There have been efforts to bridge this gap. Approaches such as Problem-Based Learning
(PBL), Simulation-Based Training, and Capstone Design Projects have gained traction.
Studies by Prince and Felder (2006) found that active learning and real-world project integration
can significantly enhance students’ troubleshooting skills and confidence. However, widespread
adoption remains limited due to institutional inertia, lack of faculty training, and resource
constraints.

5. Frameworks for Skill Integration

Emerging educational frameworks such as CDIO (Conceive-Design—Implement—Operate) and
ABET accreditation criteria emphasize outcome-based education that includes real-world
engineering contexts. These frameworks advocate for integrating troubleshooting and diagnostics
within core courses rather than treating them as peripheral or elective content. Nevertheless,
implementation varies widely, and standardized methods to assess troubleshooting competencies
are still underdeveloped.

In summary, the literature reveals a consistent acknowledgment of the need for reform, but also
points to persistent challenges in execution. While there is a growing body of evidence
supporting experiential, project-based approaches, a systematic redesign of curricula, informed
by real industry needs, remains necessary to embed troubleshooting as a central learning
outcome in mechanical engineering education.

I11. Methodology

To explore the misalignment between mechanical engineering education and industry
expectations regarding troubleshooting competencies, this study adopts a mixed-methods
approach. The methodology combines curriculum analysis, industry expert interviews, and
survey-based data collection to provide a comprehensive understanding of current educational
practices and real-world troubleshooting demands.

1. Curriculum Analysis

A comparative review was conducted of mechanical engineering programs from a representative
sample of institutions across North America, Europe, and Asia. Publicly available course
catalogs, syllabi, and accreditation reports were analyzed to identify the extent to which
troubleshooting-related content, such as failure analysis, diagnostics, and hands-on system
testing, was embedded in core or elective modules. Emphasis was placed on examining
laboratory structures, capstone design courses, and integration of experiential learning
components.

2. Industry Expert Interviews
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Semi-structured interviews were carried out with 15 senior mechanical engineers and hiring
managers across the manufacturing, automotive, and energy sectors. These participants were
selected based on their involvement in recruitment, training, and technical oversight. Interview
questions focused on: (1) key troubleshooting skills expected from entry-level engineers, (2)
perceived skill gaps in recent graduates, and (3) recommendations for improving university-level
preparation. Qualitative data from these interviews were coded thematically to extract common
insights and industry trends.

3. Survey-Based Data Collection

A structured questionnaire was distributed to over 100 mechanical engineering graduates (1-5
years post-graduation) and 50 university faculty members. The survey gathered quantitative data
on participants’ perceived preparedness in troubleshooting, exposure to real-world problem-
solving during their studies, and their views on the adequacy of current teaching methods. Likert
scale responses and open-ended questions were analyzed to triangulate perspectives between
academia and industry.

4. Data Triangulation and Analysis

The findings from these three sources were synthesized through triangulation to ensure validity
and reliability. Quantitative survey results were analyzed using descriptive statistics, while
qualitative interview and document data were examined using thematic analysis. This integrated
approach allowed for the identification of both broad trends and discipline-specific nuances in
troubleshooting education.

IV. Findings & Analysis

The integration of data from curriculum analysis, industry interviews, and graduate/faculty
surveys revealed a consistent set of patterns highlighting the disconnect between current
academic preparation and industry expectations regarding troubleshooting competencies in
mechanical engineering.

1. Limited Curricular Emphasis on Troubleshooting

Across the reviewed curricula, explicit instruction in troubleshooting processes—such as
diagnostics, failure analysis, and fault isolation—was either absent or embedded in isolated
elective modules. Most core courses focused on theoretical content delivery, with practical
applications limited to predefined laboratory exercises. While capstone projects offered
opportunities for experiential learning, their focus often leaned toward design rather than post-
failure analysis or problem correction, thereby neglecting the real-world nature of reactive
problem-solving.

2. Skill Gaps in Graduates

Industry expert interviews emphasized several key troubleshooting skills that new graduates
commonly lack: root cause analysis, systems-level thinking, and iterative problem-solving
under uncertainty. Employers reported that while graduates demonstrate solid foundational
knowledge, they often struggle when required to apply it in dynamic, open-ended scenarios, such
as diagnosing machinery faults, interpreting real-time data from sensors, or isolating errors in
complex mechanical systems. Furthermore, interviewees cited a deficiency in critical soft skills
like decision-making under pressure and collaboration in cross-disciplinary teams, both vital for
effective troubleshooting.

3. Graduate Reflections on Preparedness
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Surveyed recent graduates largely echoed these concerns. Over 70% felt their academic training
did not sufficiently prepare them for on-the-job troubleshooting tasks. Many reported that while
they had been exposed to engineering theory and structured lab work, they rarely encountered
unstructured problems that demanded independent thinking or adaptive strategies. Several
noted that internships or industry co-op experiences contributed more to their troubleshooting
abilities than formal coursework.

4. Faculty Perceptions and Institutional Barriers

Faculty respondents recognized the importance of teaching troubleshooting but cited several
barriers to its deeper integration. These included rigid curricula, limited contact hours, large class
sizes, and an overemphasis on coverage of theoretical material for accreditation purposes. While
many instructors expressed interest in adopting active learning techniques or integrating real-
world case studies, they indicated a need for institutional support, training, and revised
assessment methods.

V. Discussion

The findings of this study highlight a clear and pressing need to reframe how troubleshooting
is taught within mechanical engineering education. The data demonstrates that while
theoretical proficiency remains strong among graduates, the capacity to apply that knowledge in
real-world, unstructured problem-solving scenarios is often underdeveloped. This skills gap,
consistently acknowledged by both industry professionals and recent graduates, points to a
systemic issue in how engineering programs conceptualize and deliver practical competencies.

A key insight emerging from the analysis is that traditional curricula continue to treat
troubleshooting as a secondary or incidental outcome of engineering education, rather than as a
core competency. Most programs emphasize design and analysis but lack dedicated training in
diagnosing faults, evaluating failures, or working within constraints—skills central to many
engineering roles in manufacturing, energy, transportation, and maintenance sectors. This
approach fails to reflect the complexity and ambiguity engineers face in the field, where
problems often present without clear parameters and require adaptive, multidisciplinary thinking.
Moreover, the lack of open-ended problem-solving in laboratory settings contributes to a false
sense of mastery among students. Real-world troubleshooting involves uncertainty, incomplete
information, and the possibility of failure, conditions rarely replicated in academic environments.
By not exposing students to these challenges in a controlled setting, institutions risk producing
engineers who are technically literate but operationally unprepared.

Faculty responses also underscore the institutional barriers that limit innovation in pedagogy.
Rigid accreditation standards, time constraints, and pressure to cover dense theoretical material
all inhibit deeper integration of troubleshooting into coursework. However, the growing
popularity of frameworks such as CDIO (Conceive-Design—Implement-Operate) and active
learning models shows that alternatives exist. Successful case studies from institutions that have
embedded real-world projects, diagnostic simulations, and industry partnerships into their
programs indicate that reform is both feasible and beneficial.

In light of these findings, it becomes evident that closing the troubleshooting competency gap
requires a cultural shift within engineering education. This involves not only changing what is
taught but also how and why it is taught—embracing problem-based learning, authentic
assessments, and closer industry collaboration. By aligning curricula more closely with field
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realities, institutions can ensure that mechanical engineering graduates are not only equipped
with theoretical knowledge but also the confidence and skill to diagnose, adapt, and resolve real-
world engineering challenges.

V1. Recommendations

To address the identified disconnect between mechanical engineering education and real-world
troubleshooting demands, this study proposes a set of actionable recommendations targeting
curriculum reform, pedagogical innovation, and stronger industry-academia collaboration.

1. Curriculum Integration of Troubleshooting as a Core Competency

Engineering programs should embed troubleshooting explicitly within core modules rather than
treating it as an implicit outcome. Courses in mechanics, thermodynamics, and systems design
should include components that emphasize fault detection, diagnostic reasoning, and iterative
testing. Educators should introduce students to ill-structured problems that mirror real-world
scenarios, encouraging them to develop critical thinking strategies beyond textbook algorithms.
2. Implementation of Experiential and Simulation-Based Learning

Learning environments should be redesigned to allow for controlled failure and reflection, key
components of troubleshooting development. Simulation tools, diagnostic software, and system
emulators can provide students with dynamic environments in which they can practice
identifying and resolving malfunctions. Hands-on labs should move beyond scripted exercises to
incorporate case-based tasks where students must devise and test their solutions.

3. Industry Collaboration and Real-World Projects

Stronger partnerships with industry are essential. Institutions should actively collaborate with
engineering firms to integrate real-world case studies, guest lectures, site visits, and joint
capstone projects into the curriculum. Such collaborations will not only expose students to
authentic troubleshooting environments but also ensure academic programs stay responsive to
evolving industry needs.

4. Faculty Training and Institutional Support

Educators need professional development opportunities to effectively teach troubleshooting in
dynamic, open-ended contexts. Workshops, teaching fellowships, and peer-exchange programs
can support faculty in adopting problem-based, learner-centered methodologies. At the same
time, institutional leadership must provide adequate time, resources, and flexibility within course
structures to allow meaningful pedagogical shifts.

5. Assessment Reform

Assessment methods should evolve to measure not only the correctness of solutions but the
processes used to reach them. Rubrics should reward iterative reasoning, creativity, and
collaboration—elements central to effective troubleshooting. This shift can foster a deeper
understanding of engineering principles and encourage students to engage more authentically
with the learning process.

VII. Conclusion

This paper has highlighted the critical gap between mechanical engineering education and
industry expectations, specifically in the area of troubleshooting. Despite the increasing
complexity of modern mechanical systems, current curricula often fail to provide students with
the hands-on problem-solving skills needed in real-world scenarios. Through a comprehensive
analysis of both academic frameworks and industry demands, it is evident that students are
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underprepared for the troubleshooting challenges they will face in the workforce. Key findings
point to the need for more practical experience, system-level thinking, and root cause analysis
skills in engineering programs.

The findings also emphasize the importance of aligning educational practices with industry
needs, particularly by integrating case-based learning, industry partnerships, and the use of real-
world diagnostics tools in labs. Educational models like problem-based learning (PBL) show
promise in bridging this gap, encouraging active engagement and critical thinking among
students. However, achieving meaningful change will require a concerted effort from educators,
institutions, and industry partners to reform curricula, implement innovative teaching methods,
and continuously update competency frameworks to keep pace with technological advancements.
In conclusion, the future of mechanical engineering education relies on a collaborative approach
between academia and industry. By fostering stronger partnerships, promoting curriculum
innovation, and addressing the practical skill gaps in troubleshooting, we can equip the next
generation of engineers with the capabilities needed to thrive in a rapidly evolving field. We
must act now to ensure that engineering graduates are not only theoretically proficient but also
practically adept at solving complex, real-world problems.
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