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Abstract: In the context of integration of science, education and industry, building a sound
teaching quality monitoring and evaluation system is an important way to improve the
quality of higher education and cultivate high-level talents in mechanical engineering. This
study analyzes the problems existing in the current teaching quality monitoring and
evaluation system for the discipline of mechanical engineering, including single evaluation
indicators, over-reliance on student feedback, lack of peer and expert review, insufficient
application of data and technology, and lack of support for teachers' professional
development. To address these challenges, this study proposes five innovative strategies:
establishing a multi-dimensional evaluation framework, incorporation of diverse
stakeholders in the evaluation process, utilization of digital intelligent technologies,
enhancement of professional development mechanisms, and aligning evaluation outcomes
with incentive mechanisms. These strategies aim to create a comprehensive and dynamic
system that bridges education, industry and science, thus achieving continuous improvement
and deeper integration between academia and industry.

1. Introduction

The teaching quality monitoring and evaluation system is an important cornerstone to ensure the
quality of higher education. It plays a critical role in achieving educational goals, improving teaching
effectiveness and cultivating high-quality talents. This system is not only the core mechanism for
continuous improvement in teaching quality, but also an important means to promote the professional
development of teachers and enhance the learning outcomes of students. Under the background of
science-education-industry integration, developing a scientific, dynamic and comprehensive teaching
quality monitoring and evaluation system is of importance for cultivating high-level talents that meet
the needs of the new era, as well as promoting the deep integration of higher education and social
development.
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In recent years, a variety of researchers have explored the principles for constructing teaching
quality monitoring and evaluation systems from various perspectives, including practical teaching,
engineering education accreditation, and the use of big data technologies. Duan et al. [1] designed a
professional teaching quality monitoring system in accordance with outcome-based education for
geology-related disciplines. Zhu et al. [2] examined monitoring systems for practice-based teaching
in high-level professional clusters and analysed challenges. They further proposed a framework which
includes a standards chain, objectives chain, support systems, and an intelligent monitoring cloud
platform. Liang et al [3] adopted a modular approach for automation disciplines using nodes, modules
and systems to design a monitoring framework that integrates digitalization, multi-stakeholder
participation and feedback. Wang et al. [4] proposed a practical plan for building a “five-in-one”
system to cover culture, standards, frameworks, mechanisms and information. Additionally, Liu et al.
[5] introduced a "dual-supervision” monitoring system focusing on both teaching and learning
supervision, in order to enhance both learning enthusiasm of students and instructional effectiveness
of teachers.

With the rapid development of digital intelligence technologies, emerging technologies such as
big data, artificial intelligence, and the Internet of Things are profoundly transforming operational
modes across various fields. In higher education, there is a gradual shift from traditional teaching
models towards informatization and intelligentization. As a crucial component of engineering
education, the mechanical engineering discipline is critical for training talent in manufacturing and
technological innovation. However, current teaching quality monitoring and evaluation systems for
mechanical engineering predominantly rely on manual assessments, which lack real-time and
systematic approaches. Therefore, it is corresponding the interest of the present study to explore and
construct a teaching quality monitoring and evaluation system for mechanical engineering education
under the background of science-education-industry integration.

2. Problems Existing in Current Monitoring and Evaluation System
2.1 Limited evaluation indicators for teaching effectiveness

The evaluation of teaching quality often relies on limited and simplistic indicators, such as student
feedback, course pass rates, and administrative reviews. Even though these indicators offer some
insights, they fail to comprehensively assess the multifaceted nature of teaching effectiveness. For
mechanical engineering, where theoretical knowledge must integrate with practical application, it is
crucial to evaluate aspects such as the teacher’s ability to link theory with practice, facilitate hands-
on experiments, guide project-based learning, and mentor students in industrial settings. The current
systems rarely include these indicators, which results in an incomplete picture of teaching quality.
Moreover, qualitative factors such as classroom engagement, innovative teaching methods and the
ability to inspire critical thinking are often overlooked, which further limit the scope of evaluation.

2.2 Over-reliance on student feedback

Student feedback is a critical component of most evaluation systems, which offers valuable
insights into the teaching and learning process. However, an over-reliance on student assessments
can introduce biases and reduce the objectivity of evaluations. Student assessments are often
influenced by factors such as grading leniency, personal preferences and course difficulty, but these
criteria do not necessarily align with the actual quality of teaching. For mechanical engineering
majors where mastering complicated concepts and rigorous training are essential, such biases can
lead to the undervaluation of instructors who prioritize discipline and critical thinking over superficial
satisfaction. Furthermore, student feedback mechanisms typically could not account for the long-term
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impact of the teacher’s contributions, such as the extent to which students are prepared for real-world
engineering challenges. These limitations highlight the need for a more comprehensive and
multidimensional approach to teacher evaluation, particularly in disciplines requiring high levels of
analytical and practical proficiency.

2.3 Insufficient integration of peer and expert reviews

Peer reviews and external expert assessments have the potential to provide critical insights into
various dimensions of teaching, including the effectiveness of content delivery, pedagogical
strategies, and the alignment of curriculum with industry standards. In the field of mechanical
engineering, peer reviews are particularly valuable for evaluating how effectively educators integrate
emerging technologies, such as artificial intelligence and additive manufacturing, into their teaching
practices. These reviews can ensure that curricula not only reflect technological advancements, but
also enhance the practical application of these innovations in educational contexts. Additionally,
external expert assessments, especially those conducted by industry professionals, offer a vital
perspective on the relevance of course content in addressing current industry demands and
anticipating future trends. Such evaluations serve as a bridge between academic instruction and
industrial practices, fostering a curriculum that equips students with the skills necessary for
professional success. The absence of these perspectives in existing evaluation frameworks limits
opportunities for constructive feedback, which is crucial for supporting the professional development
of teachers, refining teaching methodologies, and ensuring that academic programs remain aligned
with the rapid pace of technological progress.

2.4 Inadequate use of data and technology for monitoring

Traditional methods, such as infrequent classroom observations and periodic surveys, offer limited
and fragmented insights into teaching effectiveness. In contrast, learning analytics platforms present
an opportunity to provide a more dynamic understanding of teaching performance. These platforms
enable the analysis of real-time data on classroom interactions, assessment outcomes and student
engagement, so they can offer actionable insights that go beyond surface-level evaluations. For
example, data derived from virtual labs or simulations can serve as a robust indicator to assess how
effectively teachers facilitate hands-on and practical learning experiences. However, most
universities have yet not effectively incorporate digital tools and intelligent systems into teacher
evaluation processes. The failure to adopt such advanced technologies not only limits the depth and
relevance of evaluative data, but also undermines the ability to deliver timely and constructive
feedback to educators.

2.5 Limited focus on professional development

Current monitoring and evaluation systems often emphasize identifying deficiencies in teaching
practices, without adequately supporting professional development of teachers. Evaluations are
frequently employed as an administrative tool to enforce compliance rather than as a developmental
tool to help teachers enhance their skills. In the field of mechanical engineering where technological
advancements occur at a rapid pace, teachers require continuous training in emerging tools,
methodologies, and industry practices. However, current evaluation systems seldom incorporate
mechanisms to identify areas for professional growth or offer targeted support, such as specialized
training programs or collaborative opportunities with industry experts. This limited emphasis on
fostering professional growth not only undermines motivation of teachers, but also restricts their
ability to provide a state-of-the-art educational experience.
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3. Establishment of Monitoring and Evaluation System under Digital Intelligence Era
3.1 Development of a multi-dimensional and multi-level evaluation framework

A robust evaluation system shall incorporate diverse and well-structured indicators to accurately
assess teaching quality across different dimensions. For mechanical engineering majors, it is critical
to evaluate how effectively a teacher bridges theoretical knowledge with practical skills. For example,
the system evaluates a teacher’s ability to guide laboratory experiments, facilitate project-based
learning, and mentor students in industrial internship programs. In addition, quantitative indicators
should be complemented with qualitative metrics, which may include a teacher’s classroom
engagement strategies, ability to inspire critical thinking and innovative teaching methodologies.
Moreover, the evaluation framework shall account for industry relevance. This can be achieved by
incorporating indicators that evaluate the integration of emerging technologies such as smart
manufacturing, artificial intelligence, and additive manufacturing into the curriculum. By addressing
both academic and professional dimensions, the evaluation framework will provide a comprehensive
perspective on teaching quality.

3.2 Inclusion of diverse stakeholders in the evaluation process

To avoid the over-reliance on student feedback as the primary source of evaluation, the evaluation
process should involve multiple stakeholders to enhance objectivity and depth. Peer evaluations from
colleagues in similar disciplines can provide insights into teaching methodologies, content depth, and
alignment with academic standards. Such evaluations can also highlight best practices and promote
collaborative learning among faculty. Additionally, external experts from the industry should be
included to evaluate the relevance of course content and teaching approaches to real-world
engineering challenges. For example, industry representatives can assess how well courses align with
the evolving demands of smart manufacturing and renewable energy systems. Finally, long-term
feedback mechanisms, such as graduate surveys and employer input, can capture the sustained impact
of teaching on professional success of students, which can offer a broader perspective on a teacher’s
teaching effectiveness.

3.3 Integration of digital intelligence for smart monitoring and feedback

Digital intelligence technologies shall be adopted to revolutionize the efficiency and precision of
teaching quality monitoring systems. Intelligent platforms can collect and analyse real-time data on
various aspects of the teaching process, providing a dynamic and detailed picture of teaching
performance. For instance, classroom analytics tools can monitor student engagement levels,
interaction patterns, and participation in real-time. Similarly, data generated from virtual laboratories
and simulation software can evaluate a teacher’s effectiveness in facilitating hands-on learning and
practical application of theoretical concepts. In addition, smart feedback systems can be designed to
automatically generate comprehensive evaluation reports that include actionable recommendations.
These systems can provide immediate insights into areas requiring improvement, and enable teachers
to adjust their strategies promptly. Moreover, integrating data from diverse sources, such as student
surveys, course assessments and resource utilization, can ensure a holistic understanding of teaching
effectiveness. The seamless integration of above digital tools can ensure the accuracy of evaluations,
and reduce the administrative burden on teachers and evaluators.
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3.4 Strengthening professional development and support mechanisms

An effective evaluation system should consider the professional development of teachers as a key
part of the evaluation framework, aiming to ensure teachers receive the guidance and resources they
need to enhance their skills and adapt to changing educational demands. Based on the assessment
results, a personalized development plan is developed. The plan focuses on specific areas such as
experimental teaching methods, integration of emerging technologies or innovative teaching methods.
Regular training programs, industry seminars and expert-led workshops can help teachers understand
the latest advances in the field of mechanical engineering and incorporate the most cutting-edge
practices into their teaching. In addition, educational universities should encourage innovative
teaching methods, such as flipped classrooms, blended learning and project-based teaching, and
promote these novel teaching practices by providing funding and support. Thus, the evaluation system
can ensure that teachers continue to have the ability to provide high-quality and industry-relevant
education.

3.5 Aligning evaluation outcomes with incentive mechanisms

The integration of evaluation outcomes with incentive mechanisms can serve as a powerful
motivator for teachers to prioritize and improve teaching quality. By linking evaluation results to
promotions, salary adjustments, and performance bonuses and other tangible rewards, universities
can reinforce the importance of excellence in teaching. Recognition programs, such as “Outstanding
Educator Awards” or “Innovative Teaching Grants,” can highlight and reward exceptional teaching
practices, inspiring others to strive for similar achievements. Additionally, providing teachers with
constructive feedback and opportunities for self-reflection allows them to better understand their
strengths and areas for growth. This can be facilitated through structured mechanisms, such as annual
teaching improvement reports or collaborative discussions with peers and mentors. Thus, the teachers’
motivation can be enhanced, and a culture of continuous improvement and excellence can be fostered
within the universities.

4. Conclusions

Based on an in-depth study of the teaching quality monitoring and evaluation system in the field
of mechanical engineering, this paper proposes a novel monitoring and evaluation system which
includes multi-dimensional evaluation, stakeholder participation, digital intelligent technology
integration, teacher professional development support and incentive mechanism. Through the
improvement of the existing evaluation system, the system proposed in this paper can
comprehensively reflect the teaching quality and enhance the fairness of teaching evaluation. At the
same time, with the help of digital intelligent tools, real-time dynamic monitoring of the teaching
process can be achieved, which improves the timeliness and pertinence of feedback, thereby
promoting teachers to continuously improve their teaching methods and professional abilities. This
study provides an effective way for mechanical engineering education in universities to meet the
needs of engineering talent training in the new era.
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