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engineering education
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The learning environment has been transformed from a teaching background to
the core educational technology in contemporary engineering education. The
learning environment that meets the engineering education certification standards
is conducive to the standardization of teaching and the realization of educational
goals. However, the correlation between the existing learning environment scale
and the professional certification standard is insufficient. Especially in China,
there are few studies on the learning environment scale based on engineering
education professional certification. The research adopts the mainstream learning
environment evaluation perspective of students’ perception evaluation, and combines
curriculum learning, teachers and student relationship, classmate relationship, learning
atmosphere, institutional environment, project and practice, physical resources,
and so on seven factors. The graduation requirements of engineering education
certification in China are deeply coupled with the content of the benchmark,
and the quality of the systematic questionnaire is tested. The results show that
the engineering education learning environment scale has a robust seven-factor
structure, reasonable 36 items, good reliability and validity, no common method
deviation, and the constructed model is appropriate. It can be used as a learning
environment measurement tool to support graduation requirements. The innovation
of the future learning environment should not only be based on the standard of
engineering education certification graduation requirements, but also support
graduates to become a new generation of engineers with a global vision and
sustainable development leadership.

KEYWORDS

learning environment, engineering education accreditation, scale preparation,
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1 Introduction

Education is an important catalyst for achieving the United Nations 2030 Sustainable
Development Goals (SDGs). With the global spread of COVID-19, economic experts have
predicted that the uneven economic recovery is the main feature of economic development
after 2021 (Clouston et al., 2021; Wolff and Ehrstrom, 2020); this inequality also exists in the
field of education (Bacher-Hicks et al., 2021). Education is the core driving force for inclusive
economic growth and needs to be transformed actively. At present, the field of engineering
education is undergoing a transformation from “technology-based” to “sustainable
development-based, “but its performance is not optimistic.
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The Higher Education Council of Australia has proposed an
important measure to control the quality of higher education through
the assessment of the learning environment in universities. UN
Secretary-General Antonio Guterres stressed: Without a healthy
planet, there will be no prosperous future. The environment is not
only an independent goal of SDGs, but also a basic constraint for the
realization of all goals. The engineering education learning
environment is the core element supporting the sustainable
development standard, and has a profound interaction with
engineering decision-making ability and academic sustainable
development. For example, in the Living Lab model established by the
Technical University of Aachen in Germany, student teams complete
the full project cycle from hydrogen storage system design to carbon
footprint assessment in real industrial scenarios. This kind of
immersive learning improves students’ engineering decision-making
ability by 37% (p <0.01) and shows a stronger interdisciplinary
collaboration tendency. Especially for students who have been
exposed to life cycle analysis tools, the probability of adopting
sustainable design criteria will increase by 2.1 times in the selection of
subsequent engineering schemes (Tien et al., 2019). In addition, Al is
changing the engineering practice environment, and the cultivation
of graduates needs to highlight the sustainable development of skills
(Canavate et al., 2025). Therefore, the study of the engineering
education learning environment is of great significance.

The engineering education certification system is the core to
ensure the quality of talent training, and is deeply reshaping the global
engineering talent training paradigm. The 2023 revision of the
Washington Accord explicitly requires graduates to have the “ability
to solve complex engineering problems.” The ABET EC 2000 standard
(2023-2024) the need to
implementation-verification’ engineering closed-loop through

emphasizes achieve a ‘design-
environmental design in Criterion 3 (student ability index) and
Criterion 5 (curriculum design). The China Engineering Education
Accreditation Association (CEEAA) also uses the ‘continuous
improvement mechanism’ as a certification veto, requiring institutions
to provide a chain of evidence for the optimization of the learning
environment (Standard Clause 4.2). This reflects that the learning
environment scale is not only a data collection tool, but also a starting
point for continuous improvement of the evidence chain. In general,
the abovementioned policies point to a core proposition: learning
environment, as the physical carrier and social field of engineering
ability landing, has become a key observation point for certification.

China’s engineering education certification system has covered
67.2% of the country’s engineering majors; its core is to drive
curriculum reform with outcome-based education (OBE). The
research shows that through the certification of professionals,
graduates’ employment competitiveness increased by 19.3%. However,
some colleges and universities have the phenomenon of ‘formal
compliance’ (Li and Zhao, 2021). The scale of engineering education
in China is huge, and there are few studies on the localized learning
environment scale based on certification. The shaping of the
engineering learning environment is one of the necessary conditions
for improving the engineering quality of engineering students in local
colleges and universities (Shen, 2007). For the application-oriented
undergraduate colleges after the transformation of newly built
undergraduate colleges upgraded or merged in China after 2000, the
engineering education professional certification is in an important
operational period. It is urgent to develop a localized evaluation scale
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and give full play to the learning environment as the core carrier of
certification landing.

At present, there is a structural disconnection between the existing
learning environment assessment tools and the certification
requirements. The learning environment assessment tools have
insufficient cross-cultural adaptability in the context of engineering
education. The traditional scales (such as NSSE) do not cover the
special elements of engineering (such as laboratory resources and
school-enterprise cooperation). The expansion of learning
environment theory in the field of engineering education needs to
be further studied. In order to fill the existing research gaps, this study

proposes the following questions:

(1) How to construct the theoretical structure of the engineering
education learning environment scale? This question includes
two sub-questions: What are the dimensions of the engineering
education learning environment assessment scale?
What content?

(2) How to test the reliability and validity of the Engineering
Education Learning Environment Scale? This question mainly
includes two sub-questions: First, how to test the reliability and
validity of the prediction scale? Second, how to test the

reliability and validity of the formal scale?

Students’ perception and evaluation of the learning environment
is the mainstream perspective of research in the field of learning
environments. The research will evaluate the scale target construct
‘learning environment’ (that is, the characteristics and quality of the
engineering education environment itself) through students’
‘perception’ and ‘experience’ The core of the research is to construct a
multi-dimensional construct of engineering education learning
environment, and ultimately aims to develop and verify a tool with
good reliability and validity that can describe and evaluate the
engineering education learning environment itself. The expected
results will provide a reliability evaluation tool for monitoring the
learning environment quality of engineering education. The 12
competency benchmark indicators of China Engineering Education
Accreditation Graduation Requirements are transformed into
operable observation variables of the learning environment to provide
data support for accreditation evaluation. A quantitative evidence
chain is formed for the continuous improvement concept of “formative
evaluation-feedback-improvement” required by China’s engineering
education professional certification.

2 Theoretical framework
2.1 Definition of evaluation content

2.1.1 Comparison of international engineering
education accreditation organizations

The International Engineering Education Alliance (IEA) is
composed of three engineering education degree mutual recognition
organizations, namely ‘Washington Agreement, ‘Sydney Agreement,
and ‘Dublin Agreement, and engineer professional qualification
mutual recognition organizations, namely ‘Engineer Mobility Forum
Agreement, ‘Asia Pacific Engineer Program, and ‘Engineering
Technician Mobility Forum Agreement. Among them, the
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‘Washington Agreement (WA)’ is the most authoritative and
systematic agreement. This agreement is recognized by the
international engineering education community as an authoritative
agreement on the requirements of engineering graduates and
engineers professional ability. Member states promote the
transnational flow of engineering talents through the international
mutual recognition of certification standards (Patil and Codner, 2007).
In addition, the European Federation of National Engineering
Associations (FEANI) professional competence standards for
engineers, the American Council for Accreditation of Engineering
Technology (ABET) standards, and China’s general standards for
engineering education certification. In contrast, the ‘Washington
Accord’ is a global authoritative standard required by engineering
graduates. ABET follows the requirements of the Washington Accord,
and the FEANI certification standard is relatively lagging behind,
which does not reflect the new development requirements of
international engineering talent training.

As the cornerstone document of the global engineering education
mutual recognition system, the core content of the ‘Washington
Accord’ is 12 competency benchmark indicators for engineering
education graduates. Through these 12 standards of substantial
equivalence, the signatory countries have achieved the improvement
of engineering talents” ability and cross-border flow. The research
shows that certification standards effectively narrow the gap between
engineering education in developing countries and developed
countries by establishing threshold quality benchmarks (Lennon,
2021). After the implementation of the certification system in
developing countries, the core competence compliance rate of
engineering graduates increased by 27% (Marin et al., 2021), and the
international mobility rate of graduates has also increased significantly
(B=0.33, p <0.01) (Kim and Ozturk, 2020).

2.1.2 General standards for engineering
education accreditation in China

China joined the “Washington Accord” on 2 June 2016 (Li and
Zhao, 2023), which means that China’s engineering professional
certification standards have been recognized by international
certification organizations, which has laid an institutional foundation
for the transnational flow of engineering talents. Through the three
core concepts of student-centered, result-oriented, and continuous
improvement, the general standard of China’s engineering education
certification has constructed seven first-level indicators and 24 s-level
indicators, including students, training objectives, graduation
requirements, continuous improvement, curriculum system, teaching
staff, and supporting conditions. ‘Graduation requirements’ is the core
of the certification system, covering 12 ability indicators. These 12
graduation requirements are benchmarked against the “Graduate
Attributes” of the “Washington Accord, reflecting the dual logic of
international substantive equivalence and local practical innovation
(Zhang et al., 2023).

2.1.3 Interpretation of the graduation
requirements’ indicator of China engineering
education accreditation

The “Graduation Requirements” indicators of the General
Standards for Engineering Education Accreditation in China are
deeply aligned with the 12 core competencies that “Washington
Accord” graduates need to possess, and integrated into the concept of
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engineering education with Chinese characteristics. For example, in
the requirements of ‘engineering and society’ and ‘environment and
sustainable development, not only the technical compliance is
emphasized but also the engineering ethical responsibility and social
governance participation are highlighted. The index of ‘professional
norms strengthens the guidance of socialist core values to
engineering practice.

The three-dimensional ability model of ‘knowledge, ability, and
quality’ is constructed in the graduation requirements of the general
standard of China’s engineering education certification (Ping, 2014).
The knowledge dimension requires the mastery of mathematics,
natural science, and professional engineering knowledge to support
the identification and modeling of complex engineering problems.
The ability dimension covers engineering practice abilities such as
design and development, modern tool application, teamwork, and
cross-cultural communication. The definition of ‘complex engineering
problems’ clearly requires the characteristics of ‘technical uncertainty’
and ‘multi-stakeholder conflict. The quality dimension emphasizes the
social responsibility and lifelong learning ability of engineers, which
can significantly affect the quality of engineering ethical
decision-making.

From the perspective of the implementation mechanism of the
degree of achievement of graduation requirements, the graduation
requirements of the general standard of China’s engineering education
certification reflect the evaluation concept of the ‘quantitative +
qualitative’ dual-track system. At the quantitative level, the quantitative
tracking of ability is realized through the course assessment data and
graduation design score; the qualitative level relies on the school-
enterprise joint evaluation mechanism, focusing on the industry
adaptability of non-technical capabilities. The research shows that this
multi-dimensional evaluation system can improve the matching
degree of graduates post-competency by 23-31% (Sheng-Tao
etal., 2023).

Based on the abovementioned analysis, this study focuses on the
12 benchmark contents of the core index ‘graduation requirements’ of
China’s engineering education certification system, and constructs the
content framework of the learning environment measurement of
China’s engineering education. In terms of evaluation objects, in view
of the fact that the “student-centered” concept of China’s engineering
education is the premise and motivation for result-oriented and
continuous improvement, focusing on the “student-centered”
certification concept, the evaluation objects will choose to reflect on
the learning environment of China’s engineering education from the
perspective of students.

2.2 Construction of the evaluation
dimension

A learning environment usually has the meaning of a place of
learning, a collection of external conditions and places, and a
collection of conditions that support learning activities. The specific
performance is as follows: (1) the place where learning activities take
place (Kaicheng, 2000). For example, Wilson, an American scholar,
proposed that the learning environment is a tool and information
resource and a supportive place for learners to use in achieving
learning goals and solving learning problems. (2) Wang Binhua of East
China Normal University believes that the learning environment
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refers to the external conditions and places of learning, including
in-class and after-class learning environment (Thy, 2017), including
schools, families, society, and so on. (3) The constructivist view of
learning holds that learning is the result of the interaction between
learners and the environment. From the perspective of constructive
learning, a learning environment is a collection of various learning
resources for learners to construct learning, including physical
resources of information and cognitive tools and contextualized
resources of learning (Feng and Weimin, 2001).

In addition, some scholars have found that after the 1990s, the
definition of learning environment by Chinese and Western scholars
mainly includes three dimensions: “Space to support learners’
development, mainly physical space, activity space, and psychological
space. The collective power of supporting learning activities comes
from resources, tools, teachers support, and psychological
environment; learning style of constructive support for learning
activities” (Zhixian, 2005). Yu Haiqin of Huazhong University of
Science and Technology divides the learning environment into six
factors: curriculum learning, teacher-student relationship, classmate
relationship, learning atmosphere, institutional environment, and
project and practice in the study of measuring the influence of the
learning environment of top-notch innovative talents on learning style
and learning achievement (Haiqin et al., 2013).

Based on the abovementioned scholars’ definition of learning
environment, this study believes that the learning environment of
engineering education is a collection of supportive conditions that
support students to participate in the conception, design,
implementation, and operation of products, and then acquire
engineering knowledge, practical skills, and engineering literacy.
According to the concept of CDIO engineering education, conception
refers to the understanding of product requirements and technology,
design refers to the description of product implementation,
implementation refers to the generation of products from designed
plans, and operation refers to the realization of the use value of
products (Crawley et al., 2007). “Supportive conditions” include
courses, practical activities inside and outside the school, systems,
physical resources, and other factors that support learning and
learning atmosphere, interpersonal relationships, and other
regulatory factors.

The study further developed a learning environment assessment
scale for engineering education, which includes seven dimensions:
‘course learning, teacher-student relationship, classmate relationship,
learning atmosphere, institutional environment, project and practice,
and physical resources’ The research hypothesis is proposed: (H1) The
evaluation structure of the learning environment of engineering
education consists of seven dimensions; the (H2) scale has good
CITGC, internal consistency reliability, content validity, and composite
reliability, and there is no common method bias.

5 Method
3.1 Scale preparation program

Integration Clark & Watson Scale preparation program (Clark
and Watson, 2019). The scale preparation of this study mainly

includes four steps. First, review the literature and establish the
theoretical concept definition and dimension of the engineering
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education learning environment; second, the initial scale is formed
through expert review and interviews; third, through the small sample
pretest, item identification, total correlation, exploratory factor
analysis and other tests; fourth, revise the items and contents, and test
the reliability and validity of the formal scale and confirmatory factor
analysis again.

3.2 Research object

3.2.1 Case college introduction

Application-oriented universities originated in European and
American countries and have different forms of practice in the
development of higher education in different countries. Among them,
the University of Applied Sciences in Germany is more typical. The
German University of Applied Sciences, which was founded in 1960,
is an institution for the training of practical and specialized advanced
applied talents. Most of the applied undergraduate colleges in China
are more than 600 local undergraduate colleges built after 1999.
According to the statistics of the 2018 Education Bulletin, 1,131 local
undergraduate colleges in China account for 90.84% of the total
number of ordinary undergraduate colleges in China (including 265
independent colleges). A total of 85% are located in non-capital cities
and assume the sinking function of higher education resources. In
October 2015, with the implementation of the policy document issued
by the Ministry of Education of the People’s Republic of China on the
transformation of some local undergraduate colleges and universities
to applied undergraduate colleges and universities, the transformation
and development of local undergraduate colleges and universities
were officially launched.

The case College X (Hexi University) belongs to the applied
undergraduate college in charge of the provincial education
department in China. It is located in Gansu Province, an
economically underdeveloped province in western China (as shown
in Figure 1). The province belongs to 23 provinces, 5 autonomous
regions, and 4 municipalities directly under the central government.
The provinces with GDP rankings of the last 5%. The X College is
the only undergraduate college in Zhangye City. Zhangye, where
the school is located, is accelerating innovation and transformation
development. The X College is responsible for serving the city’s
innovation and transformation development, and delivering
innovative application technology talents to enterprises. X College
was founded in 1941. At the beginning of its operation, it was a
normal college. In 2000, it merged regional agricultural schools and
vocational secondary schools. In 2001, it was upgraded to a local
undergraduate college. In 2014, it merged regional medical colleges.
In 2015, it was identified as one of the first colleges and universities
in the document of the transformation pilot of local colleges and
universities at the provincial level. X College had generally achieved
transformation and development in 2020. The transformation of X
College was carried out to meet the local demand for high-quality
applied technical talents and to promote the innovative development
of local industries. Due to the role of the school in the construction
of regional economy and industry, from the newly established
undergraduate colleges to the applied technology colleges, and then
to the characteristics of the establishment of the applied technology
demonstration colleges and the development status of the
engineering education professional certification, it is representative
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FIGURE 1
Geographical location of X College.

to select the engineering and technical students of X College as the
research object.

3.2.2 Professional introduction of the case
college

As shown in Figure 2, College X covers five major subject groups
of engineering technology, agriculture, medical treatment, education,
arts, and science. There are 11 disciplines, including engineering,
science, literature, and other disciplines. In undergraduate studies,
there are 15 engineering majors among 62 majors, accounting for the
largest proportion. The 15 engineering majors are classified into five
categories (Table 1). X College is a university that focuses on the
training of engineering education professionals. It is representative to
choose X College as a case study.

3.2.3 Sample and data sources

According to Hinkin’s basic sample size standard, the sample size
of the pre-test is at least 5 times that of the scale item (Hinkin, 1998),
and Comrey and Lee’s absolute sample size benchmark is 200 samples
better standard (Comrey and Lee, 1992). In this prediction survey, 200
students majoring in water conservancy engineering and electrical
engineering in X College were selected by simple random sampling.
Before the survey, the purpose of the survey was explained to the
counselor. The counselor issued a questionnaire link and a
two-dimensional code, and asked the students to use the questionnaire
star online to answer according to the actual situation. The opening
time of the questionnaire system is from 13 March 2025 to 28 March
2025. The average completion time of students is 11 min, and 183 valid
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questionnaires were collected. The census collected data from all
individuals within a specific range (Safitri et al., 2024). The formal scale
used the data collection method of the census to conduct an online
survey of 2,796 students from freshmen to seniors of all engineering
majors in the case colleges. The opening time of the reporting system
was from late June to mid-July 2021, and a total of 2,276 questionnaires
were collected, with a recovery rate of 81.40%. In fact, there will still
be no response bias in the census, and the response rate of 81.40% in
this study is acceptable (Terek et al., 2021). The study also adopts a
perfect sampling frame to clarify all individual information, explain the
purpose of the survey, ensure anonymity, provide incentives, etc., to
reduce the non-response bias. In general, not all students participated
in the formal survey, and the 2,276 questionnaires actually collected
constituted a subset. It can be observed that the actual collected data is
closer to a convenience sampling.

3.3 Instruments

Based on the 12 indicators of the graduation requirements of the
general standard of Chinas engineering education professional
certification (2020 edition), according to the definition of the learning
environment of engineering education in this study, and using Chinese
scholar Yu Haigin to measure the impact of the learning environment
of top-notch innovative talents on learning methods and learning
achievements, the learning environment is divided into six factors:
curriculum teacher-student classmate

learning, relationship,

relationship, learning atmosphere, institutional environment, and
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FIGURE 2
The distribution of disciplines in X College.

TABLE 1 Engineering major of X college.

Professional name

Grant a degree

Professional setting

Educational system

time(year) (year)
1 Bioengineering Engineering science 2004 4
2 Viticulture and enology Engineering science 2011 4
3 Food science and technology Engineering science 2012 4
4 Electronic information science and technology Engineering science 2002 4
5 Electric engineering and automation Engineering science 2004 4
6 Mechanical design and manufacturing, and automation Engineering science 2012 4
7 Energy and power engineering Engineering science 2012 4
8 Automation Engineering science 2018 4
9 Applied chemistry Engineering science 2007 4
10 Chemical engineering Engineering science 2012 4
11 Computer science and technology Engineering science 2001 4
12 Network engineering Engineering science 2017 4
13 Civil engineering Engineering science 2012 4
14 Agricultural water conservancy project Engineering science 2013 4
15 Road-bridge and river-crossing engineering Engineering science 2019 4

project and practice (Haiqin et al., 2013). An engineering education
learning environment assessment scale was developed, which includes
seven dimensions: curriculum learning, teacher-student relationship,
classmate relationship, learning atmosphere, institutional environment,
project and practice, and physical resources. In total, 36 items were
compiled as the first draft of the prediction. The specific prediction
scale structure is shown in Table 2. The measurement tool belongs to
the self-made scale, and the items are answered in a self-reported
manner, and scored according to the seven levels of Likert’s seven levels
(very inconsistent to very consistent).

Frontiers in Education 06

3.4 Statistical analysis—measurement tool
quality inspection method

3.4.1 Prediction scale item test

3.4.1.1 CITC and internal consistency reliability test

The reliability coefficient is an index to measure the consistency
and stability of measurement tools or test results (Tang et al., 2024).
Scholars mostly use the total correlation coefficient (CITC) and
internal consistency reliability coefficient of the revised items to screen
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TABLE 2 Structure of learning environment.

Dimensional Operational definition ltem Source
The perception of the content and form of curriculum and teaching on the acquisition and China General Standards for
Curriculum learning | improvement of engineering knowledge, engineering thinking, engineering design, engineering E1-E9 Engineering Education Accreditation
practice, and so on. 3.1,3.2,3.3,3.4,3.6,3.7,3.12
Teacher-student
The depth of communication with teachers, the perception of teachers’ help E10-E14
relationship
Classmate
The evaluation of help, cooperation, and learning resource sharing among students. E15-E18
relationship
Haiqin et al. (2013)
Evaluation of the learning atmosphere of exploration, innovation, utilitarianism, and
Study atmosphere E19-E22
pragmatism.
Institutional Evaluation of the learning autonomy options, undergraduate tutorial system, academic lectures, E23E
23-E27
environment competition awards, and reading clubs provided by the school.
The evaluation of students’ participation in practical activities, the use of instruments and China General Standards for
Project and Practice professional simulation software, the ability to solve complex engineering problems, E28-E34 | Engineering Education Accreditation
communication, teamwork ability, project management, professional ethics, and so on. 3.1,3.2,3.3,3.4,3.6,3.7,3.12
The use of laboratory equipment and engineering practice ability, and the evaluation of the
Physical resource E35-E36
influence of computers, books, and materials on professional learning.

Annotation: Curriculum learning: E1: The teacher’s teaching method made me have a strong interest in learning this major. E2: Teacher flexible or diversified teaching methods help me to
master the mathematics, natural science, engineering foundation, and professional knowledge needed to solve complex engineering problems. E3: The study of professional basic courses has
trained me to use scientific principles to identify and judge complexity. The key link of engineering problems. E4: The study of basic mathematics and engineering courses enabled me to apply
relevant principles and mathematical models. Correct expression of complex engineering problems. E5: The course study makes me understand how to use literature to solve and analyze
complex engineering problems. E6: The engineering design course makes me understand the whole cycle and flow of engineering design and product development. E7: The experimental
course has trained my ability to design experimental programs, collect data, analyze and explain the experimental results, and draw effective conclusions. E8: General courses and professional
courses help me to apply engineering knowledge to evaluate engineering project pairs. E9: The teaching method of the course helps me to acquire the ability of autonomous learning and
lifelong learning. Teacher—student relationship: E10: Teacher is very interested in our questions. E11: When encountering difficulties in learning, the teacher will give help. E12 From my
teacher I learned the skills and methods of learning. E13: T have had in-depth exchanges with some teachers. E14: Teacher often encourages us and praises us for our achievements. Classmate
relationship: E15: Students support and encourage each other. E16: I can get help from my classmates. E17: Some learning tasks I will work with other students to complete. E18: In learning,

I can share learning resources with other students. Study atmosphere: E19: The strong learning atmosphere of the school infects me. E20: The learning atmosphere of exploration and
innovation inspires my awareness of independent learning. E21: My college has a strong utilitarian and pragmatic learning atmosphere. E22: I feel superior in studying and living in my class
group. Institutional environment: E23: I can choose my own learning tasks and decide how to complete them. E24: In terms of professional learning, the undergraduate tutor system has helped
me a lot. E25: The system of inviting off-campus scholars to carry out professional academic reports is helpful for me to learn. E26: The school rewards the winning results of our various skills
competitions. E27: Regular reading exchange system has expanded my professional vision. Project and Practice: E28: The practice of engineering projects has cultivated my professional ethics
of honesty, justice, and integrity. E29: I have participated in more than two practical activities or project activities. E30: The practice of the project will help me to choose and use appropriate
equipment, engineering tools, and professional simulation software to analyze and calculate complex engineering problems. E31: In the project and practice activities, I can accurately express
my views and communicate with teachers and industry personnel. E32: Practical activities, such as the National College Students’ Science and Technology Competition, have promoted my
communication with members of other disciplines. E33: The projects or practices I have participated in have trained my ability to organize, coordinate, and direct the work of my team. E34:
Project practice has trained me to use project management, project cost decision-making methods to design engineering solutions. Physical resource: E35: The functions of the laboratory and

equipment meet the training of my engineering practice ability. E36: Computer, network, and books can meet my professional learning needs.

the effective items of the questionnaire. CITC refers to the correlation
coefficient between the measurement item and other items in the same
measurement dimension. The CITC value of the item is less than 0.3,
which needs to be deleted to improve the reliability of the
questionnaire (Daiwen, 2002).

The internal consistency reliability coeflicient includes the
Cronbach « coeflicient, split-half reliability, K-R reliability coefficient
proposed by G. E Kuder et al., combined reliability coefficient, and
Hoyt’s coefficient of variation. Among them, the o coefficient is
commonly used in the reliability estimation of the Likert scale, and it
is also widely used in social sciences. The a coefficient is a function of
the degree of correlation between the items of the questionnaire. The
closer the value is to 1, the better the internal consistency of the scale
is. The o coeflicient of a construct of the scale should be greater than
0.50, and the a coefhicient of a scale should be at least greater than 0.70
(Minglong, 2009).

The reliability of this scale is estimated by the o coefficient
(non-standardized value). In this study, CITC is less than 0.3, and the
a coefficient values of sub-tests and the whole scale are less than 0.50
and 0.70 as the criteria for item selection. Comparing whether the o
coeflicient increases after deletion, the larger the value shows that
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deleting the smaller CITC questions can improve the reliability of
the scale.

3.4.1.2 Content validity

Content validity is an important part of scale development and
evaluation. The purpose of the content validity test is to ensure that
the scale can accurately and comprehensively reflect the target content
and avoid a too-narrow measurement range or missing important
dimensions (Mokkink et al., 2025). The content validity evaluation
process mainly includes defining the measurement objectives and
theoretical framework (Marinho et al., 2024); based on the theoretical
framework, constructing the items of measurement tools (Matoli¢
etal., 2023); inviting experts to conduct assessments (Du, 2025); and
revising according to expert feedback (Anggara and Abdillah, 2023).

This study has a clear measurement goal, constructs the evaluation
dimension and content, and determines the measurement items
according to the theoretical framework. Through interviews with
experts in this field and teachers of engineering majors, the concept
and structure of variables, and the prediction of whether the text of
the questionnaire items is easy to understand and whether the content
is meaningful are considered. According to the feedback, the rare
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words of the items were deleted, and the words were embellished by
using the easy-to-understand terms of engineering students, so as to
ensure the good content validity of the questionnaire.

3.4.1.3 Exploratory factor analysis

After passing the CITC and a coefficient test, it is necessary to
carry out exploratory factor analysis on the questionnaire. Items with
the same attributes are classified into one dimension to test the
discriminant validity of each dimension. KMO and Bartlett spheres.
The Bartlett Test of Sphericity is used to test whether there is a
correlation between variables, which is the basic condition for
exploratory factor analysis. The larger the KMO value, the better the
correlation of each variable is measured, and factor analysis can
be performed (Qingguo, 2002). The null hypothesis of Bartlett’s
spherical test is that the correlation matrix has a single dimension.
When the test results show a statistically significant level, the null
hypothesis is rejected, indicating that the questionnaire has multiple
dimensions and is suitable for factor analysis.

EFA is an analysis method of factor dimension reduction, which
can realize the fusion of observation variables into several common
factors, and construct all item information with several common
factors. Principal component analysis (PCA) is used to calculate the
explanatory variation of the item, and then explain the variation of the
data. The factors with initial characteristic roots greater than 1 are
obtained by the maximum variance orthogonal rotation method.
Exploratory factor analysis test results. If the factor load is less than
0.5, the project needs to be deleted according to the existing literature.

3.4.2 Quality analysis index of formal scale

3.4.2.1 Combined reliability (CR)

Compared with Cronbachs Alpha reliability coefficient, combined
reliability is considered to be more suitable for assessing the reliability of
a scale composed of multiple dimensions. Composite reliability refers to
the proportion of the construct variance explained by all the measurement
items in the scale. It can be understood as the degree to which all the
items in the scale jointly measure the latent variables. The higher the
combined reliability, the higher the internal consistency of the scale, and
the more reliable the measurement results (Vakili and Jahangiri, 2018).

The combined reliability coefficient is also a method to test whether
each item of the scale measures the same factor. The combined reliability
of the scale generally requires greater than 0.7 (Fornell and Larcker,
1981). Combined with the scholar Hou Jietai’s view that the combination
reliability coefficient is more effective for the internal consistency
reliability estimation, the reliability analysis of the formal questionnaire
used the combined reliability coefficient test (Jietai et al., 2004).

3.4.2.2 Common method bias (CMB)

The scale data comes from the self-report of college students, which
may lead to the common method bias of false correlation between item
variables. Usually, in order to reduce this systematic error, anonymity
is guaranteed in the questionnaire design, and guiding words that affect
students’ judgment are not used. In terms of statistical control, the
common practice is to apply exploratory factor analysis. It is concluded
that the eigenvalue of the single factor is greater than 1, and the variance
of the single factor of the variable is less than 40%. It is considered that
there is no serious common method bias in the study (Hao and Lirong,
2004; Baojuan et al., 2017). However, some scholars have pointed out
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that the equivalent table has four dimensions, and CMV is at 80%; or
measuring 7 dimensions, CMV more than 90% to test the serious
deviation of the common method (Fuller et al., 2016; Dandan and
Zhonglin, 2020). In addition, using exploratory factor analysis (CFA)
to judge CMB, some scholars have proposed that if several indicators
of the single factor model do not meet the fitting criteria, CMB can
be considered not serious (Iverson and Maguire, 2000). In this study,
all items of the scale are regarded as a single factor. If the model fitting
is not established, the common method deviation is not serious.

3.4.2.3 Confirmatory factor analysis (CFA)

Confirmatory factor analysis is the fitting degree of the theoretical
structure model and the sample measurement model based on the
literature. Analyze, screen out effective items, get the appropriate variable
structure, and obtain a high-quality questionnaire. Further advancing
the purpose of confirmatory factor analysis is to test whether the
measurement index of the questionnaire has the measurement of latent
variables. Effectiveness, indicating whether the construction model is
appropriate, its essence is a test of the validity of the questionnaire
structure. Generally, absolute fitness index (DE, CMIN, GFI, AGF],
RMSEA), value-added fitness index (NFI, RFI, IFL, TLI, CFI), and simple
fitting value (x*/d; PGFL, PNFI) were used to judge (Minglong, 2009).

The fitting test of this study mainly uses GFI, RMSEA, NFI, IFI,
TLI, CFI, and other indexes. Among them, GFI (goodness of fit index)
represents the fitting index, and the closer its value is to 1; it represents
the fitting degree of the theoretical model and the measurement
model. The smaller the value of RMSEA (root mean square error of
approximation), the better. If the value is less than 0.10, the model is
acceptable. NFI, IFI, TLI, and CFI are judged based on values greater
than 0.9. The closer the value is to 1, the better the fitting degree is.
The y*/d,value generally increases with the increase of the sample, and
it is not used as the basis for judging whether the model fitting degree
is better in the study.

4 Results

4.1 Prediction item purification and
exploratory factor analysis results

4.1.1 CITC and internal consistency reliability
analysis

The prediction scale contains 36 items. As shown in Table 3, the
minimum correlation coefficient between each item and other items
is 0.5, which is greater than 0.3; the « coeflicient of the questionnaire
is 0.972, and the overall reliability is very high.

4.1.2 Exploratory factor analysis

As shown in Table 4, the KMO value of the scale is 0.925, which
is very suitable for factor analysis. The Bartlett result is significant
(p <0.001), indicating that the engineering education learning
environment has multiple dimensions and conforms to factor analysis.

Principal component analysis was used to set the eigenvalue
greater than 1. After orthogonal rotation of the maximum
variance, six common factors are obtained. The eigenvalues were
18.537,1.918, 1.611, 1.381, 1.187, and 1.095, respectively. The total
variance explained was 71.469% (greater than 50%). As shown in
Table 5, according to the factor loading matrix of the common
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factor and the item, factor 1 contains 1, 2, 3, 4, 5, 6, 7, and there
are no 8 and 9 items in the original preset course learning. Factor
2 consists of 24, 30, 31, 32, 33, 34, 36, excluding 24 items. Factor
2 is generally consistent with the theoretical construct of the
project and practice dimension. Factor 3 contains 8, 9 (course
learning), 15, 16, 17 (classmate relationship), two dimensions of
items. Factor 4 contains 25, 26, 27, 29, excluding 29 items, and the
other items conform to the established structure of the

institutional environment. Factor 5 is composed of 10, 11, 13, 14,

TABLE 3 CITC and internal consistency reliability analysis.

Item CITC Deleted o Cronbach a
coefficient

El 0.636 0.971 0.972
E2 0.726 0971
E3 0.785 0971
E4 0.796 0.97
E5 0.803 0.97
E6 0.789 0.97
E7 0.765 0.971
E8 0.73 0971
E9 0.736 0.971
E10 0.605 0.971
El1 0.555 0.972
E12 0.705 0.971
E13 0.55 0.972
El4 0.694 0.971
El5 0.723 0.971
El6 0.794 0.97
E17 0.67 0.971
E18 0573 0.972
E19 0.758 0971
E20 0.79 0.97
E21 0.633 0.971
E22 0.609 0.971
E23 0.708 0.971
E24 0.644 0.971
E25 0.745 0971
E26 0.597 0.971
E27 0.627 0.971
E28 0.629 0.971
E29 0533 0.972
E30 0.678 0971
E31 0.739 0.971
E32 071 0.971
E33 0.753 0.971
E34 0.721 0.971
E35 0.77 0.971
E36 0.684 0.971
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and 15, which is consistent with the structure of teacher-
student relationship.

Factor 6 includes 19, 21, 22, which is basically in line with the
theoretical construct of learning atmosphere. The exploratory factor
analysis has not yet extracted the physical resource dimension of the
engineering education learning environment. Considering that
the exploratory factor analysis generally requires more than 2 items, the
revision of the dimension adds the item ‘the practice base of school-
enterprise cooperation helps to strengthen my engineering practice ability’

According to the results of the rotation component matrix of the
engineering education learning environment, combined with the
division of the existing dimensions, the revised questionnaire deleted
12 questions, and revised the 18, 24 questions with ambiguous
meaning, and 23, 28, 20 questions with low validity. The newly
revised scale course learning items include the original 1, 2, 3, 4, 5, 6,
7, 8, 9 items; the project and practice items remain unchanged; the
dimension of classmate relationship modifies the content of 18 items,
including the original 15,16, 17, 18; the institutional environment has
revised 23 and 24 topics, including the original topics 23, 24, 25, 26,
27; the teacher-student relationship consists of the original items 10,
11, 13, 14; the learning atmosphere includes the original item 19, 20,
21, 22; the physical resource dimension adds an item.

4.2 Quality analysis of formal scale

4.2.1 Combined reliability

The composite reliability coefficient is generally required to
be greater than 0.7. The combined reliability values of course learning,
teacher-student relationship, classmate relationship, learning
atmosphere, institutional environment, project and practice, and
physical resources do not need to be the same. As shown in Table 6,
the minimum values of these seven dimensions are greater than 0.7
and close to 1, indicating that the internal consistency of the
engineering education learning environment scale is high. Among
them, E1-E9 items measure the course learning factor, E10-E13 items
measure the teacher-student relationship factor, E14-E17 items
measure the classmate relationship factor, E18-E21 items measure the
learning atmosphere factor, and E22-E26 items measure the
institutional environment factor. E27-E33 items measure project and
practice, and E34-E36 items measure physical resource factors.

4.2.2 Common method bias

As shown in Table 7, according to the common method deviation
test method, it is assumed that the 36 items of the scale can extract a
factor, and the test results. The RMSEA value of 0.121 is greater than the
standard value of 0.10, and the GFI, NFI, IFI, TLI, and CFI are all less
than 0.9. The single-factor model of the learning environment scale is
poorly fitted and cannot be focused into a single dimension, indicating
that there is no serious common method bias in the questionnaire.

4.2.3 Confirmatory factor analysis
After predictive exploratory factor analysis, some items of the
predictive scale are deleted and added. It is assumed that the learning
environment theory of engineering education is a first-order seven-
factor model, and the fitting index of the model is shown in Table 8.
In addition to the GFI close to the critical value, the other fitting
indexes of the model all meet the standard, indicating that the
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TABLE 4 KMO test.

Kaiser—Meyer—Olkin KMO test results

measure of sampling

adequacy
‘ Approximate chi-square 5249.143
‘ df 630
‘ Bartlett’s sphericity test Sig. 0.000

theoretical model and measurement model of the engineering
education learning environment have a good fitting degree, which is
in line with the theoretical concept of the engineering education
learning environment measurement. The path diagram of the model
is shown in Figure 3. The factor loading coefficients of the items and
the corresponding common factors of the engineering education
learning environment scale are all above 0.9 (rounded), indicating
that the measurement items have a strong correlation with each
potential construct, and the dimensions of the items are well
isomorphic. The seven-dimensional structure division of engineering
education is reasonable. In addition, as shown in Figure 3, the path
coeflicients between the seven variables of course learning, student-
faculty interaction, peer relationship, learning climate, institutional
environment, project-based activities, and physical resources are
compared. The study found that among the seven variables of the
engineering education learning environment, the path coefficients of
the three pairs of variables, teacher-student relationship and
classmate relationship, learning atmosphere and institutional
environment, institutional environment and project and practice,
project and practice and physical environment, are all greater than
0.9. The path coefficient of the institutional environment and project
and practice is the largest, which is 0.927, indicating that the
institutional environment has the strongest correlation with the
project and practice, and has the greatest impact on the seven-
dimensional model structure of the engineering education
learning environment.

5 Discussion

This study focuses on the development of the learning
environment assessment scale from the perspective of China’s
engineering education accreditation. It emphasizes the constructivist
learning concept that learners are active in knowledge construction in
the learning environment and need experience and social interaction
(Nurhuda et al.,, 2023). The test of the prediction scale and the formal
scale uses students’ ‘perception’ and ‘experience’ to verify the
characteristics and quality of the engineering education learning
environment. The study found that “from 2011 to 2020, the
quantitative literature related to the learning environment scale
included in the Web of Sciences database is mostly based on
constructivism and empiricism epistemology, focusing on students’
autonomy and independence in education” (Brito and Silva, 2023).
The research perspective of this paper is consistent with this
conclusion. The difference is that this study focuses on the learning
environment assessment scale in the field of engineering education,
and deeply studies the learning environment assessment based on the
of China’s
professional certification and excellent talent training.

graduation requirements engineering education
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5.1 Evaluation of the theoretical structure
of the scale

Although the 12 benchmark contents of the graduation
requirements of Chinas engineering education professional
certification are the content scope of the preparation of the learning
environment scale items, they cannot be directly used as the
measurement dimension of the engineering education learning
environment scale. The theoretical structure of engineering education
learning environment evaluation includes seven factors: curriculum
learning, teacher-student relationship, classmate relationship, learning
atmosphere, institutional environment, project and practice, physical
resources, and a system of 12 benchmark contents for engineering
education professional certification graduation requirements.

From the perspective of the theoretical structure of the scale: on
the one hand, the scale covers 12 benchmark contents of China’s
engineering education professional certification graduation
requirements: ‘engineering knowledge, problem analysis, design/
development solutions, research, use of modern tools, engineering
and society, environment and sustainable development, professional
norms, individuals and teams, communication, project management,
and lifelong learning. Zhu Lu, Hu Dexin, and other studies have
shown that there are two types of reference points for the graduation
requirements of China’s engineering education: (Zhu et al., 2024) First,
the content investigation of graduation requirements should have the
characteristics of feasibility and evaluability. Second, the graduation
requirements include the evaluation mechanism and implementation.
The scale developed in this study implements the content information
of Chinas engineering education graduation requirements into
evaluable items. The development of the scale realizes the requirements
that the content of the 12 indicators can be implemented and evaluated
in the investigation of the graduation requirements of engineering
education professional certification. The scoring results obtained by
this scale can also be used as a reference for the quantitative
conclusions of undergraduate graduation requirements. Therefore, the
development of the scale makes up for the lack of systematic
connection between the existing learning environment assessment
tools and the graduation requirements of engineering education
professional certification, which is of great significance to promote the
prosperity of engineering education and support the sustainable
development of engineers in the future. On the other hand, the
evaluation dimension of this scale covers the hard learning
environment conditions, such as courses, practical activities inside
and outside the school, systems, and material resources that support
the cultivation of undergraduate talents in excellent engineering
education, as well as soft learning environment conditions, such as
learning atmosphere, teacher-student relationship, and student
relationship. Compared with Yu Haiqins (Haigin et al, 2013)
evaluation dimension of the learning environment of Chinese
undergraduate top-notch innovative talents, the study increased the
physical resource evaluation factor of ‘the use of laboratory and
equipment and engineering practice ability, the evaluation of the
impact of computers and books on professional learning. The
theoretical model shows that the engineering education learning
environment evaluation scale is a college students’ learning
environment system that integrates classroom and extracurricular,
school and society, materials, nature, society, and culture. (Lijun and
Bushi, 2010)
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TABLE 5 Factor loading matrix of the common factor and the item.

10.3389/feduc.2025.1665226

Common factor

Factor-1 Factor-2

Factor-3

Factor-4 Factor-5 Factor-6

E4 0.724

E6 0.710

E2 0.700

E5 0.679

E7 0.597

El 0.475

E33 0.721

E32 0.715

E24 0.707

E34 0.680

E31 0.610

E30 0.609

E36 0.546

E9 0.703

E8 0.701

E17 0.629

El5 0.457

El6 0.455

E27

0.722

E29

0.664

E26

0.654

E25

0.457

E23

0.305

E28 0.357

E13

0.816

Ell

0.802

E10

0.650

El14

0.464

E22

0.637

E21

0.567

E19

0.561

E20

0.360

Annotation: The meaning of the items in this table is shown in the notes to Table 2.

5.2 Reflection on the results of the scale
test

From the results of the scale test, the exploratory factor analysis of
the prediction scale is carried out, and the items are corrected, which
means that the 7 common factors contained in the revised scale
construct 36 items of information. The formal scale has been tested by
CITC, including internal consistency reliability, content validity, and
composite reliability, which proves that the reliability and validity of
the scale are good and there is no common method deviation. The
confirmatory factor test shows that the seven-dimensional structure
division of engineering education learning environment conforms to
the theoretical construct. Therefore, the model constructed by the
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engineering education learning environment scale is suitable and can
be used as a reliable tool for the investigation and management of the
engineering education learning environment. The discussion of each
dimension of the scale is as follows.

The course learning factor reflects the students” evaluation of the
improvement of engineering knowledge, engineering thinking,
engineering design, and engineering practice ability through the course,
different teaching contents and forms, including E1-E9 items. This
indicator shows that the engineering education professional certification
emphasizes student-centered, and requires colleges and universities to
fully consider the students’ learning needs and characteristics of
engineering knowledge, engineering thinking, engineering design, and
engineering practice in the design of courses and teaching in the
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TABLE 6 Combination reliability test results.

Variable combination

10.3389/feduc.2025.1665226

Learning environment

Dimension Number Combination reliability (CR)
Course Learning 9 0.974
Teacher-student relationship 4 0.930
Classmate relationship 4 0.960
Learning atmosphere 4 0.931
Institutional Environment 5 0.941
Project and practice 7 0.960
Physical Resources 3 0.928

construction of a learning environment. It means that colleges and
universities need to change the traditional teacher-centered teaching
mode and adopt teaching methods and courses that pay more attention
to students’ active participation and independent inquiry (Zheng et al.,
2023). For example, using flexible or diversified teaching methods to help
students master the mathematics, natural science, engineering foundation
and professional knowledge needed to solve complex engineering
problems; to cultivate the key links of identifying and judging complex
engineering problems by using scientific principles; general courses and
professional courses should help students apply engineering knowledge
to evaluate the impact of engineering projects on social sustainable
development and environment, and understand the social responsibilities
they should bear.

The teacher-student relationship is the evaluation of the depth of
communication between students and teachers and the degree of
teacher help, including E10-E13 items. The research shows that the
teacher-student relationship is the cornerstone of the construction of
the engineering education learning environment. It provides support
for professional certification through the following aspects: ensuring
the achievement of students’ learning outcomes, supporting the
student-centered teaching paradigm, promoting the continuous
improvement of teaching, and helping educational projects adapt to
the development trend of digitization and globalization (Qian, 2023;
Agrawa et al., 2024; Dai, 2024). In general, effective teacher-student
interaction is the key to achieving high-quality development of
engineering education and successfully passing professional
certification. With the increasing popularity of digital technology,
maintaining and strengthening the positive relationship between
teachers and students is still an important issue that needs continuous
attention and research in the field of engineering education (Jaafar
et al., 2021; Makda, 2024).

Classmate relationship refers to the evaluation of mutual
encouragement, help, cooperation, and learning resource sharing
among students, including E14-E17 items. The research shows that the
classmate relationship plays an irreplaceable role in the professional
certification of engineering education (Craps et al., 2021). It directly
supports the requirements of certification standards for graduates’
comprehensive quality by promoting the development of teamwork
(Inegbedion, 2024), communication skills (Estriegana et al., 2024),
knowledge sharing (Jia et al., 2024), learning motivation (Hsiao et al.,
2019), professional quality, and cross-cultural ability (Kokroko et al.,
2024). Therefore, in the construction of an engineering education
learning environment, we should attach great importance to cultivating
positive and healthy classmate relationships, so as to lay a solid
foundation for students’ future career development and lifelong learning.
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The learning atmosphere is an evaluation of the school’s
exploration, innovation, and pragmatic learning atmosphere. Items
include E18-E21. Learning atmosphere is of great significance to the
construction of the engineering education learning environment. The
research shows that a positive learning atmosphere is more likely to
promote the formation of students’ learning motivation (Qian, 2023);
Better absorption and understanding of knowledge (Zheng et al.,
2023). In addition, students are more likely to have new ideas and
innovative thinking in an open, inclusive, questioning, and exploring
learning atmosphere. (Chen et al., 2023)

The institutional environment is the evaluation of the school’s
independent choice of learning, undergraduate tutorial system,
academic lectures, competition awards, and reading clubs. The items
include E22-E26. This indicator emphasizes that engineering
education accreditation encourages colleges and universities to focus
on cultivating students” innovative spirit and critical thinking in the
construction of the learning environment (Zhang et al., 2022).

Project and practice is the evaluation of students’ participation in
practical activities, the use of instruments and professional simulation
software, the ability to solve complex engineering problems,
communication, teamwork ability, engineering management, honest
and fair professional ethics, etc. Items include E27-E33. This indicator
shows the importance of practical training in the engineering
education certification project.

Physical resources are the use of laboratory and equipment, the
influence of training based on engineering practice ability, and the
evaluation of computer, network, and book materials to meet
professional learning. The items include E34-E36. This index shows
that engineering education certification attaches great importance to
students’ evaluation of the use of physical resources, which means that
colleges and universities should strengthen the construction of
laboratories, instruments and equipment, training bases, information
networks, and books and materials in the construction of the learning
environment (Chen et al., 2023).

5.3 Evaluation of scale design concept

According to the transformation of international engineering
education to the standard of sustainable development, the elements of
China’s engineering education learning environment evaluation scale
are in line with the concept of sustainable development of engineering
education. For example, the curriculum learning factor is a powerful
carrier to promote sustainable development. Taking the mechanical
engineering major of the Massachusetts Institute of Technology as an
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TABLE 7 Common variance bias test results.

10.3389/feduc.2025.1665226

Common index x*/df
Criterion for judgment <3 >0.9 <0.10 >0.9 >0.9 >0.9 >0.9
Value 34.386 0.525 0.121 0.815 0.819 0.808 0.819

TABLE 8 Confirmatory factor model fitting index.

Common index

Criterion for judgment <3 >0.9

<0.10 >0.9 >0.9 >0.9 >0.9

Model: First-order seven- 2396.204 10.343 0.858

factor model

0.064 0.946 0.951 0.946 0.951

example, this major has embedded modules such as sustainable design
and circular economy in the core curriculum since 2018. This kind of
curriculum reconstruction enables students to establish a systematic
and sustainable development thinking framework while mastering
professional technology. Research shows that 5 years after graduation,
the proportion of such students engaged in green technology research
and development reaches 42%, which is significantly higher than 23%
of the traditional course group (MIT Office of Institutional Research,
2023). The quality of collaboration between teacher support and
classmate relationships in teacher-student relationship is a key factor
affecting the sustainable development of academics. Teacher support
can induce students’ autonomous motivation and maintain the
continuity of learning motivation (Corradini and Nardelli, 2020); the
collaborative quality of classmate relationships enhances cognitive
flexibility and a sense of belonging (Rosé and Jarveld, 2021).

6 Limitations and future directions

Based on the benchmark indicators of graduation requirements
of China Engineering Education Accreditation, this study developed
a learning environment assessment scale. The development of the
scale can assist the continuous improvement of the results of
engineering education professional certification from the dimension
of the learning environment. But what is the cross-cultural adaptability
of the scale? Further comparative verification is needed in the future.
The research data come from the underdeveloped areas in western
China, and all the students majoring in engineering technology in
application-oriented universities. The research objects are typical, but
the research results only represent the situation of such universities in
China, and the application and promotion of the scale need to
be cautious. In the future, heterogeneous samples should be selected
to evaluate the reliability and validity of the scale.

In addition, in the confirmatory factor analysis (CFA) model, the
correlation coefficient of the two potential factors is greater than 0.9,
indicating that there may be multicollinearity, and it is difficult to
determine the independent effect of the variables (Kyriazos and Poga,
2023). This means that the independent influence of learning
atmosphere, institutional environment, project activities, and
material resources on the learning environment of engineering
education is difficult to determine, and there are some deficiencies in
the research. The concepts of these four latent factors are different,
and the items measuring these four variable factors do not overlap
(the results of exploratory factor analysis have been verified). Factor
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merging can reduce multicollinearity problems, but it may also lead
to a decline in model explanatory power (Upendra et al., 2023).
Therefore, the study did not delete and merge these four factors.
Existing studies have also shown that there are two potential factors
in the confirmatory factor analysis with a correlation coefficient
greater than 0.9, but it is not unreasonable (Zhai et al., 2024). In
order to make up for the limitations of this study, we will consider
increasing the sample size in the future to improve the tolerance of
the model to multicollinearity and make the estimation of model
parameters more reliable (Ismacel et al., 2021).

Engineering education is the cradle of cultivating future technology
leaders, and engineering education professional certification plays a role in
ensuring the quality of personnel training. The innovation of the university
learning environment should not only stay at the certification benchmark,
stop at the improvement of knowledge transfer efficiency, but also focus on
shaping a new generation of engineers with a global vision and sustainable
development leadership. This study mainly solves the problem of designing
and verifying the engineering education learning environment scale. In the
future, it is necessary to further explore the problem of learning environment
construction in the collaborative mechanism of knowledge construction,
ability training, and value shaping in educational practice. The specific
implementation path, for example, (1) to build a “three-layer nested
“curriculum system: in addition to the professional and technical level, the
addition of sustainable development theory layer and interdisciplinary
practice layer; (2) Developing a dynamic capability assessment matrix:
integrating ABET certification standards and SDGs indicators to establish
anew evaluation paradigm for engineering education quality; (3) Create an
industry-academic community: Learn from Stanford University’s ‘Change
Lab model to enable students to understand the practical logic of sustainable
development in real technology iterations.

7 Conclusion

This study aims to develop and test the learning environment
assessment scale in engineering education. The research takes the 12
benchmark contents of the graduation requirements of the general
standard of China’s engineering education certification as the content
scope of the item preparation, and complies with the principle of
scale design and verification. From the seven dimensions of
curriculum learning, teacher-student relationship, classmate
relationship, learning atmosphere, institutional environment, project
and practice, physical resources, the evaluation scale of learning
environment in China’s engineering education is developed and
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The seven-factor model fitting diagram of engineering education learning environment.

verified, and the theoretical structure model of learning environment  education professional certification standards. Through the test, this
evaluation in the context of China’s engineering education and the  evaluation scale is the physical carrier and social field of the
reliability and validity of the scale are answered. The research results  engineering ability of Chinese engineering education graduates, and
confirm that the seven-factor structure scale has good robustness,  the key observation point of the graduation requirements. It will play
indicating that it has potential usefulness in continuously improving  a supporting role in the cultivation of outstanding talents in
China’s engineering education and making the engineering talent  engineering education and the growth of students into a new
training of certified institutions consistent with the global engineering  generation of sustainable engineers.
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