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Abstract

Outcomes-based evaluation of graduation requirements can provide foundations for continuous improvement
of professional education, and is the core requirement of the engineering education accreditation. According to
the graduation requirements for traffic engineering education, outcomes-based evaluation is carried out in this
paper using the exam scores analytical method and rubrics method. Taking road traffic safety course as an
example, based on the analysis of the relationship between graduation requirements and curriculum contents,
graduation requirement evaluation indicator and weight coefficient of connected curriculum contents are
determined. Then, test scores of 169 students, who have taken this course in the past three years, were selected
to calculate the achievement of each evaluation indicator point based on exam scores analytical method.
Moreover, on the basis of 162 valid questionnaires, the quantitative evaluation data of the graduation
requirements for the curriculum contents are calculated. And the rubrics evaluation value, evaluation opinions
and the feedback of key teachers are obtained using rubrics method. The research in this paper can provide
guidance to better improve the quality of course construction and meet the graduation requirements of
engineering education accreditation.
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Higher education plays an important role in the further development of sustainability (Thurer, Tomasevic,
Stevenson, Qu, & Huisingh, 2018). Education for sustainable development efforts generally aim to train
students understand the world in a more holistic way and anticipate consequences of different actions
(Svanstrom, Sjoblom, Segalas, & Froling, 2018). Traditional higher education, especially engineering
education, focuses on response to needs or demands of employers, industry and the marketplace (Staniskis, &
Katiliute, 2016). Currently, engineering education faces great challenge of training a large number of college
students to meet the requirements of high-tech industries (Li, 2018). Such needs or demands requires a rigorous
engineering education to advance the frontiers of knowledge, integrate new technologies from the laboratory to
society and finally qualify students as engineers and the society leaders (Chaubey, Bhattacharya, & Das Mandal,
2018).

Three decades ago, developed countries cultivated the majority engineers of the world. Today, a large
proportion of new engineering graduates come from China, India, Brazil and Russia, collectively known as the
BRIC countries (Mutereko, 2018). In order to guarantee and improve the quality of engineering education, more
and more universities or institutions begin to implement engineering education accreditation. Accreditation has
emerged as a symbol of high quality where teaching practices could be externally evaluated against explicit
standards (Wikle, 2018). With the help of peer review, engineering education accreditation could improve
instructional quality and increase the international appeal of these graduates (Anwar, & Richards, 2013). In
New Zealand, engineering education is subject to general quality assurance requirements as a precondition of
government funding. And all of the New Zealand tertiary providers of engineering degrees have chosen to seek
and maintain accreditation from the Institution of Professional Engineers New Zealand (Hodgson, & Williams,
2007). In October 2015, China engineering education accreditation association (CEEAA) was established. This
is a national social group composed of institutions and individuals related to engineering education. By
organizing and implementing engineering education accreditation, the quality of engineering education will be
improved and the international competitiveness of engineering education in China will be enhanced. There are
seven international agreements administered by the International Engineering Alliance (IEA). Referred to as
international mutual recognition agreements and internationally accepted by quality assurance system for
engineering education. Those agreements are also the important basis for achieving international mutual
recognition of engineering education. As one of the most important agreements, the Washington Accord was
established in 1989, with 20 signatory bodies with full rights and 5 with provisional status (Anwar, & Richards,
2018). In June 2016, China officially joined the Washington Accord. And engineering graduates accredited by
CEEAA will be recognized by other organizations of the Washington Accord.

Outcomes-based education (OBE) is a recent development in modern curriculum planning, which has been
adopted in education systems by the signatories of the Washington Accord. (Mukhopadhyay, & Smith, 2010).
It is a performance-based and learner-centered approach in education offering a powerful and appealing way of
reforming and managing education (Tan, Chan, Subramaniam, & Ping, 2018). The philosophy of OBE is to
train individuals who can demonstrate the evidence of competencies in designated areas of education (Kim,
2012). The key principle in this education approach is the development of educational programs and application

of learning processes with the beginning in identifying outcomes, that is, competencies expected as the results
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of an educational process. By taking into account pre-post differences and controlling for initial performance
levels, it facilitates an appraisal of performance gain for specific learning objectives (Schiekirka, Anders, &
Raupach, 2014). Practicing OBE made some teachers reflect upon what constitutes knowledge and competency
(Barman, Silen, & Laksov, 2014). Thus OBE is served as a framework for reflection on teaching—learning of
competence within their field and consequently they strived to design their course to facilitate the development
of integrated competencies. In Hong Kong, OBE is a current initiative in universities, with widespread backing

by governments and standards bodies (Deneen, Brown, Bond, & Shroff, 2013).

OBE emphasizes on what learners should know and understand how to adapt to future life roles. Estimating
learning outcome from comparative student self-ratings is a reliable and valid method to identify specific
strengths and shortcomings in undergraduate curricula (Schiekirka, Anders, & Raupach, 2014). However,
studies to evaluate students’ perceptions of OBE and validate the understanding of these perceptions are lacking,
caution must be taken to ensure that the curriculum is not narrowly centered on the interests of the powerful
labor market but responsive to students’ and other societal needs (Mutereko, 2018). In addition, there are few
evaluation tools directly assess learning outcome for specific learning objectives (Schiekirka, Anders, &
Raupach, 2014). Thus, taking road traffic safety curriculum as an example, this paper expounds the practical
process of outcome-based evaluation for the graduation requirements of traffic engineering education. The
research can provide guidance to better improve the quality of curriculum construction and meet the graduation
requirements of engineering education accreditation. The rest of this paper is organized as follows. Outcome-
based evaluation methods are developed in Section 2. Then, based on the proposed methods, graduation
requirements of road traffic safety curriculum were evaluated in Section 3. Conclusions are drawn and discussed

in Section 4.

Methods

The core of engineering education certification is to confirm that engineering graduates meet the
accreditation of the industry, which is a qualification evaluation oriented to OBE. The approach of outcomes-
based evaluation mainly includes direct evaluation method and indirect evaluation method. The direct
evaluation methods evaluate the achievement of the graduation requirements indicator of the curriculum by
direct observation or inspection effectiveness, mainly including the score analysis method and the ruler
evaluation method. Indirect evaluation methods are used to indirectly speculate and evaluate learning effects of
students through questionnaire surveys or self-reports. In this paper, the practical process of outcomes-based
evaluation for the graduation requirement of traffic engineering education with exam scores analytical method
and rubrics method.

Exam scores analytical method

According to the training plan and the curriculum syllabus, the steering committee for teaching in traffic
engineering (SCTE) clarify the relationship between the graduation requirement indicators and the content of
all curricula. And based on the requirements of graduation ability, the relationship among them could be

evaluated as high, medium and low. The evaluation indicators will be selected when the relationship is assessed
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as high or medium. Then determine the weight coefficient of support of graduation ability requirement by the

professional teaching guidance committee.

The fulfillment of graduation requirements is calculated as follows. Firstly, the correspondence between
each achievement indicator and the teaching activity of the graduation requirement of the major is established.
The teaching activity is determined according to the support intensity of the teaching activity on the graduation
requirement achievement indicators. According to the evaluation of the operation and evaluation links, the
evaluation links are decomposed, and the evaluation scores are calculated by using the average evaluation scores
and total scores of all the graduates evaluated. The calculation method could be expressed by Equation 1. It is
the average evaluation score of the corresponding indicator item supported by the teaching activity, and is

divided by the full value of the evaluation point supported by the teaching activity.
Vi =W x A T (1)

Where,

Vi=Evaluation value of indicator i,
Wi=Weight of indicator i,

Ai=Average evaluation score of indicator i,
Ti= Total evaluation score of indicator i.

Rubrics method

A commonly used definition of rubric is a document that articulates the expectations for an assignment by
listing the criteria or what counts, and describing levels of quality from excellent to poor. In general, rubric have
three basic characteristics, which is evaluation criteria, quality definition, and scoring strategies. The evaluation
criteria are factors that the evaluator considers when determining the quality of the student's work. The standard
is also described as a set of indicators or a list of guidelines that reflect processes and content that are considered
important. The quality definition provides a detailed explanation of what the student must do to demonstrate
skill, proficiency or standards to achieve a particular level of achievement, such as poor, fair or excellent. The
quality definition addresses the need to distinguish between good and poor responses, both for scoring purposes
and for providing feedback to students. Rubrics' scoring strategy involves using a scale to explain the judgment

of a product or process.

General procedure of teaching activities based on rubrics method is as follows. Firstly, the basic model of
the evaluation rubrics is established. The quantitative evaluation and sample data of the students' graduation
requirements for the course support are obtained. An evaluation rubrics table based on the average score of the
sample space is generated. Then, according to the sample rubrics table, the members of the teaching steering

committee gave evaluation opinions and the lecturer gave feedback based on this and wrote corrective measures.

Taking the course of road traffic safety as an example, according to decomposition indicators of graduation
requirements of transportation engineering major, the evaluation indicators of graduation requirements related

to road traffic safety course are obtained, as shown in Table 1.
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Tablel
Evaluation Indicators of Graduation Requirements Related to Road Traffic Safety Course
Evaluation
indicator

1-4.

Explanation of the evaluation indicators

Ability to apply professional knowledge to solve complex engineering problems such as
traffic engineering planning, design, control, and safety.

Ability to apply the basic principles of mathematics and natural science knowledge to
2-2 transform, express and analyze the characteristics of complex transportation system to
obtain effective conclusions.

Ability to apply the scientific principles and scientific methods to analyze and interpret

4-2 the data of complex traffic engineering problems and obtain effective conclusions.

5. Ability to design and simulate complex engineering problems such as traffic engineering
planning, design, and control.

10-1 Ability to write high quality analysis reports and effective design plans for complex

traffic engineering problems.

Based on the evaluation indicators of graduation requirements related to road traffic safety courses, the basic
model of the Rubrics method for students is expounded in Table2. The course related to the graduation
requirements of the major are shown in the first column of Table2. The content of the third line in the table is
the achievement of the indicators, which is divided into three levels. The internal content of the table provides

specific explanations for different levels of each indicator.

Table2
Basic Model of the Rubrics Method for Students
Name Student ID
Course - L
Name Road traffic safety Evaluation time
Scoring
criteria Excellent Medium Failed Score
evaluation (100 -85) (84-70) (69-0)
indicator
Graduates can apply Graduates can solve Under the guidance of
1-4 professional knowledge  general traffic safety professional, graduates
' to solve complex traffic ~ problems with common can solve simple traffic
safety problems. knowledge. safety problems.
nGgﬁj(jrl;?tsisiec:geapply Graduates can analyze Under the guidance of
knowledge to analyze characteristics of general professional, graduates
2-2 - can analyze
the complex traffic safety problems L .

L . - characteristics of simple
characteristics of traffic ~ with common knowledge. traffic safety problems
safety problems. YP ’
Graduates can analyze Graduates can analyze Urrc])(:s;stir;glwdf;dcfags
and interpret the data of  and interpret the data of P 9

. . can analyze the data of
4-2 complex traffic safety general traffic safety . .

- . simple traffic safety
problems and obtain problems and obtain :
effective conclusions correct conclusions problems and obtal_n

) ) reasonable conclusion.
Graduates can design Graduates can design and ~ Graduates can design or
5-2 and simulate complex simulate general traffic simulate simple traffic
traffic safety problems. safety problems. safety problems.
Graduates can write
high quality analysis Graduates can write Graduates can write
10-1 reports and effective analysis reports and analysis reports for

design plans for
complex traffic safety
problems.

design plans for general
traffic safety problems.

simple traffic safety
problems.
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The SCTE has designed and distributed investigation table to some graduates from the course to obtain a
quantitative evaluation of the graduation requirements of the course. The SCTE summarizes and obtains the
evaluation table based on the sample space average score. Subsequently, according to the evaluation table, the
SCTE gives an evaluation opinion on the course. Finally, the lecturer will give feedback based on the evaluation

opinions given by the SCTE, and clarify the specific teaching rectification measures.

Research Contents

Survey Analysis

The methodology presented in this paper was put into practice in Hohai University (HHU), China. Situated
in the old capital city Nanjing, HHU has a one-hundred-year-long history and enjoys high prestige. As a key
comprehensive university under the direct supervision of the ministry of education, HHU has upgraded itself
with good momentum of development in hydraulic engineering and water resources as its main focus, education
of engineering subjects as its first priority, and coordinated development of a wide array of disciplines covering
engineering, sciences, economics, management, liberal arts and law, ranking among China’s top universities in
its teaching indexes and overall strength. Nowadays, HHU offers 54 undergraduate programs. The
transportation engineering specialty of Hohai University was listed as the key professional construction of the
“Twelfth Five-Year Plan” of Jiangsu Province. It trains senior professionals with relevant professional
knowledge and can engage in transportation planning, traffic engineering design, construction and management

in various departments of the state, province and city.

N
=}

Number of students

2016 2017 2018
Years

Figure 1. Students of course selection

Road traffic safety is one of the main professional curriculum for undergraduates majoring in transportation
engineering. The main task of this course is to enable students to master the basic concepts and basic theories
of traffic safety. Students will be educated to use the safety analysis and evaluation of transportation systems
and the theory and methods of traffic accident prevention to solve practical problems. The curriculum also

provides students with the basic ability to comprehensively analyze and handle various types of traffic safety
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issues. Over the past 3 years, more than 50 students have chosen this course each year. With the serious situation
of road traffic safety, more and more students begin to choose this curriculum. In 2017, the number of students

choosing this course reached to 62, and the proportion of male students in the course is increasing, as shown in

Figure 1.
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Figure 2. Proportion of transportation engineering students and average scores
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Figure 3. Scatter plot of achievement score

The students who choose this course are mainly in traffic engineering, except for a few other professional
students. It can be seen from Figure 2 that the proportion of transportation majors choosing this course has
increased year by year. This indicated that the course is more popular among students and is becoming more
and more important in transportation education. However, it can be seen from Figure 2, although content and
teacher of the course is the same in the past three years, there is a significant fluctuation in the average score
distribution of the students. In order to further analyze the reasons for the fluctuation in student performance,
we listed the scores of students who choose the course from high to low in the past three years, as shown in
Figure 3. It can be seen that the high segmentation is basically flat, while the low segmentation is getting higher
and higher in the past three years. This shows that the curriculum is continuing to improve. In addition, there is
a contradiction of fluctuation trend between the average score individual scores. Therefore, it is necessary to

further analyze the achievement of students and judge whether they have met the requirements for graduation.
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Analysis results of the exam scores analytical method

According to the graduation requirements indicators of traffic engineering education, we decompose the
scores of the students who choose the road traffic safety curriculum over 3 years. The evaluation indicators are
listin Table 1. Taking the indicator 2-4 for example, based on the Equation 1, if the average score of the indicator
point 2-4 is 18 points and the score of all the items is 20 points, then the evaluation value of the indicator 2-4 is
18 /20=0.900. Then the contribution value of the course to indicator 2-4 is obtained considering the weight of
the course to indicator 2-4. According to the evaluation records, the scores of each student were analyzed, and

the evaluation results of the calculated achievement indicator were calculated, as shown in Table 3.

Table 3
Evaluation Value of the Graduation Requirements
Category Target Evaluation value Teaching objectives

value 2016 2017 2018
Graduation requirementsl: Engineering knowledge

Learn the professional knowledge of road traffic safety
1-4. 0.2 0.165 0.163 0.164 and be able to apply the knowledge learned to solve
relevant engineering problems.

Graduation requirements2: Problem analysis

Understand the basic principles of mathematics and
natural science knowledge, and transform, express and
analyze the complex characteristics of transportation
systems.

2-2 0.2 0.157 0.161 0.162

Graduation requirements4: Problem analysis

Learn to analyze and interpret the data of complex
4-2 0.2 0.156 0.159 0.160 traffic safety problems and obtain effective
conclusions.

Graduation requirements5: Problem research

Master relevant computer software and simulation
tools, apply the knowledge learned to analyze and
synthesize data on relevant issues, and obtain effective
conclusions.

5-2 0.2 0.142 0.140 0.145

Graduation requirements10: Communication

Ability to write high quality analysis reports and
10-1 0.2 0.149 0.146 0.148 effective design plans for complex traffic safety
problems.

It can be seen from Table 4 that the evaluation value of each indicator exceeds 70% of the target value,
indicating that the evaluation is qualified. It can be found that students have relatively strong mastery of basic
theoretical knowledge, since indicator 1-4 has the highest score. The lowest score of indicator is 5-2, which
means the students are relatively weak in the practical application of knowledge. In addition, the students'
enthusiasm for the course experiment was very high. The subsequent hours of the course experiment could be

appropriately increased.
Analysis results of rubrics method

The SCTE conducted a questionnaire survey on students who had taken road traffic safety courses in 2016-
2018. 169 questionnaires were distributed and 165 were returned, of which 162 were valid. Based on these

questionnaires, the Rubrics evaluation value of each student are calculated, as is shown in Figure 5.
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100

Evaluation value based on Rubrics method

T
10-3
Achievement indicator

1-4 2-2 2-4 52

Figure 5. Rubrics evaluation value of each student

Subsequently, according to the sample table, the members of the SCTE gave an evaluation opinion on the
course. Finally, the lecturer gave feedback based on the evaluation opinions given by the teaching guidance
committee and wrote the corrective measures. The average Rubrics evaluation value, SCTE evaluation opinions

and the feedback of key teachers are shown in Table 5.

Table 5

Average Rubrics evaluation value, SCTE evaluation opinions and the feedback
Course Road traffic safety
Category of personnel SCTE and the lecturer
Evaluation time April 2018

:En\ﬁ::l;?gfn A;’sc:?ge SCTE Evaluation Opinions Key Teacher Feedback Measures
1-4. 89 Students generally reflect that through Acc_ordlng to the e_valuatlon of each
2-2 85 this course, they can apply professional achievement indicators and the
4-2 76 ' S opinions of the Teaching Steering
5-2 73 knowledge to solve complex engineering Committee, it is found that students
problems such as planning, design, and are slightly weak in analyze and
gon:rol oft;?fflcbsg;ecty sys:;a:gis;lt::y C%'; generalize documents and analyze
Py PrINCIPIES them and design and simulate
mathematics and natural science LS
knowledge to transform, express and complex engineering problems. The
analyze the complex characteristics of :22:2%:SOthaérttgsirge:rznzognrgjn%
the transportation system to obtain guidance fgrpstu dents Y
effective  conclusions;  they can : .
10-1 79 communicate in a cross-cultural context. In the future, the course teaching

will be carried out in the form of

At the same time, however, students - . .
case teaching, class discussion, etc.,

generally believe that the course is

slightly weak in “analyze and generalize
documents and  analyze  them”
and“design and simulate complex
engineering problems”.

and the students will be able to carry
out data analysis and cultivated with
comprehensive ability on complex
traffic safety issues to meet the

graduation requirements of the
course.

As can be seen from Figure 5, the indicators 1-4, 2-2 have an average score of 80 or more, and the degree
of dispersion is small. Indicators 4-2 and 5-2 are below 80, and the degree of dispersion is large, indicating that
students have a greater degree of mastery of relevant knowledge and skills. At the same time, the Teaching

Steering Committee also gave an evaluation opinion on the course. The lecturer proposed continuous
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improvement measures based on the evaluation opinions of the Teaching Steering Committee.

In the process of course evaluation, the staff faces difficulties in evaluating data with high work intensity. It
is necessary to develop an evaluation system platform to design the various aspects of the curriculum and
teaching activities. Realize the real-time input of various data of the evaluation students, and automatically form

data results and analysis tables.

Conclusion

The engineering education accreditation system is an internationally accepted quality assurance system for
engineering education. It is also an important basis for achieving international mutual recognition of engineering
education and engineer qualifications. From the perspective of professional talent training, the evaluation of

graduation requirements is the core link in the teaching quality assurance and feedback mechanism.

In China, the accreditation of engineering education emphasizes the following three basic concepts. First, it
emphasizes on student-orientation and students are the primary target of service. The satisfaction of students
and employers with the services provided by the school or major is an important indicator of whether they can
pass the accreditation. Second, it emphasizes student-centeredness and student-led output. Evaluate the
effectiveness of professional education by comparing the core competence and quality requirements of
graduates. Third, it emphasizes qualified evaluation and continuous improvement of quality. Professional
accreditation emphasizes the basic quality requirements of engineering education. It also requires the

professional to establish a continuous and effective quality improvement mechanism.

How to effectively evaluate the achievement of graduation requirements is the key to implementing the OBE
theory. The purpose of professional engineering education accreditation is to promote professional development
of output-oriented internal evaluation and improvement mechanisms. It is the connotation of improving the
quality of undergraduate talents training by adopting the diversity evaluation method that suits the professional
characteristics and different graduation requirements. In the process of designing and using the two methods of

exam scores analytical method and rubrics method.

According to the main issues of graduation requirements in the engineering education accreditation system,
outcomes-based evaluation with the exam scores analytical method and rubrics method is analyzed in this paper.
Taking road traffic safety curriculum as an example, based on the analysis of the relationship between
graduation requirements and curriculum contents, graduation requirement evaluation indicator and weight
coefficient of the curriculum contents are determined. Then, test scores of 169 students, who have taken road
traffic safety curriculum in the past three years, were selected to calculate the achievement of each evaluation
indicator point based on exam scores analytical method. It can be found that relatively students have a strong
mastery of basic theoretical knowledge but a weak practical application of knowledge. In addition, the
enthusiasm of students for the course experiment was very high. The subsequent hours of the course experiment
could be appropriately increased. Moreover, on the basis of 162 valid questionnaires, the quantitative evaluation
data of the graduation requirements for the curriculum contents are calculated. And the rubrics evaluation value,

evaluation opinions and the feedback of key teachers are obtained by the rubric’s method. The evaluation results
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indicate that students have a greater degree of mastery of relevant knowledge and skills. In the process of course
evaluation, the staff faces difficulties in evaluating data with high work intensity. It is necessary to develop an
evaluation system platform to design the various aspects of the curriculum and teaching activities. Realize the

real-time input of various data of the evaluation students, and automatically form data results and analysis tables.

The research in this paper can provide guidance to better improve the quality of course construction and
meet the graduation requirements of engineering education accreditation. However, it should be noted that these
methods should not be used alone but should be comprehensively used according to professional conditions and
characteristics. The research in this paper can provide references in improving of the quality of transportation

personnel training and the engineering education accreditation of other related majors.
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