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Abstract. Engineering drawing is an important foundational compulsory course 

in the field of robotics engineering major. The Outcome-based Education concept 

was integrated into the teaching. The problem in traditional engineering drawing 

course teaching was analyzed, the course content was optimized, the teaching 

objectives was established, the course evaluation system was constructed, and the 

teaching effectiveness was improved. The self-learning ability of students was 

improved, and the ability of students to think actively was improved. The pro-

posed method provides certain reference suggestions for the optimization of the 

engineering drawing course. 
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1 Introduction 

The new engineering discipline is based on the new economy and new industries, em-

phasizing the practicality, intersection, and comprehensiveness of disciplines. The new 

engineering focuses more on the close integration of new technologies and traditional 

industrial technologies. Engineering drawing is an important foundational compulsory 

course in the field of robotics engineering major. The engineering drawing course is the 

foundation for students to learn subsequent professional courses. The teaching quality 

of this course will greatly affect the professional skills, comprehensive quality, and 

employability of students. 

However, there are still various problems in engineering drawing courses in univer-

sities, the situation of students in learning and applying the course is not excellent [1-

3]. The traditional teaching mode and assessment method of engineering drawing 

courses cannot meet the requirements of new engineering construction. Traditional 

methods cannot fully stimulate enthusiasm and enthusiasm of students for learning, and 

are not conducive to cultivating innovative and logical thinking. 

OBE (Outcome-based Education, OBE) is an educational philosophy, which the 

learners are the center and learning outcomes are the guide. It is an educational ap-

proach that follows the principle of reverse design [4]. The learning of students is the 

center of the OBE education philosophy, and the goal is to achieve learning outcomes.  
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completed by students. The teaching philosophy has received widespread attention 

from colleges [5-7]. 

Zhang L. have conducted research on the goals, needs, processes, evaluation, and 

continuous improvement of learning outcomes in the mechanical drawing course using 

the OBE education concept [8]. The teaching reforms of engineering drawing course 

were carried out by Gao C. et al, including optimizing course content, setting teaching 

objectives, and constructing a course evaluation system, and the teaching effectiveness 

was improved [9]. Based on the positioning of school, professional talent training po-

sitioning, and socio-economic development needs, an applied undergraduate course 

system called Engineering Drawing and Computer Drawing was constructed by Zhong 

X. et al. [10]. 

However, the existing teaching reforms are mostly based on the characteristics of 

the curriculum and teaching experience. The problem in traditional engineering draw-

ing course teaching was analyzed, the teaching models based on OBE was explored, 

and the practical application abilities of students was improved. 

2 Current teaching situation of engineering drawing 

courses 

2.1 Multiple teaching contents 

The content of engineering drawing course is heavy, mainly divided into descriptive 

geometry and mechanical drawing. The course has strict requirements for the mastery 

of theoretical knowledge and practical practice. It is necessary to set up a certain num-

ber of practice lectures and drawing assignments. Taking Shandong University of Man-

agement as an example, the theoretical course of this course has a total of 32 class 

hours. 

2.2 Poor professional foundation of students 

The engineering drawing course is scheduled for the first semester of college. The un-

derstanding of professional knowledge of students is lack. And the understanding of 

the shape, function, and processing process of various mechanical components students 

is insufficient. All of these will reduce the interest of students in learning. As the diffi-

culty of the course increases, the teaching effect of the course is not satisfactory. 

2.3 Lack of process assessment 

There are many teaching knowledge points in the engineering drawing course. The cur-

rent assessment methods mainly rely on final exams. The examination on the mastery 

of knowledge during the learning process was not conducted. of the effective commu-

nication between students and teachers is insufficient. 
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3 Teaching Reform of Engineering Drawing Course 

3.1 Reconstructing teaching objectives 

The original teaching objectives of the engineering drawing course simply focused on 

mastery and learning of basic drawing principles of students. The supporting ideology 

for the graduation requirements of students is insufficient. The course teaching objec-

tives, graduation requirements of student, and the building goals of new engineering 

disciplines are linked. The specific role of course teaching objectives in professional 

training programs of student is clarified. The contribution of course teaching objectives 

to achieving graduation requirements is clarified. According to the training objectives 

of the robotics engineering major, the Correspondence Matrix between Mechanical 

Drawing Course and Training Requirements for Robot Engineering Major is shown in 

Table 1. 

Table 1. Correspondence Matrix between Mechanical Drawing Course and Training Require-

ments for Robot Engineering Major 

Graduation requirements Ability requirements 

Engineering knowledge high 

Professional norms high 

Analyzing problem high 

Solving problems high 

Engineering ethics high 

Scientific research medium 

Communication skills medium 

Project management low 

The teaching objectives of the course are determined based on the requirements of 

the course and the training of the robotics engineering major. Teaching objectives in-

clude knowledge objectives, ability objectives, and quality objectives, as shown in Ta-

ble 2. 

Table 2. Teaching Objectives of Engineering Drawing Course 

Number Teaching objectives 

1 
Master drafting norms and standards, and have the ability to correctly ap-

ply drafting tools. 

2 

Master the basic knowledge and drawing methods of orthographic projec-

tion drawing, master the drawing methods of basic and composite bodies, 

and cultivate spatial thinking and analytical abilities. 

3 

Master the drawing method of sectional views, cultivate engineering per-

spectives and innovative thinking. Apply course knowledge and principle 

technology to robot engineering practice and design new products. 

4 Ability to draw and read part and assembly drawings. 

5 Cultivate teamwork and communication skills of students. 
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3.2 Optimize teaching content and methods 

The professional skills required by the enterprise were understanded, the course teach-

ing contents were revised based on the goals of new engineering construction. The 

practical engineering cases of enterprises were integrated into drawing related 

knowledge. The teaching content could adapt to the needs of new technological devel-

opment, the spatial thinking ability students was improved. And it can effectively com-

bine theoretical teaching with practical teaching in the course. 

On the basis of the original core content, combines typical Chinese craftsman engi-

neering cases, the hot topics in the field of robotics engineering added into the course. 

The course teaching content was enriched. According to the characteristics of each 

chapter of engineering drawing, the teaching content was divided into three modules: 

drawing basics, basic skills, and mechanical drawing. 

Teaching methods and means are important measures to stimulate students' interest 

in learning and achieve teaching objectives. In order to achieve better teaching objec-

tives, starting from the learning situation and combining with the characteristics of the 

teaching content, various teaching methods were adopted, such as inspiration, case 

studies, project analysis and problem driven. And the active classroom atmosphere was 

formed and the amount of teaching information was increased. The reorganization and 

optimization of the main contents are shown in Table 3. 

Table 3. Reorganization and Optimization of Engineering Drawing Course Content 

Teaching 

content 
Key points of teaching content Teaching method 

Drafting  

essentials 

National standard for cartography 

Expression method of mechanical components 

Project-based 

Problem driven 

Basic  

skill 

Basic knowledge of projection 

Projection characteristics of points, lines, and surfaces 

Projection of basic stereoscopic 

Heuristic teach-

ing 

Problem driven  

Problem driven 

Mechani-

cal  

drawing 

Expression of standard and commonly used parts 

Basic knowledge of part drawings 

Basic knowledge of assembly drawings 

Case-based 

Case-based 

Project-based 

Problem driven teaching method utilizes the curiosity of students, teaching content 

was planned by problems, and the teaching processes was designed based on exploring 

problem-solving solutions. Similarly, heuristic teaching aims and focuses on inspiring 

thinking of students, which the enthusiasm and initiative of students in learning was 

enhanced effectively. 

Case-based teaching method is the teaching by the practical engineering cases. The 

ability of analyze and solve practical production problems was improved. And the team 

collaboration and communication skills were improved also.  

Project-based teaching method is the entire process in which students independently 

complete all aspects of a project, including requirement information collection, scheme 
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design, implementation, and evaluation. The global awareness of students could be cul-

tivated by this method, the mastery of knowledge was enhanced, and the application 

effectiveness was improved. 

3.3 Reform evaluation methods 

The original course evaluation method of mechanical drawing mainly relied on the ac-

quisition of knowledge and skills as the standard, and the evaluation and assessment of 

comprehensive quality and ability of students is lack. It is contrary to the OBE teaching 

philosophy. The engineering drawing teaching evaluation system based on the OBE 

concept mainly evaluates the completion of teaching objectives and the mastery of 

teaching tasks. And the engineering literacy and problem-solving ability of students is 

evaluated comprehensively. Therefore, it is necessary to enrich the assessment methods 

and establish a feedback channel between teaching and learning. The regular evalua-

tions are added, mainly including abilities and qualities, learning attitudes, and so on. 

According to the new course content and assessment objectives, the in-class tests, 

unit tests, mid-term exam question banks, and final exam question banks were con-

structed and improved. The traditional assessment relies solely on homework to evalu-

ate students' learning effectiveness, and various forms of process assessment such as 

classroom tests and unit tests were added. The classroom quizzes were supported by 

the digital teaching tool Rain Classroom. Unit test questions mainly consist of drawing 

questions, which focus on testing the operational and problem-solving abilities of stu-

dents. A midterm exam was organized during the semester, which test the overall mas-

tery of basic knowledge of students. 

4 Conclusions 

The teaching reform of engineering drawing courses based on the OBE teaching phi-

losophy was conducted. The problem in traditional engineering drawing course teach-

ing was analyzed, the course content was optimized, the teaching objectives was estab-

lished, the course evaluation system was constructed, and the teaching effectiveness 

was improved. Students actively participate in learning, their abilities to solve complex 

engineering problems were improved, especially in engineering knowledge analysis, 

spatial problem analysis, and the use of drawing tools. The quality of talent cultivation 

in the field of robotics engineering could be improved. 
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medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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