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Creating Contents and Enhancing Quality of Modern Industrial Training

ENGINEERING TRAINING STRATEGIES UNDER THE CONCEPT OF
EDUCATION OF CREATION SCIENCE

YUAN HAIYAN

Engineering Training Center

Nanjing University of Aeronautic and Astronautics
Nanjing, Jiangsu

China

ABSTRACT

The creation education cannot be divorced from the creation practice. The superiority of unfolding the
creation education in the engineering training may provide an environment for the creation practice,
optimize the structure of the inner qualities of the teaching staff engaged in the creation education, de-
velop the creation capability of the students, explore the raw materials of the creation education from
the existing teaching contents, apply the principles and methods of the creation education to the impart-
ment of knowledge and skill, enable the teachers to grasp the essence of the creation education genuine-
ly, set up the appraisal indices for the creation education and so on, being the effective strategies for
carrying out the education of the creation science in the engineering training.

KEYWORDS

engineering training; creation education; teaching strategy

As a newly emerging subject, the creation science is gradually receiving increasingly greater emphasis from the in-
stitutions of higher school, which have successively opened the courses of the creation science with the aim of enabling
the students to make full understanding of the characteristics and regularities of their own creative thoughts, personal-
ities, psychology and some other aspects, skillfully grasp a multiple of creative skills, fully explore their own creative
potentialities and finally meet the purpose of improving their abilities of creation through the systematic studies. Nev-
ertheless, for the purpose of realizing this objective, any pure dependence on the studies of the theoretical knowledge
in the classroom is not quite enough, we should also lay emphasis on the practice of creation. Only by way of explo-
ring the regularities of creation, tempering the creative thinking and summarizing the methods of creation in the
course of practice can we effectively improve the inner qualities of individual creation so as to form the excellent indi-
vidual qualities of creativity. The practice of creation is suitable for performance in the teachings of specialty practice
and various types of extracurricular activities of creation. The engineering training serves as a foundation type link in
the practice teaching; and it is necessary to make the engineering training an important position of creation education,
penetrate the knowledge of the creation science in the training, enable the students to make creations in the training
and undergo training through creation. The unfolding of the creation education in the course of engineering training
has a very large aspect of impact and a broad surface of benefits; therefore, it is necessary to construct a teaching
mode of engineering training characteristic of the creation education for giving a push to the deep-going and all-round
unfolding of the creation education.

1. SUPERIORITY OF UNFOLDING THE CREATION EDUCATION IN THE ENGINEERING
TRAINIGN

1.1 TO ENHANCE THE PRACTICALITY OF THE CREATION EDUCATION

Practice is the source of creation. The practical situation of the engineering training will provide abundant raw
materials for the creation education; and this doubtlessly helps to transform the theoretical study results of the crea-
tion science successfully, enhances the operability and improves the practicality of the creation education. This kind of
practicality is mainly manifested in the following two aspects: One is the practicality of the teaching process. The cre-
ation education in the course of the engineering training lays particular stress on the combination with practice, which
includes the linking of the teaching contents with the creation practice to the greatest possible extent, encouragement
of the practical participation on the part of the students in terms of the teaching mode, etc. It is possible to design the
teaching contents or raise the subjects in combination with the practical engineering problems so as to increase the
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tastefulness, challenges, initiatives and practicality of the study, enable the students to have more chances of getting
to work with use of their own hands, thinking participating and training their ability of applying the creative thinking
in a flexible way and solving the practical problems with the linking of the acquired theoretical knowledge in practice.
The second aspect is related with the laying of particular stress on the practice for the examination of the teaching re-
sults. The aim of the creation education is to foster the creative capability of the students. However, capability is a
product of practice and may only be manifested through practice’). Therefore, the teaching results of the creation
education may be objectively reflected in accordance with the students’ level of creation and their result of solving va-
rious practical problems in the training.

1.2 TO OPTIMIZE THE STRUCTURE OF THE TEACHING STAFF QUALIFIED FOR THE CREA-
TION EDUCATION

The start of the creation education requires a battalion of teachers with the reasonable structure in terms of both
knowledge and capability. At present, the teachers who are engaged in the teaching of the courses of the creation ed-
ucation mainly come from the following sources: Teachers of psychology who are engaged in the researches of creative
psychology, or teachers of pedagogy who are engaged in the researches of the creation education or those who directly
assume the working of teaching after their graduation as undergraduates or postgraduates’® . Though they have rela-
tively in-depth studies of the creation science, yet they have relatively less contact with the environment of production
and practice of scientific researches with somewhat insufficient experience of practice. Nevertheless, the teachers who
are engaged in the engineering training can make up this kind of insufficiency. They have been engaged in the front-
line of teaching, scientific researches and production for a long time, hence the acquisition of abundant practical ex-
perience, strong application capability of getting to work with their own hands and certain accumulation of creative
experience. The joining of these teachers or the specialized technicians in the teaching staff doubtlessly injects a new
vitality into the battalion of teaching staff for the creation education, changes the phenomena of “inbreeding” of the
previous teaching staff battalion, breaks the deadlock of forming a continuous line of succession in the creation educa-
tion in terms of theory and facilitates the raising and innovation of the academic level.

1.3 TO DEVELOP THE STUDENTS’ CAPABILITY OF CREATION IN AN ALL-ROUND WAY

The capabilities of creation acquired by the individuals may be concretely specified into two kinds of capabilities,
i.e., explicit capability and implicit capability. The explicit capability such as the faculties of observation, memory,
imagination, thinking, self study and so on can be fully tempered and raised in the long-term course of knowledge
construction. Yet the implicit capability such as the capabilities of cognition, skill, individual experience in the emo-
tional sphere, intuition, premonition and so on must be acquired through the practical activities by the individuals and
mostly developed in an environment which is liberal, free and suitable for creation by way of exerting an edifying in-
fluence. The engineering training which is characterized by “personal experience and perception” has a non-substitu-
tive function in the fostering of capabilities compared with the other teaching processes. The atmosphere of practice,
the rules and regulations, the teaching concepts, the teacher-student relationship and so on of the Engineering Train-
ing Center all contain the factors of creation education. The education of the talented people with the use of the envi-
ronment, the systems and the management not only facilitates the raising of the students’ explicit capability, but also
is more favorable to the raising of their implicit capability.

2, STRATEGIES FOR STARTING THE CREATION EDUCATION IN THE ENGINEERING
TRAINING

The creation education in the engineering training shall be unfolded with the foot set on its own characteristics;
and it is necessary to give full play to the superiority of the practice type teaching, apply the principles and methods of
the creation science to the development of the students’ creative capabilities and offer guidance to the students in their
performance of studies and researches in the engineering training. It is also desirable to lay the particular stress on the
acquisition of the cognition type results so as to enable the students to obtain confidence for creation, intensify their
creative consciousness and learn the basic methods of creation. In the course of the implementation of the creation ed-
ucation, it is possible to adopt the following strategies:

2.1 TO COMB THE EXISTING TEACHING CONTENTS AND EXPLORE THE CASES OF THE
CREATION EDUCATION

The situations of practice in the engineering training contain abundant cases of creation education, which, how-
€ver, have not been well applied by us. These cases have been often neglected by us, hence they slipped before our
€yes, or be “brought out in their entirety” (This is to take the place of the students in terms of thinking). Therefore,
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we should comb the existing teaching contents from the angle of the creation science and explore the cases of the crea-
tion education from the both positive and negative aspects. The exploration from the positive aspect is just the finding
of the “cream”. To carry out analyses of the equipment, tools, measuring implements and fixtures on the site of prac-
tice are possible to find out the application of many creative skills from the design and manufacture of these equip-
ments, tools, measuring implements and fixtures. For instance, the application of computers to the ordinary machine
tools led to the invention of CNC machines; and the creative skill employed herein is the method of transplantation.
This practical example can enable the students to better understand the principles and main points as to how to apply
the transplantation method, that is to say, the transplantation of the mature technique and particularly the latest re-
sult of science and technology into the new sphere “for our usage” so as to enable us to bypass the process of repetitive
thinking and repetitive research for the rapid realization of transformations and creation of new things. Meanwhile, it
may enable the existing results to prolong their service life, get expanded and be re-created under the new conditions.
It is the most efficient and simplest method in the scientific researches; it is also the most frequently used method in
the application researches. The similar practical examples are just the crystals of the creative thinking of the predeces-
sors and may serve as the flashlight points for enlightening the wisdom of students. The teachers are expected to find
out these points of flash for use in the creation education. The exploration from the negative aspect is just to find out
the “drawbacks”. Various types of routine machines and equipment with which the students may come into contact in
the training are the treasures created by the predecessors through their diligent labor. Compared with the advanced
equipment under development, certain drawbacks do exist. Anyhow just these drawbacks have left valuable space for
thinking and development for the ensuing innovation. It is necessary to enable the students to realize that innovation is
not purely invention and creation, and innovation should also be accompanied with the constant endeavor to strive for
perfection. In the course of making perfection for certain things, it also contains abundant contents of innovation.
This is because many new problems will be encountered in the course of making perfection for the things. Sometimes,
some minor problems will lead to a remarkable innovation. For example, the invention of the automatic positioning
function of the electro-spark wire-electrode cutting machine, the high-speed electro-spark drilling machine and so on,
are all the results of the endeavor to strive for perfection. Such examples are too numerous to mention one by one. At
the same time, Some examples which do not exist in certain teaching materials but are closely related with the training
contents shall be introduced from the transformation of the results of scientific researches, the description of the fro-
ntline disciplines and the innovation of the engineering and practice so as to enable the contents of training to become
the accumulations and concentrations of many years’ development of science and technology and enable the students to
look afar at the frontline of the scientific development from their standing at the site of training and induce their ap-
petite thirst for the exploration of knowledge and participation in the innovation.

2.2 TO APPLY THE PRINCIPLES AND METHODS OF THE CREATION EDUCATION TO THE
IMPARTMENT OF BOTH KNOWLEDGE AND SKILL

First of all, it is necessary to compile the teaching plan and prepare lessons in accordance with the requirement on
the creation education. The teaching plan shall clarify the aim and requirement of teaching (both the well-defined
knowledge type requirement and the well-defined requirement on the cultivation of the thinking capability) in accord-
ance with the type of teaching(on-the-site class, basic skill training, experiment class or special-subject lecture, etc).
How to select the teaching aids, how to design the writings on the blackboard, what kind of teaching methods to be
adopted for the particular lesson and so on are all to be set around the education of the creation science. For the pur-
pose of stimulating the students’ creative thinking by way of raising questions, it is also necessary to define the require-
ment on the quality and quantity of the questions to be raised and specify the their proportions in the lecture. Mean-
while, it is expected to list as many answers as possible to be possibly made by the students, analyze the causes of the
wrong answers and make corrections on the layer of occurrence of errors in terms of thinking™ .

Secondly, it is necessary to apply various types of creative teaching methods in the course of propagating knowl-
edge and use the vivid and lively teaching methods. Attention shall be paid to the grasping of the following links:

First, to lay emphasis on the method of creative thinking. At the time of describing the operating principles and
structure of the equipment, operating methods and the related processing technology and some other types of knowl-
edge, we’d better explain their value of innovation and their significance in the history of scientific development; we
should also explain the thinking process or the thinking method related with these summarized or produced results. So
far as possible, the thinking process may be demonstrated on the site. For instance, for the students who have re-
ceived the training of the traditional work types of processing or machining(even better for the students who have re-
ceived the training of two or more work types), before the start of lecturing on the technology of electro-spark pro-
cessing, it is possible to use 3-5 minutes to analyze the drawbacks of the traditional processing and list them one by one
with the use of the method of drawback listing or convergent thinking and some other creation skills and find out their
similarities(for instance, the contact of tool with workpiece, availability of cutting force, etc.), while the said simi-
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larities are just the limitations of the traditional processing(the processing mechanism can only be “hardness versus
softness”; that is to say, workpiece with lower hardness compared with the tools). Thereafter, discussions are to be
followed on the way how to process the materials with higher hardness. Attempts shall be made to raise various types
of assumptions. In the course of discussions, the majority of the students adopted the habitual way of thinking or the
forward thinking method; that is to say, to carry out analyses, syntheses, judgments and inferences in accordance
with the routine way of thinking and raise the solution methods. Otherwise, it was either by way of lowering of the
hardness of the materials through heat treatment or by way of developing the tools with higher hardness. At this
time, the teacher was expected to offer guidance to the students for making the backward way of thinking or the crea-
tive thinking, i.e., whether it was possible to adopt the processing mechanism of “to tackle the hard materials with
the use of soft things so as to conquer the hard with the use of the softness”? Afterwards, the process of the invention
of the electro-spark processing technology was introduced with explanation, thus enabling the students to have a better
understanding of the innovative value of the electro-spark processing technology and its resulting process of thinking.
[t is necessary to set up such a concept: Compared with the knowledge itself, the thinking method for the production
(or study) of the knowledge is equally important and, sometimes, even more important*l .

Second, to stimulate the innovative thinking activities. As for the knowledge to be taught, the teachers shall not
always adopt the mode of making positive narration for the introduction, but are expected to construct the “study situ-
ation” by way of raising the problem, offering guidance and enlightenment to the students and compelling them to
make the conscientious thinking so as to stimulate the thinking activities. For instance, in order to let the students to
“comprehend” the scope of application of the electro-spark cutting, the teachers may demonstrate various types of
teaching aids such as the conic piece parts with the same shape at the top and at the bottom or with the different
shapes at the top and at the bottom, the piece parts containing narrow seams and small holes(with ratio of the depth
to the diameter being greater than 10), the piece parts of the die type with the placement of “a small trap” (with no
use of thread-running holes but with cut seams), plunger dies (made with hard material), etc. The diversified materi-
als(steel, pure copper, graphite, etc.) used for making the teaching aids would be best. Let the students perform the
training of the convergent thinking around the teaching aids and make discussions and analyses on the characteristics
of the electro-spark wire-cutting processing.

Third, to promote the interchange of the innovative thinking. The teachers are expected to find ways and means
to leave the platform to the students. They shall also lecture on their own understanding or mental gains from the re-
lated knowledge in combination with the lecture contents. The purpose is to promote the interchange of thinking so as
further cause thinking diffusion or resonance. For instance, at the time of making discussions on the application scope
of the electro-spark wire cutting, a blackboard shall be prepared so as to let the students write their result of thinking
on the blackboard; then it is possible to obtain two types of answers. One type is the wrong answers, for example,
there are cut seams or it is only possible to process the figures drawn with one stroke and so on and so forth. The other
type is the correct answers; for instance, it is only possible to make the penetration processing and process the conduc-
tors, etc. In the course of such interchanges, the thinking result of one person may be shared by all the students and
may even induce new results.

Fourth, to induce the experience of new thinking. The teachers should leave a part of knowledge to be taught to
the students for their own learning through personal experience. They should make full use of the way of keeping the
students in suspense (that is to say, the students are to be kept anxious for the answers, yet the answers are not to be
given immediately). This can stimulate the students to make active thinking activities. It is necessary to choose the
comparatively typical contents of knowledge or give certain conditions and materials for making prompt for the way of
thinking and let the students search their own thoughts and make summaries. For instance, the teachers may continue
to raise the questions in accordance with the result of discussions on the scope of application of the electro-spark wire

-~ cutting: How to process the non-conductive materials(to get prepared for the ensuing introduction of the laser pro-
cessing and ultrasonic processing)? How to process the blind holes (to get prepared for the ensuing introduction of the
electro-spark forming processing)? And all such questions. Moreover, the students shall be organized to visualize their
imaginations with the flexible use of the frequently used creation skills(such as the brain storm method, associative
thinking method, question raising method and so on) for the thinking spread. The students shall be enabled to ponder
on the way how to use the existing engineering theories and engineering experience to solve these problems. The
teachers shall encourage the students to make active observations on their own initiative, find out the engineering and
technical problems existing in various types of equipment and processing methods. In such a way, the students will be
further induced to make creative assumptions and write out their reports (and the reports are to be listed in the con-
tents of the training result examination). In this link, the teachers shall lay emphasis on the enlightenment, guidance
and interaction and must leave certain thinking space to the students; and it is imperative to distinguish what kind of
cOntents must be lectured by the teachers and what kind of contents must be left to the students for their own study.
Besides, it is necessary to classify the students of different layers and leave out the problems of different layers for the
different students so as to enable all the students of different layers to have certain gains. This is a kind of enlighten-
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ment of innovation by way of making enlightenment of knowledge, the students are enabled to learn the “discovery of
knowledge” independently with their own experience and participate in the “creation” of knowledge with
great interest.

2.3 TEACHERS MUST STUDY THE CREATION SCIENCE AND HAVE KNOWLEDGE OF THE
CONNOTATIONS OF THE CREATION SCIENCE

The unfolding of the creation education have raised the requirement on the teachers in terms of teaching skill and
also raised the requirement on the students in terms of their participation in the teaching activities. In the course of
teaching, the teachers should not only consider the amount of knowledge to be passed onto the students, but also con-
sider the way how to implement “guidance” around the “study” on the part of the students so as to convert the knowl-
edge to be taught into the actual capabilities grasped by the students. These requirements have, on one hand, urged
the teachers to study the theories of the creation science and have knowledge of contents relating to the creation sci-
ence to be studied, the principles of the creation education and the requirements of the creation education on both the
students and teachers, understand the principles and conditions for the development of the creative forces and so on.
The teachers shall also study various types of effective ways and means for developing the creative thinking and vari-
ous types of creative skills for unfolding the inventive activities and grasp the major types among them, because only
those teachers who can make applications by themselves may be able to teach the students how to make the applica-
tions. On the other hand, the teachers shall also make endeavors in the following several aspects:

(1) To improve the creative thinking capability.

The teachers themselves shall be quick and sensitive in terms of train of thoughts and will always generate new as-
sumptions at any time and work out new ideas; only thus can they be good at exploring the creative factors in the
course of teaching and find out the points of innovation in the teaching methods and teaching means. For example, it
is necessary to work out some new ideas which may be handled in the light of the concrete circumstances and may be
directly geared to the implementation of the innovative thinking training. The purpose is to enable the students to list
out as many typical mechanisms as possible which can convert the circular motion into the straight-line motion(such as
the crank rocker mechanism of a planer, the ball type feed screw nut couple of the coordinate operating table, etc. ).
This is useful for training the streamlined way of thinking. This is also useful for training the flexible way of thinking
through the analyses of the process of setting up the point of origin and the points of references on the NC machines

and useful for training the accurate way of thinking through the exercises of the manual programming and so and so
forth.

(2) To improve the capability of creative practice.

The teachers shall be able to solve the practical problems in a creative way. They can not only implement their
creative assumptions with the use of their own hands, but also can render assistance to the students to turn their as-
sumptions into the achievements so as to stimulate the students to participate in the creative practice in a self-conscious
way. The teachers may enable the students to perceive and share their experience accumulated over a long time
through the modes of “small skill”, “small extension” and some other ways which may exert a subtle influence, for in-
stance, the skill of choosing the electricity-discharging rules, the skill of reducing the electrode losses, the skill of
loading and fixing the formed electrodes, the skill of raising the use rate of the tube electrode, which is used on the
high-speed electro-spark drilling machine. etc. The students will acquire the experience and knowledge which belong
to them by way of perception of the actual working situations and practice for the realization of their self innovation
and the construction of the basis for their own existence and development.

(3) To improve the creative organizing capability.

The teachers shall be able to organize the students into an ideal group which is favorable to the development of
creative forces and construct the atmosphere which may pool the collective wisdom and efforts and draw upon all the
useful opinions. It is necessary to give full play to the cohesive effect of a working group (i. e. , mutual cooperation,
mutual stimulation, working hard with one mind and joint struggle) and the complementary effect (i.e., giving play
to one another’s strong points and making complementarily in terms of capability, knowledge, character, superiority
and so on) so as to improve the students’ creative forces to the greatest possible degree.

The students shall make joint practice and joint explorations with the teachers in the process of training. In the
course of analyzing and solving the problems, they shall perceive the teachers’ scientific, rigorous and down-to-the-
earth style, their ability of flexible use of knowledge as well as their style and method of both reading and thinking.
This has a non-substitutive force of influence and inspiration for enlightening the students’ thinking, influencing the
students’ value orientation, fostering the students’ conscientiousness of responsibility and so on.
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‘4 TO SET UP THE APPRAISAL INDICES FOR THE CREATION EDUCATION

The appraisal indices for the creation education shall be introduced into the engineering training quality appraisal
stem, which may include two aspects, i.e., the appraisal of the students and the appraisal of the teachers. The ap-
.aisal of the students’ score of the training may consider the reduction of the proportion of the theoretical examina-
;ns and the increase of the checking indices of the report on the innovative thinking training. Similarly, the apprais-

of the teaching quality on the part of the teachers shall not only judge whether their lectures are clear and correct or

s, vhether the application of their teaching methods is appropriate or not, whether their organization and transfor-
ation of various teaching links are smooth and natural, etc., but also the teachers should be judged whether they
we applied the principles and methods of the creation education in their performance of teaching and whether the
\ality and quantity of the students’ participation in the active thinking activities in the teaching process are high or
w, etc.

CONCLUSION

The application of the principles and methods of the creation science in the performance of the engineering train-
g for the creation education may not only benefit the students, but may also benefit the teachers and the Training
anter. In the course of teaching, it is possible to form a battalion of teaching staff which is advanced in the educa-
snal concept, strong in the research capability, high in the academic level, expert in teaching, familiar with tech-
que, good at management, brave in innovation and enthusiastic in love of the practice teaching. Meanwhile, it can
-omote the birth of the related teaching materials and items of teaching reform and some other elements of excellent
‘oducts.
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