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Abstract

In order to cope with the shortage of technical personnel, the development of
modern vocational education has become a major strategy. Based on school-
enterprise integration, modern apprenticeship is an important part of voca-
tional education system. According to teaching practice and the theory of
knowledge dissemination, this paper divides the process of vocational tech-
nology dissemination into five stages: theoretical learning, attention, reten-
tion, reproduction and motivation. With the theoretical analysis, business in-
terview, and induction, the influencing factors of technology dissemination
are summarized into six levels: disseminator, learners, knowledge characteris-
tics, communication media, organizational environment, and external envi-
ronment. The conclusion extends the theory of knowledge dissemination, and
provides theoretical basis and practical guidance for the training of skilled
talents, and for exploring the reform of modern apprenticeship.
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1. Introduction

Economic structural adjustment leads to the obsolescence of some technologies
and expands novel jobs that need new technologies (Thisse & Zenou, 2000). The
shortage of skilled labor is one of the most significant concerns for industry
(Kim et al., 2020), and it is already being felt by some companies (87%) (Rahim

et al.,, 2016). Even with the trend of intelligent manufacturing, robots can replace
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manual operation. In some key technical detail, it still needs advanced techni-
cians to complete tasks manually. The development of vocational education is a
necessary measure to alleviate the coexistence of “unemployment and labor
shortage”.

Modern vocational education was originated in the 1970s (Guichard, 2001),
which has appeared in Britain, the United States, Germany, Australia and other
countries. In addition to theoretical knowledge, it pays more attention to skills
training. However, there are some problems in vocational education, such as
single assessment method, lack of teaching plan and practical applicability.
These problems lie in the decoupling of specialty setting and industrial demand,
the inconsistency between curriculum content and professional standards, espe-
cially the lack of practical ability of students, which makes them difficult to cope
with industrial development. Based on the integration of school and enterprise,
the modern apprenticeship is an important part of the vocational education,
which can better coordinate the relationship between vocational education and
industrial demand. Generally, the modern apprenticeship system is still in the
exploratory stage, especially some students only engaged in assembly line pro-
duction tasks, and become cheap labor. How to improve students’ vocational
skills is an important problem.

Traditional apprenticeship is a mode of technology dissemination between
master works and apprentices in workshops. Modern apprenticeship is a coop-
erative education system which combines traditional apprenticeship with mod-
ern school education. This paper focuses on vocational technology dissemina-
tion. Based on practical observation and theoretical analysis, it summarizes the
process of vocational technology dissemination: Take theoretical learning as the
starting point, through the stages of attention, retention, reproduction and mo-
tivation. Under cooperation between school and enterprise, each stage adopts
different teaching contents, sites and assessment methods to consolidate the ef-
fect of vocational technology. Through theoretical analysis, practical interview,
induction and sorting, this paper further sums up the influencing factors about
technology dissemination. The influencing factors include learner, disseminator,
knowledge characteristics, communication media, organizational environment
and industry environment, with a total of 20 influencing factors. According to
the characteristics of knowledge dissemination, combined with relevant theories,
this paper analyzes the process and influencing factors of vocational technology
dissemination, so as to provide theoretical reference and practical help for the

reform of modern apprenticeship system.

2. Literature Review

Technology is used to accomplish a specific task, and is consistent with a me-
thod. Therefore, it is in harmony with an approach as well (Anthony, 1963).
Professional technology is combination of knowledge that transforms resources
into industrial products and consumer goods, which contains a large number of

procedural knowledge such as skills, experience and know-how in business links.
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For knowledge dissemination, scholars have done some research on communi-
cation subject, process, motive force, influencing factors, evaluation indicators
and so on. The results can be summarized into three directions: one is the gen-
eral theoretical research based on abstract organization level, the other is the
empirical research based on certain specific application level, and the third is the

empirical research about the influencing factors of knowledge dissemination.

2.1. Research on Knowledge Dissemination

Some scholars explore the process of knowledge dissemination. For example,
knowledge transfer is defined as a process of knowledge creation, application,
mobilization, exchange, search and transformation (Awang et al., 2009). An or-
ganization learns from direct experience for analyzing, coding, storing and re-
trieving information (Levitt & March, 1988). Knowledge transfer was found to
be associated with knowledge context, relationship, recipient, and transfer activ-
ity (Cummings & Teng, 2003). The technology-organization-environment
framework was summarized for diffusion of innovations and technology adop-
tion (Baker, 2012). Through the analysis of organizational and technological li-
terature, Gilbert and Cordey-Hayes presented a conceptual model for under-
standing the processes of knowledge transfer (Gilbert & Cordey-Hayes, 1996).
These documents basically focus on the disseminators, learners, communication
environment and knowledge characteristics in the process of knowledge com-
munication, which provide a theoretical basis for analysis of the vocational
technology dissemination. These achievements regard knowledge as a whole,
while vocational knowledge includes both explicit knowledge to explain the
theory, and tacit knowledge to guide the operation. Vocational technology fo-
cuses more on practical operation, and tacit knowledge is the key point in com-
munication. Therefore, based on the traditional literature, this paper takes into
account the characteristics of explicit and tacit knowledge to analyze the disse-
mination process of vocational technology.

Some scholars have carried out research on knowledge dissemination based
on specific application scenarios. Such as online knowledge exchange platform
(Kuang et al.,, 2019), technological knowledge exchange network in regional
cluster (Ahn & Kim, 2019), Knowledge transfers in large scale infrastructure
projects (Aerts et al., 2017), a longitudinal study of university knowledge ex-
change (Zhang, 2018) et al. Based on these results, we can conclude that know-
ledge dissemination is a complex process, which requires a good interactive en-
vironment, the incentive mechanism for participants, and the optimization of
knowledge dissemination process. These specific application scenarios provide a
reference for the analysis of vocational technology dissemination.

There are also some scholars who study the influencing factors of knowledge
dissemination from different perspectives, such as from collaborative innovation
network (Xie et al., 2016), buyer-supplier relationship (Balboni et al., 2017), un-
traded interdependencies-knowledge exchange (Tallman et al., 2004), knowledge

transfer between group members with equal or different status (Haesebrouck et
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al., 2018), and organizational culture on knowledge transfer (Wei & Miraglia,
2017). Above the research, we can see that there are many factors affecting
knowledge dissemination, and the effects of each factor are different roles (Cia-
buschi et al., 2017). These results provide the basis for the analysis of influencing
factors of vocational technology dissemination. Based on the conclusions, this

paper sums up the influencing factor.

2.2. Research on Tacit Knowledge

Vocational technology contains a lot of tacit knowledge such as skills and
know-how, which needs to be spread in practice face by face. In 1958, according
to the difficulty of knowledge expression, Austrian scholar Michael Polanyi di-
vides knowledge into explicit knowledge and tacit knowledge. The tacit know-
ledge, which is difficult to express in writing, needs to be spread through dem-
onstration and communication between people. Some scholars have expanded
the research on tacit knowledge, such as Ikujiro Nonaka, who studied the dy-
namic process in which an organization creates, maintains and exploits know-
ledge (Nonaka et al., 2000). Some scholars have studied the characteristics of ta-
cit knowledge, including tacit knowledge dissemination model (Mufloz et al.,
2015; Zhu et al., 2016), the influence of organizational culture on tacit know-
ledge sharing behavior (Suppiah & Sandhu, 2011), and Knowledge increment li-
near model (Cowan & Jonard, 2004; Lin & Li, 2010). Other literatures focus on
the communication effect of tacit knowledge, such as the impact on innovation
performance (Pérez-Luiio et al., 2019), the evaluation of transformation effect
(Joia & Lemos, 2010), exploring the impact of affect-based and cognition-based
trust of co-workers on the willingness to share and use tacit knowledge (Holste
& Fields, 2010), and evaluate tacit knowledge sharing in determining innovation
capability of an organization (Ganguly et al., 2019). The above literature studies
the common characteristics of tacit knowledge. Vocational technology embodies
the tacit knowledge of skills such as methods, skills, experience and know-how.
At the same time, the vocational technology also presents certain particularity.
Particularly, the knowledge embedded in the business is not easy to break
through organizational boundaries, and its transfer is limited by the established
environment. Although Nonaka’s SECI model theory proposes that explicit
knowledge and tacit knowledge can be transformed into each other [21], voca-
tional technology focuses more on practical operation. For example, in the man-
ufacturing industry, learners need repeated training in turning, fitter, riveter,
electrician, welder and other technologies. Some technologies must be operated
with specific raw materials under the production equipment. At the same time,
high scrap cost, technical confidentiality and safety requirements limit the
spread of technology.

With the development of vocational technology, tacit knowledge, rather than
explicit knowledge, has gradually become the key point of competition. The
methods, skills, experience and know-how embodied in the tacit knowledge
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need to be spread between teacher and student face by face. Based on teaching
practice and observation learning theory, the third part of this paper summarizes
the basic process of vocational technology dissemination. The fourth part ana-
lyzes the influencing factors. The fifth part puts forward suggestions for the de-
velopment of modern apprenticeship.

3. The Process of Professional Technology Dissemination

3.1. The Practical Situation for Technology Dissemination

The modern apprenticeship is performed through the deep cooperation between
schools and enterprises, and the joint teaching of teachers and master workers.
Modern apprenticeship employs enterprise experts to participate in the training,
recommend excellent technical personnel and management talents of enterprises
as part-time teachers; import enterprise scientific research and production bases,
and establish a comprehensive experimental training center. All of these can

provide a basis for vocational technology dissemination.

3.2. The Vocational Technology Dissemination under Modern
Apprenticeship

Observational learning is a concept put forward by Albert Bandura in the Social
Learning Theory. It described a process to imitate others’ behavior and obtained
information and knowledge. Bandura believes that observational learning can be
divided into four processes: attention, retention, reproduction and motivation.
The application of this theory to apprenticeship has its applicability: Observation
Learning emphasizes the imitation and experience of demonstration behavior to
obtain technologies. The vocational technology dissemination is the specific ap-
plication of observation learning theory. Based on the Observational Learning
theory, combined with the actual situation of technology dissemination, this pa-
per summarizes the process of vocational technology dissemination.

Observation learning theory is a summary of behavior imitation, which is
suitable to express the technology dissemination process of traditional appren-
ticeship. However, modern apprenticeship is based on the integration of schools
and enterprises, which is different from Observation learning in two aspects. 1)
Modern apprenticeship takes theoretical knowledge as the starting point, profes-
sional theory is taught by teachers in the form of explicit knowledge, and prac-
tical operation is displayed in the form of tacit knowledge. In the modern ap-
prenticeship, theory and practice complement each other. The theory enables
learners to master the technical principles. The specific operation of the practice
can make learners understand the operation skills and truly apply what they
have learned. Any type of vocational technology is a comprehensive application
of a series of theory. “Theory guides practice”, so theory learning is an essential
part. Traditional apprenticeship often ignores the guiding role of theory. For
example, the technical staff of digital control need to understand the principles

of mechanical drawing, read and compile processing technology of machine; be
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familiar with computer programming, compile NC machine tool processing
program; be proficient in mechanical and electrical principles, and master the
design, installation, debugging and maintenance of machinery and equipment.
Such technology integrates multi-disciplinary theory. 2) The teaching site is
transformed from school classroom to training bases and production workshop.
Traditional apprenticeship only spreads technology in enterprises or workshops.
In the context of modern apprenticeship, technology spreads in two situations.
One is school or training institution, with theoretical teaching as starting point
and practice teaching as auxiliary, and the other is enterprise or workshop,
which focuses on the practical application with “learning by doing”. Above the
analysis, based on teaching practice and observation learning theory, the process
of vocational technology dissemination is divided into five stages: theoretical
learning, attention, retention, reproduction and motivation, as shown in Figure 1.

Theoretical learning is the starting point of technology dissemination, which
is carried out through classroom teaching. “Attention” is the corresponding ex-
perimental operation of classroom teaching. Classroom teaching or experimen-
tal operation can belong to the same course, which is a combination of “theory +

»

practice”. “Attention” includes teacher’s demonstration and student’s operation,
which is a “face by face” learning period. Students observe and experience the
technical details. “Retention” is a comprehensive design of several related
courses. After this process, students can complete a work independently. The
difference between “Attention” and “Retention” is that the former is mainly
based on teacher’s demonstration, supplemented by students’ operation, while
the latter requires students to complete independently, supplemented by teach-
ers’ necessary guidance. The former is a learning of a single course, while the
latter is a synthesis of several related courses. “Reproduction” is to act according
to the memory, apply the technology to the enterprise production, or simulate
the actual process of enterprise production. This process can be realized in the
production site by internship. “Motivation” is to constantly improve the original
technology, form new technique and knowledge. Students participate in compe-
titions or apply for patent at this stage. Any technology is not immutable; it is
constantly improved under the painstaking research of practitioners. At this
stage, people are constantly improving the raw materials, product design, pro-

duction process and quality, summarizing new experience, upgrading to new
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Figure 1. The process of vocational technology dissemination under modern apprenticeship.
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knowledge, and improving the original theoretical system. Therefore, the “Mo-
tivation” is not only the improvement of behavior, but also the theoretical inno-
vation of technology.

Through the field research of application-oriented majors in colleges and
universities, vocational technology dissemination basically follows the mode of
“theoretical teaching + curriculum experiment + comprehensive curriculum de-
sign + Internship”. Some schools can guide students to participate in various
competitions or apply for patents. Although the process is basically the same,
teaching facilities, field equipment, and the level of teachers and technicians
have different effects on knowledge dissemination. Therefore, after clarifying the
process of vocational technology dissemination, it needs further study the in-

fluencing factors of vocational technology dissemination.

4. Analysis on the Influencing Factors of Vocational
Technology Dissemination

Traditional apprenticeship takes enterprises or workshops as the main venues,
while modern apprenticeship takes place in classrooms, laboratories, training
bases, enterprises, workshops and so on. The same of traditional apprenticeship
and modern apprenticeship is that tacit knowledge such as skills, methods, expe-
rience and know-how in vocational technology needs to be tested by practice,
explored gradually in production activities and applied to production. Next, this
paper focuses on the influencing factors of knowledge dissemination in produc-
tion practice.

After the analysis of vocational technology dissemination, it is necessary to
further analyze the influencing factors through three steps: theoretical analysis,
field interview and induction. 1) Theoretical analysis. In addition to observa-
tional learning theory, the author reviews and collates the relevant theories of
knowledge and technology dissemination, such as Organizational learning
theory, Social cognitive theory, Social learning theory, Technology-organization-
environment framework, Organizational knowledge creation, Technology ac-
ceptance model, and so on. On the basis of these classic theories, 37 influencing
factors are preliminarily sorted out. These results come from the theory and li-
terature, lack of practical guidance. Next, through field interviews, the authors
understand the professional views on technology dissemination. 2) Interview.
The selected interviewees include the engineers who are responsible for guiding
students to operate machine in factories, and the manufacturing technicians
from enterprises in Tianjin city. The authors solicit professional opinions, and
listen to the story of the workshop. After the interview, it is expanded to 43 in-
fluencing factors. 3) Induction. The author’s team discussed and evaluated many
times, combined the similar factors, removed the controversial factors, and fi-
nally summarized to six levels: disseminator, learner, Knowledge characteristics,
Communication media, organizational environment and external environment,

with a total of 20 influencing factors (Table 1).
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Table 1. Influencing factors vocational technology dissemination.

main level influence factor main level influence factor
Technical capability Technical level
Disseminator ~ Willingness to teach Learner Physical quality
Moral image Willingness to learn
Complexity level Explicit media
Knowledge Communication
. g_ Function level . Technology sharing platform
characteristics media
Standardization degree Machine equipment
Interpersonal relationship Personnel mobility
Training plan Inter Organizational linkages
Organizational External
environment Organizational culture environment  Industry Association support

Reward and punishment Poli R
olicy suppor
mechanism ySupP

5. Conclusion

Modern apprenticeship is not only different from the traditional apprenticeship
which mainly focuses on workshop training, but also different from the tradi-
tional education of school training which lays stress on theoretical teaching. It is
a talent training of cooperation between schools and enterprises and the combi-
nation of theory and practice. At present, the modern apprenticeship system is
still in the exploratory stage. Under such background, based on the development
demand and theoretical basis, this paper studies the vocational technology dis-
semination from such backgrounds. Firstly, economic development is facing the
skilled talent shortage. Vocational training is a necessary measure to solve the
shortage of technical talent. Secondly, from a theoretical view: technology dis-
semination belongs to knowledge communication, especially tacit knowledge
communication. However, vocational technology dissemination has certain par-
ticularity, which depends on specific production equipment, and takes into ac-
count the requirements of scrap cost of raw materials, technical confidentiality
and production safety. These characteristics make the vocational technology
dissemination different from the tacit knowledge communication. It is necessary
to expand the existing theoretical research. This paper discusses the process of
vocational technology dissemination and its influencing factors, and provides
theoretical basis and practical guidance for the training of skilled talents.

This paper has two aspects of practical significance: 1) it objectively summa-
rizes the process of technology dissemination, and provides theoretical guidance
for the exploration of modern apprenticeship. According to the different stages
of technology dissemination, the corresponding teaching contents, methods,
venues and assessment criteria are adopted to promote technology dissemina-
tion. 2) Vocational technology is different from ordinary knowledge communi-
cation. It can be seen from the communication process that in addition to the

theoretical learning stage, the attention, retention, reproduction and motivation
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stage all need learners to practice deeply and gradually master the technology in
the field practice. Therefore, vocational technology needs to be spread in two
situations, adhering to the cooperation between schools and enterprises, and the
combination of theory and practice, which is the talent training mode advocated
by modern apprenticeship. From the perspective of school, technical training
should be connected with enterprise practice; from the perspective of enterpris-
es, under the premise of ensuring normal production, strengthening the practice
training becomes the key to the spread of vocational technology, which is a prac-

tical solution to modern apprenticeship exploration.
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