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Abstract—Currently, sharing economy is one of the fastest
growing economic forms in China. Technological capacity and
technology catching-up become very important issues for its
development. A technology catching-up model of technological
capacity and path dependence is proposed based on Verspagen
mode in this article. It is not only to improve its own
technological capacity, but also to break through '"the locking"
of path dependence. For less developed nation (country), the
"conscious behavior" of economic body cannot be ignored to
achieve the evolution from path dependence to path creation.
Thus, the less developed nations (countries) should cultivate
their technology ability as well as their creative realization and
ability.
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1. INTRODUCTION

Sharing economy is a class of economic arrangements in
which asset owners and users mutualize access to the
products or services associated with these assets[1]
[2].Today, the best-known sharing economy companies do
business in a lot of fields, such as bicycle sharing including
Mobike, ofo, Unibike; car sharing including Didi, Uber;
clothes sharing including rent the runway, Poshmark;
knowledge or information sharing including Khan Academy,
Zhihu; room sharing including Onefinestay, Airbnb,
Couchsurfing; task sharing including Task Rabbit; money
sharing including Tilt, Kickstarter; meal sharing including
EatWith; office sharing, equipment sharing and so on. In
China, the sharing economy market size has reached $4920.5
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billion in 2017.

What is sharing economy we using? It is a socio-
economic ecosystem that commonly uses information
technologies to connect different stakeholders in order to
make value by sharing their excess capacities, products and
services [3] [4]. So we define it from a broader view: any
sales transactions that enhance the utilization of idle
resources largely based on online market places.

The literature on catching-up shows that, relatively
backward regions (countries) should grow faster and rely on
a technology spillover to narrow the gap with developed
regions (countries) because of Technology Spillover Effect.
Finally, economic convergence is achieved such as the "leap-
frogging" met by the new growth theory. But the fact is that
this phenomenon has not been realized in developing regions
[5] and there has also been "the advantage of backwardness
paradox", that is the technological gap between late-
developing  regions (countries) and developed regions
(countries) is increasing. This is related to the "suitability of
technology introduction" [6], the matching problem of factor
endowments [7] [8], the factors of financial markets
efficiency and the various technical barriers [9] that hinder
the absorption of technology. Based on the research and
conclusion of new growth theory, some scholars believe that
the reason why developing regions (countries) haven’t
realized economic convergence is the cost of technological
imitation under the condition that technological progress is
still the engine of economic growth. According to Barro, the
cost of technological imitation is lower than that of
technological innovation [10]. Therefore the developing
regions (countries) have advantages such as low cost, rapid
economic growth and rising technological level in the early
stage of imitation. When the gap between developing regions
(countries) and developed regions (countries) is reduced to a
certain extent, the difficulty and cost of imitation grow
higher, and some core technologies in developed region
(country) are difficult to imitate.
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There are also scholars who believe that the
technological capabilities (including learning capability and
absorptive capability) of late-developing regions (countries)
are keys to narrowing the technological gap and achieving
technological catch-up [12-15]. That is to say, when a region
(country) has stronger technological capabilities, its ability to
digest and absorb technology spillovers 1is stronger.
Therefore, the narrowing of technology gap between
different regions (countries) can be achieved through
technology diffusion and later technological innovation,
which speed up the convergence rate of regional (national)
economy.

However, the technical catch-up model proposed by
these scholars does not consider or explicitly consider the
possibility of "lagging behind", and it doesn’t include an
analysis or the possible causes of backwardness. It only
studies how to catch up and surpass [12-13], ignoring the
matching problem of resources and the factors of
independent innovation in the analysis, so the analysis of the
backward  equilibrium  point is not  considered
comprehensively.

As for the empirical analysis, Kokko [16] shows that in
Mexico when the technology gap exceeds a certain value, it
is difficult to catch up. Lee and Lim [17] proposed a three-
stage technology catch-up mode: path-following, path-
skipping and path-creating through an empirical study of
industrial technological catch-up in South Korea. Lucia [18],
who has conducted a comparative study of Chile, Italy and
South Africa in the wine industry, has found that late-
developing regions (countries) are actively involved in the
process of technological modernization and product
standardization, influenced by different institutional models
and innovation strategies. Fu [19] holds that developing
regions (countries) should not blindly rely on independent
innovation, but formulate reasonable strategies according to
their resources, labor force and technological capabilities.
These scholars generally believe that there is a intimate
connection  between  technological  catch-up  and
technological gap, and the key to narrowing the gap is the R
& D level of technology, the technical basis, and the
educational system of a region (country).

This text thinks that the key to catch up with the
technology in the late-developing regions (countries) is how
to break through the technology dependence on the
technology of leading regions (countries) and then achieve
the technological innovation. As he characteristics of self-
accumulation and path dependence, the existed technologies
and knowledge are extremely important to the new
technologies and knowledge: the more the existed
technologies and knowledge, the more obvious the
development advantage of the regions (countries) in this
respect. From the point of view of technological capability
and path dependence, this text will study the model of
technological catch-up and overtaking in late-developing
regions (countries), which will provide reference and basis
for technological catch-up in developing countries.

II.  MODEL OF LATE-DEVELOPING REGIONS (COUNTRIES)

A. Theoretical Basis: Path Dependence

This text holds that the dependence of technology itself is
also very strong, compared with the concept of path
dependence, it can also be called technological dependence.
The concept of Path Dependence was originally introduced
by Gutman in 1975. Studying the current QWERTY
keyboard he found that the keyboard itself was suboptimal,
but "unexpected historical events" gave it an initial
advantage. Finally, through a series of developments and
changes, the leading position of the typewriter keyboard is
established, and the keyboard design of all typewriters is
"locked" to the sub-optimal QWERTY mode. Today, it is
still the design mode of our typewriter keyboard, whose
status is unshakable. David defines it is a stochastic dynamic
processes of "nonergodicity". That is, the system will
continue to evolve under the influence of "unexpected
historical events", unable to escape the influence of
"unexpected historical events" without the impact of external
factors on the system.

It holds that the early accidental historical events will
have an important impact on the development of the system,
and the development of the socio-economic system is very
sensitive to initial conditions. In other words, path
dependence is a process which is made up of a series of
events and can be enhanced all by itself. The initial state or
all the disturbances in the history of the system always
affects the development of the system. The adoption of new
technologies tends to have the nature of incremental returns
[21], that is, if a suboptimal technology is given the
opportunity to enter the market first due to accidental initial
conditions, it can use its preemptive advantage to expand its
scale. The unit cost can be reduced, self-enhanced and being
developed sustainable by taking advantage of the consumer
habits, the producer learning effect, the cooperation effect of
other industries or technologies, and so on. Inversely, though
the technology is advanced, it will fall into another vicious
circle, and even to be "locked" because of the late entry into
the market which loses some of the advantages of first-
mover. Therefore, path dependence is similar to the "inertia"
phenomenon in physics. Once entering a certain path, it will
continue to develop along this path. Dependent on this path
no matter whatever reasons and however the advance of the
technology,

B. The Features of Path Dependence

Technological changes of the late-developing regions
(countries) have strong path dependence features. Once
"dominant technologies" of late-developing regions
(countries) relies on the profits, human resource, equipment,
managements of the current existed technology, it will form
path dependence. In addition, the existed path dependence
theories only focus on the breaking of "lock-in" by relying
on external factors but ignoring the organizers’ subjective
initiative.

This text studies the problem of technological catch-up in
late-developing regions (countries) based on the technology
catch-up model of Verspagen [15], from the point of view of
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technological capability and path dependence. It provides a
reference and basis for technological catch-up in late-
developing regions (countries).

C. Description of the Model

Firstly, the technology gap between two regions
(countries) is defined as the following formula (1):

G=In (Kn/Ks) (1)

Here G represents the technology gap; K represents the
existed technological level or knowledge stock; the lower
corner marks n and s respectively represents the technology-
leading regions (countries) and the technology-late regions
(countries). When the technical parameters between two
regions (countries) are the same, the logarithmic function can
conveniently explain the gap between them equals 0, that is
G=0.

Secondly, according to the assumptions above, the
relationship between the level of economic development and
the level of technology of a region (country) is defined as the
following formula (2):

i i (2)
Here E; represents the economic level of a region
(country), a represents the proportional coefficient between
technological growth and economic growth, and a € (0, 1).

Thirdly, define the technological level of the late-
developing regions (countries) from four aspects: relying on
the existed path development, the late-developing regions
(countries) are content with the profits and benefits created
by current technology even the technology path is not the
most advanced. Formula (3) (4) shows the technical stock of
two regions (countries).

%}:b§%+RS+Q

3
K, =b ? +R,

n n (4)

Here S represents the technology spillover of the
technology leading regions (countries); R, and R, represent
the growth rate of the technology brought by the R & D; P
represents the impact rate of the technology path dependence
on the technology growth in the regions (countries). Here
technology leading regions (countries) and technology late-
developing regions (countries) both have the influence of
technology dependence, but technology leading regions
(countries) have stronger technological innovation. Therefore,
from the comparative study of the two, the net effect appears
only in formula (3), and the coefficient b € (0 ~ 1), which
represents the proficiency in technical mastery, as well as the
effect and intensity of the influence.

Assumes n represents a technologically leading region
(country), as S doesn’t appear in formula (4), so this reflects
as follows:

E E
b—+R )c—
E E

n s

+R +P

Finally, definition of technology spillover effect: the
learning ability of a region (country) depends not only on its
inherent ability, but also on its technological gap with the
leading region (country). The reasons why there exists the
technology gap are as follows: technology is a highly
heterogeneous product that it is included in highly
heterogeneous capital goods. Imagine a product scope
includes technologies, and then technologies as a range
can be sorted according to the technology level (or
productivity). Then, given an entrepreneur (or more
generally, a country) using capital goods from the
lower part of the range, it is easier to transfer a slightly
complicated capital product than to transfer a highly
complicated one. Moreover, for a given technological
gap, the learning capacity of a region (country) varies
from their inherent capacity, which is determined by
many social factors %, the education of the labor force
(53] the infrastructure level, the capitalization level (or
the mechanization level), the communication
capabilities ** between leading regions (countries) and
under developing regions (countries) and other factors.
Considering above discussions, the expression of
technology spillover effect is shown in formula (5).

S=cGe " (5)

In formula (5), the potential spillover rate (cG) is
proportional to the technology gap G. The learning ability (e-
G/ §, where & > 0) is a function of internal learning ability 6,
and the technology spillover is measured by the technology
gap itself, which is consistent with above discussions. For
the similar technology gap (i.e. G=0), the actual spillover is
zero, and the spillover increases when  increases.

III.  ANALYSIS ON THE MODEL

By breaking through path dependence can late-
developing regions (countries) achieve technological catch-
up by improving their learning ability? This should only be
solved by dynamic analysis of the model. First, put formula
(2) into formula (3) and formula (4), we get formula (6) and
formula (7) as follows:

K?: ! (S+R +P))

K. 1-ab ©)
K, _ 1 R
K, 1-ab ™
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By introducing the derivative of time of the technology
gap we get formula (8):

- d K
G=—(n—-2
il
_K, K,
K}’l KS
1 1
= R, - (S+R +PF)
1—ab 1—ab ‘
1
=——[(R,-R)—(S+F)]
l—ab (8)

If R,-R,=a, which reflects the difference between
exogenous technology stock. Put formula (5) into formula
(8), we obtain the following dynamic expression formula (9)
of the technical gap.

G_ (a-cGe“P-P)/ (I-ab)  (9)

Generally, a is positive, because of the high R & D
investment and capability in the technology leading regions
(countries) compared with the late-developing regions
(countries). Therefore, the R & D effect of the technology
leading regions (countries) is greater than that of the late-
developing regions (countries).

IV. CONCLUSION

Firstly, there is a close relationship between the
technology gap, the technology spillover and technology
path dependence. The path dependence of technology has a
vital impact on the technology gap and the technology
spillover, especially when "conscious deviation" of
economic subjects happens. Action bodies make strategic
and deliberate choices of technology which is closely related
to the absorption efficiency of technology spillover. The
strong technology dependence and "locking" will make the
technology gap grow larger between the late-developing
regions (countries) and the leading regions (countries),
resulting in an inability to catch up with the technology.

Secondly, the technological catch-up and path
dependence in late-developing regions (countries) and
developed regions (countries) is related to the technological
gap between the late-developing regions (countries) and
developed regions (countries). When the dependence is weak,
the late-developing regions (countries) can catch up with
and surpass the developed regions (countries) by absorbing
advanced technology and management talents, reforming the
management system, breaking through the innovation
technology and achieving the path innovation. At this point,
technological catch-up can be achieved even there is a large
technology gap between the late-developing  regions
(countries) and the leading regions (countries).
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