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Abstract

This paper utilizes the general equilibrium analysis of endogenous information
cost and endogenous intermediate product specialization to study the conditions
and principles of technology localization in developing countries. The model
depicts a positive cycle mechanism between technical standards, brand repu-
tation and enterprise technological innovation and R&D capabilities that will
evolve together with the evolution of international division of labor network
structure. The results show that: 1) the key to the commercialization of domes-
tic technology is to maintain sufficient brand-building growth rate; 2) there is
an optimal degree of consistency between technology latecomers and interna-
tional technical standards, so as to realize technology localization in the change
of equilibrium transaction structure; 3) the trade income of latecomers can al-
ways benefit from the increase in the degree of consistency between their own
and international technical standards, yet the trade income of first-mover enter-
prises will experience phased fluctuations, and implement the strategy of improv-
ing technical standards to prevent latecomers. Based on the conclusions of this
study, the author proposes a path for less developing economies to achieve tech-
nological innovation and improve the influence of international standard setting,
as well as related policy arrangement.
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Innovation of Latecomers, Specialization and Division of Labor

1. Research Background and Literature Review

The success of an enterprise’s Research and Development (R&D) and innovation
activities largely depends on how to reduce the information asymmetry of tech-
nology transactions. As Schumpeter (1934) wrote, the commercialization process
of new technologies depends on market recognition. The challenges may be man-
ifested in the opposition of various groups threatened by innovation, the difficulty
of finding necessary collaborators, and the difficulty of winning consumers. In the
global industrial division network, most of the enterprises in less developing econ-
omies are new entrants in the international technology market (latecomers) and are
born in the market where the technology products of first-mover companies have
been used for a long time. Relying on brand influence and market leadership, high-
technology enterprises have built barriers to entry for technical standards. How can
latecomers to technology win the trust of downstream buyers and be willing to buy
their self-developed technical standards? How to deal with market barriers to mar-
ket strategies that high-technology companies may implement? For example, China
has a complete industrial chain advantage and a domestic market with great poten-
tial, so why do local enterprises still have to sacrifice profits, make small profits and
sell quickly, and even fall into the dilemma of ineffective price involution in the pro-
cess of domestic technology substitution?

This paper will focus on the market disadvantages of latecomer economies com-
pared with first-mover enterprises due to the asymmetry of technology transaction
information in the process of technology localization. To avoid market risks, po-
tential buyers prefer first-mover products with greater brand influence. At the same
time, the background knowledge of existing technical standards that the buyer al-
ready has is also an important basis for their purchasing decisions, which are dom-
inated by high-technology companies. The problem of information asymmetry en-
countered by enterprises in developing countries in the commercialization stage
of R&D results is actually based on the competition between latecomers and first-
mover enterprises in terms of technical standards and brand influence. Technical
standards and brand influence are not only the comparative advantages of first-
mover companies, but also may become their strategic tools to prevent latecomers
from entering the international technology market.

This research hopes to expand the discourse on technical standards, the right
to formulate standards for latecomers, brand reputation, and related theories of in-
formation economics. First, in the existing literature on technical standards, past
studies have mainly focused on the effects of technical standardization, such as the
impact of technical standards as a protective trade policy tool on trade scale and
economic welfare in international trade (Jorgensen & Schroder, 2006; Mangelsdorf,

2011). The impact of technology standardization on enterprise technological in-
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novation has also been partially discussed (Zhou et al., 2017; Wang et al., 2023; Zhang
et al., 2024). Although some of the literature has verified the effect of technology
standardization in developing countries, it has not explored its role in technology
catch-up in latecomers. Ernst et al. (2014) discussed the role of technology stand-
ardization in enterprise innovation and economic development in latecomer coun-
tries and emphasized the consideration of national conditions in standard formu-
lation. Hu et al. (2024) examined the impact of technical standards alliances on
technological innovation and catch-up among latecomers. Although these stud-
ies have involved the independence and openness of latecomers in the formulation
of technical standards, they still belong to the analysis from a static perspective.
In addition, the following studies focus on the strategic issues in the competition
of technical standards between countries, such as Ruhlig and ten Brink (2021) and
Padula and Pizetta (2022), to analyze the competition and impact of international
technology standardization from a political and economic perspective. Another ex-
ample is Edwards and Poyago-Theotoky (2013), which investigated how the con-
sistency or differentiation of technical standards can be used as a tool for technical
trade barriers to the technological innovation game of enterprises in the interna-
tional market. Some scholars (such as Ruhlig & ten Brink, 2021) have paid atten-
tion to the problem of China’s technical standard formulation, and the conclusions
drawn by these studies are still biased because they are not fully based on the prac-
tical dilemma of China’s technology localization.

In other relevant literature, Xu et al. (2025) paid attention to the effect of enter-
prise participation in standard formulation and verified the impact of digital tech-
nology enterprise participation in standard formulation on enterprise technolog-
ical innovation. Meanwhile, earlier studies such as Leiponen (2008) have discussed
the relationship between competition and cooperation between enterprises in the
industry in the process of technical standard formation, indicating that all mem-
ber enterprises can benefit from technical standards on the premise of maintain-
ing openness. This is an ideal state for standard setting. In particular, in the real
world of “standards are king” and “winners take all”, enterprises are more concerned
about the right to speak in standard formulation. Lin et al. (2014) have discussed
the subject of standard formulation in the discourse power of standard formula-
tion. Li et al. (2010) discuss the market conditions of becoming a high-end enter-
prise in the industrial network, the interaction and checks and balances between
high-end and low-end enterprises, as well as the survival dilemma and breakthrough
path of low-end enterprises. Zhou et al. (2023) clarified the mechanism for late-
comers to enhance their voice in international technical standards through micro-
level case studies. However, the technical standards research known to the author
so far has not touched on the practical factors of most Chinese enterprises starting
to undertake cross-border transfer of manufacturing and lack of brand accumu-
lation, and there is a lack of research on the entry barriers that high-technology en-
terprises may implement by technology standardization strategies, and how late-

comers can enhance their voice in such situations.
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Moreover, there is relevant literature on corporate brand-building which can
be sorted out as follows. At present, the brand-building literature directly related
to the theme of this paper has not been retrieved, and the studies with relatively
close correlation are as follows. Tsao et al. (2006) studied the interaction between
seller brand signal strategies and buyer responses. This is also one of the logical
bases for the author to set the promotion coefficient as the parameter relationship
of brand influence. Lee et al. (2016) demonstrated the importance of integrating
brand orientation with innovation orientation. Sun and He (2019) demonstrated
the relationship between institutional behavior (taking quality standards as an ex-
ample) and brand equity. Zhang et al. (2024) demonstrated the mediating role of
advanced standards in the high-quality development of regional quality brands and
manufacturing industries, where “regional brand” is a cluster concept. This paper
deals with the relationship between technology standardization, brand and high-
quality development, but still does not talk about technology localization itself.
Moreover, this paper will cut into this topic from a dynamic perspective and ana-
lyze the related problems of technology standardization strategy in the context of
information asymmetry and division of labor specialization. The author intends
to rely on the following dynamic mechanism to fill this gap in the current research
field: taking the technical standards of the same industry as one dimension, taking
corporate brand-building as another time dimension, and integrating these two
dimensions into the analysis framework of information costs at the same time. By
analyzing the changes in information costs and the evolution of the corresponding
division of labor structure in the process of latecomers leaping from technology
introduction to independent research and development, a positive cycle mechanism
will be formed.

The information cost field, based on the model construction and the evolution
of the transaction structure related to the localization of technology in endoge-
nous latecomers, is reviewed as follows. The relationship between brand-building
and technological upgrading of enterprises, i.e., enterprises continuously improve
the brand’s commitment to the market through continuous technological iterative
upgrades to improve product performance, quality, compatibility, etc., so as to
accumulate brand reputation and output this signal to buyers, which is a long-
term interaction between buyers and sellers and between products and brands.
This is consistent with the product reputation model proposed by Kreps et al.
(1982). This paper will extend the model to the competition between latecomers
and first-mover companies in terms of brand reputation to buyer signal push. In
the promotion of technical signals, although the brand reputation established by
long-term repeated games is complementary to technical standards at every point
in time, it shows stable characteristics that are completely different from the changes
in technical standards in the evolution of transaction structure, which has become
a key factor for latecomers to achieve technology localization. In the construction
of technical standard plates, brand reputation accumulation and buyer recogni-

tion of latecomers, this paper follows the basic logic of Ng and Yang’s (1997) infor-
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mation correction and division of labor evolution test model. In the case of the
existing technical standards of the first-mover enterprise, the potential buyer and
the latecomer are both individuals who freely enter and exit the transaction pro-
cess in the Walras mechanism, and the trust relationship between the two will be
established by product upgrading and continuous trial and error, and accumu-
lated in the brand reputation of the latecomer from scratch. The author will label
the results of cross-generational technology product trading experiments as
the brand reputation accumulation parameters in the model (the parameters of
first-mover countries and latecomers are different), and exogenize the growth
rate of brand-building expenditure. In other words, the author adopts the evo-
lution model of “exogenous transaction cost and endogenous information cost”
to simplify the relationship between “brand-building growth rate and brand rep-
utation” in this paper. Thus, the analysis can focus on the dispute between late-
comers and first-mover companies, and how to achieve technology localization
in latecomers.

In addition, due to the fact that potential buyers have different degrees of infor-
mation asymmetry in the face of first-mover and latecomer suppliers in technol-
ogy product transactions: the existing technical standards and brand reputation
of first-mover companies are the result of the previous game and trial-and-error
accumulation between the two parties; The information gap between buyers and
latecomers with missing brands and standard differences is obviously greater than
the former. Compared with the existence of poor information, it is more difficult
for latecomers to enter the technology market than to enter the ordinary product
market. Due to the existence of the first-mover enterprise, the amount priced by
the latecomer in the price involution below the equilibrium price level is actually
the cost of a “trial and error” purchase paid for potential buyers. After a “trial and
error’, if the enterprise attaches importance to brand-building and accumulates
brand reputation through technological iterative innovation, the “trial and error”
cost paid in the future will decrease. This is the process of catching up with high
technology. Otherwise, enterprises will have to pay expensive “trial and error”
costs every time, thus falling into involution and allowing the rental value to sur-
vive. The accumulation of brand reputation is the choice path for latecomers to
reduce the relative information asymmetry in the time dimension. Latecomers can
shorten this process with the help of technology standardization strategies. By se-
lecting the optimal level of standardization and using the existing widely used tech-
nical standards as a reference frame, the information asymmetry between poten-
tial buyers and latecomers can be reduced. At the same time, latecomers can pro-
mote the time dimension of brand-building and the peer dimension of technology
standardization at the same time to narrow the relative disadvantage with first-
mover enterprises, so as to improve the success rate of commercial transformation
of new technologies.

The structure of this paper is as follows: Section 2 will establish a basic model for

intra-industry transactions between high-technology and latecomer; in Section 3,
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the model will be subjected to general equilibrium analysis and inframarginal com-
parison static analysis of the specialized mode and division of labor structure. Sec-
tion 4 will summarize the internal logical relationships, results and economic im-
plications of equilibrium and comparative statics on the basis of the analysis of equi-
librium and comparative statics. Section 5 makes conclusions and makes policy

implications and recommendations.

2. Basic Model

Here, we consider the existence of two economies with a continuum of consumer-
producers. This continuum assumption means that the two economies have very
large population sizes M, and M, . This hypothesis avoids the absence of equi-
librium results due to integer problems when discussing the division of labor spe-
cialization (see Sun et al., 2004). At the same time, everyone in the economy is a
consumer-producer unity and has homogeneous, non-satisfied, continuous and ra-

tional preferences, which will be represented by the following utility functions:
ui(x,y)=f(xf,yf), i=1,2 (1)

where x =x, +k,x' and y’ =y +k.y’ represent the number of two con-
sumer goods xand ythat each individual needs to consume, respectively; x, and
y, are the number of self-sufficient products per consumer-producer, and x
and y are the number of products that each person buys from the market. £,
(0 <k, <1) is the transaction efficiency coefficient of the consumer goods mar-
ket. Moreover, we assume that the market efficiency of consumer goods products
in both countries is the same, so that k,x’ and k,y’ are the actual quantity of
products that are purchased and consumed from the market transaction process,
while the other part 1-k, of them is depleted during the transaction. We assume
that the utility function f'(-) is continuous, increasing, and quasi-concave. With-

1 1
out losing generality, we assume that f(-)= (xf )5 ( i )E L

Moreover, we assume that the production function for each consumer-producer

is as follows:

W =x 4 =max{o,(z,.+kMz;’)“ (lx—b)} and O<a,k, <1 (2)
vl =y +y, =max {01, -b}, 3)
zl =z, +z =max{0,T, (L. -6)},and 0<b<O<L, 0<T <1 (4)

The production process of product x requires the use of an intermediate prod-
uct z Besides, x”, y” and z/ represent the number of products x, yand z pro-

duced by each individual. Among them, x;, y/ and z/ are the amount of out-

'In the hypermarginal-general equilibrium analysis, the specific difference in the form of the explicit
function here does not affect the analysis conclusion. We abstract away the differences in people’s pref-
erences for xand yand the differences in consumption preferences between these two countries and
simplify the mathematical operations to serve the analysis goal of this paper on production technology
innovation.
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put used for sale to the market; x;,, y, and z aretheamount of output for self-
use. The labor time that must be allocated for the production of the three products
is /., /,,and [ . Thelearning cost of the final products xand yis the same b,
and the intermediate product zneeds to pay more learning cost 8. The input-
output elasticity of intermediate goods and labor required for product x produc-
tionis « and 1, respectively. The intermediate goods can be obtained by self-sup-
ply z, orexternal purchase z{.Ifitis purchased externally, the transaction fee
will be proportional 1-k,,and k,, isthe transaction efficiency coefficient of
the intermediate goods market. The greater the value of &, and k,, indicate
higher efficiency in the consumer goods and intermediate goods markets.

Unlike the production of final products, there is an output promotion factor in
the production of intermediate product z In this paper, intermediate product z
can be regarded as a technical standard, such as technically complex professional
equipment, special processes, key components, etc. Often, there is a more serious
information asymmetry in technology product trading than in consumer goods
trading, and the expected benefits of expertise that laypeople can master are often
not enough to offset the cost of professional learning. Even customers with certain
professional knowledge will be at a significant information disadvantage in the
face of technological innovation. Theoretically, the more complex the technology,
the broader the downstream application scenarios of the technology, and the larger
the pricing space. In fact, the more serious the information asymmetry, the more
cautious buyers are in the face of high-priced technology products. As a result, the
pricing space of new technologies is more susceptible to information asymmetry,
and their innovation, durability, compatibility and other indicators are more de-
pendent on industry standards and corporate brand reputation. This requires tech-
nical standard manufacturers not only to develop new products, but also to be
recognized by industry and downstream customers for their technical standard
performance. Therefore, technical standard producers can use brand-building to
accumulate reputation in technology or rely on the quality standards of the entire
industry to improve their reputation and reduce the information asymmetry be-
tween buyers and sellers. Consequently, the coefficient 7, consists of two parts:
7, (0<7,<1) is the technical standard, that is, the proportion of z producer
extracted from sales revenue for brand-building% 7z, (0<7z, <1) is the reputa-
tion influence coefficient of the enterprise in the Country I (CI), which is deter-
mined by the comprehensive effect of the company’s own brand reputation accu-
mulation and the first-mover comparative advantage in the technical standards of
the Country I (CI). The following analysis will show that technical standards are
complex and changeable when the international division of labor changes. Con-
sequently, the meaning of 7, is mainly determined by the accumulation of

brand-building. Without losing its generality, this paper assumes that economy

*We will no longer show the mathematically complex calculations of different extraction ratios be-
tween these two countries; while instead, we extract the important economic implications in a mathe-
matically simple way.
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0 <7, <7, <1, which means the country C1 is a high-technology country and has
a comparative advantage of technological reputation.

From the practice, it is rare to improve information asymmetry by simply hav-
ing one of the above two inequalities 0<7, <1 and 0<7, <1, so that we assume
that the generalization coefficient of technical standards is the intersection of the
two parameters, that is

T =11, (5)

i

This equation means that economy C1 has a comparative advantage in the pro-
motion of technical standards (7, > T, ). However, it should be pointed out that
the sales revenue of technology zin the two countries is not the same, hence the
share of technology sales revenue allocated to brand-building extracted from the
two countries is different. The same proportion of the two countries 7, only in-
dicates that the proportion of brand-building investment in the two countries
maintains the same growth rate. This setting also exogenizes the brand-building
decisions of enterprises in the two countries. Equation (5) also reflects the ex-
pectation of the enterprise’s production arrangement on the certainty of the sales
market. Obviously, companies with a comparative advantage in branding and
technology standardization have more optimistic expectations in both domestic
and international markets, which constitute their competitiveness in the technol-
ogy market.

It is assumed that the efficiency factor of the transaction between the producer
of the technical product z and the buyer is k,,, and k,, depends on the infor-
mation cost of the technical standard §,,i.e., k, =1-S,. The information costs
incurred in the natural transaction state are recorded as s, and s, €(0,1). If
there is an improvement in the information dilemma, the information cost may
be recorded in the form of:

So

S = 1 —,where j=i or —i and Se[0,1] (6)
(1+7,)2-(1+ B):

Among them, if the information cost of domestic sales of intermediate products

is mainly affected by the existing technical standards and brand reputation in the
country, then j=i.If the information cost of cross-border sales is determined
by the existing technical standards and brand advantages of the exporting country,
then j=—i.In this model, we only deal with technology exports from first-mover
countries to latecomers, so it is reasonable to assume that the technical standards
of the exporting countries in the parameters 7z, determine the relevant information
costs included in the transaction. As a result, exporting countries with technical
standards and brand comparative advantages will enjoy higher technical transac-
tion efficiency than importing countries in intermediate goods transactions. S
(0< B <1) indicates the degree of consistency of technical standards between the
two countries. The larger the value of /£, the higher the degree of consistency, the
easier it is to mutually recognize technology between the two countries, and the in-

formation asymmetry between the two countries will decrease. If the specific sim-
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ilarities and differences between local standards and international standards are
listed and mutually recognized efficiently and do not affect compatibility, or the
closer the local standard is to the international standard, it means that the value
of S islarger. When S =1, the two countries will form a unified market for
technical standards; When g =0, the technical standards between the two coun-
tries were self-contained and the cost of mutual recognition was extremely high,
consequently they became two separate markets. It is worth noting that the differ-
ence in technical standards is not necessarily the difference between advanced stand-
ards and backward standards, but more in the information costs existing in cross-
border technology transactions, which will affect the market demand and corre-
sponding pricing of technology products. In short, the larger values of 7, and
f , the information asymmetry between the two countries on the transaction of
technology products is lower, and the transaction efficiency of technology products
is higher.

In addition, it is assumed that each consumer-producer in both countries has
the samelabor endowment L and L >1.Itsdistribution oflabor time for the three

products x, yand z satisfies the following constraints:

[,+l,+l.=L and 0</,l,l. <L (7)

The production of each product requires a positive learning cost (5, &), which
means the existence of a specialized economy. If an individual is engaged in the
production of more than one product, he needs to learn one more production skill
and bears a higher total learning cost; on the contrary, he will increase the level of
specialization by focusing on fewer types of production, and the return on the learn-
ing cost can be more fully reaped. The learning cost is also an entry cost; hence we
also assume @ > b, which means the technology industry has higher barriers to
entry.

When the producers of technical products in both countries take the same per-
centage 7, from the sales of zfor brand-building related to technical standards,

the budget constraints for each person are:
P +py +p.(1=7)z = px +py +p.z] ®)

In this model, both the product market and the labor market are competitive.
Based on the assumption of increasing or constant return of individual special-
ization and the assumption of individual continuum in each economy, the Walras
general equilibrium mechanism will exist in this large economy. Besides, in this
model there are two dilemmas: one is between the increasing (or unchanged) re-
turn of specialization by the division of labor and the total transaction costs; the
other dilemma is between the cost of brand-building and the benefits of brand rep-
utation premium in the technology products z Everyone in both countries needs
to decide: 1) what to produce and how much to produce for self-sufficiency; 2)
what and how much to sell in the market; 3) what and how much to buy from the
market. For more specific, everyone needs to decide on the values of the following

9 variables: xi,x,",xf,y,.,yf,yf,z,,z,",zf >0, and there are total of 512 possible
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corner solutions and internal solutions, which is from 2° =512.

3. General Equilibrium Analysis

Since our model may include corner solutions, the standard marginal analysis will
no longer be applicable. Therefore, we will utilize the “three-step method of in-
framarginal analysis” for further discussions. In the first step, by excluding all non-
economically feasible corner and internal solutions, we figure out all the set of op-
timal decisions for each individual and solve all possible corner solutions, which will
be completed in Section 3.1. The second step is to solve each set of price-compat-
ible corner solutions into a market structure division of labor and solve the corner
equilibrium of each structure with division of labor, which will be completed in
Section 3.2. The third step is to analyze the overall cost and benefit of all market
structures with division of labor to determine the parameter conditions for each
corner equilibrium to become general equilibrium, which will be completed in

Section 3.3.

3.1. Specialization Mode and Corner Solution

Everyone’s decision set contains some possible corner and inner point solutions.
However, not all mathematical analytical solutions have economic implications.
To narrow the scope of the decision set, Yang and Ng (1993) and Wen (1998) ap-
plied the Kuhn-Tucker condition to establish and generalize the optimal decision
theorem. Moreover, since the model in this paper includes the specialized division
of labor of intermediate goods, we will establish Lemma 1, which has been applied
to the extended lemma proven by Gao and Anwar (2024).

Lemma 1. The optimal decision of each individual will be to sell at most one
product, not to sell and buy the same product at the same time, and not to buy
and self-sufficiency the same product, If a consumer product is sold on the mar-
ket, it is self- sufficient at the same time; If a €(0,1), i.e., a+1>1, it does not
use the intermediate products required for its own use unless it makes an optimal
decision to produce the final product.

We define a “Configuration” as a combination of zero and positive variables
which are compatible with Lemma 1. It utilizes the Kuhn-Tucker condition to ex-
clude most of the corner solutions and screens out a total of 5 corner solutions
and corresponding specialization configurations. In the trading networks of the
two countries, these five configurations can be combined to create a division of
labor that is intrinsically compatible with multiple economic meanings. To focus
on the core issues of this paper, we will analyze only two of these cross-border trans-
action structures within the industry. This treatment mathematically expands the
parameter space required by each structure for general equilibrium but does not
affect the research conclusions. Trading structure and corner equilibrium analysis
will be the main work in Section 3.2.

The five specialization patterns compatible with Lemma 1 are analyzed below:

1) Self-sufficiency configuration (A). In this mode, each person makes all three
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products x, y; and z by themselves. There is no professional division of labor, so
there is no trading market. The pattern is defined by x;,y,,z, >0 and

x =y =z =x' =y’ =z/ =0. It is worth noting that in the case of self-suffi-
ciency, the individual is completely certain about the intermediate z performance
he needs, so we assign 7, a value of 1 in this mode.

2) x and z integration configuration (xz|y). This mode produces both tech-
nical products zand terminal consumer goods x, in which the practitioners of this
model are self-sufficient to produce product x, self-sufficient consumer goods x
and sell the remaining consumer goods in the consumer goods market, and the
required consumer goods yare purchased from the market. The pattern is defined
by z,x,x,y' >0 and y’ =z =x'=y=2z'=0. Similarly, in the case of xz
integrated, the individual is completely certain about the performance of the in-
termediate product zthat he needs, so 7, we still assign a value of 1 in this mode.

3) y specialization configuration (y]x). This mode indicates a full specializa-
tion in the production of consumer goods y; and those who choose this model are
called experts. A part of the output of yis for self-use, the rest of the output is sold,
and the income is used to purchase consumer goods x. The pattern is defined by
y,y5,x >0 and x' =z =x=z=)" =z' =0.

4) x specialization configuration (x|yz). This mode indicates a full specializa-
tion in the production of consumer goods x; and those who choose this model are
called xexperts. Part of the output xis for personal use, and the rest of the output
is sold, and the required technical standard zand consumer goods y-are purchased
from the corresponding market. The pattern is defined by x,,x’,z’,»¢ >0 and
PR —)

5) zspecialization configuration (2 xy). This mode indicates that the technical
product zis produced in full specialization, and those who choose this model are
called zexperts. Zspecialists specialize in the production and sale of technical stand-
ards zon the technology market, and the required Xand Y products are purchased
from the consumer goods market. The pattern is defined by z’,x’,»’ >0 and
X =y =z=x=y=z'=0.

The summary of the corner solutions of the above five specialization configura-

tions is shown in Table 1.

3.2. Analysis of the Market Structure with Division of Labor and
Corner Equilibrium

A combination of all individuals’ configurations constitutes a “Market Structure”
(or Trading Structure). This paper hopes to focus on analyzing how latecomers
to technology can change from undertaking manufacturing outsourcing to achiev-
ing domestic technology substitution. Hence, this paper will focus on the follow-
ing two types of intra-industry market structures: 1) RZC, a structure in which
technology trading and outsourcing coexist, and 2) INE, a structure in which late-
comers carry out domestic technology substitution. We can investigate structural
changes to reveal the rules and paths of how technologically less developed coun-

tries achieve technology localization in the international division of labor network.
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Table 1. Specialization mode and corresponding corner solution.

Mode Corner solutions

Indirect utility functions

a a+l a
A Z.:a(L—H)—Zab _a (L-6-2b) ) _L-0-2b L, (L-0-2b)7
i 2+a ' (2+a) l 2ta "\ T 2va “
. a(L-0-b)" xs_a“(L—a—b)””’ _a(L-0-b)
[ 21+a1+(1 x> M 21+a1+a i l+a > aL_H_bHa
(XZIY) ( ) ( ) zﬂz% kFPX
" (L-0-b)" 2(1+a)
2(1+a)™
,_L-b  L-b _L-b v L=b [k
(}/‘X) X; 2PX > Vi ) > Vi ) i 2 PX
1 1
1 [ l-a _ o I 2 pla
st =are(enye | B ot S e
P, 2 P«
zZ
“ « =1 l-a = 0 i la
(ly2) xf:[l_aa‘“+a‘l“j(L—b)llakj/[ijl , ”iX:Talfa(L_b)l’“ Mok P
2 , P
l-a = 1 2P =
xl.:—2 aI”(L—b)lakM(P’Z(] .
L-0 P L-6 L-0 k
zZ=1-7,(L-0), x' =—-(1-1,))t7,-%, y'=——(1-17,))7,7,P,. u' =——(1-7,)r,0,—~=P,
(ZIXY) 0( ) 5 ( 0) OP)( 5 ( 0) oz P ( 0) 0@ z

Among them, P, = px/py , B = PZ/P}- :

According to Yang (2001, Chapter 13), a general equilibrium exists for a general
class of the models of which the model in this paper is a special case under the as-
sumptions that the set of individuals is a continuum, preferences are strictly in-
creasing and rational; and both local increasing returns and constant returns are
allowed in production and transactions. A general equilibrium in this model is
defined as a set of relative prices of goods and all individuals’ labor allocations and
trade plans, such that: 1) Each individual maximizes her utility, that is, the consump-
tion bundle generated by her labor allocation and trade plan maximizes her utility
function for given prices; 2) All markets clear.

The analysis of these two trading structures and corner equilibrium is as fol-
lows.

1) The structure of technology trading and outsourcing (Structure RZC). In
this structure, C1, the technologically advanced country, specializes in producing
and exporting technological products z and its consumer goods x and y are
imported from its trading partner country (technologically advanced country)
C2; On the other hand, C2 produces and exports consumer goods x and y;, where
the technical products zrequired for the production of xare obtained by imports.
There is intra-industry trade between the two countries brought about by the

division of labor in the X supply chain. Manufacturers in both countries need to
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work closely together to get all the essentials. When C2 decides whether to import
technical products z, there are information disadvantages in terms of their quality,
performance, compatibility, etc., so that C2 may rely on C1’s technical standards

and the industry brand influence of technology product suppliers to make import

s
- —. If the technology transaction is too

(1+5): (1+ )

inefficient, it may cause the transaction to not occur, thus deviating from the struc-

decisions, that is k,, =1-

ture of the division of labor between the two countries.

Since each individual of C2 is homogeneous before the division of labor and the
model has symmetry feature, therefore the utility equalization condition should be
met when equilibrium, that is, the utility level of the domestic x expert and yexpert
equilibrium is equal, u) =u; . Suppose that C2 has a population of M,, and
M,, who are engaged in the production of products x and y. When trade equi-
librium is reached, all three products should meet the market clearance conditions.
According to Walras’ law, the clearing conditions of the three markets are not in-
dependent of each other. Therefore, according to the equalization of utility and the
clearing conditions of any two of them, suchas M,z = M,z and
M,y =M,y +M,,y], , the equilibrium relative price of all trading products,
the size of the number of occupations in the two countries, and the equilibrium of
the real income level of the two countries can be solved.

2) The market structure of domestic substitution of technology in latecomers
(Structural INE). In this structure, C1, the technology pioneer country, specializes
in R&D and exports technology products z and its consumer goods xand yare
imported from C2. In country C2, technologically backward countries, there are
some individuals specializing in the production of consumer goods x and some
specializing in producing y. At the same time, there are also some individuals
specializing in the R&D of technical products to partially replace imports. In other
words, the technical products required for the production process of C2’s x ex-
perts can be obtained through two channels: import or purchase of domestic prod-
ucts. The information asymmetry of imported technology will depend on the

brand influence of the exporter of the technical product zin the source country
(C1) and the degree of consistency of technical standards between the two countries

s
- — ), that is, the information disadvantage of purchasing

(1+7,)2(1+B):

domestic technical products is based on the brand reputation of domestic suppli-

(k, =1-

ers and the degree of consistency between existing professional information and
domestic technical standards. As a matter of fact, it is also the degree of con-
sistency between technical standards between the two countries. In this structure,
international cooperation resulting from the specialization of the division of labor
remains. At the same time, there is competition between the two countries due to
the domestic substitution of technological products from latecomers. The rela-

tively complete industrial division network of technologically less developed
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countries coexists with the complete technological specialization of first-mover
countries.

When all practitioners in C2 of technologically less developed countries achieve
maximum utility equilibrium, they must also meet the utility equalization condi-
tions, including the utility between imported technology and x experts using do-
mestic technology, thatis u =u), u) =u},,and u;, =u},, . From this point,
we can derive the relative price and equilibrium income level of x produced by im-
ported technology, x produced by domestic technology, and yand zproducts. Here,
we assume that the prices of C2’s imported z and domestic z are equal in the do-
mestic market, otherwise the equilibrium structure will deviate from the domestic
alternative trading structure. In addition, weuse M,,,, M,,,,» M,, and M,,
to represent the number of x experts using domestic technology, the number of x
experts using imported technology, and the number of yexperts and the number
of zexperts in C2. Any three conditions cleared by the market of the two countries,
as well as the equation of the sum of the population of each profession in C2, such
as M,y, Z;IM =M,z , MZXDZZD =M,,z,,

M,y + My Y0 + Moy Vo + Moz 93, =My, 5 and
M, + M, +M,, +M,, =M, , can obtain the scale of the domestic specializa-
tion modes of the above technologically less developed countries.

These two trading structures are shown in Figure 1.

Structure RZC Structure INE

Figure 1. Market structures with specialization and division of labor.

In Figure 1, the circle represents a group of experts engaged in the relevant spe-
cialization mode, the beginning of the arrow indicates selling the product, and the
end indicates buying the product; The left side of the vertical dotted line is econ-
omy C1, and the right side is economy C2. In the structural RZC, there is intra-
industry trade between the producers of the economy C1 specializing in the pro-
duction and export of technological products zand C2 x. In the structural INE, x
producers in the economy C2 can either import technology z or buy domestic
technology z C2 and C1 carry out intra-industry trade, and at the same time have
a certain domestic substitution ability of product z

The specific equilibrium price and real income of each corner equilibrium ana-
lyzed above are shown in Table 2. The relative number of the professionals of each

country when the corner equilibrium reached is shown in Table 3.
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Table 2. The trading structures and their corner equilibrium.

Market structure Equilibrium price

Per capita real income level

-a

_ a(l-b) M,
L (L-0)(2~a-ar,)rr, M, x| (L-0)r,
M a
Structure RZC ﬁ

X

SR _ a(L-b)k,(1-7,)(1-ax) >
22—« —aro)l%

P, = . RZC_(I—a)T(L—b)\/Z

(L-6)(2-a-ar, z']ro[

B
x| (L-0)(2-a —aro)rlrn[l _1301]

(1+7,)2(1+ B)?

L-b 1
‘L-0 \/E(l 7,) 7,7, . b
w u =
[a(2-0)({k, (1-7,)z,)7. ]
PX‘ZD = a
(1 a)l ‘ 1_ f“ 2+a
(14214 5) e
L
—a TZ 2
Structure INE [a(L - 9)(@(1 - To)To)Tz}
Xl = (1_a)17a
all-a) INE _ L—-

2a

{I_IsolJlm
(1+7,)2(1+ B)?

1_s70 I+a . uz _?
(1+7,)2(1+ B): [ >
X x[lo——
(

Note: P, ‘ ,, and Py ‘ ,, represent the relative price of product x produced using domestic and imported technology respectively.

Table 3. The relative number of professionals in each corner equilibrium.

Market structure Balance the size of the professional population

1- 1—
Structure RZC M,=M, MZX:ﬁMZ’ sz:ﬁMr
0 0
1—444£L44ffﬁ
1 1
Structure INE M, =M, M,,, = \/E{i—(a)ﬂ) (1+Tl)2(1+ﬂ)z v
aylk. (1-7,)7, 17%
(l +'[2)5(1 +ﬂ)§
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3.3. General Equilibrium and Inframarginal Comparative Statics

When general equilibrium occurs in a division of labor structure, it means that no
one is willing to deviate from the chosen specialized model under the relative price
of the corner equilibrium of that structure. In other words, the structure becoming
a general equilibrium structure will depend on the condition that the equilibrium
real income level per capita of each specialization model in the structure is not
lower than the income level of any other model it can choose from. In the case of
cross-border trade, the author assumes that there is no cross-border movement of
the population. Therefore, it is possible to compare the income levels of the vari-
ous options within each country, but not across borders. In this way, we can obtain
a series of inequalities containing all exogenous parameters compared between
the two countries, and each division of labor transaction structure corresponds to
a set of inequalities. Sun et al. (2004) prove that Walras’ general equilibrium will
exist in an analytical framework that includes positive transaction costs, endog-
enous consumption and production specialization allocation, and increasing (or
constant) specialization return. Sun et al. (2003) simplify the calculation process
of general equilibrium analysis by proving that the Pareto optimal corner equilib-
rium is also the highest per capita real income. Accordingly, these inequality groups
can be used to divide all parameter spaces into corresponding parameter subspaces,
and the corner equilibrium of the structure corresponding to each subspace is a
general equilibrium. As the parameter values change between the subspaces of each
parameter, the general equilibrium will fall into the corresponding structure dis-
continuously, which is the static analysis process of the inframarginal comparison
of the general equilibrium.
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If the structural RZC becomes a general equilibrium, it requires economy C1 to

meet #”° >u™ and meanwhile economy C2 to satisfy 1" > ul™ . If the struc-

ture INE becomes a general equilibrium, C1 is required to be satisfied u““ <u™*
and C2 is satisfied u”“ <u,*" . The conditions under which each structure be-
comes a general equilibrium structure depend on the relative size of the popula-
tions of the two economies. After that, this paper will only conduct the static anal-
ysis of general equilibrium and inframarginal analysis when C2 is a country with

relatively large population, which is shown in Table 4°.

Table 4. General equilibrium and inframarginal comparison statics.

Parameter subspace

y(l+rl)é—(l+rz)é

S, ] ]<(1+ﬁ)%<s0

(L=1)(1+7)2(1+7,)

1

y(1+0) (1+T2)’ .

e (14n) (r-1)

<(1+B)> <s,

Equilibrium structure

1

1
y(1+7,) —(1+17,) Structure RZC (Technology Trade & Outsourcing
(1+T1)%(1+72)%(7—1) Structure)
1 1
,u(l +1, )5 - (1 +7, )5 Structure INE (Domestic Substitution Structure for
(u-1)(1+7 )% (147 )% Technology in Latecomer Countries).
1 2

Note: Assuming o that k., 7, and 7, areunchanged, the population condition of C2 with a relative large population is

M2 5, 2-a-ar,

M, a./ F T, 1-7

equilibrium structure RZC. Here, [

, where it is the threshold value 7, required to define C2 as a relative large population in the general

(1+a)(2-a)

a\/— -7, MTJ“‘”)}/OC\/* -7, MT.

20:0:1'0Mz'I 2-a-ar, M, 7,

4. The Main Findings of Inframarginal Static Analysis

After the above inframarginal static analysis of each corner equilibrium analysis,
we can derive the following main propositions. Next, this paper will prove these
propositions and elaborate on their solid economic implications, in order to reveal
the rules and paths of technological innovation and economic development in tech-
nologically less developed countries.

First, as shown in Table 4, there is only one non-empty set of parameters for
structural RZC and structural INE to become general equilibrium. However, the
parameter has important economic implications: the proportion of technology
revenues extracted for brand-building remains the same in both countries. If the
injtial non-empty parameter subspace makes the structure RZC a general equilib-
rium structure, the increase of the parameter value 7, will eventually make the
parameter subspace condition of structure INE valid under the premise 7, that
the initial non-empty parameter subspace makes the structure INE subspace con-
dition unchanged, and the general equilibrium structure will jump to the structure

INE. Therefore, proposition 1 is true.
Proposition 1: If the technologically less developed country has a relatively

*The derivation process is detailed in Appendix A.1.
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, M, 1 7, 2-a-af,
large population (by —=2> — -
M, ak, t, 1-1,

1.1) In the parameter subspace of

definition), then:

1 1 1 1
u(l+z )2 =(1+7,)2 1 y(1+7,)2 —(1+7,)2
(en)i=(en) (i sOen)i-(e)

0 1
(L=1)(1+7)2(1+7,)2 (1+7,)2 (1+7,)2 (¥ -1)
equilibrium structure is the structure RZC;

, the general

1.2) If the two countries extract the same proportion from the proceeds from
the sale of their respective technical products 7, for brand-building expenses,
with the increase of this ratio, the parameter conditions will enter the parameter

1 1 1 1
;/(1-1—111)5 _(ITTZ)E <(1+,3)% <, u(l+7,)2 —El+rz)E _
(1+7,)2(1+7,)2 (7 -1) (L=1)(1+7)2(1+7,)2
the general equilibrium structure will transition to structure INE;

subspace s, and

1.3) After INE becomes a general equilibrium structure, the per capita real in-
come of C2 will increase with the improvement of the brand reputation of tech-
nology products 7, in the technologically advanced countries, but the equilib-
rium income of the technologically advanced countries will decrease (see Appen-
dix A.1 for details).

Proposition 1 summarizes the optimal decision-making of latecomers in brand-
building and its main role and effect. Its economic implications are as follows: for
technologically less developed country C2 has a relatively large population, i.e.,
M 1 7 2-a-ai,

-2z > L
ak, T, 1-1,

Ml
the competition in the market of the latecomer countries will pay attention to

, and the population is unchanged in short term,

and compete to strengthen the brand influence of their technology products.
If the proportion of brand-building expenses extracted by latecomers in technol-
ogy transactions can remain synchronized with that of first-mover enterprises,
the result of brand-building competition will lead to a gradual transition from
structural RZC to structural INE, that is, from the coexistence of technology trad-
ing and outsourcing to the model of domestic technology substitution in late-
comers. Due to the small scale of related industries at the beginning of the ac-
quisition of domestic technology development capabilities in technologically less
developed countries, the amount of money that enterprises can extract and pay
for brand-building is less than that of first-mover countries. However, as long
as the expenditure growth rate (commission ratio) remains consistent with that
of the first-mover countries, it will eventually break through the critical condi-

tions that trigger this structural change z,* If enterprises in technologically

“The general equilibrium structure change caused by the change of 7, does not apply to the con-
straints of the above small country model. The technical standard strategy of large and small countries
is completely different, and the threshold value of population size is fixed here with the parameter 7,
(i=1,2) of the RZC stage. If country 2 is still has large population, when 7, changes to cross the

critical threshold of these two countries, the trade pattern enters the steady state of INE as a general
equilibrium.
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less developed countries can achieve continuous brand accumulation, then the
transaction income of technology products in first-mover countries will become
less and less. Therefore, the first-mover has a strong incentive to prevent late-
comers from improving their technical standards and brand-building and this
response is the endogenous optimal decision of the first-mover country to max-
imize its transaction returns based on the change of transaction structure. In
general, as the competition between the two countries in terms of technical
standards and brand-building intensifies, it will trigger a further increase in
the commission growth rate of brand-building. Enterprises in technologically less
developed countries will also be more competitive than first-mover countries,
and their accumulated brand reputation will also be from weak to strong. In
this process, the attitude of high-technology companies towards latecomers
will gradually turn to exclusion and competition. As long as latecomers focus
on the growth rate of brand-building expenditure of first-mover enterprises,
brand competition itself will strengthen the conditions and trends for domestic
substitution of technology.

Secondly, when the general equilibrium structure is INE, imports and domestic
technologies compete in the technology market of latecomer economy C2, but their
downstream buyers (x experts) have different degrees of awareness of the two tech-
nologies. On the one hand, the buyer will judge the performance, quality and other
information based on the existing brand awareness of the technical product; on
the other hand, the degree of consistency of technical standards between the two
countries will also affect the buyer’s direct judgment of various information about
product z These information asymmetries will result in different equilibrium prices
for downstream products x that produce z using technical standards from differ-
ent sources. How these factors affect its competitiveness in the downstream mar-
kets can be revealed in Proposition 2.

Proposition 2: When the general equilibrium structure is the structure INE of
domestic technology substitution in latecomers:

2.1) The greater the comparative advantage of the high-technology country in
technology standardization and brand-building, the lower the price of downstream
products produced by imported technology;

2.2) The higher the brand reputation influence accumulated by the technologi-
cally less developed countries, the more it will help to alleviate the relative price
disadvantage of downstream products produced by domestic technology;

2.3) The increase in the consistency of technical standards between the two coun-
tries will reduce the relative price disadvantage of downstream products produced
by domestic technology in technologically less developed countries;

2.4) The more production of end product x is depending on technical product
z, the more price advantage of downstream products produced by imported tech-

nology.
Proof: From Table 2, it can be seen that the relative price of product xproduced
using imported technology and domestic alternative technology is
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ky, (12)

7, > 1, , which results in <1. With the constant value of g3, 7, >7,

u\T
makes the equilibrium price of imported technology production will be superior
to the domestic price under the same condition, i.e., PX|1M < PX|2D. Besides,

9 0, 920,220 and 2.0,
0t or, op oa

The economic implication of Proposition 2 is that when the technologically less
developed countries have a certain ability to substitute technology domestically, it
is easier for technologically less developed countries with better reputation in brand-
building to narrow the price disadvantage of downstream products produced by
their localized technology in market competition. At the same time, technolog-
ically advanced countries will continue to consolidate their advantages in brand
and technical standards to maintain the market competitiveness of their exported
technology products. The competition between the two countries in terms of tech-
nical standard plates and product reputation accumulation is actually a competition
for future market share of domestic technology. In domestic technology substitution
transactions, the more technology-intensive the product, the more obvious the price
competition disadvantage compared with imported technology. Late-developed
countries can rely on the strategy of consistency of technical standards to gradually
narrow the information gap in technology transactions and improve the information
asymmetry between buyers and sellers in domestic technology transactions. From
the perspective of price competition, the strategy of technical standard consistency
is the priority of technologically less developed countries.

C2, alatecomer country that chooses the strategy of technical standard align-
ment, will greatly realize the competition between domestic technology and im-
ported technology under the condition of complete technical standard integra-
tion. Then, there is a dilemma: C1, a high-technology country that completely
focuses on high-end technology specialization, needs to compare the prices of
two x when importing x products. If C1 uses C2 domestic technology to produce
x, it will be cheaper; however, if such xis blindly imported, it will lead to less
demand for technology products imported from C1, which leads to the decline of
the C1 technology industry, thus deviating from the general equilibrium structure

INE. Yet, this paper will prove that this case does not exist. As mentioned earlier,

ok
8M = Slo > 0. If the maximum value £ is 1, the minimum value of
T

(1+B)2(1+7)
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R , Ok s, )
the derivative is still true, i.e, —L=—"——> (. Therefore, as long as there is

or \/§(1+r)
ky (Tz)
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Therefore, C1 in the general equilibrium structure INE has an incentive to main-

7, > 7,, it must exist <1, so that PX| w < PX| can still be established.

2D

tain the brand competitive advantage of domestic technology, so as to keep the
domestic technology sector not withering, regardless of C2’s technology standard-
ization strategy.

Next, if the general equilibrium occurs in the structural RZC or structural INE,
how will the choice of technical standards between the high-technology country
C1 and the technology less developed country C2 affect the equilibrium income
of the two countries? When the equilibrium trading structure changes, whether
the priority of C2 is still to keep the technical standards consistent with the current
standards? What is the optimal choice for C1? Is the best choice between the two
countries mutual or conflicting? The analysis of the above problems can be sum-
marized as Proposition 3.

Proposition 3: When the general equilibrium is structural RZC, the equilibrium
income of C1 and C2 will increase as the degree of consistency of technical stand-
ards [ between the two countries increases. When the general equilibrium is
structured INE, the equilibrium income of the first-mover C1 will decrease due to
the increase of £ in the face of latecomer enterprises with weak technical stand-
ards and brand reputation. Facing the latecomers with deep technical standards and
brand reputation, their balanced income increases with the increase of f; the
equilibrium income of C2 in technologically less developed countries has always

increased with the rise of .
RZC RZC
ou,

Proof: It can prove that ——>0,
op op
l-a a 2ta a

oul (L —b)aTI (1—a)2 (L-0)2 k.t ((1-7,)7,) 7,5,
2-a

= 1

B s(ra)1+p (R (140) oz

{2(1”2); (1—a)(147, )i}(u/;)i (a+1)s,

l+a

INE
Ou,

>0, >0 and

X

So So

l_ﬁ l_ﬁ
(1"'2'1)5(1"‘ﬁ)E (1+72)5(1+ﬁ)5

The plus or minus depends on the plus or minus of depend on the

1 1 INE

1
value of {2(1+r2 )2 —-(1-a)(1+7 )2}(1+ﬁ)2 —(a+1)s, . Hence, >0
2
1 1 INE
when 7, >l w-i-(l—a)(l-i-rl)Z —1. On the contrary, o <0, the
(1+ B): op
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1 1
7, value when z'2<l w+(l—a)(1+z-l)5 1.

(1+8):

The implications of proposition 3 are as follows. First, both countries tend to
maintain the same technical standards in the structure RZC, and the optimal
choice of the two is mutual. Since the latecomer countries in this trade structure
do not yet have the ability to develop technological products, the implementation
of the technical standards of the technologically advanced countries is conducive
to domestic technology buyers to reduce the information cost of purchasing im-
ported technologies, thereby improving transaction efficiency and production ef-
ficiency. Maintaining the consistency and cooperation of technical standards be-
tween the two countries is an inherent requirement between the two in this struc-
ture. Second, after the general equilibrium change to the latecomer countries to
carry out the domestic technology substitution structure INE, the division of labor
and cooperation between the two countries has led to competition between im-
ported technology and domestic technology. When the technical standards and
brand reputation of enterprises in technologically less developed countries are
weak and there is a large gap with first-mover enterprises, technologically ad-
vanced countries can rely on their own brand reputation and the first-mover com-
parative advantage composed of existing technical standards to promote their
technical standards in the market of technologically less developed countries. If
the technical standards gap between the two countries is large, the domestic tech-
nology of the latecomer country will be at a greater disadvantage, and the first-
mover country will be more likely to control this market. In the meanwhile, the
high-technology country has a technical standard consistency strategy of the less
developed country with a motivation to lag behind. The essence is that the brand
reputation advantages and differences in technical standards of technologically
advanced countries can jointly build barriers to entry in the technical field. After
that, if the reputation of the technology standard and brand of the enterprises in
the technologically less developed countries continues to improve and crosses a
certain threshold (as shown in Proposition 1), its influence in the domestic market
can attract some downstream buyers to purchase domestic technology, which will
effectively restrict the possible response of the technologically advanced countries
in terms of technical standards. The best option for the first-mover country at this
time is to restore the consistency of technical standards between the two countries
to maintain the market unity of the two source technologies, so as to delay the
technical competition of the latecomers with the help of the first-mover compar-
ative advantage. For technologically less developed countries, they must pay at-
tention to the accumulation of brand reputation during the rise of domestic sub-
stitution capacity of technology. Meanwhile, only if the latecomer always main-
tains a higher consistency between the technical standards and its current stand-
ards, it can be faster to inform the buyers who originally used imported technol-

ogy understand the performance, quality, reliability of domestic technology; and
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then better develops their domestic market. Otherwise, if the latecomer country
adopts technical standards that are different from its existing standards, the infor-
mation cost of all domestic technologies will have to be repaid, which is obviously
detrimental to the promotion of domestic technology.

To sum up, the optimal choice of technical standards in technologically less de-
veloped countries should always remain in line with international standards and
do not alter with the changes of their status in international division of labor. While
the attitude of technologically advanced countries towards the consistency of tech-
nical standards will change with the potential competition they face and the brand
influence of their peers. The results are consistent with proposition 3, that is, the
two countries choose their best technical standard strategies based on the equilib-
rium trading returns. The unchanging standard consistency of the latecomer coun-
tries and the change of the technical standards of the first-mover countries coexist,
which means sometimes the two meets in halfway and sometimes there are differ-
ences.

This proposition can explain the motivation of technology pioneers to set up
the blockade in technology patents. For example, controlling the technology route
with high patent fees can increase the cost of domestic technology in the less devel-
oped countries that use the strategy of technical standard consistency to develop
extended technology and want to obtain the downstream market, thereby delaying
the technological catch-up of the less developed countries on this route. To some
extent, this proposition also can explain why the progressive innovation in the his-
tory of science and technology mostly occurs within the original economy, while
breakthrough technological innovation is more likely to occur outside the econ-
omy, which is because the latecomers who are hindered by the consistency strat-
egy may choose new technological development routes.

Next, it will wonder how will the change in the degree of consistency of tech-
nical standards between the two countries affect the size of the working popula-
tion in the technology sector after the less developed countries gain independent
technology development capabilities? Will the attitude of the two countries towards
technical standards be the same as before? To answer these questions, we have Prop-
osition 4.

Proposition 4: When the general equilibrium structure is INE, with the increase
of the degree of consistency of technical standards [ between the two countries,
the population scale of domestic technology product z downstream product x
which using domestic technology, and consumer goods ywill expand, and the pop-

ulation scale of x product using imported technology will decrease.

M M M
Proof: It can be proved that M, >0, M. >0, M.y >0, and
0 op 0
M
a@% <0. A detailed derivation process can be found in Appendix A.2.
This proposition suggests that the increase in the degree of consistency of tech-

nical standards between the two countries will bring more population of the do-
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mestic sectors that originally used imported technology to the domestic alterna-
tive technology industries (zand x sectors) or yproduct sectors. This scale effect
means that the convergence of standards plays a positive role in promoting the
international division of labor network and forms a positive effect on all network
nodes. Separate technical standards can easily lead to enterprises (corresponding
nodes) in technologically less developed countries being forced to withdraw from
the network of division of labor at an exponential rate.

Proposition 2, Proposition 3 and Proposition 4 show that the latecomers that
benefit from the strategy of aligning technical standards have the motivation to
maintain the same standards as those of first-mover enterprises. The interests of
first-movers’ technology products in the latecomers’ markets will experience a phased
decline, therefore the first-movers intend to differentiate the technical standards
of the two countries. Consequently, the change in the equilibrium income level of
the two countries is more preciously and ultimately explaining the attitude of the
technologically advanced countries towards the difference in technical standards
between the first-movers and the latecomers.

Based on the above analysis, this paper can reveal the following points: First,
the decisive premise of the change from division of labor and trading structure to
the domestic substitution structure of technology in latecomers is that the pro-
portion of brand-building expenditure of latecomers should maintain at least the
same growth rate as that of first-movers. Second, there is an optimal range of tech-
nical standard consistency to ensure the evolution of this optimal trading struc-
ture. Third, the equilibrium income of both countries has increased with the im-
provement of the brand influence of domestic enterprises. Fourth, the equilibrium
income of latecomers to technology always increases with the increase of the de-
gree of consistency of technical standards, while the equilibrium income of first-
movers shows sinusoidal fluctuations of first rising, then declining, and then ris-
ing with the increase of consistency, which also corresponds to the various stages
of brand reputation improvement of latecomers. Fifth, the technology standardi-
zation strategy generated by the high-technology country based on the optimal
welfare has a comprehensive inhibition effect on the entry of latecomers into the
international technology market by manipulating their price advantage and in-
dustrial scale advantage.

These results of this model also highlight that latecomers who lack the power
in standard-setting will frequently encounter the challenges from the technology
standardization strategy of first-mover enterprises, and it will be more difficult to
continue to benefit from the standardization strategy. In contrast, accumulating
brand reputation is a more stable choice for latecomers to remove the barriers to
entry. Fortunately, the iterative innovation of technology can not only continue
to confirm the brand commitment to improve brand reputation, but also the evo-
lution of international technology standardization is also the result of iterative in-
novation of technology. In other words, the continuous technological innovation

of latecomers and the simultaneous development of brand reputation will help
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enhance their voice in the formulation or update of technology standardization.
The improvement of the discourse power in standard formulation will enhance
the influence of the brand, reduce the commercialization risk of technological in-
novation of latecomer enterprises, and promote the iterative innovation of enter-
prises. Following this way, it can generate a positive cycle among the right of dis-
course power in technology standardization, the accumulation of brand reputation,
and the technological innovation of latecomers. When each link can create its own
positive value, this cycle will be self-reinforced. Besides, when any of these links
turn to a positive value, it will promote its self-reinforcing power.

Based on all the above four propositions, there will be a game between the high-
technology country and the less developed country before and after the change of
trading structures’. The general form of the game can be summarized as follows:
for the technologically less developed countries, in the process of development of
local technical departments, the optimal strategy for technical standards is to keep
technical standards in line with international standards; the best choice for brand-
building is to focus on the growth rate of brand-building of first-mover enterprises
and strengthen the accumulation of the brands reputation of independent tech-
nology standard. Meanwhile, the strategy of high-technology countries towards
technology standards is constantly changing due to the accumulation of brand
reputation in the technology market. Maintain the consistency of technical stand-
ards between the two countries when the latecomers do not have the ability to
develop their own technology. When the latecomers have just entered the tech-
nology market and have low brand awareness, there is an incentive to widen the
difference in technical standards between the two. When the technical standards
and brand influence of the latecomers compete with them, the consistency of the
technical standards between the two is restored in order to always maintain their
first-mover comparative advantage in technical standards and brand-building. The
above rule and phenomenon also exist in the stage of domestic technologies sub-
stitution in technologically less developed countries. In the long run, there is an
upper limit to the competition between technical standards and brand-building.
With the improvement of technical standards and the continuous accumulation
of brand reputation in technologically less developed countries, the gap between the
two types of countries’ technology products in terms of brand influence will even-

tually and gradually disappear.

5. Basic Conclusion and Policy Implications
5.1. Basic Conclusion
This paper establishes a general equilibrium analysis framework to discuss the

changes in the structure with division of labor and technology transactions with

the corresponding parameter conditions from the perspective of information

The game mentioned in this paper is the set of all consumer-producer optimal decisions when the
Walrasian mechanism of decentralized decision-making reaches equilibrium, that is, the “game” form
of decision results, which is different from the endogenous strategic behavior in game theory.
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asymmetry in the technology market. This study reveals the conditions required
by latecomers to achieve domestic substitution of technology, including the opti-
mal options for technical standards and brand-building, and the consistency of tech-
nical standards. In addition, it provides a theoretical explanation for the strategic
correspondence of technologically advanced countries in these two aspects.

For technology latecomers, the key factor to break through the information bar-
riers of domestic technology is to enter the market, to realize domestic substitution
of technology, to strengthen their brand-building, to accumulate brand reputation,
and to maintain at least the proportion of brand-building expenditure that is syn-
chronized with the first-mover enterprises. Secondly, the technology development
of latecomers needs to maintain higher consistency with the international stand-
ard system, which will always help the growth of transaction income whether it is
in the past stage of intra-industry contractor or has entered the stage of domestic
substitution of technology. Finally, the consistency of technical standards is of great
significance for latecomers to enter the field of global technology development: on
the one hand, it can reduce the price disadvantage of local technology in the down-
stream market; on the other hand, it will help expand the scale of local domestic
substitution sectors and slow down the market impact of technology supply from
first-mover enterprises in the international market on local new technology en-
terprises. Unlike traditional trade protection measures, the relative openness of
technical standards can build a more open technology market, thereby ensuring
the localization of technology and future innovation and development in latecom-
ers.

For high-technology enterprises, the first-mover comparative advantage in tech-
nical standards and the advantage of incumbents in brand influence have created
the price competitiveness of their technology products in the market of technol-
ogy importing countries. Before latecomers master the ability of technical self-
development, this competitiveness may be obscured by the high-price monopoly
of the incumbent. However, when it faces competition from latecomer countries,
the price competitive advantage is undoubtedly revealed, especially in technol-
ogy-intensive industries where the barriers to entry formed by price advantages
are higher. Secondly, this first-mover comparative advantage leaves enough room
for high-technology countries to rely on technology standardization strategies
to prevent new entrants, thus allowing them to choose technology standardiza-
tion strategies based on their own balanced income changes in the international
division of labor and trade patterns. For example, promoting the consistency of
technical standards in latecomers in the international industrial outsourcing
structure; while in the early stage of domestic substitution of technology for
latecomers, the standard differences are widened and patent containment is im-
plemented. When technology companies in less developed countries accumulate
enough brand reputation, the first-movers can resume the consistency of tech-
nical standards, although their downstream demand scale is shrinking at this

time.
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5.2. Policy Implications

According to the research results of this paper, the localization of technology in
developing countries should focus on the positive dynamic cycle mechanism among
industry technical standards, enterprise brand-building, and enterprise technol-
ogy research and development. The technology R&D of local enterprises is in line
with international standards, which can reduce information costs and gain market
recognition faster, thereby improving the effectiveness of brand-building. Enter-
prises should follow clear technical standards to engage in technology innovation
and sell to buyers with fewer information disadvantages in the convergence stand-
ard system, and constantly confirm their brand commitment with updated prod-
ucts, higher quality, and more complete performance, so as to accumulate brand
reputation. Having a deep enough brand influence will help enterprises partici-
pate in the formulation of technical standards for continuous iteration and inno-
vation and enhance their discourse power. At the same time, if enterprises take
the initiative to participate in the formulation of technical standards, they will
more effectively promote enterprise technology R&D and market recognition, and
enter a new round of positive cycle, so as to achieve continuous R&D and inno-
vation.

Enterprises in less developing economies often try to set up a different set of
standards to avoid the risks in the process of technology localization when en-
countering frequent and intense barrier challenges from first-mover enterprises.
However, the existence of a positive loop mechanism suggests that this approach
is no more efficient than improving alignment with existing standards. Only by
embracing the international market, the latecomer enterprises can fully share the
cost of innovation and R&D, which is the only way to grow into an international-
class enterprise. Latecomers should join in the international standard system as
soon as possible, and accumulate the power to influence the future, and even lead
the formulation of future standards through technological innovation and brand-
building.

Based on the above research, this paper highlights the following policy sugges-
tions: First, enterprises in developing countries should pay attention to and start
brand-building as soon as possible, and continue to promote technology updates
and iterations to improve product quality in order to accumulate brand influence
by continuously confirming the brand commitment of enterprises. Even if the share
of technology sales revenue allocated to brand-building of latecomers in the initial
stage is much lower than that of first-mover enterprises, the proportion should be
gradually increased, and finally the proportion of expenditure should be main-
tained synchronously, so as to break through the dilemma caused by the strategic
and repeated domestic substitution of technology in terms of technical standards,
and gain more voice in formulating technical standards. Second, the construction
of technical standards in technologically less developed countries must fully im-
prove the consistency with international standards and actively participate in the

formulation of technical standards. By actively integrating into the international
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standard system, we can maintain the simultaneous growth of enterprises’ own
R&D strength and the power to formulate standards, so as to enhance the ability
of enterprises in latecomers to resist risks related to the use of technology. Third,
strengthening international cooperation with standard certification bodies, pro-
moting the classification and mutual recognition of technical standard modules,
reducing the cost of technical standard certification for enterprises, and improv-
ing the efficiency of standard certification for international technical exchanges.
Clear and consistent technical standards will help break the market’s “superstition”
about foreign technology, which will grant the latecomers a fair and transparent
market competition environment, will improve the accuracy of innovation sup-
port measures, and will enable enterprises to gain better development capabilities
and space in the international market. Fourth, improving the effectiveness of in-
tangible assets formed by enterprises based on brand reputation in daily financing,
expanding the positive expectations of enterprises in brand-building and long-term
reputation accumulation, and guiding the long-term innovation behavior of enter-
prises. Finally, economies with large domestic markets need to pay more attention
to formulating technical standards in new fields at the beginning of the success and
breakthrough over new technological innovation, so as to fully grasp the discourse
power of high technology.

In view of the reality that latecomers’ enterprises usually start with a large num-
ber of cross-border transfer of manufacturing industry and lack brand reputation
accumulation, this paper tries to reveal the principle behind the barriers to entry
through technology standardization strategies faced by first-mover enterprises in
the process of realizing domestic technology substitution in developing countries.
It proves that latecomers can reduce the disadvantage of information competition
by relying on their brand-building and standard consistency. It clarifies the posi-
tive cycle mechanism between technology standardization, brand reputation and
technological innovation of latecomers. Therefore, it addresses the theoretical ba-
sis that latecomers should systematically solve the limitation of information asym-
metry in the process of domestic substitution to innovation leadership by improv-

ing the discourse power of standard formulation.
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Appendix Al. The Process of Proof of Proposition 1

Propositions 1.1) and 1.2):

The specialized selection of C1 in the technology pioneer country makes the struc-
ture RZC and INE the conditions for the general equilibrium structure:

For Cl1, if the structure RZC becomes a general equilibrium, it is required

RZC INE
> u

I+a)(2-a

a(l-a)
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The trade between C1 and C2, a country with a small population, may be in the
general equilibrium of RZC. In the given case of «, 7,, 7,,and k,,thevalue
of the relatively large population can be fixed, i.e., 7, =7,.
The condition for structural INE to become a general equilibrium is exactly the
opposite: for the case where C2 is a relatively large population
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, then x4 >1, the constraint condition of C1 for struc-

tural INE to become a general equilibrium is
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The structural INE becomes a general equilibrium requirement that C2 meets
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populatlon . Maintain this definition, x#>1 and
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y >1 both are true, then x> y . Based on the above analysis, it can be obtained
that the conditions for the general equilibrium falling on the structural RZC are:
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Comparing the two inequality conditions, it can derive the following:
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The parameter constraints for structural RZC to become general equilibrium
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1
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Proof of Propositions 1 - 3:
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Appendix A2. The Process of Proof of Proposition 4

It can be proved that

a
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a 1 I L
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In summary, we have a]\/[—ZZ>O, Ms >0, M.y >0,and aMﬂ<0,
op op op
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