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Abstract: Industrial and academic interest in how to effectively
manage technology resources is increasing as it becomes more
and more important. Effective managing of technology re-
sources depends on technology management system, and thus
understanding how such system evolves becomes an ongoing
research topic. Based on the self-organization theory, this paper
constructs an evolution model of technology management sys-
tem. The simulation results show that the evolution of each of
the technology management subsystem is affected by the know-
ledge growth rate of its own, and it is also affected by the coup-
ling and synergy relationship with other subsystems. Moreover,
the coupling and synergy relationship can make the speed of
evolution higher than the knowledge growth rate of the subsys-
tem itself.
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1. Introduction

Nowadays, technological changes become more and more
rapid as the competitive environment becomes more dy-
namic, varying, and turbulent. In such circumstance, it is
widely accepted that firms’ competitive strategies are in-
creasingly becoming technology-driven [1]. In order to
achieve such competitive strategies, firms are more and
more dependent on technology management, which can
help firms to capture new opportunities generated by
technological changes, and further convert these oppor-
tunities into value [2]. Technology management involves
all management activities associated with technology, and
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thus it is a system with a number of elements [3]. It is ex-
tremely important for academics and practitioners to get a
better understanding of technology management system.
Researchers have investigated technology manage-
ment system from different perspectives. For instance,
National Research Council defined technology manage-
ment as “a process, which includes planning, directing,
control and coordination of the development and imple-
mentation of technological capabilities to shape and ac-
complish the strategic and operational objectives of an or-
ganization ” [4]. This definition shows that the techno-
logy management system combines both “hard” aspects
of technology and “soft” aspects of management. Drejer
argued that technology management is evolved from
R&D management, through innovation management and
technology planning before developing as strategic ma-
nagement of technology [5]. This classification indicates
that the technology management system involves mul-
tiple tasks, including R&D management, innovation ma-
nagement, technology planning and technology strategy.
Phaal et al. proposed that an effective system for ma-
naging technology in complex business environments re-
quires a number of technology management tools and
processes [6]. Therefore, they construct a catalogue,
which includes tools and processes that are implemented
in management of technology. Cetindamar et al. argued
that the technology management system was based on
technology management activities, and they identified six
core technology management activities in the technology
management system, including identification, selection,
acquisition, exploitation, protection, and learning [2].
Although there are some research focusing on the tech-
nology management system, they only explore the ele-
ments of the technology management system. The major
obstacle is that we still have insufficient understanding
about how the technology management system evolves.
With the increasing complexity of technology, firms must
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evolve their technology management systems to achieve
the best performance [7]. While the research on the evolu-
tion of technology management system is rather limited,
which leaves it in a black box. This paper aims to investi-
gate how technology management system evolves by us-
ing the self-organization theory as the theoretical founda-
tion. The self-organization theory can provide an abstract
and general description of evolutionary processes [8],
which has been extensively used in management re-
search [9,10].

The remainder of this paper proceeds as follows. Sec-
tion 2 develops the theoretical analysis of this paper. Sec-
tion 3 shows the mathematical formulation. Section 4
presents the simulation results. The final section con-
cludes with implications and limitations.

2. Theoretical analysis of technology ma-
nagement system and its evolution

2.1 Technology management system

It is generally believed that a system is composed by a set
of elements that are interconnected, interdependent, and
interactive to achieve the same goal [11]. Referring to the
previous research [12], the technology management sys-
tem can be defined as an integrated set of processes and
activities that a firm uses to improve its technology com-
petitiveness, and the elements of technology manage-
ment can be divided into three categories, namely re-
source management, organization management and qua-
lity management [13]. Therefore, the technology manage-
ment system includes three subsystems, which are tech-
nology resource management subsystem, technology or-
ganization management subsystem, and technology qua-
lity management subsystem.

The function of the technology resource management
subsystem is to acquire, develop, gather, share, apply, and
protect technology resources. Technology resources play
a very important role in the development of a firm. The
resource based view argues that a firm’s sustained com-
petitive advantage derives from the valuable, rare, inimit-
able, and non-substitutable resources it controls [14], and
technology resources own these characteristics. The tech-
nology resources not only include tangible resources,
such as equipment and funds, but also include intangible
resources, such as personnel, information, and research
outcomes [15]. Generally, different firms will adopt dif-
ferent management strategies according to the different
technology resources they possess. Effective manage-
ment of technology resources can significantly improve
the technology performance of a firm.

The technology organization management subsystem is
to manage the flow of technology resources and ensure

that technology resources are used effectively and effi-
ciently, which involves the design of organization struc-
ture, the assignment of tasks, the definition of personal
responsibilities and so on. It is argued that the introduc-
tion of the technology resources must be compatible with
the organization structure with aims to have less diffi-
culty in accepting [16]. Moreover, the rapid changes in
technology have made it important to accumulate techno-
logy resources, and this process will be facilitated by
proper assignment of tasks and the definition of personal
responsibilities [17]. Therefore, improving the maturity
of the technology organization management subsystem
can better help firms use technology resources to gain
competitive advantage.

The technology quality management subsystem can
guarantee the use of technology resources in the way it is
planned. Technology quality management is a holistic
management philosophy that fosters the continuing im-
provement through all functions of a firm [18]. Resear-
chers have long emphasized the importance of technology
quality management because it can help firms minimize
non-value activities and reduce time and costs of techno-
logy development [19]. Technology quality management
subsystem can provide various means for firms to de-
termine the policy, objectives and responsibilities that re-
late to technology resources, and thus technology quality
management subsystem could ensure firms to better sur-
vive.

2.2 Technology management system evolution

Technology management can be conceived as the deve-
lopment and exploitation of a firm’s technological capa-
bility [4]. However, a firm’s technological capability is
not static, and thus the technology management should
evolve accordingly [20]. Generally speaking, the evolu-
tion of technology management system is from low-level
to high-level, which can lead a firm to transform its tech-
nology performance from low to high. From an internal
perspective, the evolution of the technology management
system can improve the efficiency of the use of techno-
logy resources, enabling firms to achieve the maximum
output with limited resources. Additionally, the evolution
of the technology management system can also help firms
accumulate related technology resources and further form
a technology resources base. The technology resources
base can help firms develop a higher level technology
management system. These two are the important
achievements of the evolution of technology manage-
ment system, and they are also the goals of the evolution
of the technology management system.

From an external perspective, the evolution of the tech-
nology management system will meet the needs of the
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rapid technology changes. Each technology management
subsystem must react to evolve, and the evolution of each
technology management subsystem will further lead to
the evolution of the technology management system. The
evolution will result in the increasing of the maturity of
each technology management subsystem, and the im-
provement of the cooperation among different techno-
logy management subsystems. Finally, the technology
performance of a firm will increase with the evolution of
the technology management system.

2.3 Knowledge ecology characteristics of technology
management system

The knowledge ecosystem is a system in which different
knowledge entities exchange their knowledge. Also, in a
knowledge ecosystem, the knowledge entities can ex-
change their knowledge with external environment. This
paper uses the knowledge ecosystem to explain the tech-
nology management system for the following reasons.

Firstly, the implementers of technology management
are knowledge entities. The implementers of technology
management are human beings who are the carriers of
knowledge. They could accomplish the tasks of techno-
logy management by using their owned knowledge as
well as the knowledge acquired from the outside. At the
same time, the expansion of the functions of technology
management system will involve more implementers, in-
cluding not only the technology strategy makers at the
strategic level, but also the operators of specific techno-
logy management activities at the operational level. As
the complexity of the technology management tasks in-
creases, the implementer should cooperate with each oth-
er to accomplish the tasks. While in the cooperation pro-
cess, the knowledge flow and knowledge sharing will in-
evitably occur.

Secondly, technology management aims to develop
and exploit technological capability, which is the techno-
logical knowledge that firms own [21]. Therefore, tech-
nology management can be regarded as the management
of technological knowledge [22], a process of using old
technological knowledge to create new technological
knowledge. As a result, technology management, by
making effective use of technological knowledge, can not
only develop products, but also improve existing techno-
logical knowledge and generate new technological know-
ledge in response to the competitive business environ-
ment [23].

Thirdly, technology management has a close relation-
ship with knowledge management. Cetindamar et al. pro-
posed that there are six core technology management
activities, namely identification, selection, acquisition,
exploitation, protection, and learning [2]. All of these six
core technology management activities have a close rela-

tionship with knowledge management. For instance,
firms should identify the technological knowledge they
need. After the selection based on a good grasp of stra-
tegic objectives and priorities developed at the business
strategy level, firms then should acquire the selected tech-
nological knowledge through multiple sources, such as
collaboration or external development. After acquisition,
there is a need for exploitation of the acquired technolo-
gical knowledge, and further protecting the newly gene-
rated technological knowledge. Finally, firms should in-
volve reflections on technology management activities
carried out within or outside the firm to learn from them.

Based on the analysis above, it can be concluded that
the evolution of technology management system is a pro-
cess of scanning, selecting, learning, and adapting to the
technology changes through a series of knowledge man-
agement activities [24]. Therefore, the evolution of the
technology management system can be analyzed from the
perspective of knowledge ecology.

2.4 Self-organization evolution of technology mana-
gement system

In the evolution process, the tasks undertaken by differ-
ent technology management subsystems are different.
The technology resource management subsystem is
mainly responsible for the acquisition and allocation of
technology resources. The technology organization ma-
nagement subsystem is mainly responsible for designing
of the organization structure. The main task of the tech-
nology quality management subsystem is related to the
quality control. The tasks of each technology manage-
ment subsystem are different, so that each of them can
operate independently under the guidance of the firm
strategy. As a part of the technology management system,
the evolution of each subsystem can promote the evolu-
tion of the entire technology management system. At the
same time, the evolution of each subsystem can also af-
fect the evolution of other subsystems, and the subsys-
tems will also promote the evolution of their own sys-
tems through cooperation. Therefore, there exists a coup-
ling and synergy relationship among the technology ma-
nagement subsystems.

For instance, at the initial stage of the evolution of
technology resource management subsystem, it has fewer
resources to be managed, and there is little knowledge re-
lated to technology resources management. At this stage,
firms only rely on their own experience to manage the
technology resources. Then, they will obtain feedbacks
about whether their management activities are effective
or not, and further conduct adaptive learning based on the
feedback results to promote the evolution of technology
resource management subsystem. In the evolution of



1442 Journal of Systems Engineering and Electronics Vol. 32, No. 6, December 2021

technology organization management subsystem, firms
can get knowledge from the environment, and then ad-
just the organization structure according the environment
change. Moreover, with the maturity of technology or-
ganization management subsystem, firms can form a
series of routines, which can be the solutions of certain
problems. These routines will also be updated continu-
ously according to the acquired knowledge. In the evolu-
tion of technology quality management subsystem, firms
will conduct continuous knowledge searching and selec-
tion through quality management. At the same time, firms
should also deal with problems caused by environment
changes, which can further promote the evolution of tech-
nology quality management subsystem.

In the evolution process, different technology manage-
ment subsystems have a coupling and synergy relation-
ships [25]. Coupling means two or more subsystems are
interdependent with each other to co-exist [26]. While
synergistic between different subsystems will facilitate
the evolution of the whole system [27]. Through the ana-
lysis above, it can be known that there exists inner lin-
kage among technology resource management subsystem,
technology organization management subsystem, and
technology quality management subsystem, and the inner
linkage is based on technology resources. To be specific,
these three subsystems can cooperate with each other to
employ technology resources. For example, technology
resource management subsystem and technology organi-
zation management can cooperate with human resources.
Firms with high levels of technology resource manage-
ment can attract, select, and retain high quality employ-
ees. However, firms also need technology organization
management to arrange the employees to the right posi-

Technology management system

tions and thus maximize the use of their abilities. Further-
more, technology organization management subsystem
and technology quality management subsystem can also
cooperate with human resources. Technology organiza-
tion management can stimulate organizational learning,
which motivates employees to find distinct methods and
procedures to achieve innovation. Technology quality
management can provide opportunities to apply quality
management practices, which can ensure employees con-
form to the established requirements. Firms thus can de-
ploy technology organization management and techno-
logy quality management to provide fertile environments
for the involvement and commitment of employees.
Therefore, different technology management subsystems
could cooperate with each other to evolve.

2.5 Self-organization evolution mode of technology
management system

The impetus of the self-organization evolution is the mis-
fit between system and external environment. When the
changes of external environment do not exceed the stabi-
lity point of technology management system, it will main-
tain its original structure through self-stabilizing.
However, when the changes of the external environment
exceed the stability point of technology management sys-
tem, it will become unstable. At this time, the multi-di-
rectional mutations occur. Through the selection of exter-
nal environment and firm themselves, the mutations that
are suitable for the environment changes will be selected,
and then form a new technology management system. As
a result, the technology management system evolves to a
higher-level. The self-organization evolution mode of
technology management system can be shown in Fig. 1.

Technology resource
management subsystem

Technology organization
management subsystem

Technology quality
management subsystem

Selection

A higher level
of technology

management
system

Mutations

Coupling

Changes

Fig. 1 Self-organization evolution mode of technology management system

3. Mathematical formulation of technology
management system evolution

3.1 Nature evolution of technology management
subsystems

Owing to the knowledge ecology characteristics of the

technology management system, this paper uses the level
of the knowledge stock to represent the development de-
greeoftechnologymanagementsubsystems.Thenatureevolu-
tion of technology management subsystems refers to the
change rate of knowledge stock brought by each sub-sys-
tem’s own learning activities without co-evolution with
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other subsystems. Referring to previous research [28], the
basic equation of knowledge stock is

dY
YO _ ety -danyo (1)

dt
where g(f) represents the growth rate of knowledge, d(r)
represents the decreasing rate of knowledge, and Y(r)
represents the level of knowledge stock at time ¢. This pa-
per draws on the basic equation of knowledge stock to
describe the nature evolution of technology management
subsystems.

For technology resource management subsystem, there
are two factors driving the evolution, namely resource
utilization capability and resource acquisition capability.
This paper uses w; to represent the growth rate of know-
ledge brought by the driving factors, and uses y, and vy,
to represent the knowledge growth brought by resource
utilization capability and resource acquisition ability capa-
bility respectively. At the same time, the knowledge of
technology resource management subsystem will also de-
crease, which can be represented as

d, (1) = p,(6e™)’,

where p; represents the relationship between the know-
ledge of technology resource management subsystem and
external knowledge.

Therefore, the knowledge change rate of the techno-
logy resource management subsystem at time ¢ can be ex-
pressed as

p1>0,r>0,a>0;t>0 (2)

dy, (0
dr

[yiw: - y.w; —pi(0e”) 1Y, () =
[1y2wi” = pi(6e) 1Y (1) + Ty 3)

=g —-dDOY\(O+T =

where g,(H)=y,y,w,* represents the knowledge growth
rate of technology resource management subsystem. Y, (¢)
represents the knowledge stock of technology resource
management subsystem at time ¢. I'; represents the ran-
dom disturbance term in the evolution of technology re-
source management subsystem.

For technology organization management subsystem,
there are two factors driving the evolution, namely firm
informatization and firm standardization. Similarly, this
paper uses w, to represent the growth rate of knowledge
brought by the driving factors and 7, and 7, to represent
the knowledge growth brought by firm informatization
and firm standardization respectively. The knowledge de-
creasing of technology organization management subsys-
tem can be represented by

dy (1) = pr(0e™),  pr>0;r>0;a>0;t>0 (4)

where p, represents the relationship between the know-
ledge of technology organization management subsystem
and external knowledge.

Therefore, the knowledge change rate of the techno-
logy organization management subsystem at time ¢ can be
expressed as

dYp, (0

a =[g:() -]V (D)+ 15 =

(11> - aws — pa(6e™) 1Yx(1) =
Mawy"Ya(1) — pa(0e”) Yo(t) + T Q)

where g,(1)=nm,w,> represents the knowledge growth
rate of technology organization management subsystem.
Y,(r) represents the knowledge stock of technology or-
ganization management subsystem at time ¢. I, repre-
sents the random disturbance term in the evolution of
technology organization management subsystem.

For technology quality management subsystem, there
are three factors driving the evolution, namely quality
management capability, management support and risk
management capability. Similarly, this paper uses w; to
represent the growth rate of knowledge brought by the
driving factors, and uses ¢,, 0,, and d; to represent the
knowledge growth brought by quality management capa-
bility, management support and risk management capa-
bility respectively. The knowledge decreasing of techno-
logy quality management subsystem can be represented
as

dy(t) = p3(6e”),

where p; represents the relationship between the know-
ledge of technology quality management subsystem and
external knowledge.

Therefore, the knowledge change rate of the techno-
logy quality management subsystem at time ¢ can be ex-
pressed as

03>0,r>0,a>0;t>0 (6)

dYp;(b)
dr

[61w;3 - 6,w5 - 635 — p3(6e) 1Y5(1) =

= [g:() —d;(O]Y3(D) + 15 =

810,035 Y5(1) - ps(0e”) Y5(1) @)

where g;(£)=6,6,0; w;> represents the knowledge growth
rate of technology quality management subsystem. Y;(¢)
represents the knowledge stock of technology quality
management subsystem at time ¢. ['; represents the ran-
dom disturbance term in the evolution of technology
quality management subsystem.
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3.2 Cooperation of technology management
subsystems

During the evolution of the technology management sys-
tem, the cooperation between the subsystems also affects
the development of technology management system.
From the perspective of knowledge, the cooperation
between the subsystems will bring the increasing of
knowledge stock. It is argued that cooperation in the
knowledge network follows F=g(ke®", r), and the evolu-
tion can be expressed as

x() = Y @) SO (1) +6(r) ®)

where x;(f) represents the knowledge output level of node
i at time ¢. a;(r) represents the knowledge stock of node i
at time z. B; represents the mutual influence coefficient of
node i and node j. x; — x; represents the knowledge poten-
tial difference of these two nodes.

The evolution of technology management subsystems
can be described by this equation because of the know-
ledge ecology characteristics of technology management
system. In addition, from the analysis above, we can
know that different subsystems have coupling and syn-
ergy relationships. As a result, this paper introduces the
coupling coefficient and synergy coefficient to describe
the evolution of technology management subsystems. The
knowledge change rate caused by the cooperation
between subsystems can be shown as

dr.() _
dr

DUV [ (e, + k) +
e (piw; + pw))] ©)

where k; and k; represent the ratio of knowledge re-
sources that can generate effective cooperation between
subsystems. p; and p; represent the ratios of knowledge
resources that effectively cooperate between subsystems.
B:; indicates the synergy willingness between technology
management subsystems. a;; indicates the coupling will-
ingness between technology management subsystems.
w; — w; represents the difference between the knowledge
growth rate of the two technology management subsys-
tems.

3.3 Model of the self-organization evolution of tech-
nology management system

As the evolution of technology management system is
driven by the evolution of each subsystem, by combining
the above equations, the model of the self-organization
evolution of technology management system can be ob-
tained, which can be shown as

T~ [0 -d om0+ 1
&) =ynw’

d,(1) = p1(6e")

dY, (1)

o - &O-daOI0+1;

&)= 7717]2(1)22
da(t) = pa(BeY

dYps(t)
dr

&)= 810,6;w5”
dy(1) = p3(6e™)’

dr.() _
dr

Z Y1) - [efrren. (kiw;+kw;) — ea”(w'_wi)(l?iwﬁpjwj)],

= [&: () —d;(DY3() + 15

i,j=1,2,3

(10)
After calculation, the final model is
dy
5 = DO —pi6e)+

[(eﬁlg(u)zfun)(klwl +k20)2) + eﬂlz(wz*wl)) . (lel +p20)2)+
(@@ (kyw + kaws) + e (pyw; + paws)]} + T

dy,

e Y,(0{(nimw,” — p20e™)+

(2 (kyw, + kowy) + ™) - (prw) + prw,)+
(&7 (kyw, + kyws) + €2 7) - (prw, + psws) 1} + T

dy.
d_l‘3 = Y3(D){(616:63w5° — p30e”"+

[(eﬁg(mrm) A (klwl +k30.)3) +em,x(wrww))(plwl +p3w3)+
(eﬁ23(w3—wz)(k2w2 + k36()3) + ems(wx—wz)) . (pza)z + p3w3)]} + F3
Bi;>0, a;>0, i,j=1,23

0<ky,ka, k3, p1s D2, P35 0102, 03715 Y2, 11512, 01, 02,03 < 1

6,a,r>0

Yileo=Yi0 =1
Yoleo = Yo =1
Yiloo=Ys0 =1

(11)
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Due to the nonlinear constraints of the equation, the
above equation is a non-holonomic dynamic model, and it
requires computer software to solve. Using Matlab for
simulation can achieve fast and accurate solutions. This
paper thus uses Matlab to simulate.

4. Simulation results

In order to reduce the complexity of the simulation, some
parameters in the model are simplified to a certain value.
For instance, we set the knowledge decreasing as a fixed
value, namely d,(t), d,(t), and d;(¢) are constant. At the
same time, it is assumed that the knowledge resources
that can generate effective collaboration between subsys-
tems will not change significantly within a period of time.
Thus, k,, k,, and k; are set as fixed values. In order to fa-
cilitate the observation of the evolution trend of each sub-
system, the evolution trajectory of the technology re-
source management subsystem is represented by the
black “+” curve, the evolution trajectory of the techno-
logy organization management subsystem is represented
by the blue “x”, and the evolution trajectory of the tech-
nology quality management subsystem is represented by
the blue straight line.

We first simulate the evolution of the subsystem itself
when there is no coupling and synergy. The knowledge
growth rates of the three subsystems are set as (0.5, 0.4,
0.3), (0.5, 0.3, 0.7), and (0.3, 0.2, 0.7) respectively. The
results are shown in Fig. 2.

It can be seen that, without the consideration of coup-
ling and synergy, the influence of the subsystem’s know-
ledge growth rate on the evolution of technology manage-
ment system is mainly manifested in the speed of evolu-
tion. Compare Fig. 2(a) and Fig. 2(b) and it can be seen
that when the growth rate of the technology quality ma-
nagement subsystem increases significantly, its evolution
speed also accelerates significantly. Comparing Fig. 2(b)
and Fig. 2(c), it can be seen that when the knowledge
growth rate of technology resource management subsys-
tem and the knowledge growth rate of technology organi-
zation management subsystem decrease, their evolution
speed also significantly decreases. At the same time, it
can be seen from Fig. 2(c) that when the knowledge
growth rate of technology resource management subsys-
tem and the technology organization management subsys-
tem is particularly low, the evolution speed of these two
subsystems is also particularly slow. In summary, it can
be seen that the higher the knowledge growth rate of
technology management subsystem itself, the faster the
evolution of the subsystem. When the knowledge growth
rate is too low, the subsystem will fail to evolve or even
decline.
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Fig. 2 Influence of subsystem’s knowledge growth rate on evolu-

tion of technology management system without consideration of
coupling and synergy

Then, simulate the evolution of the subsystem under
the consideration of coupling and synergy. The know-
ledge growth rates of the three subsystems are set as (0.5,
0.4, 0.3), (0.5, 0.3, 0.7), and (0.3, 0.2, 0.7) respectively,
and the cooperation willingness is set as 0.1. The results
are shown in Fig. 3.
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Influence of subsystem’s knowledge growth rate on evolu-
ling and synergy

Compare the results of Fig. 2 and Fig. 3. Although the
knowledge growth rates of the three subsystems are the
same, the evolution trajectory is changed. For example,
comparing Fig. 2(a) and Fig. 3(a), it can be found that the
evolution trajectory is closer when considering the coup-
ling and synergy. This indicates that the evolution of dif-

ferent subsystems will influence each other to make the
evolution speed of each subsystem maintain a relatively
similar state, which is further conducive to the coupling
and synergy between subsystems. At the same time, by
comparing the values on the vertical axis, it can be found
that the evolution of the subsystem has been greatly im-
proved through the coupling and synergy. We can draw
the similar conclusion when comparing Fig. 2(b) and
Fig. 3(b) and comparing Fig. 2(c) and Fig. 3(c).

Through the analysis of Fig. 3, it can be found that the
cooperation willingness will affect the evolution of tech-
nology management system. Therefore, we next simulate
how cooperation willingness affects the evolution of tech-
nology management system. The simulation can be di-
vided into two situations. Firstly, the cooperation willing-
ness of the three subsystems is the same. The knowledge
growth rates of the three subsystems are set as (0.5, 0.4,
0.3). The results are shown in Fig. 4.

By comparing the four figures in Fig. 4, it can be found
that with the increasing of the cooperation willingness,
the evolution speed has also been significantly improved.
This indicates that the cooperation willingness will pro-
mote the evolution of technology management system.
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Fig. 4 Influence of cooperation willingness when they are the
same

Secondly, the cooperation willingness of the three sub-
systems is not the same. The knowledge growth rates of
the three subsystems are set as (0.5, 0.4, 0.3). The results

are shown in Fig. 5.
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Fig. 5 Influence of cooperation willingness when they are not
the same

Compare Fig. 4(a) and Fig. 4(c) and it can be found
that when cooperation willingness of technology re-
source management subsystem and technology quality
management subsystem is unchanged, the cooperation
willingness of technology organization management sub-
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system changes. The evolution trajectory of each subsys-
tem has also undergone significant changes. Comparing
the vertical axis values of these two graphs, it can be
found that the evolution speed of technology quality ma-
nagement subsystem slows down significantly. Compare
the values of the vertical axis in Fig. 4(a) and Fig. 4(b), it
can be found that when the cooperation willingness of
technology organization management subsystem and tech-
nology quality management subsystem increases, the ev-
olution speed of these two subsystems is significantly im-
proved. Compare Fig. 4(a), Fig. 4(b), Fig. 4(c) and Fig. 4(d)
and it can be found that when the cooperation willing-
ness of the subsystems is high, the evolution speed of the
subsystems is faster. While when the cooperation willing-
ness of the subsystems is low, the evolution speed of the
subsystems also slows down. To sum up, when the co-
operation willingness of different subsystems is different,
thesubsystenwithhighcooperationwillingnessvolvesuickly,
and it also promotes the evolution of the subsystems with
low cooperation willingness.

5. Conclusions

Based on the simulation results, we can draw the follow-
ing conclusions. Firstly, the evolution of each technology
management subsystem is affected by the knowledge
growth rate of its own, and it is also affected by the coup-
ling and synergy of other subsystems. Secondly, the in-
fluence of the subsystem’s knowledge growth rate on the
evolution of the subsystem is mainly manifested in the
evolution speed. Thirdly, the influence of the coupling
and synergy on the evolution of the subsystem is also
manifested in the evolution speed, and the coupling and
synergy can promote the evolution speed more than the
knowledge growth rate of the subsystem itself.

Based on these research results, this paper advances the
literature in several ways. Firstly, by combining the self-
organization theory and the knowledge ecology perspect-
ive, this paper develops a conceptually model to describe
how technology management system evolves. This paper
thus is an attempt to integrate multiple theories for con-
ceptualizing technology management system, offering
new directions for technology management research.
Secondly, this paper examines the evolution of techno-
logy management system based on the self-organization
theory, which is in line with the dynamic characteristic of
technology management system. Therefore, this paper
demonstrates that the evolution of technology manage-
ment system is more multifaceted than previously as-
sumed.

This paper also has some practical implications. The
results indicate that the coupling and synergy between
subsystems have significant impact on the evolution of

technology management system. Therefore, firms should
pay particular attention to the development of the coup-
ling and synergy relationship between technology ma-
nagement subsystems. There are several practices that
firms can employ. For instance, firms can provide sup-
port for the formal and informal interpersonal communi-
cation between different technology management subsys-
tems. Firms can also create a platform for knowledge
sharing between different technology management sub-
systems.

Although this paper provides some relevant contribu-
tions to the existing literature, it also suffers some inhe-
rent limitations, which leave room for future research.
Firstly, this paper only analyze the impact of the know-
ledge growth rate and cooperation willingness on the
evolution of technology management system. However,
there may be other influence factors, which need to be in-
vestigated. Secondly, in order to simplify the simulation,
we set the decreasing rate of knowledge as a constant.
However, the decreasing rate of knowledge in different
technology management subsystems may be different.
For the sake of getting more accurate results, future re-
search is needed to examine the impact of the changing of
the decreasing rate of knowledge. Thirdly, this paper does
not use a case study method to verify the results. Future
research can improve our research by using the case study
to examine the results.
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